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Abstract

Some yeast strains (killer strains) release killer toxins which kill other strains of the same or different
species of yeast but not the strain producing the toxin itself. In Saccharomyces cerevisiae, killer

toxins are encoded by either dsRNA viruses or nuclear genes.

This study aims to characterise the genetic basis of the killer toxin synthesised in Saccharomyces
paradoxus, a wild non-domesticated relative of S. cerevisiae. One hundred and nine stains of S.
paradoxus gathered from Silwood Park, Continental Europe, Far East, and North America were
screened for the killer-immune phenotype against killer and sensitive yeast strains. In order to find
whether the killer toxin is encoded by dsRNA or a nuclear gene, the killer strains were treated by
cyclohexamide that removes the dsRNA which carries the killer toxin gene. The strains were also
screened for presence and absence of dsRNA by directly visualising the dsRNA on the agarose gel

and also by Next Generation Sequencing (NGS).

Several strains were found to have the killer phenotype (30% of the screened strains). In the
majority of killer strains the toxins were encoded by dsRNA except the strains from Canada and one
strain from continental Europe, which seems to have other genetic bases. Sixteen full sequences of
large dsRNA variants (L-A; with the length of about 4.5 kb) composed of L-A-Q, L-A-D1, L-A-C, L-A-
P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-P1.5, L-A-P1.6, L-A-P1.7, L-A-P2.1, L-A-P2.2, L-A-P2.3, L-A-P2.4,
L-A-P2.5, and L-A-P2.6, and seven new types of medium size dsRNA (M; with the length between 0.8
and 2kb) composed of MQ, MC, M-P1G1, M-P1G2, M-P1G3-1, M-P1G3-2, M-P1G5, and M-P1SG,
have been identified in this study. M28 was the only M dsRNA in S. paradoxus which was nearly
identical to the M28 from S. cerevisiae; therefore likely to have been transferred between the two

species.

To test whether the killer toxins were encoded from the new types of M dsRNAs, the MQ ORF
sequence from S. paradoxus was cloned and expressed into S. cerevisiae and then tested for the
killer phenotype. The S. paradoxus MQ protein was successfully expressed in the S. cerevisiae strain

and a positive killer response in the killer assay confirmed its function as a killer toxin.
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Chapter one

1 Introduction

The killer phenotype was first reported in Saccharomyces cerevisiae in 1963 by Makower and Bevan
(cited in Wickner et al. 2002). Since then, the yeast-killer phenomenon has been discovered in
numerous yeast genera and species (Liu et al., 2015a). Yeast killer strains release a toxin which is
lethal to the strains of the same or related yeast species that do not have the same toxin gene as the
killer strains (sensitive strains). The killer toxin is not lethal to the killer stains itself (Woods and
Bevan, 1968). The killer toxin in S. cerevisiae is encoded by either viral double strand RNA (dsRNA) or
nuclear genes (Dignard et al., 1991, Schmitt and Tipper, 1990, Wickner, 1983, Rodriguez-Cousifio et
al., 2011, Goto et al., 1990a, Goto et al., 1990b). The four well-known killer toxins in S. cerevisiae, K1,
K2, K28, and K-lus, are encoded by four types of the medium-size dsRNA (M dsRNA): M1, M2, M28,
and M-lus. The M dsRNA is the satellite of a large-size dsRNA mycovirus (L-A dsRNA) and is
completely dependent on the enzymes of L-A dsRNA for replication and encapsidation. The killer
toxins encoded by the genome, KHS and KHR, are less known. Their killer activity is weaker than the
viral toxin (Goto et al., 1991, Goto et al., 1990b). One of the yeast species with killer activity, which
seems to be related to dsRNA, is Saccharomyces paradoxus (Naumov et al., 2005, Pieczynska et al.,

2013b).

1.1 Mycovirus
Fungal viruses, which are believed to be of ancient origin, are ubiquitous in the fungi kingdom and

are called mycoviruses (Bruenn, 1993, Ghabrial, 1998). They usually exist in the cytoplasm and
occasionally have been found in mitochondria (Polashock and Hillman, 1994, Varga et al., 2003). The
genomes of most of the mycoviruses are dsRNA or single strand RNA (ssRNA); an exceptional single
strand circular DNA mycovirus, Sclerotinia sclerotiorum, hypovirulence associated DNA virus 1
(SsHADV-1), has been reported (Yu et al., 2010). They do not have an extracellular phase in their life

cycle and are transmitted intracellularly during cell division, sporogenesis and cell fusion (Ghabrial,
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1998). The range of phenotypic changes induced by these viruses seems to be varied. It can be from

severe to symptomless infection (Ghabrial and Suzuki, 2009).

The gene that is common to all mycoviruses is RNA-dependent RNA polymerase (RDRP). They have
several conserved motifs within the gene. Based on RDRP sequence comparisons, the mycoviruses
have the same origin (Bruenn, 1991, Bruenn, 1993, Ghabrial, 1998). The presence of ancestral
mycoviruses might trace back to a time prior to the separation of protozoa and fungi. Therefore,
mycoviruses are widespread in the fungal kingdom (Bruenn, 1993, Pearson et al., 2009). Ten
microbial families are listed by ICTV on virus taxonomy (Fauquet et al., 2005). Table 1-1 explains
some of the characteristics of five important families of dsRNA viruses. The viral dsRNA widespread

in the yeast genera are categorised in the Totiviridae family (Bruenn, 1991).

Table 1-1. Characterisation of dsRNA mycovirus families (Fauquet et al., 2005)

dsRNA family Size of the genome Number of genomic Morphology of virus particles
segment
Totiviridae 4.6 -7.0 kb 1 packed 30 - 40 nm diameter icosahedral, icosahedral capsid
protein
Chrysoviridae 2.4-3.6kb 4 packed separately 30 - 40 nm diameter icosahedral, icosahedral capsid

protein, multiple component

Reoviridae 0.7 -5.0 kb 9,10, 11,0r 12 70 - 90 nm diameter icosahedral, one, two, or three
packed layered capsid protein
Hypoviridae 9.0-13.0kb 1 unpacked 50 - 80 nm diameter, pleomorphic vesicle
Partitiviridae 1.3-2.3kb 2 packed separately 30 - 40 nm diameter icosahedral, icosahedral capsid
protein

1.2 Totiviridea family
Viruses belonging to the Totiviridea family have non-segmented dsRNA genomes that are between

4.6 and 7 kb in size. They are encapsidated in isometric particles that are 40 nm in diameter. The
genome organisation and expression strategy of the viruses are similar. The genome encompasses
two large open reading frames (ORF); 5’ proximal encodes the coat protein (CP) (Gag) and 3’
proximal encodes an RDRP (Pol). Except for one of the viruses in this family, LRV2-1, the ORF of the
gag and pol has overlap. They express either Gag protein by finishing translation at the end of gag
gene or a fusion protein, Gag-Pol, with -1 or +1 translational frameshifting (Fauquet et al., 2005,
Ghabrial, 1998, Icho and Wickner, 1989b). The predicted amino acid sequences of the RDRP have
eight conserved motifs and relatively significant sequence similarity (Bruenn, 1993). There are three

genuses in this family: Totivirus, Giardavirus and Leishmaniavirus. The dsRNAs found in S. cerevisiae
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belong to the Totivirus genus (Bruenn, 1991, Fauquet et al., 2005). The species of the Totivirus genus

is listed in Table 1-2.

Table 1-2. The characterisation of the species in Totivirus genus (Dinman et al., 1991, Kang et al., 2001, Kondo et al., 2016,

Fauquet et al., 2005, Li et al., 2011).

Species Length Genes Expression
(bp)

Helminthosporium victoriae virus 190S 5200 Two large overlapping ORFs; Capsid Express Gag by stopping at stop

— - (Gag) and RNA dependent RNA codon of gag gene and Gag-Pol
Saccharomyces cerevisiae virus L-A 4580 . s

polymerase (Pol) fusion by -1 frameshifting

Saccharomyces cerevisiae virus L-BC 4615
Ustilago maydis virus H1 6000 Three ORFs; a capsid, a putative The whole genome is expressed as a

protease and an RNA-dependent RNA

polymerase

single polyprotein, then it will be
cleaved into these three proteins

1.3  DsRNA viruses and Killer systems in S. cerevisiae
As previously mentioned, in S. cerevisiae, the killer phenotype is encoded by ether viral dsRNA or

nuclear genes. The expression of killer phenotype in the S. cerevisiae strains infected with the virus

requires the presence of two different dsRNAs: the large-size dsRNA, L, and the toxin-coding

medium-size dsRNA, M (Table 1-3). In vivo, both dsRNAs are separately encapsidated in virus-like

particles (VLP) (Hopper et al., 1977a, Rodriguez-Cousifio et al., 2011). M dsRNA is a satellite dsRNA of

the L, meaning that L encodes the coat protein (Gag) which encapsidates M and L, as well as the

RNA-dependent RNA polymerase (Pol), to replicate them both (Figure 1-1) (Hopper et al., 19773,

Icho and Wickner, 1989a). Other killers produce toxins that are encoded by nuclear genes, called

KHS and KHR (Goto et al., 1991, Goto et al., 1990a, Goto et al., 1990c). In addition to the L and M

dsRNAs, two other groups — W and T dsRNAs — have also been reported which do not have any

effect on the killer phenotype (Wesolowski and Wickner, 1984).

18




COnServative
{# ) strand
synthesis -
{:-S1ran6
Wiral replication Synthesis

cycle of L-A deRMA

H-acotpation Fm\\___’
of gog by MAKT
Transkation:

-1 ribosomal frameshi
rrakes gag-pod ----—HNﬁ I:rlnclhg FAMA polymerase
fusion protein: - [ J ("Glag-Pol’) fusion protain

.
MOF genes ‘r" L ] . & Major Coat Proiein

sp
™ 'I'rang
R "
/{—.__\ o Prepro-oxin

MEXT&Z
Headful replication cycle l’

or M or X satellite Teawin

.
-y Hear i ful 5o
e [+) atrand
is pLished out
Head is notful, 5o

rarw  + ) strand
stays inside viral particls

Figure 1-1. Replication cycle of L-A and its satellites (Wickner, 1996).

1.3.1 LdsRNA
L dsRNA, which is a Totivirus, is composed of two dsRNAs: L-A and L-BC (Bruenn, 1991). L-A is an

unsegmented genome, 4.6 kb, packed inside 39 nm icosahedral capsids. It encodes two virion
proteins: a 76 kD major structural protein, Gag, and a 180 kD Gag-Pol fusion protein, which is
composed of an N-terminal Gag domain and a C-terminal Pol domain (Esteban and Wickner, 1986a,
Icho and Wickner, 1989a). Each capsid is formed from 60 asymmetric Gag dimers and one or two
Gag-Pol molecules (Cheng et al., 1994, Ribas and Wickner, 1998). Similar to other viruses, the
genome has two overlapped ORFs; the 5° ORF encodes Gag while the 3’ ORF has an amino acid
sequence of Pol. Pol is only expressed as a fusion protein with Gag using the -1 ribosomal

frameshifting regions that exist in the overlapped area of Gag and Pol ORFs (Figure 1-2).

In the (+) strand of L-A dsRNA, a cis signal has been demonstrated to start replication at the 3’ UTR
(Esteban et al., 1989). There is no experimental evidence for the presence of a signal at the 5’ end of
L-A-L1. However, in X dsRNA, which is a deletion mutant of L-A-L1, the 25 nt at the 5’ is identical to
the 5’ of L-A-L1. This dsRNA is maintained stable by L-A-L1. It appears that the cis signal for
transcription exists in this 25 nt. Similar to other dsRNA viruses, this region is AU-rich and seemes to
facilitate the melting of the dsRNA for conservative transcription (Rodriguez-Cousifio et al., 2013,
Esteban and Wickner, 1988). There is a packing site near the end of the dsRNA, nucleotides 4,180 -

4,203, which contains the encapsidation signal (Figure 1-2) (Wickner et al., 1995).
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Figure 1-2. L-A dsRNA genome structure (Wickner, 1996). The genome contains two overlapped ORFs with a frameshift site
in the middle. The Gag-Pol fusion protein is expressed using this site. There are two replication sites at the 3’ end.

There are four types of L-A in S. cerevisiae: L-A-L1, L-A-2, L-A-lus, and L28. The sequence of all L-A
dsRNAs is available, except L28. The sequence identity between the three known L-A dsRNAs is
between 73% and 75%. Three subtypes of L-A-lus have been found in nature. The conservation
between them with respect to nucleotide level is between 83% and 85%, which is higher than the
conservation between different types of L-A. The encoded proteins of these subtypes are almost
identical at 97% to 98%. In nature, L-A-lus and L-A-2 is more widely geographically distributed than L-
A-L1 and they are shown to be more stable inside the cell in difficult situations, e.g. when exposed to

high temperatures (Rodriguez-Cousiiio et al., 2013).

L-A may coexist in the same cell with L-BC. L-BC dsRNA has around 25% identity with L-A dsRNA and
is encapsidated in particles whose major protein is different from that of L-A and M VLPs. The copy

number of this particle is substantially lower than that of L-A (Sommer and Wickner, 1982).

1.3.2 Satellite M dsRNAs
The presence of a satellite M dsRNA in cells co-infected with the L dsRNA virus is responsible for the

killer-immune phenotype observed in the S. cerevisiae killer strains. The four killer toxins, K1, K2,
K28, and K-lus, are encoded by four different M dsRNAs, M1, M2, M28, and M-lus, differing in sizes
(1.5 - 2.5 kb) and showing similar organisation, despite not having any significant sequence similarity
(Dignard et al., 1991, Schmitt and Tipper, 1990, Wickner, 1983). However, the genome structure is
similar in all M dsRNAs. The genome starts with a 5’ terminal coding region, followed by a poly A
sequence. After the poly A sequence, there is a 3’ non-coding region (Figure 1-3). M dsRNAs have
the same cis signal as L-As at the 3’-terminal region, which is essential for packaging and replication.
Similar to L-A dsRNA, it seems that transcription initiation exists in the 25 nt at the 5’-terminal
sequences (Rodriguez-Cousifio et al., 2011).

20



Although the preprotoxins have no sequence relationship to each other or to other known proteins,
they share conserved patterns of potential processing sites. At the amino termini they contain a
stretch of hydrophobic amino acid which follows one or more signal cleavage sites. The signal
cleavage sites are used for entering into the endoplasmic reticulum (ER). Moreover, they have
potential Kex2p/Kex1p processing sites, which divide the preprotoxin into three subunits: o, B, and y
and also three potential sites for N-glycosylation. Once the preprotoxins are synthesized, they
undergo post-translational modifications via the ER, Golgi apparatus, and secretory vesicles. This
results in the secretion of mature active toxins that are composed of a and B subunits with a

disulfide bond (Magliani et al., 1997b, Rodriguez-Cousifio et al., 2011, SCHMITT and TIPPER, 1995).
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Figure 1-3. The structure of M1 dsRNA and K1 preprotoxin, and processing of K1 preprotoxin (Wickner, 1996). The M1
dsRNA sequences start with the killer toxin ORF followed poly A and long non-coding sequences. K1 preprotoxins, using
their signal cleavage site, enter to ER and Golgi for post-translational modifications. They break into four subunits using
three Kex2/Kex1 cleavage sites. The a and B subunits will be attached to make the active killer toxin.

Most of the infected cells with M dsRNAs show killer phenotypes (Killing the other yeast strains by
secreting killer toxins)(K*) and are resistant to their own toxin (R*). However, some infected strains
with K*R™ or K'R* phenotypes have also been reported. These phenotypes arise from the mutations
in chromosomal or non-chromosomal genes (Wickner, 1974). The presence of more than one M in a
single yeast cell does not occur, as M genomes are mutually exclusive at the replicative level

(Schmitt and Tipper, 1992).
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1.3.3 Other dsRNAs

In addition to the L and M dsRNAs, two other groups — W and T dsRNAs — have also been reported as
having no effect on killer phenotypes (Wesolowski and Wickner, 1984). Both are cytoplasmically
inherited and have their own RNA-dependent RNA polymerase. Based on Northern blot
hybridisation, they show no homology with each other or other dsRNAs. On average, the proteins of
these two dsRNAs share 22.5% of identical amino acids, but there are several regions with highly
conserved sequences in a region that includes the consensus sequences for viral RNA-dependent

RNA polymerase, suggesting that T and W are evolutionarily related (Esteban et al., 1992a).

1.3.4 Nuclear Killer genes
Two types of killer yeasts were discovered by Kitano et al. whose killer phenotypes were weaker

than K1 and K2, and were not cured by cycloheximide or high temperatures (KITANO et al., 1984).
They were classified into two groups, which differed in their optimum pH, thermostability,
designated KHS (killer of heat susceptible), and KHR (killer of heat resistance). Later, their genes
were found in the right arm of chromosome V and the left arm of chromosome IX respectively (Goto

et al., 19903, Goto et al., 1991).

The nucleotide sequence of the KHS gene, which is near telomeres, was cloned and expressed by
Goto et al. The ORF of the gene consists of 2,124 nucleotides and its protein was estimated to be 79
kD. However, the molecular size of the killer toxin was about 75 kD, which suggested some protein
processing occurred during maturation of the killer toxin. The expressed protein was monomeric

(Goto et al., 1991).

Frank and Wolf in 2009 studied the sequence of KHS in other S. cerevisiae genome sequences. They
believe that there is an inversion in the sequence that ends at a restriction site which was used in
the cloning. As a result, they considered the SCY_1690 ORF in the genome of S. cerevisiae YJM789 as
the KHS encoding gene. SCY_1690, which is 1,057 bp, is intact and codes a 350-amino acid protein in
S. cerevisiae strains YIM789 (protein name SCY_1690), M22, and most of the strains sequenced by
the Saccharomyces Genome Resequencing Project (the project is about getting the picture of
evolution by analysing the sequences of S. cerevisiae and S. paradoxus strains;
https://www.sanger.ac.uk/research/projects/genomeinformatics/sgrp.html) (Doniger et al., 2008,
Liti et al., 2009, Ruderfer et al., 2006, Wei et al., 2007). Its coding region from strains YJM789 and
M22 has greater similarity to the S. paradoxus genome sequence, 99% identity, than the null alleles
in S. cerevisiae, 89% identity, which suggests horizontal exchange of this gene between two species.

They also introduce SCY_1690 as a NUPAV (nuclear sequences of plasmid and viral origin) related to
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M2 killer virus double-stranded RNA because of the similarity they found between their sequences

(Frank and Wolfe, 2009).

KHR gene is 888 bp and the toxin is a simple monomeric protein that goes through the processing
steps of maturation of the killer toxin. The KHR toxin has special characters not previously reported
such as: wide pH stability, high temperature tolerance, wide killer spectrum, and toxicity to its toxin-
producing cells (Goto et al., 1990a, Goto et al., 1990b). In the transformed cells, because of
increasing the copy number of the gene in the cells, the killer phenotype and sensitivity of the KHR
producing strains to its own toxin was clearly observed. However, in nature, since the killer strains

have one or two copies of the gene, their killer activity is very weak (Goto et al., 1990b).

Table 1-3. The genetic basis of the killer toxins in S. cerevisiae (Goto et al., 1991, Goto et al., 1990a, Rodriguez-
Cousifio et al., 2011, SCHMITT and TIPPER, 1995, Magliani et al., 1997b)

Genetic basis Toxin Replication
L-A L-A-L1 - Use their own RNA-
L dsRNA L-A-2 - dependent RNA polymerase
(Totivirus) L-A-lus - (RDRP)
dsRNA L28 -
(Linear)
M1 K1 Using L-A-L1 RDRP
M dsRNA = M2 K2 Using L-A-2 RDRP
M28 K28 Using L28 RDRP
M-lus K-lus Using L-A-lus RDRP
Nuclear genes khs KHS Nuclear polymerase
khr KHS

1.4 Killer systems in other yeasts
Killer systems in various yeast genera are controlled by dsRNA, linear DNA plasmids, or nuclear

genes (Table 1-4). Viral dsRNAs are responsible for the killer phenotype in Hanseniaspora uvarum
and Zygosaccharomyces bailii. L and M dsRNAs similar to S. cerevisiae were detected in both yeasts.
However, an additional Z dsRNA (2.8 kb) was only present in the wild-type Z. bailii killer strain
(Schmitt and Neuhausen, 1994). Furthermore, four dsRNAs associated with virus-like particles in

Phaffia rhodozyma are said to encode a killer system (Castillo and Cifuentes, 1994).
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The killer phenomenon in Kluyveromyces lactis and two species of Pichia, Pichia inositovora and
Pichia acacia, are controlled by DNA linear plasmids. In Kluyveromyces lactis, killer strains always
contain one of the two cytoplasmically inherited linear plasmids designated pGKL1 (K1) and pGKL2
(K2). There are similar plasmids in both the functional and structural organisation of P. acaciae,
designated pPacl-1 and pPacl-2, which produce killer toxins. The presence of three linear dsDNA
plasmids has been reported in P. inositovora. Only two of them (pPin1-1 and pPin 1-2) seem to be

associated with the killer phenotype (Magliani et al., 1997a).

Other killer phenotypes associated with chromosomal genes have been found in two other species
of Pichia (Pichia kluyveri and Pichia farinose), Williopsis marakii and some of the pathogenic yeasts.
The killer toxins in Pichia kluyveri and Pichia farinos functionally resemble the S. cerevisiae K1 toxin.
However, the cell-wall receptor in both, as well as in W. marakii‘s toxin, is different. In almost all
genera of pathogenic yeasts, such as species of Candida and Torlopsis, the killer systems are
controlled by nuclear genes, even though it is unlikely that killer toxins are significant as virulence

factors (Magliani et al., 1997a).

Table 1-4. The genetic basis of killer phenotype in yeast species

Species Genetic base Killer toxin

Ustilago maydis dsRNA KP1, KP4, KP6
Hanseniaspora uvarium dsRNA Similar to S. cerevisiae
Zygosaccharomyces baili  dsRNA Similar to S. cerevisiae
Kluyveromyces lactis DNA linear plasmid K1 & K2

Pichia inositovora DNA linear plasmid Killer toxin

Pichia acacia DNA linear plasmid K1 & K2 (Similar to K. lactis)
Pichia kluyveri Nuclear gene Similar to K1 in S. cerevisiae
Pichia farinose Nuclear gene Similar to K1 in S. cerevisiae
Williopsis marakii Nuclear gene HMK & K-500

Candida Nuclear gene I &Il

Cryptococcous humicola  Nuclear gene Mycocin & microcin
Torulopsis Nuclear gene Killer toxin

Of six different species of Saccharomyces genus, dsRNAs have been reported in five of them: S.
cerevisiae, S. paradoxus, S. kudriavzevii, S. mikatae, and S. bayanus (lvannikova et al., 2007, Naumov

et al.,, 2005, Naumov et al., 2009). Table 1-5 highlights the reported dsRNAs and killer activity in
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these species. Despite the presence of M dsRNA in S. kudriavzevii, S. mikatae, and S. bayanus, none

of them show killer activity (lvannikova et al., 2007, Naumov et al., 2009).

Table 1-5. Reported dsRNA and killer activity in Saccharomyces species (Ilvannikova et al., 2007, Naumov et al.,
2005, Naumov et al., 2009)

Species dsRNA Killer activity
S. cerevisiae L dsRNA, M dsRNA, W and T dsRNA Killer

S. paradoxus L dsRNA, M dsRNA Killer

S. mikatae L dsRNA, M dsRNA Non-killer

S. bayanus L dsRNA, M dsRNA Non-killer

S. kudriavzevii L dsRNA, M dsRNA Non-killer

The killer phenotype is very rare in the population of S. paradoxus (Chang et al., 2015, Pieczynska et
al.,, 2013b). Two types of M dsRNA, M1 and M28, have been found in this species. These dsRNA
sequences are very close to M1 and M28 in S. cerevisiae. M1 has just one nucleotide difference, in
the a subunit of preprotoxin, from M1 of S. cerevisiae. However, one of its carrier strains has the
potential to kill the K1 strains of S. cerevisiae. Variation in the sequence of M28 between the two
species is higher than that of M1; they are 90% identical. However, the killer phenotype of most of
the S. paradoxus strains infected with M28 is similar to that of S. cerevisiae infected strains. In
addition to K1 and K28, there are some unknown killer toxins in the S. paradoxus population (Chang

et al., 2015).

Some of the killers that carry these dsRNAs showed different killer-immune reactions not only to the
S. cerevisiae strains but also to the S. paradoxus strains that have the same dsRNA. These indicate
the effect of the host-genome background on the expression of the phenotype and co-evolution of
the viruses and hosts’ genomes in different populations (Chang et al., 2015). Regarding the genome
phylogeny tree of the S. paradoxus strains, the strains (on the tree) which show the killer phenotype
seem to be related to each other more than those which show the non-killer phenotype (Pieczynska
et al., 2013b). Moreover, Chang et al. suggest killer-virus infections in S. paradoxus seem to be a
more ancient event than in S. cerevisiae because killer toxin resistance in S. paradoxus populations is
more wildly widespread than S. cerevisiae or S. eubayanus populations. In addition, genetic analyses
indicate that the immunity in S. paradoxus often arises from dominant alleles that have

independently evolved in different populations (Chang et al., 2015).
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1.5 Viral Killer system, survival, replication, expression and immunity in
S. cerevisiae

1.5.1 Viral dsRNA survival
In order to defend against viruses, most of Eukaryotic cells are equipped with RNA interference

(RNAIi). RNAi is a conserved biological response that mediates resistance to both foreign nucleic
acids such as viruses, and mobile segments of the host genome (transposons and retroelements).
(Ghildiyal and Zamore, 2009, Malone and Hannon, 2009). It is an ancient mechanism which exists in
plants, animals, and most fungi. However, during the evolution of budding yeasts it has been lost in
most of the species including S. cerevisiae (Moazed, 2009, Drinnenberg et al., 2009). It seems that
the absence of the RNAI in this species has led to the development of the condition in which viral
dsRNA can thrive. Reconstituting RNAI in this species causes loss of the dsRNA (Drinnenberg et al.,

2011).

1.5.2 Replication cycle

Similar to the other viral dsRNAs, the polymerisation of L and M dsRNA takes place in the viral
particles. The two strands of L-A dsRNA ((+) and (-)) are synthesised sequentially at distinct stages of
the replication cycle (Figure 1-1). The (+) strands are synthesised using the RNA polymerisation
activity of Gag-Pol fusion protein in the mature virions and released into the host cytoplasm. In the
cytoplasm, they are either translated into Gag proteins (by stopping at stop codon of gag) and Gag-
Pol fusion proteins (using -1 frameshifting) or encapsidated by the coat proteins. Once the (+)
ssRNAs are encapsidated, they are converted into dsRNA in the particles, using the polymerisation

activity of the virions (Fujimura and Wickner, 1987).

In terms of M and X, Both are satellites of L-A and they use its replication system. As a result, their
replication cycles are essentially the same as that of L-A dsRNA (Figure 1-1). Since the coat proteins
are designed to encapsidate L-A and the size of these two dsRNAs are significantly less than L-A
dsRNA, the M particles contain two molecules of M dsRNA and the X particles are found to have up

to eight X dsRNA molecules (Esteban and Wickner, 1988, Esteban and Wickner, 1986b).

1.5.3 Frameshifting
In L-A dsRNA of S. cerevisiae, the Gag and Pol ORFs have 130 nucleotide overlap. The frameshifting

region located in this area is composed of a seven-nucleotide slippery site, followed by an RNA
pseudoknot. At the slippery site, the tRNA in the A and P sites in the ribosome slips back one
nucleotide on the mRNA. The RNA pseudoknot promotes frameshifting by blocking the forward
proration of the ribosome. The efficiency of ribosomal frameshifting indicates the ratio of Gag-Pol

fusion protein to Gag protein in the cell. This ratio is critical to propagation of the M1 satellite dsRNA
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(Dinman and Wickner 1992). Increasing or decreasing the efficiency of frameshifting results in
reducing the copy number of M1 in the cell. This is probably because of a requirement for a specific

ratio of Gag-Pol to Gag for the assembly of viral particles.

1.5.4 Killer toxin precursor processing and secretion
The killer toxin maturation is similar in the known killer toxins. The killer toxin transcript is translated

into a preprotoxin. The preprotoxin goes through the secretory pathway for post-translational
modification and secretion. The N-terminal hydrophobic signal of the preprotoxin is responsible for
introducing the protein into the endoplasmic reticulum (ER), the location of protein folding and
maturation. In the ER, the y sequence becomes N-glycosylated and a disulphide bond is generated
between the a and B sequences, which are the subunits of the mature killer toxin. Then, the
preprotoxin goes to the Golgi using the second signal and the y sequence is removed by
Kex2p/Kexlp. The mature a/B heterodimer is secreted into the environment (Schmitt and Breinig,

2006, Magliani et al., 1997b).

1.5.5 The Killer toxin reaction
The sensitive cells are killed in two different ways, depending on the concentration of the killer

toxin. At high concentrations of toxin, susceptible yeasts are killed by necrosis whereas, at low

concentrations, apoptosis is triggered in sensitive yeasts (Sommer and Wickner, 1982).

The initial stage of necrosis, in terms of the interaction with receptors of the cell wall and
cytoplasmic membrane, is identical across the various toxins. In the following stage, K2 displays very
similar toxin activity to that of K1, despite having a different structure. K28, however, acts differently

(Magliani et al., 1997a, Schmitt and Tipper, 1990).

Initially, all secreted mature toxins bind to their specific cell-wall receptors on the susceptible cells.
This binding is strongly pH dependent. For K1 and K2, this receptor is B-1,6-D-glucan, whereas a-1,3-
mannoprotein is the receptor for K28 (Bussey et al., 1979a, Schmitt and Radler, 1988). They then
interact with cytoplasmic membrane receptors. The receptors for K1 and K28 are Krelp and
probably Erd2P respectively (Bussey et al., 1979a, Schmitt and Breinig, 2006). Susceptible strains can
become resistant by chromosomal mutation in a set of genes that encode the proteins which are
involved in the structure and assembly of these receptors (Boone et al., 1990, Schmitt and Breinig,

2006).

Following interaction with receptors, the K1 transferred into the cytoplasmic membrane acts as an
ionophore and causes the membrane to become permeable to proton and potassium ions. As a
result, permeability increases and higher molecular mass, such as ATP, leaks out. Two strongly

hydrophobic regions near the C terminus of the K1 a-subunit have an a-helical structure separated
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by a short, highly hydrophilic segment. This may act as a membrane-spanning domain responsible

for channel formation (Sturley et al., 1986, Ahmed et al., 1999).

K28 affects the cell cycle in a different way. After endocytotic uptake and retrograde transport
through the Golgi and ER, the toxin enters the cytosol. Yeast mutants that are blocked in the early
stages of both fluid-phase endocytosis and receptor-mediated endocytosis, or at any stage in
retrograde transport, are toxin resistant. In the cytosol, the B-subunit is ubiquitinated and
proteasomally degraded, whereas the a-subunit enters the nucleus and interacts with cell-cycle
control progression proteins, as well as initiating DNA synthesis proteins in the early S phase.
Therefore, since K28 targets essential and evolutionarily conserved host proteins with basic cellular
functions, it allows its toxin to develop an ‘intelligent’ strategy to effectively penetrate and kill its

target cell (Schmitt and Breinig, 2006).

1.5.6 The immunity of S. cerevisiae strains to the toxins
The exact mechanism of immunity against K1 is not clearly understood. However, the a and y

component of preprotoxin seem to be required for the expression of immunity (Zhu et al., 1993).
They probably act as a competitive inhibitor of mature toxins by saturating or eliminating the
plasma-membrane receptors that normally make toxicity (Schmitt and Breinig, 2006). Given that the
y-component is essential in the maturation of the toxins it postulates, it might not only act as an
intramolecular chaperone — ensuring proper preprotoxin processing — but might also provide some
sort of masking function. This can be achieved by protecting the membrane of toxin-producing cells

against damage caused by the hydrophobic a-subunit (Bostian et al., 1984).

Recently, the mechanism of K28 immunity has been elucidated at the molecular level. This toxin
enters K28-infected cells by endocytosis and, after passing through Golgy and ER, is transported into
the cytosol. Before K28 enters the nucleus to start its killer activity, it forms a complex with a
preprotoxin (produced by an internal virus). In this complex, the K28 heterodimer is selectively
ubiquitinated and protosomally degraded. In this way, the preprotoxin is released and can either be
imported into ER or form a complex with a new internalized K28 heterodimer. Interestingly, the
amount of cytosolic ubiquitin plays a crucial role in toxin immunity (Breinig et al., 2006, Schmitt and

Breinig, 2006).

In addition, susceptible strains can become resistant to a killer toxin by mutation in the genes which
encode receptors or proteins that killer toxins use to perform their killer activity (Schmitt and
Breinig, 2006). Only around 30% of the genes involved in the immunity or sensitivity of the cells

against K1, K2, and K28 are the same (Serviené et al., 2012).
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1.5.7 The host cell and virus interaction
The host cell plays a critical role in the maintenance and expression of killer phenotypes. Two groups

of host genes have been detected which have an impact on viral dsRNA. The superkiller (ski) genes
(the phenotype of mutants) are a group of genes that repress the copy number of M, L-A, and L-BC.
These genes appear to constitute a host antiviral system that is essential to the cell only for

repressing viral replication and propagation (Magliani et al., 1997a).

Maintenance of killer (mak) host genes is essential for cell growth and necessary for maintenance
and propagation of viral genomes. Of more than 30 chromosomal MAK genes identified, only three
are required for maintenance of both L-A and M dsRNAs. All other MAK genes are only necessary for
maintaining each of the three known M satellite dsRNAs (Schmitt and Tipper, 1992, Magliani et al.,
1997a).

1.6 The Ecology of the killer system

Alleopathy is a type of interference competition in which toxin compounds are produced that kill or
suppress the growth of competitors like killer systems in yeasts (Starmer et al., 1987). The failure or
success of this reaction is dependent on the frequency of toxin producer, environmental structure,
the cost associated with toxin production, the effect of the toxin on competitor growth, and the
relative importance of interference competition and resource competition (Frank, 1994). The first
two factors are critical. Their importance suggests that density is likely to affect the cost and benefit

of alleopathy (Levin et al., 1988).

These two factors have been widely researched in yeast-killer systems. The results show that there is
a high value associated with producing toxin when the producers are dense, but this advantage is
proportional to the level of toxin concentration. Additionally, the growth rate of the killer strains is
lower than that of sensitive strains, probably due to toxin production. As a result, in competition this

is a disadvantage for the killer strains (Greig and Travisano, 2008b).

1.7 Potential applications of the Killer system
Killer yeasts and their toxins may have a range of applications. They can be used in the taxonomy of

yeasts. Given the fact that yeasts make up a highly heterogeneous group of unicellular organisms, it
is important to be able to dissect yeast toxins through a simple, cheap, and easy-to-perform test.
Fermentation is widely used in industry. Since the killer activity plays a critical role in the
optimisation of the fermentation reaction, it could well be beneficial in the improvement of the
quality of industrial products. In addition, recent interest in the development of killer toxin as a food
preservative has increased. A further application is in medicine where it has potential as an

antimicrobial agent. It is also important in pathogenic yeast diseases. Furthermore, it can be used in
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transgenic plants to improve their resistance. Finally, it can be used as a model to study the
interaction between host and virus as well as in modelling post-translational activity (Schmitt and

Breinig, 2002, Marquina et al., 2002).

1.8 Research aim
S. cerevisiae has a number of characteristics that makes it an ideal model for the study of molecular

biology as well as population and evolutionary genetics (Zeyl, 2000). The long-term association with
artificial, man-made environments is, however, a disadvantage of these species (Vaughan-Martini
and Martini, 1995). S. paradoxus, on the other hand, which is a close relative of S. cerevisiae and has
never been domesticated (Goddard and Burt, 1999), contains a variety of viral dsRNAs and also
shows the killer phenomenon. Therefore, it seems to be an appropriate model to study the nature,
ecology and evolution of yeast-killer systems. To date, there has been very little research on the

killer systems in S. paradoxus. My research, therefore, aims to:

a) Find and characterise the different groups of killer systems in S. paradoxus;
b) Determine and categorise the various viral dsRNAs which are related to the killer
phenotypes in this species;

c) Find the relationship between the killer systems in S. paradoxus and S. cerevisiae.
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Chapter two

2 Detection and characterisation of the killer-
immune phenotype

2.1 Introduction
The killer toxin in S. cerevisiae is encoded by either viral dsRNA, M1, M2, M28, and M-lus, or nuclear

genes, KHS and KHR. In all killer types, K1, K2, K28, and K-lus, of which the genetic basis is viral
dsRNA, a single open reading frame encodes the toxin as a single polypeptide, preprotoxin. The
preprotoxin comprises larger hydrophobic amino termini than are usually found on secreted
proteins, potential Kex2/Kex1 cleavage and N-linked glycosylation sites. They all have similar overall
structures. They are composed of 6, a, B and y sequences. Once synthesized, they undergo post-
translational modifications via the endoplasmic reticulum (ER), Golgi apparatus, and secretory
vesicles. This results in the secretion of the mature active toxins that are composed of a and B

subunits with disulfide bonds. Mature secreted proteins are active in low pH (Magliani et al., 1997a).

Most of the infected cells show both killer phenotype (K*) and resistance to their own toxin (R*).
However, some infected strains with K*R™ or K'R* phenotypes have also been reported. These

phenotypes arise from the mutations in chromosomal or non-chromosomal genes (Wickner, 1974).

The killer toxins encoded by the genome, KHS and KHR, are less known. They are monomeric and
their killer activity is weaker than the viral toxin (Goto et al., 1991, Goto et al., 1990b). Apart from
the genetic basis of the killer toxins or the structure, their killer activity mostly depends on

environmental conditions like pH, temperature, concentration of salt, and so on (Liu et al., 2015a).

Different types of M viruses use different pathways for killing sensitive cells. For instance, K1 killer
toxin binds to the cell membrane receptors of susceptible cells and triggers potassium homoeostasis
perturbation, which results in cell death (Sturley et al., 1986, Ahmed et al., 1999), whereas K28 toxin
enters the cell nucleus using endocytosis and blocks DNA synthesis in the early S phase (Schmitt and
Breinig, 2006, SCHMITT and TIPPER, 1995). Yeast mutants that are are blocked in binding membrane

receptors, in the early stage of both fluid-phase endocytosis and receptor-mediated endocytosis, or
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at any stage in retrograde transport, are toxin resistant (Schmitt and Breinig, 2006). In addition to
the immunity that arises from mutations, each type of killer is immune to its own toxin. The y

subunit in K1 and the preprotoxin in K28 play an active role in this immunity.

In the majority of infected yeasts, the killer toxins are active at acidic pH values, ranging between pH
3.5 and pH 5, and at low temperatures (Bussey et al., 1979b, Liu et al., 2015b, McBride et al., 2013,
PALFREE and BUSSEY, 1979, Tipper and Bostian, 1984). Within the pH and temperature range, toxin
production can benefit toxin-producing yeast. However, the advantage of having the killer toxin is
lost at pH and temperatures out of this range (McBride et al., 2013, Greig and Travisano, 20083,
McBride et al., 2008). The size range of killer toxins in yeast is from 8 kDa to 156.5 kDa and made of

one to three subunits (Liu et al., 2015a).

Killer-immune reactions between S. paradoxus and S. cerevisiae strains were studied by Chang et al.
(2015). Against S. cerevisiae strains, nearly all the S. paradoxus strains in this study were killer toxin
resistant. As a result, they believe that the killer system first evolved in S. paradoxus then
transferred to S. cerevisiae (Chang et al., 2015). The killer phenotype is very rare in populations of
both species (Chang et al., 2015, Pieczynska et al., 2013b). Two types of M dsRNA, M1 and M28,
have been found in S. paradoxus. Some of the killer strains that carry these dsRNAs not only showed
different killer-immune reactions to the S. cerevisiae strains but also to the S. paradoxus strains that
have the same dsRNA. For instance, even though Q74.4 and N-45 both carry an M1 virus with one
different amino acid from S. cerevisiae’s M1, some of the S. cerevisiae M1 killer strains were
sensitive to these strains. Or, although T21.4 and DBVPG4650 both have M28 virus, only T21.4 killed
DBVPG6040. These indicate the effect of the host-genome background on the expression of the
phenotype and co-evolution of the viruses and host genomes in different populations. In addition to
K1 and K28, there are some unknown killer toxins in the S. paradoxus population (Chang et al.,

2015).

The killer-immune reaction between strains is usually studied using Methylene Blue (MB) diffusion
assay. In this method, to check for killer or non-killer states, the yeast strains (killer testers) are put
as a spot on an MB agar plate, which has been seeded with a strain that is being tested for immunity
(immunity tester). Because most of the killer toxins are active in acidic pH, the plates are normally
prepared with low pH. The killer strains, by secreting killer toxins in the plate, either do not allow the
sensitive strains to grow around them, or, after growing, kill them. As a consequence, the Methylene
Blue can pass through the cell membrane and the grown sensitive strains become blue (Lopes and

Sangorrin, 2010).
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In this chapter, using the MB agar diffusion assay, 109 S. paradoxus strains were screened to detect
the killer strains. Then the killer-immune reactions between the S. paradoxus and S. cerevisiae
strains were studied. Since the strain Q62.5 showed the strongest killer phenotype among all strains

of both species, further studies were performed on the killer toxin of this strain.

2.2 Methodology

2.2.1 Strains and media

S. cerevisiae strain M894 (lys11 clv3 len2) (sensitive strain), which is sensitive to all killer strains in S.
cerevisiae, was used for testing the killer phenotype of the other strains. The following S. cerevisiae
strains were used as killer-positive strains: K1617 (K1), K1963 (K1), K2618 (K2), and MS300 (K28). The
killer activities of 109 S. paradoxus strains from the Burt group’s collection were tested. The list of

strains and media used is in the Appendix (Table 8-1).

2.2.2 Concentrating the medium containing the Killer toxin

Concentrating the medium was done in two different ways. In the first method, after growing the
yeasts, the cells were removed using centrifugation and filtration. Then, the medium was
concentrated using an Amicon ultra centrifugal filter (Millipore), Vivacell 250 (Sartorious) or Vivaflow
200 (Sartorious), depending on the amount of the sample. Four different cut-offs were tried: 10K,
30K, 50K, and 100K, and the concentration performed at 4°C or 25°C. To remove the salts in the
medium, the concentrate was dialysed with the filter using 1 or 10 mM citrate-phosphate buffer or

the buffers used in different tests.

The second method, following Santos and Marquina (Santos and Marquina, 2004), was carried out
using both concentrating devices and precipitating with ethanol. After centrifugation and filtration of
the medium in which the yeast was grown, it was adjusted to a final glycerol concentration of 15%
(v/v) and concentrated 40x. Cold ethanol was added to a final concentration of 45%. Following 30
minutes incubation at 0-4°C and removal of the precipitate, the proteins were precipitated using
additional cold ethanol up to a final concentration of 50%, 70%, 75%, or 80% (Ciani and Fatichenti,
2001, Santos et al., 2004, Ha et al., 1997). The precipitated proteins were dissolved in 1 or 10 mM

sodium citrate-phosphate buffer (pH 4.5).
2.2.3 Killer assay

Methylene Blue (MB) agar diffusion assay
This killer assay was performed at different pH levels (3.5, 4.2, 4.5, 4.7, and 5.3). To check for killer or

non-killer states, 5 ul of each yeast strain was grown in YPD (Yeast Extract Peptone Dextrose) liquid

medium (Appendix; Table 8-2) and was put as a spot on an MB agar plate (Appendix; Table 8-2)
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(killer tester). In testing for immunity to this sample, the same or a different strain was sprayed on
the plate (immunity tester). The immunity tester was sprayed on same day as the killer tester was
put on the plate, Same-Day-Test (SDT), or two days after the development of the killer tester,
Different-Day-Test (DDT). After spraying, the plate was kept at 22°C for 48 hours. If the killer tester
produces a toxin to which the immune tester is not immune, the immune-tester cells cannot grow
around the killer tester or their numbers decrease. In some strains, they grow but their colour
changes to blue, which results from the entrance of the Methylene Blue from cell membranes into

the dead immune-tester cells.

MB agar toxin assay
In this assay, after growing the yeast strains in the YPD liquid medium, either 100 to 200 pl of the

YPD medium was filtered and put in a hollow made in the MB agar plate, or 5 pl to 10 ul of the YPD
liguid medium, which was concentrated, was spotted on the MB agar plate. After the liquid medium
was absorbed by the MB agar, the tester strain was sprayed on the plate. The result was checked

after two days growing at 22.5°C.

Microtiter plate killer assay
The concentrated media were added to the wells of a microtiter plate containing the toxin-sensitive

strain (1 x 10% or 1 x 10° cells mI™) in YPD pH 4.5 and, following that, optical density at 600 nm was

measured after incubation at 22.5°C for one day.

2.2.4 Measuring the growth rate of strains

The growth rates of four yeast strains, M894, A33, Q62.5, and Q14.4, were measured using a
microtiter plate reader in the absence and presence of the killer toxin of the strongest S. paradoxus
killer strain, Q62.5. The growth rates were measured in the presence of 0, 0.5, 1, and 5 folds of the
concentrated medium contained the Q62.5 killer toxin in 62 hours. To determine the effects of the
4

number of cells at the start of the test, two different concentrations of the strains were used, 10

and 10’ cells.

2.2.5 Ethanol treatment

To test the effect of ethanol on the killer toxins, the killer strains were cultured on YPG (Yeast Extract
Peptone Glycine) or YPD liquid medium (Appendix; Table 8-2). Following filtration and concentration,
the medium was put on the MB agar plates containing 0%, 6%, 12%, and 14% ethanol. After
incubation at 22.5°C for 48 hours, it was sprayed with the sensitive strain M894 and kept at 22.5°C.
The results were documented on the second and fourth days. The test was repeated by replacing the

toxin with the three killer strains, Q62.5, T21.4, and Y8.5.
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2.2.6 Testing the stability of the toxin at pH 7

The pH of Q62.5’s concentrated medium was increased through dialysis with citrate-phosphate
buffer pH 7. Half of the medium was kept in a fridge for 16 hours and the other half for 32 hours.
Following that, they were dialysed with a citrate-phosphate buffer pH 4.5 and their killer activities

were tested using the MB agar toxin assay.

2.2.7 Gel electrophoresis

Four types of polyacrylamide gel were used: low pH polyacrylamide gel (Bollag et al., 1996),
isoelectric point focusing (IEF) gel (Novex® pH 3-7 IEF Gel (Invitrogen)), Native PAGE and SDS PAGE
(NUPAGE® Novex® 4-12% Bis-Tris Midi Protein Gels (Invitrogen)).

In the low pH polyacrylamide gels, the pH of the gel was 4.3 and the pH of the running buffer was 4.5
(Bollag et al., 1996). Because the pH of the gel was low, riboflavin was used instead of ammonium
persulfate. Polymerisation by riboflavin is considerably slower than with ammonium persulfate and
is triggered by exposure to light, to which it is very sensitive. In trying to achieve the polymerisation
of the gel, different concentrations of riboflavin and TEMED, various levels of light, degasification
and temperature were tested. The media were loaded on 10%, 12%, and 15% gels in different
concentrations and the gels were run at a range of voltages between 40 and 250 V and from two

hours to overnight with normal and reverse electrode polarity.

In all the polyacrylamide gels, except SDS PAGE, each sample was run twice on the gels; half of the
gels were stained using SimplyBlue (Invitrogen) and the other half were laid on the seeded MB agar

for bio assay. The SDS PAGE gel was stained only with SimplyBlue.

In the bioassay, the gel was soaked for 10 minutes at room temperature in citrate-phosphate buffer
pH 4.5. It was then laid on an MB plate seeded with the sensitive strain and was kept at 22°C for 48

hours. The sensitive cells did not grow around any band containing the toxin.
2.2.8 Chromatography

lon-exchange chromatography
The concentrated and desalted supernatant was injected into a column (4 x 1 cm) of DEAE. After

washing with 20 mM Bis-Tris buffer (pH 6.5), a NaCl gradient from 0 to 1 M was applied and fractions

of 500 ul were collected. The activity of fractions was tested using a microtiter plate killer assay.

Gel filtration
Superdex 75 (GE Healthcare) and Sephadex G25 (GE Healthcare) were packed, tested, and applied

for purification of the killer toxin based on the manufacturer’s instructions.
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2.2.9 Measuring the amount of protein

The amount of the protein was measured using Bradford Protein assay (Bio-Rad).

2.2.10 Trichloroacetic acid (TCA) protein purification
200 pl of TCA was added to 200 pl of the concentrated medium. Following 20 minutes incubation on
ice, it was centrifuged at 8,000 x g. Then, the precipitated proteins were air dried and dissolved in 1

or 10 mM sodium citrate-phosphate buffer (pH 4.5).

2.3 Results and discussion

2.3.1 Killer-immune phenotype

The killer-immune phenotype in S. paradoxus, similar to other yeasts (Frank, 1994, Greig and
Travisano, 2008a, Liu et al., 2015a), is very complex and is sensitive to small changes in the
environment. There is a range of killer phenotypes from very poor killer to strong killer in this
species (Figure 2-1). The expression level of this phenotype in each strain depends on various
environmental factors, such as the amount of killer tester and immune tester, pH and temperature.
Even the thickness of the medium has an effect on the phenotype. Like most of the yeast killer
toxins, the killer toxins in the tested strains were stable and acted in acidic pH and at low
temperatures (Liu et al., 2015a). Within the range of pH tested using the MB agar diffusion method,
pH 3.5,4.2, 4.5, 4.7, and 5.3, none of the samples showed the killer phenotype at pH 5.3. Regarding

temperature, all killer samples were inactive at 28°C and above.

Figure 2-1. A range of killer phenotypes in S. paradoxus strains. All the strains on the plate are killer strains. Three strains
on the bottom, from right to left, T4b, Q62.5, and T21,4, showed the killer phenotype more strongly than the three killer
strains on the top, from left to right, Q74.4, Q14.4, and Q43.5. In the strong killers, a clear halo is visible around the yeast
strain, whereas in the poor killer strains only one or two layers of the sensitive strain cannot grow around the killer strain.
The blue clones around the halo are the dead cells that Methylene Blue passed through their membranes.
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Killer activity was present in 39 out of 109 S. paradoxus strains (36%) against the S. cerevisiae
sensitive strain, M894, on MB agar. In all, 27% (17 out of 63) of the strains from Silwood Park, 33% (5
out of 15) from continental Europe, 25% (3 out of 12) from the Far East, 67% (10 out of 15) from
North America and 100% (2 out of 2) from South America were killer. The frequency of the
phenotype in the studied population was about twice (Chang et al.,, 2015) and three times

(Pieczynska et al., 2013b) more than previous reports.

In this study, the sensitive strain was sprayed on the plates either on the same day as the killer tester
was put onto the medium (Same-Day-Test), or two days after growing the killer tester (Different-
Day-Test). This strategy provided a new condition for expression of the killer phenotype and helped
to find the killer phenotype in four strains which previously reported as non-killer strains, Q59.1,
UFR50816, A12 (Chang et al., 2015, Pieczynska et al., 2013b), and DBVPG4650 (Pieczynska et al.,
2013b). The killer phenotype in all these strains was not strong. In general, depending on the time of
spraying the sensitive strain, most of the tested killer strains showed different levels of expression of
the phenotype. The majority of the strains from Silwood Park, Continental Europe, the Far East and
South America expressed the phenotype more strongly in Different-Day-Test. Two strains from the
UK, Q43.5 and Q59.1, and three strains from Continental Europe, DPVPG4650, C10 (4/2SW2), and
C15 (CECT10176) did not show the killer phenotype when the tester was sprayed on the same day
on which these killer strains were put on the medium. In contrast, all North American killer strains,
including A12, showed their killer phenotype more clearly on Same-Day-Test than Different-Day-

Test.

The difference in the phenotype expression may be as a result of various reactions of the sensitive
strain against the different concentration of the killer strains’ toxins. In the S. cerevisiae strains,
depending on the concentration of the killer toxin, the sensitive cells are killed in two different ways;
at high concentrations of the toxin, susceptible yeasts are killed by necrosis whereas, at low
concentrations, apoptosis is triggered in sensitive yeasts (Sommer and Wickner, 1982). Perhaps, in S.
paradoxus strains, there are also different modes of actions in various killer toxins which trigger
different killing and immunity pathways in the sensitive strains. As a result, different strains behave

differently in Same-Day-Test and Different-Day-Test.

Overall, the killer phenotype in North American strains looks different from the other killer strains.
The phenotype in these strains is very weak; there is no hollow around the killer strain. Only one or
two layers of the sensitive strain’s clones grown around the killer strain become blue, which results
from Methylene Blue entering into the dead cells through their membrane. Moreover, the frequency

of the killer phenotype in the strains in this region is higher than Silwood Park, Europe and the Far
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East. Looking at the location of the strains showed that all the killer strains in North America belong
to Canada. Of the strains from this area, 10 out of 12 (83%) are killer. The results suggest that the
killer toxins in the strains from this region are different from the others. Despite finding the
phenotype in 100% of the South American strains, as there are only two strains from this area, the

number is not reliable.

In order to establish whether the killer toxins in S. paradoxus and S. cerevisiae are similar or
different, the killer-immune reaction between the S. cerevisiae killer strains, K1617 (K1), K2618 (K2),
and MS300 (K28), and 16 strains of S. paradoxus were studied (Table 2-1). In this test, the S.
cerevisiae killer strains were sprayed on the medium as an immune tester and all the other strains
were put on the medium as killer testers. As can be seen in the table below, some strains again
showed different phenotypes when the immune tester was sprayed on the medium on the same day
as the killer tester, or two days after the development of the killer tester. Of all the S. paradoxus
strains that were tested, only three, Y8.5, Q74.4, and T68.3, showed the same killer-immune pattern
as the K2 killer phenotype. They were killer against the K1 and K28, whereas K2 was immune to their
toxin. The optimum pH for these three strains was also the same as that for K2 (pH 4.2).
Nevertheless, previous studies showed that Q74.4 contains K1 ORF with one amino acid variation
from the S. cerevisiae K1 ORF, whereas Y8.5 has a different killer toxin from the S. cerevisiae
reported toxin (Chang et al., 2015). Although Q74.4 has the K1 killer toxin, it also showed a different
killer pattern from the K1 killer toxin in S. cerevisiae in the previous study. In addition, two strains,
T21.4 and DBVPG4650, which were expected to have the K28 killer toxin (Chang et al., 2015), could
not express their killer phenotype very well against K1 and K2 killer strains. Overall, it seems that the
killer-immune reaction between the two species is different from that previously reported in S.
cerevisiae. This might be as a result of the different killer toxins that exist in these strains, the
different immunity pathways that they use, the mutation in the genes that is necessary for

expression, or the different genome background of each species.
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Table 2-1. The killer-immune phenotype of yeast strains against the S. cerevisiae sensitive strain, M894, S. cerevisiae killer
strains, K1 (K1 617), K2 (K2 618), and K28 (MS 300), and the S. paradoxus non-killer strains, CBS 8437, T18.2, A33. SDT and
DDT represent Same-Day-Test and Different-Day-Test spraying of the immune tester and K, PK, VPK and (-) represent Killer,

Poor Killer, Very poor and non-killer, respectively.

S. cerevisiae Immune tester S. paradoxus Immune tester

Species Strains | Sensitive K1 K2 K28 CBS 8437 Ti8.2 A33

SDT DDT SDT DDT SDT DDT SDT DDT SDT DDT SDT DDT SDT DDT
K1'S. cerevisiae K1617 K K - - K K K K PK PK PK PK PK VPK
K2 S. cerevisiae K2 618 K K K K - - K K PK K/VPK K PK
K1S. cerevisiae K1963 K K - - K K K K PK VPK K/PK PK PK/-
K28 S. cerevisiae MS 300 K K K K PK K/VPK - - PK K VPK VPK VPK PK
Tester S. cerevisiae M894
S paradoxus DPVPGA4650 5 K K E PK E 5 E PK PK E 5 VPK
S. paradoxus Q435 = VPK VPK = = = = = PK PK K/PK K/VPK
S. paradoxus Q59.1 - VPK - - - - - - - - - B VPK/-
S. paradoxus Q625 K K PK PK K K K K PK VPK PK PK PVPK/-
S. paradoxus Qld4 - PK - - - - - - PK VPK = - PK PK/-
S. paradoxus Q74.4 PK PK K K = = PK PK K PK K K PK PK/-
S. paradoxus T4b PK K PK/- - K/- PK K/- K
S. paradoxus T21.4 PK K - - - - PK - VPK - K K/- PK PK/-
S. paradoxus T68.3 PK PK K K - - PK PK K PK K PK PK PK/-
S. paradoxus T18.2
S. paradoxus Y8.5 PK/K PK K K - - PK PK K K K PK K PK/-
S. paradoxus Y10 PK/-
S. paradoxus CBS 8444 PK PK
S. paradoxus CBS8435
S. paradoxus A24 PK VPK - - - - - - - - PVPK
S. paradoxus A33

The killer-immune tests were repeated using three non-killer S. paradoxus strains as the immune
tester, A33, T18.2, and CBS8437, in order to get a better picture of the killer-immune reaction
between the two yeast species. The results of the Killer-immune tests of the yeast strains (killer
tester) against the S. cerevisiae, killer and non-killer, strains and the S. paradoxus non-killer strains
(immune tester) were compared (Table 2-1). Although the S. cerevisiae killer strains expressed their
killer phenotype against the majority of S. paradoxus strains, the level of expression against S.
paradoxus strains is significantly less than that of the S. cerevisiae strains. This result suggests that an
additional immunity exists in the S. paradoxus strains, which increases the tolerance of the strains
against the S. cerevisiae killer strains, similar to that reported by Chang et al. (Chang et al., 2015). Of

all the S. paradoxus strains, A33 showed the highest level of immunity against S. cerevisiae strains.
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Interestingly, two S. cerevisiae strains, K1 617 and K1963, which have the same killer toxin, showed
different reactions against this strain, which might be as a result of the killer-toxin expression level.

A33 is also immune to K2 killer toxin.

Four S. paradoxus killer strains, Q59.1, Y10, CBS8444, and A24, which express a weak Kkiller
phenotype against the S. cerevisiae sensitive strain, could not show the phenotype against any of the
S. cerevisiae killer strains and S. paradoxus non-killer strains. This suggests that these six strains are
immune to these killer strains. The phenotype of T4b against the six strains showed that all the S.
paradoxus non-killer strains are immune to this strain, whereas all the S. cerevisiae strains are killed
by it. This demonstrates a type of immunity that seems to exist specifically in S. paradoxus strains.
Q62.5 is the only strain that kills all of the S. cerevisiae and S. paradoxus strains. However, similar to
the S. cerevisiae killer strains, its killer activity is reduced against the S. paradoxus strains. All of the
immunity might result from mutation in the genes, which encodes receptors or proteins used by
killer toxins to perform their killer activity (Schmitt and Breinig, 2006), or from some unknown

pathway of immunity in the strains.

Overall, there is not any particular pattern of killer-immune reaction between two species. It mostly
depends on the type of killer toxin and the genome of the strains that exist in one environment.
Perhaps, in addition to the environmental factors, the reason that the killer phenotype was not
recognised in previous studies in the four strains of S. paradoxus (Chang et al., 2015, Pieczynska et
al., 2013b), or the reason that the killer phenotype in Q74.4 and Y8.5, which was reported to be the
strongest amongst S. paradoxus killer strains (Chang et al., 2015) compared to this study in which
Q62.5 expressed the strongest phenotype, is that the genome of the immune testers was different in

these projects.

2.3.2 Characterisation of the Kkiller toxins

Given that Q62.5 expressed the strongest killer phenotype amongst the S. paradoxus strains and
appears to have a new type of killer toxin, its killer toxin was used for the further studies. Given that
the killer toxin produced by the killer strains is accumulated in the medium, the medium was used
for the characterisation of the killer toxin. After removing the cells that were grown on the liquid
medium using centrifugation and filtration, the medium was concentrated using concentrator filters

or ethanol.

When concentrating using the concentrator filters, in order to reduce the number of proteins in the
secretome, various cut-offs, 10K, 30K, 50K, and 100K, were tested using Amicon ultra centrifugal
filter. In this concentrator, the filter is fitted on the top of a centrifugal tube. The concentrated

medium was collected from the filter and its killer activity was tested using MB agar toxin assay. The
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result of the killer assay indicated that the concentrated supernatants with 10K and 30K have the
same killer activity, whereas the killer activity in that of 50K is reduced, and the concentrated
supernatant from the 100K filter is not active. In the case of the 50K filter, if the supernatant is
dialyzed twice, it does not show any killer activity. These results indicate that the molecular weight

of the toxins is more than 30 kDa and less than 50 kDa.

In concentrating the medium using ethanol, different amounts of cold ethanol, 50%, 70%, 75%, and
80%, were applied into the 40x concentrated media in order to precipitate the proteins and the killer
toxin in them (Ciani and Fatichenti, 2001, Santos et al., 2004, Ha et al., 1997). After washing the
pellets, which contains the killer toxin, and dissolving them in Citrate-Phosphate buffer pH 4.5, the
activities of the concentrated toxins were tested using MB agar toxin assay. Only the killer toxins in
the media that were concentrated using 50% and 70% ethanol were still active. The killer activity of
the concentrated medium using 50% ethanol was greater than that of 70%. The results indicated

that the killer toxin is not stable in relation to ethanol.

The effect of ethanol on the killer activity of killer toxins
The result of concentration using ethanol encouraged us to study the effect of the ethanol on the

killer activity of the killer toxins. Since the maximum ethanol in the fermentation reaction is 14%,
four types of MB agar containing 0%, 6%, 12%, and 14% ethanol were prepared. The killer
phenotype of the three killer strains, Q62.5, T21.4, and Y8.5, and the killer activity of the killer toxin
in the Q62.5 concentrated medium were tested on these media. Although Saccharomyces strains are
resistant to ethanol, the results of the treatment showed that the expression of the killer phenotype
in the two of strong killer strains, Q62.5 and T21.4, reduces by the increased concentration of
ethanol and the killer toxin in strain Y8.5, which is a weaker killer strain, and killer toxin in the
Q62.5’s concentrated medium becomes completely inactive with all the concentrations of ethanol
(Table 2-2). However, the effect is not permanent. If the killer toxin concentrated medium treated by
the three concentrations of ethanol for two days, is put on a normal MB agar seeded with the
sensitive strain, it becomes active again. These results suggest that the nature of producing ethanol
by the yeast strain decreases the efficiency of the killer toxin of the yeast-killer strains. Nevertheless,
this is not true for all the yeast-killer toxins. In the case of the KHR killer toxin, increasing the ethanol

in fermentation improves the efficiency of the killer toxin (de Ullivarri et al., 2014).
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Table 2-2. The effect of ethanol on the killer activity of the three S. paradoxus strains, 062.5, T21.4, and Y8.5, and the
concentrated medium that contains Q62.5 killer toxin; K (Killer), PK (Poor Killer), VPK (Very Poor Killer), VVPK (Very Very

Poor Killer) and (-) non-killer.

Sample 0% 6% 12% 14%
Q62.5 strain K PK VPK VVPK
T21.4 strain K PK VPK -
Y8.5 strain PK - - -
Q62.5 concentrated medium K - - -

Effect of the pH on the activity and stability of Q62.5 killer toxin
A comparison of the killer phenotype of Q62.5 on MB agar diffusion assay (comparing the halo and

the blue cells around the strain) at three different pH, 4.2, 4.5, and 4.7, showed that at pH 4.5 the
strain expresses the highest level of the killer phenotype. The level of the phenotype expression at
pH 4.7 is less than the level at 4.2. The amount of toxin production of this strain in YPAD broth at pH
4.5 is also materially higher than at pH 4.2; putting the same amount of both media (YPAD broth pH
4.5 and pH 4.2 which were cultivated with Q62.5) on MB agar pH 4.2 and pH 4.7 showed that the
killer activity of the YPAD medium with pH 4.5 is about three times stronger than that of the medium
with pH 4.2 on both MB agar. This suggests that the optimum pH of the Q62.5 killer toxin is 4.5.
Testing the stability of the Q62.5 toxin at pH 7 showed that, despite being inactive at this pH,
reducing the pH below 5 activates the toxin again. However, its activity is slightly lower than non-
treated samples. Increasing the time of treatment from 16 hours to 32 hours did not make a

difference in the killer activity.

Testing the pH of the medium after two days of growing the strain showed a reduction in the
medium’s pH. The pH after growing was between 3.2 and 3.5. The pH of the medium that was

shaken reduced more than that which was not shaken.

2.3.3 Growth rate of S. paradoxus and S. cerevisiae strains in the presence of Q62.5
Killer toxin

In order to study the interaction between the killer toxin of Q62.5 and the other strains, the growth

rate of Q62.5, M894 (the S. cerevisiae sensitive strain), Q14.4 (S. paradoxus killer strain) and A33

(the non-killer S. paradoxus that showed the highest amount of immunity to Q62.5 killer toxin) was

measured using a microtiter plate reader in the absence of Q62.5’s concentrated medium and in the

presence of 0.5, 1, and 5 folds of that in 62 hours. To determine the effect of the number of cells at

the start of the test, two different amounts of the strain were used: 10*and 10° cells.
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The results unexpectedly showed that the killer toxin does not kill all the sensitive cells. Even in the
high concentration of the toxin (i.e. five times more than normal concentration in the medium) and
low concentration of sensitive cells, there is only a delay in the growth of the cells (Graph 2-1). The
higher the concentration of the toxin and the lower the number of sensitive cells at the start, the
greater the delay in growth. It seems that, during this period of delay, the killer toxin is rendered
inactive by the sensitive cells. In contrast, the filtered concentrated medium containing the killer
toxin stays active, when kept at the same temperature and for the same period of time without any

killer or sensitive cells.

Reducing the killer activity of the killer toxins were also observed during the culturing of Q62.5. By
increasing the age of the culture, the killer activity of the killer toxins accumulated in the liquid
medium decreases (Graph 2-2). Given the fact that, by ageing the culture, the amount of the ethanol
accumulated in the medium increases and the pH of the medium decreases, and based on the
previous results which indicated that both changes have negative effects on the killer activity of the
killer toxins, perhaps the increase in ethanol and the decrease in pH levels are themselves the two
factors that negatively affect the killer activity of the killer toxins in both tests. During culturing
strains, in addition to numerous factors that are changing in the media, the strains release their

secretome and metabolites in the media that may affect the killer activity of the killer toxin.

A comparison between the graphs of the two non-killer strains (Graph 2-1), A33 and M894, indicated
that the delay in the growth of A33 (which had higher immunity to the killer toxin compared to
M894 (Table 2-1)), is significantly less than M894. These probably arise from the genetic background
of the strains and the different immunity pathways within them. It seems that, in addition to pH and
ethanol which decrease the activity of the toxin, all the strains, even the sensitive strain, are
equipped with extra immunity which can protect them against killer toxin in the environment in
order to increase their chance of survival. This may explain why killer strains of S. cerevisiae have not
been dominant at the end of fermentation in some of the previous studies (Heard and Fleet, 1987)
and why the killer strains have a lower frequency than the non-killer strains in the environment
(Chang et al., 2015, Pieczynska et al., 2013b). Perhaps it is the strategy that is used in the
environment to make a balance between the killer and sensitive strains and prevent the extinction

of the strains.

The growth rate of killer strains Q62.5 and Q14.4 fluctuated significantly more than that of non-killer

strains M984 and A33, which might result from their toxin production.
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Graph 2-1. Comparison of the growth rate of four different strains, M894 (tester), A33, Q62.5, and Q14.4, in the presence
of the 0 fold, 0.5 fold, 1 fold and 5 folds of Q62.5’s concentrated medium that contains Q62.6 killer toxin,. The tests were
conducted with two different concentrations of the cells, 10* cell/ml and 10° cell/ml and each test was repeated three

times.
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Graph 2-2. Decreasing the killer activity of the Q62.5 killer toxin by aging the culture. Q62.5 were cultured for three days
and the killer activity of its secreted killer toxin were measured in the first, second and third days, using microtiter plate
killer assay. The number of the sensitive cells after finishing the killer assay is shown on the graph. By increasing the age of
the culture, the killer activity of the killer toxin decreased. As a result the number of the sensitive cells in the killer assay

increased.

2.3.4 Characterisation of the Killer toxins using gel electrophoresis
The concentrated medium was used to study the killer toxin on the gel electrophoresis. YPAD

buffered with citrate phosphate (pH 4.5), which is a common medium for growing yeast and
producing toxins, was initially used for toxin production. However, because it has a high amount of
protein due to the presence of peptone and yeast extract, it caused problems in separating the
bands in polyacrylamide gel, and hence detecting the toxin bands. As a result, minimal media with
and without amino acids, buffered with citrate-phosphate buffer, were tried. The results showed
that both forms were suitable for producing toxins. However, the amount of toxin in the medium
with amino acid exceeded that of the medium without. In addition, supplementing this medium with
the non-ionic detergent Brij-58 (Santos and Marquina, 2004), resulted in the highest killer activity in

the supernatant.

On the low pH gels, IEF gels and native gels, because the killer toxins stay active, each sample was
run on the gel in two different lanes. After running, the gel was cut into two pieces. In one part of
the gel all proteins were visualized using Coomassie Blue, and in the other part the toxin was
detected using the bio assay. In the bio assay, the gel was laid on the MB agar and the sensitive

strain sprayed on the plate.
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Low pH polyacrylamide gel
The pH of the gel made in the lab was 4.3 and the pH of the running buffer was 4.5. With normal

electrode polarity, there were some faint bands at the top of the gel that did not move down with
increasing voltage and running time. This suggests that perhaps the isoelectric point of the toxin is
near to the pH of the gel and, as a result, it did not have enough charge to move in the gel. To solve

this issue, IEF gel was substituted.

IEF gel
An IEF gel with pH 3-7 from Invitrogen was used. In order to detect the killer toxin band and

compare it with the known killer toxins, the concentrated media of K1 618 (K1 killer), Q62.5 and
M894 (non-killer) were run on the gel. The concentrated media from both concentration methods,
ethanol precipitation and concentrator filter, were loaded on the gel in different lanes. Both
concentrated media were stained with Coomassie Blue but a bioassay was done only on the lane
which was concentrated using the concentrators. The results showed that the proteins in the
medium concentrated using ethanol were separated considerably more sharply than when using the
concentrators. It seems that the unremoved salts in the first method prevented clear separation of

the bands.

The results of the IEF gel indicated that the isoelectric point of the majority of the proteins, which
are secreted by both S. cerevisiae and S. paradoxus, is between 3 and 4.5 (Figure 2-2); this explains
why the proteins did not move very well on the low pH gel. After doing the bio assay, a clear zone
was detected on the gel. It indicated that the isoelectric point of the toxin is approximately 4.5-5.2.
In addition to this part, there was a zone with a lower number of the sensitive clones around pH 3.5—
4.2. This might arise from the poor separation of the proteins. Since most of the secreted proteins
are flocked where the toxin band is detected, it was not possible to detect the toxin bands among
other bands by comparing the results of the Coomassie Blue staining and bioassay, and comparing
the bands of the Q62.5 with the non-killer strain M894. As a consequence, we tried to purify the

killer toxin for further studies.
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Figure 2-2. The IEF gel electrophoresis. The first lane is the marker (M). The
second lane is the concentrated medium of K1 617 (K1). The third lane is the
Q62.5’s medium concentrated using ethanol precipitation. The fourth lane is
Q62.5’s medium concentrated with the concentrator filter and the fifth lane is
that of M894, which is not killer (NK). A comparison of second, third, and fourth
lanes, which contain the medium of the killer strains, with the fifth lane, that of
the non-killer strain, does not show any specific band for the killer toxins. The
isoelectric point of the majority of the proteins secreted by the yeasts in the

medium is between 3 and 4.5.

2.3.5 Purification of killer toxin

Different strategies were tried to purify the killer toxin. Since the killer activity of the killer toxin
reduced during the concentration of the medium using ethanol, the medium was concentrated using
the concentrator devices, although this took longer time. Because the size of the killer toxin in Q62.5
was between 30 kDa and 50 kDa, the medium was concentrated using 30 K cut-off concentrator

devices in order to remove the proteins smaller than 30 kDa toxin.

After growing Q62.5 in a minimal medium containing Brij-58 (pH 4.5), removing the cells and
concentrating the supernatant, ion exchange chromatography using the DEAE column was
performed. Then, the fractions were concentrated, their buffer was changed with citrate-phosphate
buffer (pH 4.5), and their killer activity tested by a microtiter plate-reader killer assay. Finally, the

active fractions were studied on the native and SDS PAGEs.

The purification of the killer toxin was started with 250 ml of medium but, because the amount of
protein was low, it was increased to 1,000 ml. Testing the killer activity of the fractions showed that
6 out of 40 fractions of the chromatography was active, fractions 6 to 11. The peak of the elution

period includes the active fractions.

On the native gel, the bands did not separate from each other very well in either staining or
bioassay; as a result, a specific band for the toxin was not detectable (Figure 2-3). On the SDS PAGE

there were several bands in each fraction which show the toxin did not purify completely. It was not
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possible to detect the toxin bands from comparison of active and inactive fractions. Given that the
killer activity in killer fractions is high, it shows that the killer toxins in this strain are highly active; as
a result, the low amount of protein which is not detectable on the gel produces a highly active

phenotype.

BSA 6 7 8 9 10 11 14 Q62.5 Q62.5

66KD

260

60

30

Figure 2-3. The native and SDS-PAGE analysis of the fractions eluted from the DEAE column. (A) The half of native gel that
was strained with Coomassie Blue. The first lane is bovine serum albumin (BSA) loaded as a marker (approximately 66 KD).
The six active fractions, 6, 7, 8, 9, 10, and 11, and one inactive fraction, 14, and Q62.5 concentrated medium were run on
the gel to compare. The bands on the gel did not separate very well. (B) The other half of the native gel laid down on MB
agar in order to perform the bioassay. The sensitive strain could not grow on half of the gel, which is as a result of poor
separation. A comparison of A and B shows that the killer toxin protein is a highly active protein; as a result, the low
amount of protein, which is not detectable on the stained gel, produces a highly active phenotype (C) The SDS PAGE
stained with Commassie Blue. The active fractions, 6, 7, 8, 9, 10, and 11 were compared with inactive fractions, 5, 14, 15,

and 16. No specific band was found for the killer toxin.
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To overcome this problem, the amount of medium was increased firstly to 10 litres then to 20 litres.
Concentrating 20 L of the medium increased the viscosity of the solution. Since the amount of
protein was not very high in the concentrated medium, it seems that the metabolites that exist in
the medium increased the viscosity. Washing the concentrated medium with a greater amount of
citrate-phosphate buffer did not help decrease the viscosity of the solution. It seems that the
contaminants cannot pass through the 30 K cut-off filter. As a result, to remove the contaminants in
the medium and the secreted proteins, which were bigger than the killer toxin, the concentrated
samples were passed through the gel filtration column, Superdex 75. However, after passing the
medium through the column, the viscosity of the medium did not change. The bigger proteins were
also not removed from the active fractions. Since the column was packed in the lab, firstly, it seemed
that the problem arose from packing the column. However, testing the column using protein
markers showed that packing was fine. It seems that the speed of the proteins and the metabolite
contaminant in the column is similar. Since the viscosity of the solution is high, it does not allow the

proteins to separate based on their size. Using Sephadex, the G25 column was not successful either.

In order to eliminate the contaminants, the protein purification using TCA was tested. However,
after purification, part of the precipitate did not dissolve in the buffer. Moreover, the killer activity of
the toxin also decreased. Since the purification of the protein was complicated, took a long time and
did not produce a good result, we decided to study the killer system in this species through its

genetic base.

2.3.6 Conclusion

The killer phenotype was detected in 36% of the S. paradoxus strains. It was very sensitive to the
environmental conditions. The killer activity of the strains was tested in four different PH, 3.5, 4.2,
4.5, and 5.3 (the result not shown). None of them were active at a pH more than 5 and at a

temperature more than 28°C.

The frequency of the phenotype in North and South America was more than other regions. In
general, depending on the time of spraying the sensitive strains, most of the tested killer strains
showed different levels of expression of the phenotype. The majority of the strains from Silwood
Park, Continental Europe, the Far East and South America express the phenotype more strongly
when the sensitive strain was sprayed on the medium on the different day as the killer testers were
applied. Two strains from Silwood Park and three strains from Continental Europe did not show the
killer phenotype when the tester was sprayed on the same day. In contrast, all North American killer

strains showed their killer phenotype more clearly on Same-Day-Test than on Different-Day-Test.
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The killer phenotype in the North American strains looks different and they are very weak killers. The
different level of the phenotype expression in Same-Day-Test and Different-Day-Test may be as a
result of various reactions of the sensitive strain against the different concentration of the killer

toxin.

None of the S. paradoxus killer strains showed the same killer-immune pattern as S. cerevisiae
strains, except three strains from Silwood Park. The level of the killer-phenotype expression of S.
cerevisiae killer strains against S. paradoxus strains is significantly less than that of S. cerevisiae

strains. This shows an additional immunity that exists in the S. paradoxus strains.

The killer toxin of Q62.5, which was the strongest of S. paradoxus killer strains, was characterised. Its
molecular weight is between 30 kDa and 50 kDa, its isoelectric point is between 4.5 and 5.2, and its
optimum pH is 4.5. Although it is not active at pH 7, it is stable at this pH. The killer activity of the
toxin decreases by increasing the amount of ethanol in the medium. Measuring the growth rate of
four S. paradoxus strains in the presence of the killer toxin indicated that none of the strains, even
the sensitive one, was killed completely by the killer toxin; there is only a delay in the growth of the
strains. The higher the concentration of the toxin and the lower the number of sensitive cells, the
higher the delay in the growth of the cells. In the strains that are more sensitive to the killer toxin,
this delay increases. Overall, results suggest that all the strains, even the sensitive strains, are
equipped with some immunity for their survival. Nevertheless, this immunity in the sensitive strains
is significantly less than in the resistant strains. In addition to this immunity, increasing the ethanol
level and decreasing the pH during fermentation increases the chance of survival for the sensitive
strains. Moreover, these might be the reasons for the killer’s inability to be dominant at the end of

all fermentation and to be the dominant strains in nature.
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Chapter three

3 Determination of the genetic basis of the Killer
toxin in S. paradoxus

3.1 Introduction
There are two genetic bases for the killer phenotype that have been discovered in S. cerevisiae, viral

dsRNA (Rodriguez-Cousifio et al., 2011, Hopper et al.,, 1977b, Magliani et al., 1997b) and
chromosomal genes (Goto et al., 1991, Goto et al., 1990b). In the killer yeasts that were infected
with viral dsRNA, two types of dsRNA, L-A and M dsRNA, coexist in the cell. L-A dsRNA, with a size of
4.5 kb, produces Gag and Pol protein to replicate and encapsidate itself, and M dsRNA. M dsRNA,
with a size of between 1.5 kb and 2.5 kb, has just one gene to produce the killer toxins. Various types
of L-A, L-A-L1, L-A-2, L-A-28, and L-A-lus, and M dsRNA, M1, M2, M28, and M-lus have been
detected, which co-evolved with each other respectively. The M dsRNAs encode four well-known
killer toxins: K1, K2, K28 and K-lus respectively (Rodriguez-Cousifio and Esteban, 2017, Rodriguez-
Cousifio et al., 2013, Rodriguez-Cousifio et al., 2011, SCHMITT and TIPPER, 1995, Wickner, 1996). L-A
can exist alone but it does not produce any phenotype in the cell (Hopper et al., 1977b, Wickner et
al., 1995). One L-A dsRNA and at least seven different M dsRNAs, based on size, were detected in S.
paradoxus (Naumov et al., 2004) and the killer gene of M1 has been sequenced in two strains of
these species, Q74.4 and N-45, and the M28 killer gene has been found in DBVPG4650 and T21.4
(Chang et al., 2015).

In addition to L-A and M dsRNA, there are three other dsRNAs, L-BC (4.5 kb), W (2.25) and T (2.7 kb).
They produce their own RNA-dependent RNA polymerase and do not make any phenotype in the
infected cells (Esteban et al., 1992b, Rodriguez-Cousifio et al., 1991, Sommer and Wickner, 1982).

The identified killer chromosomal genes in S. cerevisiae are composed of KHR and KHS. They are
encoded by the right arm of chromosome V and the left arm of chromosome IX respectively, with no
homology with each other or another killer gene (Goto et al.,, 1991, Goto et al., 1990b). The

sequence of KHS was studied by Frank and Wolfe (2009) in other S. cerevisiae genome sequences.
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They believe that there is an inversion in the sequence that ends at a restriction site that was used in
the cloning of the gene before its sequencing. As a result, they considered the SCY_1690 ORF in the
genome of S. cerevisiae YIM789 as the KHS encoding gene. SCY_1690, which is 1,057 bp, codes a
350-amino acid protein in S. cerevisiae strains YJM789 (protein name, SCY_1690), M22, and most of
the strains sequenced by the Saccharomyces Genome Resequencing Project. Its coding region from
strains YJM789 and M22 has greater similarity with the S. paradoxus genome sequence, 99%
identity, than the null alleles in S. cerevisiae, 89% identity, which suggests a horizontal exchange of
this gene between two species. Also, they introduce SCY-1690 as an NUPAV (nuclear sequences of
plasmid and viral origin) related to M2 killer virus double-stranded RNA because of the similarity

which they found between their sequences (Frank and Wolfe, 2009).

Cycloheximide treatment is the routine method for identifying the genetic basis of killer phenotypes.
This antibiotic, which acts on the large ribosomal subunit protein L29 (Fried and Warner, 1982,
Stocklein and Piepersberg, 1980), at low concentration, removes M dsRNA from the infected cell. As
a result, if the killer toxin is encoded by M dsRNA, the phenotype changes to non-killer (Carroll and
Wickner, 1995, Fink and Styles, 1972).

In this chapter, various types of dsRNA were detected in the S. paradoxus strains. The results were
compared with the killer phenotype of each strain. Then, to identify the genetic basis of the killer
strains, these strains were treated with a low concentration of cycloheximide. Finally, the presence
of KHS and KHR sequences were studied in the strains in which their genome sequences were

available.

3.2 Materials and methods

3.2.1 dsRNA extraction

For the extraction of dsRNA from yeast cells, five different methods were tried. (1) the method
described by Fried and Fink with some changes (Fried and Fink, 1978); (2) the method used by
Wickner and Leibowitz (Wickner and Leibowitz, 1976); (3) the method used by Coenen and
colleagues (Coenen et al., 1997); (4) RiboPure Yeast kit (Amibion); and (5) RNeasy mini kit (QIAGEN).

Of the five methods, the first is not only the cheapest but also enables the extraction of the greatest
amount of dsRNA. Also, the concentration of DNA obtained is lower than that from the three other
methods used from the papers, but the purity of dsRNA after extraction is not as high as the purity
of extracted dsRNA when using the kits. This purity is satisfactory for detecting dsRNAs on the
agarose gel. In cases where highly purified dsRNA is needed, an extra treatment with lithium
chloride is performed on the dsRNA in order to remove the carbohydrates (Salzman et al., 1999).
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333 pl of 8 M LiCl was added to the sample in which the volume was made to 1 ml with water. Then,
the RNA was precipitated at 4 C for at least 3 h (or overnight). After centrifugation (20 min at
12,000 x g at 4 °C) and washing the pellet with 400 pl 80% Ethanol, the pellet was resuspended with
water. Although this treatment reduces the amount of dsRNA, it produces much higher purity

(Figure 3-2).

Using this method, the cells grown to stationary phase in YPAD broth were washed with 50 mM
Na2EDTA (pH 7.0). Then they were incubated for 15 min in 50 mM Tris-H2504 (pH 9.3) (Sigma)
containing 2.5% 2-mercaptoethanol (Sigma) and, following that, stirred for one hour at room
temperature with 0.1 M NaCl (Sigma), 10 mM Tris-HCI (pH 7.5) (Sigma), 10 mM Na2EDTA (Sigma),
0.2% sodium dodecyl sulfate and an equal volume of phenol-chloroform-isoamyl alcohol. After
washing the aqueous phase with an equal volume of chloroform-isoamyl alcohol (Sigma), the nucleic
acid was precipitated with two volumes of cold ethanol and incubated overnight at -20°C. After
centrifugation and washing the nucleic acid with 70% ethanol, it was dissolved in water. All the

centrifugation from phenol-chloroform-isoamyl alcohol steps were performed at 16,000 x g.

3.2.2 ssRNA and DNA digestion
To digest ssRNA, RNase A was tried initially. RNase A in high salt concentration digests only

ssRNA, whereas, in low salt concentration it digests both ssRNA and dsRNA. However, this
digestive process is very sensitive to the concentration of salt, and minor changes affect
the results. As a consequence, RNase A was replaced with S1 nuclease, an enzyme which

digests all single-strand nucleic acids.

Since S1 nuclease is more sensitive to changes in salt concentration than DNase, treatment
with S1 nuclease was performed before DNase treatment. 1, 1.5, 2 or 3 units of the
enzyme were used for each pg of extracted nucleic acid, and the samples were incubated
at 37°C or 67°C for half an hour. After stopping the reaction of S1 nuclease with 15 mM
Na2EDTA (pH 7.5), the remaining DNA was treated with DNasel (Sigma); it was then
washed using the same volume of phenol-chloroform-isoamyl alcohol and, following that,
with the same volume of chloroform-isoamyl alcohol. The dsRNA was precipitated with
two volumes of cold ethanol (-20°C). After washing with 70% ethanol, it was dissolved in

RNase-free water.

3.2.3 Agarose gel electrophoresis
Samples were run overnight on a 1% agarose gel prepared using a TAE buffer and GelRed.

After running, the bands were visualized with UV.
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3.2.4 Cycloheximide treatment
YPD medium containing 2% (20 mg/ml), 6% (60 mg/ml), and 10% (100 mg/ml) of cycloheximide were

tested for the treatment. The killer strains were cultured on the media and incubated at 30°C until
the clones appeared. Three clones from each strain were cultured on YPD broth overnight. Then,
their killer activity was tested on MB agar diffusion assay (Section 2.2.3.). All the strains were tested

on Same-Day-Test and Different-Day-Test.

3.2.5 Bioinformatic analysis of KHS and KHR genes in S. paradoxus
The sequences of KHS and KHR genes, as well as SCY_1690 ORF, were taken from NCBI and studied

in the genomes of 37 S. paradoxus strains using Geneious. In order to find the position of KHS ORF
and SCY_1690, their sequences were firstly aligned with each other then they were aligned with the

genomes of all the S. paradoxus strains.

3.3 Results and discussion

3.3.1 Viral dsRNA in S. paradoxus strains

dsRNA extraction was performed on 68 strains of S. paradoxus, 30 strains from Silwood Park, 15
strains from continental Europe, eight strains from the Far East and 15 strains from Canada
(Table 3-1). The result of the gel electrophoresis of the dsRNA extractions indicated that there are
two categories of dsRNA in these strains; a large band of approximately 4,000 bp in size, compatible
with that of L dsRNA in S. cerevisiae, and a medium-sized band of 1,000 - 2,500 bp, similar to that of
M dsRNA in S. cerevisiae. The size of the large-sized band was similar among all the strains, whereas
the medium-sized bands varied in size (Figure 3-2). In total, 25 strains contained both L and M
dsRNA. Three of the killer strains from Silwood Park, T21.4, T4b, and Y10, initially showed only one
large-sized dsRNA. However, increasing the concentration of dsRNA revealed a medium-sized band,
which was still not as clear as the similar band in the other strains. Perhaps it arose from the lower
copy number of the dsRNA in these strains compared to the other strains. Testing the bands with

DNase and S1 nuclease proved that both bands in all the strains are dsRNA (Figure 3-2).

The S1 nuclease was tried with two incubation temperatures, 37°C and 67°C, and four different
concentrations (1, 1.5, 2, and 3 units of enzyme per pg of the nucleic acid). M dsRNA showed
different behaviour in the various incubation temperatures. At 67°C the M dsRNA was cut into two
pieces, similar to that reported by Welsh and Leibowitz (Welsh and Leibowitz, 1982) (Figure 3-1).
Perhaps at higher temperatures, the poly A region of M dsRNA, which is located in the middle of the
coding and noncoding part of the RNA (Figure 1-3), is melted and digested by S1 nuclease. Although
in the instruction of the enzyme it mentioned that, at high concentration of the enzyme, dsRNA can
be digested, increasing the concentration did not show any visible effects on the dsRNA when it was

run on the 1% agarose gel. Since the sensitivity of the gel is not very high, despite not seeing any
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differences on the gel, there is the possibility of the effect of S1 nuclease on the lower amount of

dsRNA or the hairpin structures that exist at the ends of dsRNA.
12 3 4 5 6 78
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Figure 3-1. A comparison of dsRNA S1 nuclease treatments with different concentrations of enzyme and incubation
temperatures. The dsRNA extracted from strain Q43.5 was treated with different concentrations of the S1 nuclease: 1, 1.5,
2 and 3 units of enzyme per 1ug of nucleic acid; and incubation temperatures: 37°C and 67°C. All the samples were treated
with DNase. Lanes 1 and 8 are 1 kb DNA ladder. The condition of treatment of each Lane is: Lane 2: 1 unit of S1 nuclease
per 1ug of nucleic acid, incubated at 37°C; Lane 3: 1.5 units of S1 nuclease per 1ug of nucleic acid, incubated at 37°C; Lane
4: 2 units of S1 nuclease per 1ug of nucleic acid, incubated at 37°C; Lane 5: 3 units of S1 nuclease per 1ug of nucleic acid,
incubated at 37°C; Lane 6: 1 unit of the enzyme per 1ug of nucleic acid and incubated at 67°C; Lane 7: the samples were
just treated with DNase. The concentration of the enzyme had no effect on the cleavage of the dsRNA, Lanes 2-5, whereas
increasing the temperature from 37°C to 67°C promoted the cleavage, Lane 6.

The various types of M dsRNA in S. paradoxus strains, as previously reported, are of different sizes
(Naumov et al.,, 2004). Moreover, the size of the digested fragments, as well as the pattern of
digestion, was different in various strains. Based on the size and digestion pattern with S1 nuclease,
there are at least eight different medium-sized dsRNAs in the Silwood Park strains (Figure 3-2). The
M dsRNA in T68.2, T68.3, Q43.5, Y8.5 and Q74.4 seems to be the same. Among all the S1 nuclease
treated samples, the M dsRNA in Y2.8 strain did not show digestion on the gel and Q95.3 and Y1
showed partial digestion. These patterns of digestion suggest that the dsRNA in these strains has a
more stable structure, probably shorter poly A in the middle. The M dsRNAs of Q95.3 and Q16.1 are

shortest at 1 kb and 1.3 kb, respectively.
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Figure 3-2. Various dsRNAs in S. paradoxus strains in Silwood Park. Lanes 2 and 3 on the left are a S. cerevisiae positive
control without and with S1 nuclease digestion, respectively. Other pairs of samples, 4-13 on the left and 1-10 on the right
image, represent different strains of S. paradoxus from Silwood Park, without and with S1 nuclease digestion. S. paradoxus
strains in the left image from left to right are ¥8.5, Q16.1, T21.4, Q14.4, Q62.5, and Q95.3; and in the right image, Q62.5,
Q16.1 (Lane 4 is S1 treated and 5 without S1 treatment), T26.3, and Q74.4. All the M dsRNAs were broken with S1
nuclease. Based on the size of the dsRNA and S1 digestion pattern, there are at least eight different M dsRNAs in the
Silwood Park strains. Lane 12 is a S. cerevisiae positive control, extracted by a RiboPure kit. Lanes 13, 14 and 15 are S.
cerevisiae positive controls, which were extracted using the Fink and Frank method. Lanes 13 and 15 were treated with
lithium chloride.

Compared to those from Silwood Park strains, the size of M dsRNA in the strains from Europe and
the Far East is similar and does not show variation (Figure 3-3a). DBVPG4650 from Italy has three
additional bands in the cell (Figure 3-3b). Two of them, which were smaller than M dsRNA, because
of low copy number, were visible when the agarose gel was run for one hour. Running the gel for a
longer time revealed an additional band that was integrated with M dsRNA in the previous running.
However, the first two bands become unclear. It seems that there are two medium-sized dsRNAs in
this strain. They may be different dsRNAs of similar size or a dsRNA that is similar to L or M, which

has a deletion in the sequence similar to X dsRNA in S. cerevisiae (Esteban and Wickner, 1988).
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Figure 3-3. The gel electrophoresis of viral dsRNA in the continental Europe and the Far East S. paradoxus strains. (a) The
extracted dsRNA from the continental Europe and Far East strains; Lane 1. CBS8439, Lane 2. N17, Lane 3. CBC8444, Lane 4.
C02, Lane 5. C05, Lane 6. C10 and Lane 7. CO7. Both LA and M dsRNA in all the continental Europe and the Far East strains have
a similar size. (b) and (c) The third lane in both gels is DBVPG4650. The gel b was run for one hour whereas gel c is the same gel
as gel b, which was run for two hours. In the gel b, two tiny bands with the size of around 1.5 kb are visible under the M dsRNA
band (showed with the blue arrow). Running the gel for a longer time in the gel c made the smaller bands disappear and
revealed an additional band that was integrated with M dsRNA in the gel b (showed with the green arrow).

In the infected cells, the L and M dsRNAs co-exist together and no L dsRNAs were found alone in this
species. This result suggests that the presence of M dsRNA has some advantages for the L dsRNA,
including increased chance of survival in competitive conditions. In addition to the strains which
were previously reported as the infected strains, Q74.4, Y8.5, DBVPG4650, T21.4, and Q62.5, the
dsRNAs were found in the three strains reported as the non-infected strains, Q59.1, Q95.3, and N17
(Chang et al., 2015, Pieczynska et al., 2013b).

Table 3-1. Summary of the results of killer assay, dsRNA extraction of S. paradoxus strains and S1 nuclease treatment of the
dsRNA. ”K” is the abbreviation of killer and “-“ means it is not killer.

Strains Location Large dsRNA Medium Digestion status of M dsRNA Killer
dsRNA with S1 nuclease in S1 phenotype

nuclease treatment

Q59.1 Silwood Park v v v K
Ql6.1 Silwood Park \' \ \' -
Y2.8 Silwood Park v v X

Q43.5 Silwood Park v v v K
Q74.4 Silwood Park \' \ \' K
T68.2 Silwood Park v v v K
T68.3 Silwood Park v v v K
Y8.5 Silwood Park \' \ \' K
Ql4.4 Silwood Park v v v K
Q62.5 Silwood Park v v v K
T26.3 Silwood Park \' \ \' -
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Strains Location Large dsRNA Medium Digestion status of M dsRNA Killer
dsRNA with S1 nuclease in S1 phenotype
nuclease treatment
Q95.3 Silwood Park v v Partly digested -
Y1 Silwood Park \' \ Partly digested
T8.1(C19) Silwood Park v v Not tested K
Tab Silwood Park \ v Not tested K
T21.4 Silwood Park \ v Not tested K
Y10 Silwood Park \ v Not tested K
T76.2 Silwood Park X X X
T18.2 Silwood Park X X X -
Q6.1 Silwood Park X X X -
Y7 Silwood Park X X X -
Y9.6 Silwood Park X X X -
Y6.5 Silwood Park X X X -
Y2.6 Silwood Park X X X -
$36.7 Silwood Park X X X -
w7 Silwood Park X X X -
T76.6 (C16) Silwood Park X X X -
Z3 (C18) Silwood Park X X X -
Y9.6 Silwood Park X X X -
1.1 Silwood Park X X X -
DBVPG4650 Continental Europe \' \ Not tested K
(c14)
08520 (€02) Continental Europe v v Not tested K
0S11,12wW Continental Europe ' Vv Not tested K
(cos)
4/2 02 (C10) Continental Europe v v Not tested K
N17 Continental Europe \' \ Not tested -
CECT10176 Continental Europe X X X K
(c15)
N44 Continental Europe X X X -
KNP3828 Continental Europe X X X -
CBS5829 Continental Europe X X X -
YPS3 Continental Europe X X X -
YPS138 Continental Europe X X X Not tested
SIG1 (C13) Continental Europe X X X -
STOC3 Continental Europe X X X -
0S5,6W (C03) Continental Europe X X X -
014-3,4W Continental Europe X X X -
(coe)
CBS8436 (C20) Far East Asia X X X -
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Strains Location Large dsRNA Medium Digestion status of M dsRNA Killer
dsRNA with S1 nuclease in S1 phenotype
nuclease treatment

CBS8439 (C23) Far East Asia v v Not tested K
CBS8441 (C25) Far East Asia v v Not tested K
CBS8444 (C27) Far East Asia v v Not tested K
CBS8437 (C21) Far East Asia X X X -
CBS8438 (C22) Far East Asia X X X -
CBS8440 (C24) Far East Asia X X X -
CBS8442 (C26) Far East Asia X X X -
A3 Canada X X X K
A8 Canada X X X -
All Canada X X X

Al2 Canada X X X K
Al17 Canada X X X K
Al19 Canada X X X K
A21 Canada X X X K
A22 Canada X X X K
A23 Canada X X X K
A24 Canada X X X K
A25 Canada X X X K
A27 Canada X X X K
A28 Canada X X X K
A29 Canada X X X K
A33 Canada X X X -

Based on the S. paradoxus samples collected from Silwood Park (UK), Europe not including UK, the

Far East and Canada, it seemes that these dsRNAs are probably widespread throughout the world,

except in Canada; 17 out of 30 (57%) from Silwood Park, five out of the 15 strains (33%) from the

rest of Europe and three out of eight strains (37.5%) from the Far East are infected by viruses

(Table 3-2). However, there is a possibility that the samples from Canada are not good

representatives of the Canadian strains.

3.3.2 The relationship between the killer phenotype and viral infection
A comparison of the results of the killer assay against dsRNA extraction demonstrates that, although

M dsRNA is present in most of the killer strains, there is one killer strain, CECT10176 from Europe,

and 12 strains from Canada, which do not have any dsRNA (Table 3-1 and Table 3-2). Increasing the
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start volume of dsRNA extraction did not change the result. There is a possibility that the killer toxins
in these strains are encoded by different genetic resources such as chromosomal genes, which were
reported in S. cerevisiae (Goto et al., 1991, Goto et al., 1990b). As mentioned before, the killer
phenotype in the Canadian strains was different from the other killers. The killer phenotype in these
strains was very mild; only one or two layers of sensitive strain clones around the killer strain
became blue (which was as a result of passing Methylene Blue from the membrane of the dead
cells). In contrast to other killer strains from other geographical areas, the killer phenotype was
expressed stronger when the sensitive strain was sprayed on the medium on the same day as the
killer strain was spotted, compared to when it was sprayed two days later. These data suggest that
there is a possibility that the killer phenotype in the S. paradoxus strains from Canada evolved
separately, and its genetic base is different from the strains from other regions. The killer phenotype
in CECT10176, unlike that from the Canadian strains, is strong and expresses stronger when the
sensitive strain is sprayed on the medium after two days of growing the killer strain. No killer

phenotype was seen in Same-Day-Test.

There are five strains in Silwood Park, Q16.1, Q95.3, Y2.8, T26.3, and Y1, and one strain in Europe,
N17 which contained dsRNA but did not show the killer phenotype. As mentioned before, the M
dsRNA in Q95.5 and Q16.1 has the smallest size compared to the M dsRNA in reported in S.
cerevisiae and S. paradoxus which has the minimum size of 1.5 Kb (Hopper et al., 1977b, Wickner et
al.,, 1995, Naumov et al., 2004). Moreover, just part of the M dsRNA in Q95.3 was digested by S1
nuclease, and the size of the longer digested fragment in this strain is about 600 bp, which is shorter
than the shortest toxin ORF; M-lus (729 bp) (Rodriguez-Cousifio et al., 2011) reported in these two
species. These suggest that maybe there is a deletion in the M dsRNA of these strains. As a
consequence, they do not have the full sequence to express the killer toxin. Changing the pattern of
digestion in M dsRNA by S1 nuclease of Q95.5 and Y1, which were partly digested, and Y2.8, which
was not digested, maybe arose from changing the structure of the dsRNA , which decreased the
amount of the digestion or eliminated the digestable sequences. If the digestion happened as a
result of melting the poly A in the middle of M dsRNA, decreasing the length or deletion of this part
would reduce or prevent the digestion of the dsRNA. Since M dsRNA uses the expression system of
yeast, the presence of poly A at the end of the mRNA of the killer toxin is essential for toxin
expression. It is also possible that these dsRNAs are not M and they have just similar size to M
dsRNA. However, in previous studies, many strains were reported to have had M dsRNA but, as a
result of a mutation in the promoter of the killer toxin or in the host genes which are essential for

the toxin expression, they cannot express the toxin (Wickner, 1974).
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Table 3-2. The distribution of dsRNAs and killer phenotypes in S. paradoxus strains from four different regions. The
columns show: the total number of strains, dsRNA*; the number of strains containing dsRNA, dsRNA* K*; the number of
strains carrying dsRNA and showing the killer phenotype, dsRNA* K~ the number of strains carrying dsRNA and not showing

the killer phenotype and dsRNA~ K* the number of strains that do not have dsRNA but show the killer phenotype.

Total No. strains dsRNA* dsRNA* K* dsRNA* K~ dsRNA- K*
Silwood Park (UK) 30 17 12 5 0
Europe without UK 15 5 4 1 1
Far East 8 4 3 0 0
Canada 15 0 0 0 12
Total strains 68 25 19 6 13

The rest of the strains containing dsRNA are killer. Interestingly, Q74.4, Q62.3, and Y8.5, which
showed similar killer patterns against the S. cerevisiae killer strains, seem to have the same type of
M dsRNA based on the size and S1 nuclease digestion. However, the results of the previous study,
which was based on RT-PCR with specific primers for S. cerevisiae M dsRNA, indicated that Q74.4
carries M1, whereas Y8.5 has an unknown M dsRNA (Chang et al., 2015).

3.3.3 Cycloheximide treatment of the Killer strains
In order to find out whether, in the killer strains, the killer phenotype expresses from the dsRNA or

from the host genome, the killer strains were treated with cycloheximide. As reported previously,
cycloheximide can remove M dsRNA from the infected cells completely from all the clones or from
some of the cells that were treated. As a result, the killer toxin cannot be expressed if it was

encoded by the M dsRNA (Carroll and Wickner, 1995, Fink and Styles, 1972).

In order to find the best concentration of cycloheximide in this treatment Q62.5 was cultured on YPD
medium containing 2%, 6%, and 10% of cycloheximide and incubated at 30°C until the clones
appeared. Since the strain did not grow at 6% and 10% of cycloheximide, the concentration of 2%

was selected to continue for the rest of the killer strains.

The growth rate of various strains on the YPD media that contained 2% cycloheximide was different.
All the Canadian strains were sensitive to 2% cycloheximide and, except for A12 and A24, the others
did not grow on the medium. The clones of these two strains appeared after three weeks. However,
after treatment with cycloheximide they became weak and could not grow very well on the MB agar.
As a result, the killer assay test was not successful. The other strains could survive on 2%

cycloheximide. The results of the treatment of the rest of the strains are summarised in Table 3-3 .
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Table 3-3. The cyclohexamide treatment of S.paradoxus killer strains. Both the Same-Day-Test (SDT) and Different-Day-
Test (DDT)were performed to test the killer phenotype of the strains before and after the cycloheximide treatment. The
presence of Land M dsRNA checked by dsRNA extraction and running on the gel. C1, C2, and C3 are the three clones from
each cyclohexamide treated strain which their killer phenotype was tested. Only CECT10176 strain, which does not carry
any dsRNA, did not lose its killer phenotype, after cycloheximide treatment. In the rest of the killer strains, minimum one
clone became non — Killer after cyclohexamide treatment. dsRNA extraction of the non — killer clones indicated that, M
dsRNA is removed from all the non-killer clones. K, NK, PK and VPK are the abbreviations of Killer, Non-killer, Poor Killer
and Very poor respectively. “+” and “-“indicate the presence and absent of the mentioned dsRNA in each column in each

strain.

Strains Location Original strain Strains after cyclohexamide treatment
L M Killer assay L* M* Killer assay
SDT DDT SDT DDT

Cc1 c2 c3 Cc1 c2 c3
Q59.1 Silwood Park + + NK VPK + - NK NK NK NK NK NK
Q43.5 Silwood Park + + K K + - NK NK NK NK NK NK
Q74.4 Silwood Park + + K K + - NK NK NK NK NK NK
T68.2 Silwood Park + + K K + - NK NK NK NK NK NK
T68.3 Silwood Park + + K K + - NK NK NK NK NK NK
Y8.5 Silwood Park + + VPK PK + - VPK NK NK NK NK NK
Ql4.4 Silwood Park + + NK PK + - NK NK NK NK NK NK
Q62.5 Silwood Park + + K K + - NK NK NK NK NK NK
T8.1(C19) Silwood Park + + K K + - NK NK NK PK PK NK
T4b Silwood Park + + PK K + - NK NK NK VPK VPK NK
T21.4 Silwood Park + + K K + - NK NK NK NK NK NK
Y10 Silwood Park + + K K + - NK VPK VPK NK NK VPK
DBVPG4650 Continental Europe + + VPK K + - NK NK NK NK NK NK
(C14)
0S20 (C02) Continental Europe + + K K + - NK NK NK NK NK NK
0S11,12W (C05) Continental Europe + + K K + - NK NK NK NK NK NK
4/2 02 (C10) Continental Europe + + NK K + - NK NK NK NK NK NK
CECT10176 (C15) Continental Europe - - PK K - - PK PK PK K K K
CBS8439 (C23) Far East Asia + + PK PK + - - - - - - -
CBS8441 (C25) Far East Asia + + PK PK + - - - - - VPK VPK
CBS8444 (C27) Far East Asia + + PK PK + - - - - - - -

*the dsRNA extraction was done only on the clones that their phenotype changed from Killer to non-killer after cyclohexamide

treatment.

Most of the strains that contained dsRNA, after the treatment did not show the killer phenotype in
either of the clones, neither in SDT nor in DDT assay. Some of the clones in five strains, Y8.5, T8.1,
T4b, Y10, and CBS 8441, were still killer, which could be as a result of not removing the dsRNA
completely from all the cells, similar to Fink and Styles’ result (Fink and Styles, 1972). The gel
electrophoresis of dsRNA extractions from all the clones that changed their phenotype from killer to
non-killer confirmed that the M dsRNAs were eliminated from all the cells while the L dsRNAs still

exist in the cell. These results indicate that in these strains the medium-sized dsRNA is M and it
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encodes the killer toxin in the cell. Moreover, these killer strains do not have any active genomic

genes to express the killer toxin.

In the case of CECT10176 from continental Europe, which showed a strong killer phenotype without
having the dsRNA, the phenotype of the cell did not change after treatment with cycloheximide. This
result suggests that the genetic basis of the killer toxin might be in the genome. To find out if the
same killer genes as S. cerevisiae exist in the genome of this strain and other strains from S.
paradoxus, the sequence of the killer genes was analysed in the strains in which their genome

sequence is available.

3.3.4 Analysis of the KHS and KHR sequences in S. paradoxus strains
In order to study the presence of KHS gene in S. paradoxus strains, the original sequence of the KHS

gene (Goto et al.,, 1991) and its hypothetical ORF sequence in the other S. cerevisiae strains, SCY-
1690 (Frank and Wolfe, 2009), were aligned with the genome sequences of 35 S. paradoxus strains.
The result indicated that the sequences exist in all the S. paradoxus strains. In the alighment, as
Frank and Wolf reported, there is an inversion in the original KHS sequence (with the length of 1.4

bp) this inversion ends at a restriction site which was used in the cloning (Frank and Wolfe, 2009).

SCY_1690 ORF covers about half of the KHS ORF (Figure 3-4). The inverted site in KHS sequence is
located after the SCY_1690 ORF. In the sequence of the S. paradoxus strains, about one-quarter of
residues of SCY_1690 and one-third of residues of KHS ORF are ambiguity nucleotides (“N” and “?”),
which might the result of being close to the telomeres. There is no ambiguity nucleotide at the 5’
end of the SCY_1690, in any of the strains. The sequence of this part of SCY_1690 is very close that
to S. paradoxus strains (Frank and Wolfe, 2009), especially the strains from Silwood Park and
continental Europe, 99%-100% identity, which showed more similarity than the Far East strains, 88%
identity. The sequence of this ORF in CECT10176 (C15) is identical to Q95.3, Y7, T76.6, Q31.4, Y8.5,
SIG1 and Q59.1 strains. Q95.3, Y1, Q76.6, Q31.4 and SIG1 are not killers, and the killer phenotype in
Y8.5 was cured after treating with cycloheximide. As a result, it does not seem that the killer
phenotype in these species arose from this ORF unless there is some mutation in the controlling

region of the other strains.
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Figure 3-4. The alignment of KHS and SCY_1690 sequences. The SCY_1690 ORF covers about half of the KHS ORF sequence.

The identity of the KHS to S. paradoxus strains sequence is less than that of the SCY_1690 (81.5% to
84,5%). It does not seem that this sequence encodes a killer toxin because lots of stop codons have
formed in the sequence of the strains as a result of the variation that exists in these sequences. In
CECT10176 (C15) strains there are 18 stop codons in the sequence of this part of the ORF. Therefore,
even if the sequence of the ORF is right, this part cannot be the encoding sequence of the killer toxin

in this strain.

There is no sequence similar to KHR in the S. paradoxus strains. The results suggest that in
CECT10176 (C15) an unknown gene encodes the killer toxin. This gene may be on the chromosomal

DNA or on a plasmid DNA.

3.4 Conclusion
Viral dsRNAs were found in the 26 strains of the S. paradoxus strains. They were found in all of the

strains from all around the world except Canada. L and M dsRNA co-exist in all the strains. The size of
L dsRNA is similar in all the strains, whereas that of M dsRNA varies in different strains. Also, most of
the M dsRNAs in Silwood Park strains were digested with S1 nuclease. Just two strains were digested
partly and one of them was not digested. All of the killer strains were infected by the viral dsRNA
except CECT10176 (C15) and the killer strains from Canada. The killer phenotype in Canadian strains
was different from the other strains. It was significantly weaker than most of the killer strains and

against the other strains expressed better in the Same-Day-Test.

Killer phenotype was not expressed in six strains Q95.3, Y2.8, Y1, T26.3, Q16.1, and N17 that
contained M dsRNA. In the first three strains the dsRNAs were not digested with S1 nuclease very

well.

The killer phenotype was cured in all killer strains which were infected by the viral dsRNA. In
CECT10176 (C15) the killer phenotype was still stable in the strain after the treatment. A similar
sequence to 1.2 kb at the end of the KHS ORF was found in all the killer strains of which their
genome is available including CECT10176 (C15). However, there are lots of stop codons in the S.
paradoxus strains. No KHS sequences were found in the S. paradoxus strains. It seems that an

unknown chromosomal gene or DNA plasmid gene in CECT10176 (C15) produces the killer toxin. The
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Canadian strains were sensitive to cycloheximide and did not grow. The genome sequence of these

strains was not available.

In summary, the results suggest that the killer phenotype in all the killer S. paradoxus strains except
CECT10176 (C15) from Continental Europe and the Canadian strains is encoded by M dsRNA. The
genetic basis of the killer phenotype of CECT10176 (C15) and the Canadian strains may be

chromosomal genes or a DNA plasmid.
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Chapter four

4 Finding dsRNA viruses in 8. paradoxus through
sequencing

4.1 Introduction
Two types of viral dsRNA, a large-size (approximately 4,000 bp) and a medium-size dsRNA (1,000-

2,500 bp), have been found in S. paradoxus in this study, using gel electrophoresis (Table 3-1). The
size of the large band is similar to L dsRNA and the size of the medium band is similar to M dsRNA in

S. cerevisiae.

In S. cerevisiae, which is close a relative of S. paradoxus, there are four types of dsRNA: L dsRNA, M
dsRNA, T dsRNA and W dsRNA. Two types of L dsRNA has been reported; L-A and L-BC. In killer cells,
L-A co-exists with M dsRNA and, by producing the capsid proteins and RDRP, it encapsidates and
replicates itself and acts as a helper to replicate M dsRNA. There are four types of L-A in S.
cerevisiage: L-A-L1, L-A-2, L-A-lus and L28. The sequence of all L-A dsRNAs is available, except L28. The
sequence identity between the three known L-A dsRNAs is between 73% and 75%. The genomic
organisation of L-A is composed of two overlapped ORFs of the gag and pol. A conserved sequence
in the overlapping area of L-A-L1 and L-A-lus, with 100% identity, programmes a -1 ribosomal
frameshift event in this region to synthesise the Gag-Pol fusion protein. About 1.8% of the
ribosomes, which translate Gag, shift to the -1 frame at this site and continue translation to make
the Gag-Pol fusion protein (Dinman et al., 1991, Wickner et al., 1995, Rodriguez-Cousifio et al.,

2013).

In the (+) strand of L-A-L1 dsRNA, two cis signals have been demonstrated to be essential in starting
replication. One is 30 nucleotide at the 3’ terminal containing an essential stem-loop structure and
the other cis site is 400 nucleotide away from 3’ end called Internal Replication Enhancer (IRE)
(Figure 1-2) (Esteban et al., 1989). The IRE overlaps with the (+) ssRNA binding site in the empty
particle. Probably, binding the replicas to IRE increase the chance of the 3’ end site seen by

replicase (Fujimura and Wickner, 1992). There is no experimental evidence for the presence of a
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signal at the 5’ end of L-A-L1. However, in X dsRNA, which is a deletion mutant of L-A-L1, the 25 nt at
the 5’ is identical to the 5’ of L-A-L1. This dsRNA is maintained stable by L-A-L1. It appears that the cis
signal for transcription exists in this 25 nt. Similar to other dsRNA viruses, this region is AU-rich,
which seems to facilitate the melting of the dsRNA for conservative transcription (Rodriguez-Cousifio

et al., 2013).

At the protein level, a comparison between the predicted Gag and Gag-Pol proteins of L-A-lus and
that of L-A-L1 indicates that the identity rises to 86%. The identity increased above 95% in the four

conserved motifs in RdRps (Rodriguez-Cousifio et al., 2013).

Three subtypes of L-A-lus have been found in nature. The conservation between them with respect
to nucleotide level is between 83% and 85%, which is higher than the conservation between
different types of L-A. The encoded proteins of these subtypes are almost identical at 97% - 98%.
The distribution of L-A-lus and L-A-2 in nature is greater than those of L-A-L1 and they are shown to
be more stable inside the cell in difficult situations, e.g. when exposed to high temperatures

(Rodriguez-Cousifo et al., 2013).

There are four well-characterised M dsRNAs in S. cerevisiae: M1, M2, M28 and M-lus. Although the
identity between different types of M is very low, the genome organisation is similar in all M
dsRNAs. The genome starts with a 5’ terminal coding region, followed by a poly A sequence. After
the poly A sequence, there is a 3’ non-coding region. Although the preprotoxins have no sequence
relationship to each other or to other known proteins, they share conserved patterns of potential
processing sites. In terms of the relationship between L-A dsRNA and M dsRNA during evolution,
Rodriguez-Cousifio suggests that each population of L-A virus has evolved specifically with distinct

types of satellite RNA (Rodriguez-Cousifio et al., 2011).

L-BC dsRNA is a 4.5 kb linear dsRNA, unrelated to L-A. It is encapsidated in particles whose major
protein is different from that of L-A and M VLPs. However, it has the same genome organisation and
mode of expression as L-A and can coexist with it in the same cell. The copy number of this particle is
substantially lower than L-A (Sommer and Wickner, 1982). It has no helper activity and does not
produce any phenotype in its host (PARK et al., 1996). It shows a lesser degree of variation

compared to L-A (Rodriguez-Cousifo et al., 2013).

T and W dsRNAs, with the approximate molecular sizes of 2.7 kb and 2.25 kb respectively, are both
cytoplasmically inherited and were not encapsidated into viral particles. Similar to L dsRNA, they do
not produce any phenotype in the infected cells. They have their own RDRP. On average, the

proteins of these two dsRNAs share 22.5% of identical amino acids, but there are several regions
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with highly conserved sequences in a region that includes the consensus sequences for viral RNA-
dependent RNA polymerase, suggesting that T and W are evolutionarily related (Esteban et al.,

1992b).

Although several dsRNAs are identified in S. paradoxus with the size of L dsRNA and M dsRNA
(Naumov et al., 2004, Pieczynska et al., 2013b), recently just two types of M dsRNA, M1 and M28,
have been sequenced in S. paradoxus. These dsRNA sequences are very close to M1 and M28 in S.
cerevisiae. M1, which was found in strains Q74.4 and N-45, has just one nucleotide difference, in the
B subunit of preprotoxin, from M1 of S. cerevisiae. However, Q74.4 has the potential to kill the K1
strains of S. cerevisiae. Variation in the sequence of M28 between the two species, S. cerevisiae and
S. paradoxus is higher than that of M1, 90% identical. This M dsRNA was found in DBVPG4650 and

T21.4. The killer phenotype of these strains is similar to that of S. cerevisiae (Chang et al., 2015).

Several methods of sequencing dsRNA have been developed so far. The three currently mostly used
methods are: single-primer amplification sequence-independent dsRNA technique (SPAT) (Potgieter
et al., 2002, Lambden et al., 1992, Attoui et al., 2000); Full-length Amplification of cDNA (FLAC)
(Maan et al., 2007); and the method that was published by Potgieter in 2009 (Potgieter et al., 2009).

In this study, firstly four strains, Q62.5, Y8.6, T26.4 and T4b, were sent to the Pirbright Institute lab,
where the FLAC method was invented, to see whether sequencing is possible using FLAC. However,
it was not successful. As a result, instead of going through the whole process with the two other
methods, we decided to sequence the dsRNA directly using NGS. Among the various commercial
methods available, MiSeq 300 had the longest reads. Therefore, it was selected for sequencing the
dsRNA detected in the S. paradoxus strains. In this chapter, we report viral dsRNA sequences from

27 strains of S. paradoxus from Silwood Park, Europe and the Far East.

4.2 Methodology

4.2.1 Strains and cDNA libraries

The dsRNA of the 27 strains that had previously been identified as having viral dsRNA (Table 3-1) was
purified and sent to GATC Biotech to sequence. Since the library preparation of each strain is very
expensive, three strains from the three different regions (Q62.5 from Silwood Park, DBVPG4650
from Continental Europe and CBS8441 from the Far East), containing both dsRNA and showing killer
phenotypes, were selected to be sequenced separately. In addition, two mixtures of the dsRNA
extractions, Pooll and Pool2, were prepared. Pooll included 16 strains from Silwood Park and Pool2
four strains from Continental Europe and three from the Far East (Appendix; Table 8-3). To have a
control for analysing the sequence of the strains in the Pools, Q62.5 was added to Pooll. The library
preparation of Q62.5, DBVPG4650 and Pool2, performed by GATC, was successful. However, the two
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other samples failed several times. As a result, the cDNA of the dsRNA was prepared and sent to the

company to facilitate their work.

4.2.2 dsRNA extraction and purification
Since the amount of extracted dsRNA in the method described by Freid and Fink was higher than the

other methods (Chapter 3; section 3.2.1), we firstly tried to purify the dsRNA using this method,
followed by a lithium chloride treatment to remove the ssRNA, as explained below, and a DNase
treatment to remove the DNA genomic contamination. The high amount of digested DNA in the
extraction made it impossible to concentrate the dsRNA. The purity of dsRNA was also not as high as

the dsRNA extracted by kits.

In the extraction using the kits, since the RNA is purified by binding to a column, the amount of DNA
contamination is significantly less than other methods. Of all the kits, RiboPure™ Yeast Kit (Amicon)
extracted the higher amount of dsRNA. The extracted RNAs were treated with lithium chloride and
DNAse. After that, to remove the DNase and digested nucleic acids, it was cleaned up using RNeasy
MinElute or MidiElute Cleanup Kits (Qiagen). Then, the purity of dsRNA was measured by NanoDrop
and the amount of the remaining DNA and digested nucleic acid were studied using 1% agarose gel
electrophoresis. If the DNA had not been completely digested, the DNase treatment and RNeasy
Cleanup were repeated. If the digested nucleic acid band was still visible on the gel, the clean-up

stage was performed again.

In dsRNA extraction using the RiboPure™ Yeast Kit, the amount of samples used in one extraction
was increased to five times higher than the amount suggested by the kit instructions. Consequently,
the amount of elution buffer used to elute the RNA from the column was doubled. Increasing the
amount of the sample increased the amount of both dsRNA and DNA contamination. However, the

ratio of 260/280 measured by NanoDrop did not go over the range.

In the lithium chloride treatment, for 500 pl of the extracted RNA, the same amount of 4M lithium
chloride (Sigma) was added and the samples were incubated at 4°C overnight. After 30 minutes
centrifugation at 16,000 x g, the supernatant was transferred into a new tube and 200 pl
isopropanol (Sigma) and 50 pl of 7.5 M ammonium acetate were added. The samples were
incubated at -20°C for two hours. They were then centrifuged for 10 minutes at 16,000 x g and their

precipitates were washed with 70% ethanol. After drying, they were dissolved in RNeasy free water.

The result of running the lithium-chloride-treated samples indicated that, in addition to DNA, there
are still some ssRNA in the samples. Since there is a possibility of digesting some parts of the dsRNA

that have a secondary structure with S1 nuclease, it was not used to remove the ssRNA.
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We tried three different types of DNase I: DNase | (Sigma), DNase | Amplification Grade (Sigma) and
DNase | provided by the RiboPure kit (Figure 4-1). The DNase | from Sigma has 6% RNase activity.
The result of running the gel showed that this RNase activity is enough to remove the remaining
ssRNA. As a result, this DNase was selected. The result of the next generation sequencing of the
three samples that were first sequenced, Q62.5, DBVPG4650 and Pool2, showed that, despite not
seeing any DNA band after treating with DNase in the gel, there was still DNA contamination in these
samples. As a result, the two other samples, CBS8441 and Pooll, which were prepared later, were
treated with TURBO DNase (Ambion) after treating with DNase | from Sigma. Companies’

instructions were followed in all the enzyme treatments.

Figure 4-1. DNase and S1 Nuclease treatment. The first lane from left is 1 kb DNA ladder; after the ladder every two lanes
are Q62.5 and Y8.5 treated with different DNase and S1 Nuclease. The treatment of each two lanes is: 1) DNase | (Sigma);
2) DNase | Amplification Grade (Sigma); 3) DNase | Amplification Grade (Sigma) and S1 Nuclease (Promega) (S1 nuclease
incubated at 37°C); 4) RiboPure DNase I; 5) DNase | Amplification Grade (Sigma) and S1 Nuclease (Promega) (S1 nuclease
incubated at 67°C); and 6) S1 Nuclease (Promega) (incubated at 37°C). A comparison between the treatments indicated
that the first treatment prepares the cleanest dsRNA. DNase | from Sigma has 6% RNase activity. It appears that this RNase
activity is enough to remove the remaining ssRNA. The third treatment, DNase | Amplification Grade and S1 Nuclease,
showed the best result after the first treatment. In this treatment, although the S1 Nuclease did not cut the dsRNA at 37°C,
since viral dsRNAs usually have a secondary structure, digestion of some parts is still possible. S1 Nuclease at 67°C, in the
fifth treatment, digested the dsRNA. In the second and fourth treatments, in which there is no S1 nuclease and the DNases
have no ribonuclease activity, the ssRNA was not removed. In the last treatment, which has just S1 Nuclease, there is DNA

contamination.

4.2.3 cDNA preparation
Two methods were tested to prepare the cDNA of CBS8441 and Pooll. In the first method, described

by Froussard (Froussard, 1992), the first and second strand cDNA were made using the 26 nt forward
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primers with six random nucleotides at the 3’ end. Then a PCR was done using the reverse primer,
which is complementary to the 20 nt beginning of the forward primer. The methods were used with
some modifications. In order to find out the effect of DMSO on the denaturation of the dsRNA, the
dsRNA was denatured for 5 minutes at 99°C, either with or without 15% DMSO (Sigma) and
immediately snap frozen on -80°C ethanol. The first strand DNA was made using Reverse
Transcription System (Promega) or Super Script Il First-Strand Synthesis System (Invitrogen), and the
second strand by DNA Polymerase |, Large (Klenow) Fragment (BioLab) using the primers mentioned
in the paper. The primers were then washed with QlAquick PCR Purification Kit (Qiagen). The
amplification of the randomly synthesized double-strand cDNA was performed using Platinum Pfx
DNA Polymerase (Invitrogen) or OneTaqg Polymerase (Promega). The samples were denaturated at
94°C for 2 minutes then subjected to 40 cycles of amplification: 94°C — 30 seconds, 60°C — 30

seconds, and 72°C — 4 minutes and 30 seconds. The PCR product was run on 1% agarose gel.

The results of the gel electrophoresis showed that the product smears started from either 10 kb or
the wells, which were at least twice the size of the longest dsRNA. To optimise the cDNA
preparation, many changes were made. Treating the samples with Turbo DNase, adding DMSO in the
denaturing stage, decreasing the amount of double-strand cDNA at the PCR reaction, using different
kits in the first-strand synthesis and polymerases in the PCR reaction, and changing the time and

temperature of PCR reaction, did not improve the performance.

In the second method, the dsRNA with random hexamer primers and dNTP were denatured at 99°C
for 5 minutes and snap frozen on -80°C ethanol. The first strand was synthesized using Super Script
lll First-Strand Synthesis System (Invitrogen) and the second strand was made using NEBNext®
MRNA Second Strand Synthesis Module (BioLab). The cDNA were washed with the QIAquick PCR
Purification Kit (Qiagen). Firstly, the cDNA were run on the 3% agarose gel. Given the low efficiency
of the method, the smear of the product was not clear. There were two bands on the gel the same
size as the dsRNAs and a background smear started from the longer band (Figure 4-2). To be sure of
the result, the PCR product was treated with DNase. The smear decreased with the DNase
treatment. To guarantee production of the cDNA, the dsDNA was measured by Qubit® dsDNA HS
Assay Kit before starting and after finishing the reactions. As there was not a Qubit® Fluorometer in
the lab, four dsRNA standards, 10 ng/ul, 5 ng/ul, 2.5 ng/ul and 0 ng/ul, were prepared and, using a

standard graph, the concentration of the dsDNA was measured using a normal fluorometer.
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Figure 4-2. CDNA preparation using the second method. Lane 1: 1 kb DNA ladder; lane
2: cDNA1, dNTP and primer were added in the denature stage; lane 3: cDNA2, dNTP and
primer were added in the master mix; lane 4: cDNA3 dNTP and primer were added to
the master mix and the dsRNA were denatured in 15% of DMSO; lane 5: negative
control. There were two bands in all of the reactions, except negative control, with the
same size as the dsRNAs and a background smear started from the longer band. It seems
that the bands are the dsRNAs and the smear is the cDNA.

Even though the cDNA produced in the second method was significantly less than the first method,
the PCR artifact seemed to be significantly less than the first one. As a consequence, the cDNA were

prepared with this method using high concentrations of dsRNA at the start of the reaction.

4.2.4 Bioinformatics analyses
The NGS data was analysed using Geneious software. FastQC was also used to measure the quality

of the data. To identify the sequences of the viral dsRNAs, both map-to-reference and de-novo
assemblies were used. The known dsRNA sequences in S. cerevisiae and two reported M dsRNAs in
S. paradoxus (Table 4-2) were used as references in map-to-reference assemblies. The preliminary

analyses of the data and the viral dsRNA assemblies are explained in the Appendix; section 8.2.1.

The prediction of the killer toxin ORF, translation of the preprotoxin, the signal cleavage sites and
the Kex2p/Kex1p cleavage sites were also performed in the Geneious software. Since the cleavage
sites of Kex2p/Kexlp are KR and RR this sequences were simply searched in the amino acid
sequences of the preprotoxins. Only the N-glycosylation sites were predicted in the NetNGlyc
website (http://www.cbs.dtu.dk/services/NetOGlyc/) from Technical university of Denmark. The
threshold of the program for N-Glycosylation was 0.5. As one of the N-Glycosylation sites has
potential of 0.4, in K28 in S. cerevisiae, which has a well-known structure, all potential sites were

considered. However, those that have potential less than 0.5 were mentioned.
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4.3 Resultand discussion

4.3.1 Viral dsRNAs found in S. paradoxus strains

The viral dsRNAs found in S. paradoxus are listed in Table 4-2: 16 full sequences of L-A dsRNA (L-A-Q,
L-A-D1, L-A-C, L-A-P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-P1.5, L-A-P1.6, L-A-P1.7, L-A-P2.1, L-A-P2.2,
L-A-P2.3, L-A-P2.4, L-A-P2.5 and L-A-P2.6); one sequence of only the gag gene of L-A, L-A-P1g1; one
sequence of only pol, L-A-P1p2; seven types of M dsRNA composed of two full sequences of M
dsRNA (MQ and MC); five sequence of killer toxin genes (M-P1G1, M-P1G2, M-P1G3-1, M-P1G3-2,
M-P1G5 and M-P1SG); and three sequences of the non-coding part of M dsRNA (M-P1INC1, M-P1INC2
and M-P1NC3). The gag and pol sequences (L-A-P1gl and L-A-P1p2) were found in Pooll. As this
sample is a mixture of 17 different strains and the sequence between these two genes is highly
similar to different types of L-A dsRNA, it was not possible to ascertain whether they are from one L
dsRNA or if they are satellites of an L dsRNA with a deletion in the sequence of an L-A dsRNA, similar
to X dsRNA in S. cerevisiae (Esteban and Wickner, 1988). The sequences of the coding and non-
coding parts of M dsRNA in Pooll were also sequenced separately. This was as a result of the poly A

in the middle of M dsRNA.

Both map-to-reference and de-novo assemblies were used to find the sequences of L dsRNAs. In
Q62.5 and CBC8441, which contained only one type of L dsRNA, the consensus sequences of both
assemblies were identical, whereas, in Pooll and Pool2, which were a mixture of the strains, as well
as DBVPG4650, which had two L-As, their consensus sequences were different. This arises from high
similarity between different types of L-A dsRNA in S. paradoxus (73.5% — 96.6% identity). The normal
setting of map-to-reference and de-novo assembly was not able to categorise the reads of each type
of dsRNA. As a result, the sequences of the Ls were found using the metagenomics settings
optimised for the LQ, which was as the control in Pooll. In terms of M dsRNA, only M28 was
sequenced using both assemblies. Since the reference sequences of the other Ms were not available,
their sequences were found using the de-novo assembly. Because the similarity between M dsRNAs
is low (15% — 35%), the normal de-novo setting was able to assemble their sequences. However, the
accuracy of the sequences of Ms in Pooll was also checked with the metagenomics settings. In
Pool2, as a result of the high amount of the host genome and low amount of the M dsRNA reads, the
de-novo assembly was not successful. As a consequence, the Pool2 reads were mapped to all Ms of
S. cerevisiae and the Ms found in other libraries using normal and metagenomics settings. Since the

software cannot find the accurate number of poly A, 50 residues were considered for this part.

In two of the single sequenced strains, Q62.5 and CBS8441, which had two dsRNA bands on the gel

electrophoresis (Table 4-1), the large-size and the medium-size bands, the size of the bands was

comparable with the L-A and the M dsRNA found. The predicted molecular weight of the killer toxin
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of Q62.5 and its isoelectric point is also similar to those measured in the lab. The predicted
molecular weight is 30.422 and the isoelectric point is 4.72. It seems that MQ is the sequence of the
M in the Q62.5 that encodes the new killer toxin in this strain, which was stronger than the other

killer toxins.

Table 4-1. The results of killer assay, the gel electrophoresis of dsRNA extraction and dsRNA sequencing of Q62.5,
DBVPG4650 and CBS8441.

Strain Killer dsRNA bands on the gel Sequenced dsRNA
phenotype Number of the Number of the Number of the L-A M
large bands medium band small bands
(~4.5 kb) (~2 kb) (~0.8 kb) Name Size (bp) Name Size (bp)
Q62.5 K 1 1 - L-A-Q 4,580 MQ 1933
L-A-D1 4,580
DBPVG4650 K 1 2 2 L-A-L1 4,580 M28 2012
L-BC 4615
CBS8441 K 1 1 - L-A-C 4580 MC 1973

Finding the dsRNA of each band in the gel electrophoresis of DBVPG4650 was more complicated
compared with the two other strains. Five dsRNA bands were detected in the gel electrophoresis of
this strain (Figure 3-3b and Table 4-1). One dsRNA band with the same size as L, two bands in the
range of M dsRNA, and two smaller than M dsRNA were detected in this strain. Three types of L, L-A-
L1, L-A-D and L-BC, and one type of M, M28, were found in this strain. The size of the full sequence
of three Ls and the M is similar to the large- and medium-size bands on the gel. However, in the
mapping alignment of the de-novo contigs to L-A-D1, there are several contigs identical to the
reference with lengths between 502 bp and 1,363 bp. This was not true in the other two single
strains. The presence of the different size L-A-D1 contigs in each de-novo assembly suggests that
there are various L-A-D1 with different sizes in this strain. This might result from the deletion in the
original sequence of L-A-D1, similar to X dsRNA in S. cerevisiae, which is derivative of L-A-L1 (Sommer

and Wickner, 1982).
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Table 4-2. The viral dsRNAs reported in S. cerevisiae (Icho and Wickner, 1989b, Rodriguez-Cousifio et al., 2013, Russell et al., 1997, Meskauskas, 1990, SCHMITT and TIPPER, 1995, Rodriguez-Cousifio
etal., 2011, PARK et al., 1996, Esteban et al., 1992b, Rodriguez-Cousifio et al., 1991) and S. paradoxus (Chang et al., 2015), and those found in S. paradoxus in this study. (C) is the abbreviation of
Coding and (NC) is the abbreviation of Non-Coding parts of M. In terms of L, all the L-A found in this study contain full sequences of L-A except L-A-P1-g1 and L-A-P1-p1, which contained only gag
and pol genes.

Type of dsRNA dsRNA Length dsRNA in S. paradoxus
dsRNA reported in reported in (kb)
previous previous Q62.5 DBVPG4650 CBS8441 Pooll Pool2
studies in studies in (T4b, T8.1,T21.4, T26.3, T68.2, (0520, 0S11.12W.
S.cerevisige | S.paradoxus T68.3,Q14.4, Q16.1, Q43.5,Q59.1, | 0S3.4Wa,4/25W2, N17,
Q74.4,Q95.3,Y1,Y2.8,Y8.5, Y10, CBS8439, CBS8444)
Q62.6)
dsRNA Assembly dsRNA Assembly dsRNA Assembly dsRNA Assembly dsRNA Assembly
L-A-L1 - 4.5 L-A-Q Map-to-reference L-A-D1 Map-to- L-A-C Map-to- L-A-P1.1 De-novo L-A-P2.1 De-novo
L-A L-A-2 and de-novo L-A-L1 reference and reference and L-A-P1.2 assembly with L-A-P2.2 assembly with
L-A-lus assembly with de-novo de-novo L-A-P1.3 metagenomics L-A-P2.3 metagenomics
L28 Normal setting assembly with assembly with L-A-P1.4 settings L-A-P2.4 settings
metagenomics Normal setting L-A-P1.5 L-A-P2.5
settings L-A-P1.6 L-A-P2.6
L L-A-P1.7
L-A-P1-g4(gag)
L-A-P1-p1(pol)
L-B L-BC - 4.6 - - L-BC Map-to- - - - - - -
reference and
de-novo
assembly with
Normal setting
M1 M1 1.0-25 MQ De-novo assembly M28 De-novo MC De-novo M-P1G1(C) De-novo M28 Map-to-
M2 M28 with assembly with assembly w de- M-P1G2(C) assembly with MC(F) reference
M28 Normal setting Normal setting novo with M-P1G3-1(C) Normal and MQ assembly with
M-Lus Normal setting M-P1G3-2(C) metagenomics M-P1G2 Normal and
M M-P1G5(C) settings metagenomics
M-P1SG(C) settings
M28 Map-to-reference M-P1NC1 (NC)
and de-novo M-P1NC2 (NC)
assembly with M-P1NC3 (NC)
Normal setting
w w - - - - - - - - - -
T T - - - - - - - - - -
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4.3.2 LdsRNA

a) Nucleotide sequence

Of all three strains that were sequenced separately, Q62.6, DBVPG4650 and CBS8441, only one
strain, DBVPG4650, had more than one L dsRNA: L-A-D1, L-A-L1 and L-BC. Although the number of
reads in L-A-L1 and L-BC is significantly less than L-A-D1 (1,253 and 406 reads respectively), they
were assembled into both Ls quite specifically, and running the map-to-reference using more
restricted settings did not change the result. Since none of the strains in this study contained L-A-L1
or L-BC, it would be unlikely that their reads come from contamination. The presence of low copy
numbers of L-BC dsRNA with L-A has been reported previously (Sommer and Wickner, 1982).
However, there are no reports with respect to the presence of two types of L-A in one strain found
in nature. In addition, the tests that were done to put two types of L-A dsRNA, L-A-L1 and L-A-lus, in
one cell show that L-A-lus excludes L-A-L1 from the cell (Rodriguez-Cousifio et al., 2013). There is the
possibility that, instead of excluding, they affect the copy number of each other. Primarily, L-A-L1 is a
weaker viral dsRNA in nature when compared to the other types of L-A dsRNA (Rodriguez-Cousifio et
al., 2013). Both L-A-L1 and L-BC have been reported in S. cerevisiae and were just seen in this strain
of S. paradoxus. The L-A-L1 is identical with the L-A-L1 of S. cerevisiae, whereas L-BC has 89%
identity with the same L in S. cerevisiae. In addition to these Ls, the M dsRNA in this strain is the only
M, M28, in S. paradoxus that was reported in S. cerevisiae. The identity of this dsRNA to the M28 of
S. cerevisiae is 87.3%. Given that in S. cerevisiae each type of L evolves with specific M (Rodriguez-
Cousifio and Esteban, 2017, Rodriguez-Cousifio et al., 2013), there is a possibility that L-A-D1 is the
L28 in S. cerevisiae, which its sequence has not yet reported. The identity between this dsRNA and
the L-As in S. paradoxus is higher than that of S. cerevisiae (Table 4-3). This result supports the
theory of the evolution of viral dsRNA starting in S. paradoxus and then transferring into S. cerevisiae

(Chang et al., 2015).
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Table 4-3. The nucleic acid and amino identities between the different types of L-A dsRNA in S. cerevisiae and S. paradoxus. The numbers on the top that are marked with the blue lines are nucleic acid identities and the
numbers at the bottom marked with green lines are amino acid identities. Based on the identities between different L-A and their phylogeny tree, there are three groups of dsRNA in the S. paradoxus strains.

Nucleic Acid Identity

S. paradoxus S. cerevisiae

L-A-P1.3  L-A-P1.4 L-A-P1.2  L-A-P1A L-A-D L-A-P1.7  L-A-P2.2  L-A-P26  L-A-21 L-A-C L-A-p23  L-A-lus L-A-2 L-A-L1

L-A-P1.3 81.4% 81.5% 82.3% 76.1% 76.8% 76.4% 75.1% 75.2% 73.6%
L-A-P1.4 82.1% 82.2% 83.0% 75.9% 76.8% 75.9% 75.6% 75.8% 74.0%
L-A-P1.5 82.0% 82.0% 82.7% 75.9% 76.9% 76.1% 75.2% 75.7% 74.4%
L-A-0 82.0% 82.5% 83.1% 76.1% 77.0% 76.3% 75.7% 76.0% 74.4%
L-A-P2.4 81.7% 82.7% 82.9% 76.5% 76.6% 76.1% 75.6% 75.5% 74.2%
L-A-P1.6 81.6% 81.9% 82.5% 76.4% 77.8% 76.1% 75.7% 75.4% 74.5%
" L-A-p2.5 81.6% 82.1% 82.3% 76.3% 77.4% 76.1% 75.6% 75.3% 74.3%
g L-A-P1.2 81.7% 82.5% 82.6% 76.4% 77.1% 76.0% 75.8% 75.7% 74.2%
g L-A-P1.1 , 80.8% 80.9% 81.7% 76.0% 76.2% 75.9% 74.8% 74.7% 73.6%
§|L-A-D 82.2% 82.4% 82.9% 76.1% 77.1% 76.1% 75.1% 75.7% 73.9%
g y | L-A-P1T ; 5 5 3 75.0% 75.6% 76.0% 76.0% 75.3% 74.0%
3 L-A-P2.2 76.6% 75.8% 74.2%
g L-A-P2.6 76.4% 76.3% 74.0%
< L-A-21 74.1% 74.5% 74.6%
o
g L-A-C 87.4% 88.7% 88.6% 88.9% 88.1% 88.7% 88.2% 88.2% 85.6% 88.3% 88.3% 88.8% 88.7% 75.2% 75.4% 75.5%
< L-A-p23| B6.B% 86.3% 86.3% 86.6% 87.6% 86.6% 85.9% 85.8% 86.0% 86.0% 86.1% 86.5% 86.9% 95.8 74.7% 74.6% 75.0%
8| L-A-lus 87.2% 88.9% 88.5% 88.7% 88.4% 88.6% 88.4% 88.4% 86.0% 88.0% 89.0% 88.5% 88.6% 84.4% 86.8% 84.6% 77.8%
3
s L-A-2 85.4% 86.9% 86.8% 87.0% 86.5% 86.6% 86.3% 86.4% 83.6% 86.6% 87.2% 87.2% 87.2% 84.5% 87.0% 84.9%
§ L-A-L1 83.6% 84.7% 84.7% 85.1% 84.4% 85.1% 84.8% 84.6% 82.2% 84.9% 85.0% 84.9% 84.9% 84.1% 86.1% 83.6%
“

Group 1 Group 2 Group 3

Amino Acid Identity

77

Anuap| ppy 21BPNN




All the sequenced L-A dsRNA in S. paradoxus had an identity between 73.6% and 76.6% with the L
dsRNAs of S. cerevisiae (Table 4-3). The genome organisation of all L-A dsRNAs found in S. paradoxus
strains is the same as that of S. cerevisiae (Figure 4-3A). 25 nucleotides at the 5’ of L-A dsRNA in S.
cerevisiae seem to have cis signal for transcription. X dsRNA, which is a deletion mutation of L-A, has
only this 25 bp at 5’ and is stably maintained as a satellite of L-A in the infected cells (Esteban and
Wickner, 1988). The full sequence of this 25 bp has assembled completely in three L-As from S.
paradoxus strains: L-A-Q, L-A-D1, and L-A-P2.6, and partly in the other L-A dsRNA (Figure 4-3B).
These 25 nucleotides are identical in all the L-A dsRNAs from S. paradoxus whereas there are
variations in the sequence of this part of L-A in S. cerevisiae (Figure 4-3B). Similar to other viruses,
this region is AU-rich and seems to facilitate the melting of the dsRNA in order to create access for
gag (Rodriguez-Cousifio et al., 2011). The six conserved nucleotides at 5’ in all S. paradoxus L-As is
GAAUAA, which is identical to L-A-2. This sequence in the other two dsRNAs in S. cerevisiae is
GAAAAA.

The first ORF, gag, starts at nucleotide 30 and extends to 2,102. Stop codons in three of the L-A: L-A-
P1.1, L-A-P1.4, and L-A-P2.3 dsRNA from UAA changed to UGA. The pol ORF runs from nucleotide
1,961 to almost the end of the molecule at nucleotide 4,607. The whole sequence of pol ORF was
assembled in eight of the sequences: L-A-Q, L-A-D1, L-A-P2.2, L-A-P2.5, L-A-P1.4, L-A-P1.5, L-A-P1.7,
and L-P1.2. The complete sequence at the 3’ end after Pol ORF was assembled only in two dsRNAs: L-
A-Q and L-A-D1. In L-A-P2.2, L-A-P2.5, L-A-P1.7, and L-P1.2, part of the sequence was assembled.
Similarity between this part of the dsRNA in S. paradoxus L-As is greater than between the S.
cerevisiae L-As (Figure 4-3B). The two ORFs have 130 nucleotides overlap. In the S. paradoxus L-A,
similar to the S. cerevisiae L-A, the gag and pol ORF probably express as a Gag-Pol fusion protein
using the -1 ribosomal frameshifting region that exists in the overlapped area of the two ORFs. This
region contained a stem-loop structure that is involved in frameshifting, nucleotides 1,988-2,034,
adjacent to the slippery site, 1988GGGUUUA1995 (Dinman et al., 1991, Dinman and Wickner, 1992).
A comparison between S. cerevisiae and S. paradoxus L-A dsRNAs indicates that the regions are
almost identical in all L-A dsRNAs. There is only one residue between the stem-loop structure and
the slippery site, nucleotide 1,997, which is different in four of the S. paradoxus L-A dsRNAs: L-A-
P2.4, L-A-P2.1, L-A-C, and L-A-P2.3, and one residue in the stem-loop structure of L-A-L1, which

shows variation compared to the other L-A dsRNAs (Figure 4-3C).

The other region that is 100% identical in all the dsRNAs from both species is 24-nucleotide stem-
loop structure in (+) strand of L-A. This region is responsible for binding to the Gag-Pol fusion protein

and encapsidation of dsRNA (Figure 4-3D).
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Figure 4-3. The structure and conserved sequences of L-A in S. paradoxus and S. cerevisiae. (A) The structure of L-A. L-A is
composed of a conserved sequence at 5’ followed by gag and pol ORFs, which have overlap in the middle of the dsRNA, the
frameshifting sequence in the overlap area, which is responsible for the expression of Gag-Pol fusion protein and
conserved sequence at 3’. (B) The alignment of the sequence of the beginning and end of the L-A dsRNAs. The 25
nucleotide at the beginning of L-A contains cis transcription signal and AU rich region. It is identical in all S. paradoxus
strains. However, there is variation between the sequences of this region in both species (C). The frameshifting region in L-
As. The left rectangle shows the slippery site and the right rectangle indicates the stem-loop structure. Except for one
nucleotide in the stem-loop structure, the rest of the sequences are identical. (D) Encapsidation stem-loop structure. 24
nucleotide near the 3’ end is responsible for binding to Gag protein for encapsidation. This region is identical in all Ls. S.C
stands for S. cerevisiae.
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b) Amino acid sequence

The identity between the Gag-Pol fusion proteins encoded by L-As of both species is between 82.2%
and 98.9%. They would be expected to have the same three-dimensional and spatial organisation
and mode of action. In the alignment of all Gag-Pol fusion proteins there are five regions that show
higher amounts of identity: residues 1-160; residues 186-436; residues 1,029-1,310; residues 1,350-
1,428; and residues 1,464-1,503. The four motifs conserved in RDRP are in the third region from
nucleotides 1,039 to 1,320; the identity in this region between the L-As is higher than 97.4%. In all S.
paradoxus L-As, except L-A-C, L-A-2.1, L-A-P2.3, and L-A-P1.4, the identity of this part is 100%.

600 gon 1,000 1,200 1,400 1,505

identity I N AT AT R~ T A = N

Graph 4-1. The identity between the amino acid sequence of the Gag-Pol fusion protein of S. paradoxus and S. cerevisiae L-
As. The dark green shows the identical residues and the light green represents the lower identity between the residues.
The numbers on the top are amino acid residues.

c) Phylogeny analysis

A comparison between the tree of the gag and pol genes shows that they evolve almost at the same
speed (Figure 4-4). The only difference between the trees is that, in the gag tree, L-A-L1 from S.
cerevisiae is grouped with L-A-P2.1, L-A-P2.3 and L-A-C from S. paradoxus. However, the bootstrap of
their branch is 83. This is also true for the tree of the whole sequence of the L-A. The bootstrap in
this tree is less than that of the pol tree. Since the trees of both genes are similar, the study of the

phylogeny of the L-A was done on the whole sequence of the dsRNA.

Based on the tree aligning all L-As from both species (Figure 4-4) and the identity between them
(Table 4-3), there are three groups of L-As in S. paradoxus strains. Group 1 contained seven L-As
from Silwood Park: L-A-Q, L-A-P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-P1.5, and L-A-P1.6; the L-A of
DBVPG4650, L-A-D1, from continental Europe; and two L-As from Pool2, which is a mixture of the
strains from continental Europe and the Far East. The identity between the L-As in this group is
between 89.2% and 96.6%. The closest L-As in this group are L-A-Q, L-A-P1.3, L-A-P1.4, and L-A-P1.5.

The identity between these L-As is between 94.6% and 96.6%.

Group 2 of L-As is composed of L-A-P1.7 from Silwood Park together with L-A-P2.2 and L-A-P2.6 from

Pool2. The identity between the L-As in this group is between 89.5% and 92.2%. This group is closer
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to the first group than to the other group; the identities between this group and the other two

groups, group 1 and group 3, are around 81% and 76% respectively.

Group 3 of L-As includes two L-As from Pool2, L-A-P2.1 and L-A-P2.3, and the L-A from CBS 8,441,

which is from the Far East. The identity in this group is from 88% to 93.4% and between this group

and the other groups is around 75%. The results suggest that, firstly, since the two Pool2 L-As in this

group are closer to L-A-C than L-A-Q and L-A-D1, they are from the Far East. Secondly, the two L-As

in group one, L-A-P2.5 and L-A-P2.4, which are categorised with L-A-Q and L-A-D1, are from

Continental Europe.
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Figure 4-4. The neighbour joining phylogeny tree of gag, pol ORFs and the whole sequence of L-A dsRNA in S. cerevisiae

and S. paradoxus. Based on the tree, there are three groups of L-A in S. paradoxus. A comparison between the identity of

the three groups and L-A of S. cerevisiae shows that two types of L-A were found in this study.
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Group 1 and group 2 are closer together than these two groups are with group 3. The identity
between the first two groups is between 80.6% and 82.7%, whereas the identity between these two
groups and group 3 is between 73.3% and 77.8%. Since the identity between the different types of L-
A dsRNA in S. cerevisiae is 73.7% and 77.8%, it seems that two types of L-A were identified in S.

paradoxus, one of which has two subtypes.

4.3.3 M dsRNA
Seven new types of M dsRNA were identified in S. paradoxus in this study (Figure 4-5). Of all M

dsRNAs reported in S. cerevisiae, only the sequence of M28 was found in Q62.5, DBVPG4650 and
Pool2. M1 was previously reported in the S. paradoxus strain Q74.4 (Chang et al., 2015), which was
sequenced in Pooll in this study. However, even by map-to-reference, the sequence of the dsRNA
did not assemble. The information about all M dsRNAs found in S. paradoxus can be seen in

Table 4-4.
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Table 4-4. The result of the prediction of the structure of the new M dsRNAs and their preprotoxins

Name M dsRNA Length Conserved AU-rich Start ORF 3’ Non-coding Killer preprotoxin | Preprotoxin Hydrophobic Signal cleavage Kex2 N-glycosylation
and the host sequence at 5’ after 5 codon length sequence toxin length starts from aa at N- sites cleavage site
strain conserved residue (bp) length name (aa) terminal of site
sequence preprotoxin
MQ Q62.5 1933 GAAAAAAUUUGA + 36 819 917 272 Start codon + 15-27,19-31 112 49, 66, 79, 95,
KQ 105%, 230**
Pool2 1943 GAAAAAAUUUGA + 36 846 917 272 Start codon + SEEX 112 49, 66, 79, 95,
106, 230**
MC CBS- 2012 - + 59 1008 818 355 Beginning of - 5-17,92-104 40, 81, 163, 44, 67, 186, 199,
8441 KC RNA 251 231, 259**
Pool2 2069 GAAAAAAUGAAG + 7 1113 783 370 Start codon + 15-27,21-33 56,97,179,2 5, 60, 83, 202,
109-121 67 215, 247, 275%*
M28 DBVPG- 1793 GAAAAAAUUUAA + 55 996 554 331 Start codon + 10-22,107-119 178, 231 147, 168*, 197,
4650 K28 210, 224**
Pool2 1790 - + 55 996 600 331 Start codon + 10-22,107-119 178, 231 147, 194,210%*,
224
M-P1G1 Pooll 1207 - + 26 1002 NA K-P1G1 333 Start codon + - 110, 171, 132**,150,159,
220 199, 213
M- Pooll 1118 - + 26 678 NA 233 Beginning of short 4-16, 8-20 161 43, 50, 100,
P1G2 K-P1G2 RNA 122**, 154,
Pool2 1096 - + 26 876 NA 299 Beginning of short 3-15, 8-20 33,161 43,50, 100, 122,
RNA 154
M-P1G3-1 Pooll 1235 GAAAAAAUACUA- + 76 972 NA K-P1G3-1 323 Start codon + 8-20, 9-21, 10- 36, 158, 216 118, 126**,168,
(M-P1G3) 22,11-23,12- 208
24,51-63
M-P1G3-2 Pooll 1222 GAAAAAAUGCUA- + 7 1041 NA K-P1G3-2 346 Start codon + 23-35,24-36, 59, 181, 239 141, 149**, 231,
(M-P1G4) 25-37, 27-39, 315
31-43, 32-44,
33-45, 34-46,
35-47, 74-86
M-P1G5 Pooll 947 - Shorter 7 780 NA K-P1G5 259 Beginning of + - 71,128 15, 36, 59, 121,
RNA 233
M-P1SG Pooll 784 GAAAAAAUAAUC- + 51 420 NA K-P1SG 139 Start codon short - 112 35,131

*N-glycosylation potential is 0.3

**N-glycosylation potential is 0.4

***Did not detect the signal because of the ambiguity nucleotide which exists in the signal cleavage site

83




>

S. cerevisiae

S. paradoxus

a) The structure of M dsRNA

Although the identity between different types of M dsRNA in both species is low, 15% — 35% the
structure of the dsRNA is the same in all. The sequences start with a conserved sequence followed
by an AU-rich region and the killer toxin ORF with direction of 5’ to 3’. There is a possibility that the
AU region is facilitating the melting of the dsRNA for transcription. After the ORF, there are poly A
and long non-coding sequences respectively (Rodriguez-Cousifio et al., 2011) (Figure 4-5A). Because
of the poly A in the middle of the M dsRNAs, it was not possible to discern which coding part belongs
to which non-coding region in Pooll M dsRNA. As a result, their sequences were analysed

separately.
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Figure 4-5. (A) M dsRNA structures in S. cerevisiae and S. paradoxus. All sequences have a killer toxin ORF (420-1113 bp),
followed by poly A (since the software was not able to count the accurate number of A, all were considered 50 bp) and a
non-coding area (600-917 bp). The green arrows are the killer toxin ORFs and the orange areas are the poly A sequences.
Since it was not possible to match the coding and non-coding region of Ms in Pools due to the poly A in the middle of the
dsRNAs, the dsRNAs belong to the Pools do not have the non-coding region. SCis the abbreviation of S. cerevisiae. (B) The
conserved sequence at 5’ of Ms and L-As. The 5’ end has assembled in six of the Ms in S. paradoxus.
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The conserved sequence at 5’ is an essential recognition element in transcription initiation. The
sequence of GAAAAA- was reported for S. cerevisiae’s dsRNA (Rodriguez-Cousifio et al., 2011). The 5’
end of all M dsRNAs sequenced in this study formed, except M-P1G1, M-P1G2 and M-P1G5. As can
be seen in Figure 4-5B, the eight residues at 5’ end of all M dsRNA of both species, except M1 from S
cerevisiae, are identical: GAAAAAAU-, which seems to be the conserved sequence of M of
saccharomyces strains. In M1, the sequence changed to GAAAAAUA-. A comparison between the L
and M 5’ conserved sequences shows that this sequence in L either changed to GAAAAAUU- (in L-A-
L1 and L-A-lus) or GAAUAAUU- (in L-A-2, L-A-D1, L-A-Q, and L-A-P2.6). The L helper of M1 and M-lus
(L-A-L1 and L-A-lus) has the identical sequence in the six residues at 5’ end (Rodriguez-Cousifio et al.,
2013). However, this is not true for M2 in S. cerevisiae and MQ in S. paradoxus (their helpers are L-A-
2 and L-A-Q respectively). In DBVPG4650, which contains two helpers for M28, L-A-L1 and L-A-D1,
although the copy number of L-A-L1 is less than L-A-D1, the conserved sequence is closer to L-A-L1.
The rest of 25 bp at 5’ end of M, which has cis signal for transcription in L-A (Esteban and Wickner,
1988), not only is not conserved in Ms but is also different from Ls. This is true in both species, which

suggest another unknown signal in M.

The AU-rich region is formed in all the Ms. It only has a shorter length in M-P1G5, which does not
have the conserved sequence either. It seems that the missing part at the 5’ end of this RNA is
longer than that of M-P1G1 and M-M-P1G2. The length of ORF in both species is between 420 bp
and 1,113 bp. M-P1SG has the shortest length of ORF.

b) Protein structure
Unlike L, in M dsRNA the identity of the amino acid sequence is less than that of the nucleotide

sequence. The nucleotide identity between all the coding sequences of all Ms is between 12% and
30.2%, whereas the identity between all preprotoxins is between 5.3% and 16% (including gaps).
However, it seems that they all have a structure similar to the known preprotoxins in S. cerevisiae,
K1 and K28 (SCHMITT and TIPPER, 1995) (Figure 4-6). Apart from K-P1G1 and K-P1G5, in which the
beginning of the dsRNA is missing, and also K-P1SG, the rest of the preprotoxins start with a stretch
of hydrophobic amino acids and signal cleavage sites. All preprotoxins have between one and four
Kex2p/Kex1p cleavage sites and between two and six N-glycosylation sites. All these results suggest
that in S. paradoxus as in S. cerevisiae, the preprotoxin uses the post-translational modification

system in ER and Golgi to mature.
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In most of S. paradoxus’s preprotoxins, similar to the K1, K28 and K-lus in S. cerevisiae, there is more
than one signal cleavage site. In terms of the Kex2p/Kex1p cleavage sites, KC with four cleavage sites
has the closest structure to K1. Although K-P1G1 and K-P1G3-1 contained three cleavage sites, K-
P1G5 contained two cleavage sites, and KQ, K-P1G2 and K-P1SG has only one Kex2p/Kex1p cleavage
site, there is still the possibility of having unknown cleavage sites in the preprotoxins similar to K28
to break them to four subunits (SCHMITT and TIPPER, 1995). Further lab protein studies are needed

to find out the number of the preprotoxins and mature toxin subunits.

A comparison between the N-glycosylation sites in S. paradoxus and S. cerevisiae indicates that the
number of the N-glycosylation sites in S. paradoxus is higher than that in S. cerevisiae. Even in K28,
which exists in both species, the number increased from three N-glycosylation sites to five N-
glycosylation sites. Evolutionarily, N-glycosylation is an advantage for proteins; it stabilizes the
proteins against proteolysis and denaturation, increases solubility, facilitates orientation of proteins
relative to a membrane, confers structural rigidity to proteins, facilitates orientation of proteins
relative to a membrane, regulates protein turnover and fine-tunes the charge and isoelectric point of

proteins (Helenius and Aebi, 2004).

M-P1SG, with a length of 784 bp, has the shortest preprotoxin, K-P1SG (139 aa). The length of the
preprotoxin is about half that of the other preprotoxins. Since it has both a conserved sequence and
an AU-rich region at 5’ and poly A in 3’ of the dsRNA, as well as the hydrophobic amino acid at amino
terminal of the protein, it seems that no part of the dsRNA is missed in sequencing. However, the
start codon in the dsRNA is TTG instead of AUG. There is a possibility of having a deletion in the
sequence of this dsRNA. Maybe, this is the M dsRNA in Q95.3 and Q16.1, which do not produce any
active killer toxins. Both of these strains had the shortest M dsRNA on the gel and did not show the

killer phenotype in the killer assay.

86


https://www.oxfordlearnersdictionaries.com/pronunciation/english/evolutionarily

S. cerevisiae

S. paradoxus

SEE

1.K15C
H ¥ [ peubune ]
(si.. 2 ) 2512 2 } ) . )
2. K28 5C —_— —
8 « ¥
siz 4 N [si. 4 ) )
3.K25C
(S="4 ) )
4. K-lus SC
’ (52 3 )y e ) ; '
5. K28 DBVPG4650
[ [ 3 } ) i
6. KC CBS8441 -
= ) ) 5 ? }
7. K-P1G1 Poolt
} : } )
AT R 9] pe—
| > 5- JN ) )
9. K-P1GS Pooll
) }
| |
10.KQ Q62.5
[2iz 2 )
11. K-P1G2 Pool1 —_—
)
12.K-P15G Pooll
)
— N-Glycosylation site } Kex2p/kexlp cleavage site B Signal cleavage site /1" Unknown cleavage site

Figure 4-6. The structure of preprotoxins. The first two preprotoxins are K1 and K28, the structure of which is well-known.
They start with a stretch of hydrophobic amino acid and signal cleavage sites to enter to ER and Golgi for post- translational
modifications. They break into four subunits using three Kex2/Kex1 cleavage sites in K1, and one Kex 2/Kex1 cleavage site
and two unknown cleavage sites in K28, §,a,y and B. There are three N-glycosylation sites on the y subunit of both
preprotoxins. Using two disulphide bond the a and B subunits will be attached and make the active killer toxin. A
comparison between the preprotoxins of S. cerevisiae and S. paradoxus suggests that the preprotoxins in S. paradoxus go
through the same pathway that S. cerevisiae’s preprotoxins use to become mature. They have between one and six signal
cleavage sites (except K-P1G5 and K-P1SG), one and three Kex2p/Kex1p cleavage sites, and four and six N-glycosylation
sites. Only K1P1SG has two N-glycosylation sites, which seems to be as a result of deletion in this sequence. The red arrows
on N-glycosylation sites indicate that the site has the potential of 0.4 and the blue arrows indicate that the site has the
potential of 0.3.

a) Polymorphism in M dsRNA of S. cerevisiae and S. paradoxus

Three sequences of K28 (in Q62.5, DBVPG4650 and Pool2) and two sequences of MQ (in Q62.5 and
Pool2), MC (in CBS8441 and Pool2), M-P1G2 (in Pooll and Pool2) and M-P1G3 (in M-P1G31 and M-
P1G3-2 in Pooll) were found in this study. The sequences of each type of M were aligned separately.

The alighments are in the Appendix (Section 8.2.8) and the results are summarised in Figure 4-7.

A comparison between the alignments shows that in all the dsRNA the identity of the coding
sequences is higher than that of the non-coding sequences, which shows the higher conservation in
coding sequences compared to the non-coding sequences. Of all, only the size of the ORF of MQ has

not changed in the alignment. The start codon in the M28 alignment and M-P1G3-1 and M-P1G3-2
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alignment is changed. Moreover, there is a stop codon in the sequence of the M-P1G2 from Pooll. In
terms of signal cleavage site, Kex2p/Kexlp cleavage site and N-glycosylation sites are almost
conserved in the proteins (Table 4-4). The only differences are: the Kex2p/Kex1p site at residue 33 of
the M-p1G2 of Pool2 is changed; MC from Pool2 has one N-glycosylation site more than MC from
CBS8441; and the number of N-glycosylation sites in M28 of the S. paradoxus strains, DBVPG4650

and Pool2, is more than that in S. cerevisiae, it is five, four and three respectively.

As mentioned before, K28 is the only M that is found in both species and it has very low reads in
Q62.5. The coding sequence of this dsRNA is identical to that of DBVPG4650. On the one hand, it
could result from contamination in Q62.5. On the other hand, this strain showed the strongest killer
phenotype among all tested S. cerevisiae and S. paradoxus strains. It was the only strain in which
none of the S. cerevisiae and S. paradoxus immune tester strains were immune to its killer toxin
(Table 2-1). In addition, in the bio assay of the IEF gel, there was one clear zone of sensitive cells in
the area with a pH of 4.5 — 5.2 and a zone with the lower number of sensitive clones in the area with
a pH of 3.5 — 4.2 (Chapter 2), which might result from the two present M dsRNAs in this strain. In

order to be sure about the presence of M28 in this strain, RT-PCR with specific primes is needed.
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Figure 4-7. The alignment, the nucleic acid identity and amino acid identity of different sequences of each M dsRNA.
For M28, which has four sequences, the nucleic acid and amino acid identity of the coding sequence is shown in the
left table and nucleic acid identity of non-coding sequence is shown in the right table. The green lines on the tables
show the amino acid identity and the blue lines show the nucleic acid identity. For the rest of the alignments, the
length, the nucleic acid and amino acid identities of coding sequence and the length, the nucleic acid identity of the
non-coding sequence showed under each part.
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The ORF of M28 in DBVPG4650 was previously reported (Chang et al., 2015). The sequence of the
M28 ORF had two nucleotide differences with the previous report (Chang et al., 2015). The first
different residue, nucleotide 15, is critical because it is the third nucleotide at the start of the ORF.
At this position, nucleotide G is changed to A. The coverage of the residue is 12,114 reads, of which
97% are A and only 0.8% are G. The result of this change is that, instead of starting the ORF from
nucleotide 13, it starts from nucleotide 55, codon 15. The expression of the killer phenotype from
codon 15 was proved in S. cerevisiae. Nevertheless, the expression from the first codon is four-fold
more efficient than the expression from codon 15 (SCHMITT and TIPPER, 1995). That is probably why
this M28 killer strain, against the S. cerevisiae and S. paradoxus M28 killer strains MS300 and T21.4,
expresses its killer phenotype only in Same-Day-Test. Furthermore, it was killed by T21.4, which is a
M28 killer (Chang et al., 2015) and overall has a weaker killer phenotype compared to MS300 and
T21.4 (Table 2-1). In all S. paradoxus M28, the ORF starts from codon 15. Although the length of the

hydrophobic amino acids decreased, the sequence of the signal cleavage did not change.

For M-P1G3-1, mutation in its first start codon changed the AUG to AUA. Of the nucleotides aligned
in the third position of the codon in M-P1G3-1, 94.3% are A. As a result, instead of the ORF starting
from nucleotide 7, it starts from nucleotide 76. Therefore, the preprotoxin from M-P1G3-1 has 23
amino acids and five signal cleavage sites less than M-P1G3-2. However, there are still five signal
cleavage sites in its sequence to enter the ER system. Since the activity of K28 killer toxins in the
M28 S. cerevisiae strains, that the killer toxin starts from the second start codon, is approved

(SCHMITT and TIPPER, 1995), there is the possibility that the killer toxin of M-P1G3-1 is active, too.

In M-P1G2 of Pooll, a mutation in residue 703 changed the codon UGG to UAG, which is a stop
codon. As a result of this change, the ORF of this dsRNA has 198 nucleic acids; its protein contained
66 amino acids less than those of Pool2. In addition, as mentioned before, as a result of a mutation,
one of its Kex2p/Kexlp cleavage sites was also removed. These results increase the chance of
producing an inactive killer toxin by this dsRNA. Previous results in this study showed that, although
strains Y2.8, T26.3 and Y1, which exist in Pooll, contain M dsRNA, they do not produce any killer

toxins.

4.3.4 Evolution of dsRNA in S. cerevisiae and S. paradoxus

From the evolutionary perspective, M is the satellite of the L-A virus which, during evolution,
becomes compatible with the replication system of the L-A to encapsidate and replicate itself
(Rodriguez-Cousifio and Esteban, 2017). The killer toxin of the M has benefit for both virus and
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yeast; at the same time, it has costs for both (Greig and Travisano, 2008b). It seems that each M has
specifically evolved with one variant of L-A in S. cerevisiae (Rodriguez-Cousifio and Esteban, 2017,
Rodriguez-Cousifio et al., 2013). There are S. cerevisiae strains that have only L-A dsRNA. However, in
this study all infected strains contained both L and M. The result of cycloheximide treatment
(Table 3-3) proved that L-A dsRNA is stable alone in the S. paradoxus strains, too. It seems that in S.
paradoxus the advantage of M for the L-A virus is more than its costs. As a result, during natural

selection almost all the L-A viruses are equipped with M satellite in S. paradoxus.

A comparison between the nucleic acid identity and amino acid identity of L-A dsRNAs (Table 4-3)
and each type of M dsRNA (Figure 4-7) shows that in both of them the sequence of amino acids is
more conserved than the sequence of nucleic acid level. However, the difference between the
nucleic acid and amino acid identity in L-A is much higher than the Ms. This arises from the critical

role of Gag and Gag-Pol fusion protein in the survival of the virus.

The presence of M28 and L-BC in both species, as well as the L-A dsRNA with maximum 26%
difference, indicate that without any doubt the viral dsRNA has the same origin in both species and
transferred between them. On the one hand, the presence of wider types of M in S. paradoxus,
particularly finding five new types of M just in Silwood Park, more glycosylation sites in the
preprotoxin of the S. paradoxus and wider immunity to killer toxins in S. paradoxus strains, all
support the theory of the evolution of dsRNA in S. paradoxus and transfer to S. cerevisiae (Chang et
al., 2015). In addition, L-A-D1, which seems to be the M28 helper, is closer to the S. paradoxus Ls
than the S. cerevisiae Ls (Table 4-3). On the other hand, the L-A helper of each type M is more
diverse in S. cerevisiae than in S. paradoxus. For the three types of M, for which their L has been
reported in S. cerevisiae, the identity between the Ls is around 75%; whereas in S. paradoxus, for
eight types of M, only two variants of L with that much diversity were detected. This can be seen
from two points of view: firstly, as result of the longer evolution of L and M in S. cerevisiae, they
become more specified. Or secondly, because the evolution of the viruses in S. paradoxus was longer

than that in S. cerevisiae, each type of L has been equipped with different types of M.

Since DBVPG4650 is the only strain that has the same dsRNAs as S. cerevisiae, L-A-L1, L-BC and M28,

it is of evolutionary significance for further studies.

4.4 Conclusion
Sixteen full sequences of L-A dsRNA (L-A-Q, L-A-D1, L-A-C, L-A-P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-

P1.5, L-A-P1.6, L-A-P1.7, L-A-P2.1, L-A-P2.2, L-A-P2.3, L-A-P2.4, L-A-P2.5, and L-A-P2.6), one sequence

of gag gene of L-A, L-A-P1gl, one sequence of pol gene, L-A-P1p2, and seven new types of M dsRNA,
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which in turn were composed of two full sequences of M dsRNA (MQ and MC), five of killer toxin
genes (M-P1G1, M-P1G2, M-P1G3, M-P1G4, and M-P1G5) and three sequences of non-coding parts
of M dsRNA (M-P1NC1, M-P1NC2, and M-P1NC3) were found in the S. paradoxus strains.

The sequence of L-As shows homology with the L-A in S. cerevisiae. The sequence of the gag and pol
fusion protein is almost similar. There are two variants of L-A that have been identified, based on the
tree that is formed from aligning L-As of both species and the identity between them. Although the
identity between the sequences of the M dsRNAs is very low, the organisation of the dsRNA and
preprotoxin is similar between both species. The presence of a wider range of M, more glycosylation
sites in the preprotoxin, wider immunity to killer toxins in S. paradoxus strains compared to S.
cerevisiae, all support the theory of the evolution of the viral dsRNA in S. paradoxus and transfer to

S. cerevisiae.
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Chapter Five

5 Expression of Killer toxin

5.1 Introduction
Q62.5 was the strongest killer strain amongst all the S. paradoxus strains that were studied in this

project. It expresses its killer phenotype in both Same-Day-Test and Different-Day-Test. Its killer-
immune phenotype was not similar to any of the well-known killers in S. cerevisiae, K1, K2 and K28,
when it was tested against them. It was the only strain which killed both S. cerevisiae and S.
paradoxus strains. However, its killer activity is reduced against S. paradoxus strains. The killer

phenotype in this strain was cured using cycloheximide treatment.

Two dsRNAs, L and M, were detected in this strain. The M dsRNAs were removed from the cells after
treatment with cycloheximide. All the results suggest that there is a new type of M dsRNA in this
species that encodes an unknown killer toxin in this strain. The detected viral dsRNAs, L and M, were
sequenced using MiSeq 300 and their sequences were assembled using Geneious software. A new
type of L (LQ) and M (MQ) dsRNA were detected in this strain. To find out, firstly, whether the
sequence assembled in Geneious software is reliable, the ORF of the MQ was amplified using the
designed complementary primers. Secondly, the amplified ORF was cloned into a vector and
expressed into a S. cerevisiae strain to become certain that the MQ ORF encodes the killer toxin in

this strain.

pYES2.1/V5-His-TOPO vector was selected for the expression. This plasmid is linearized with a single
thymidine (T), which is overhung at the 3’ end of the vector for TA cloning, and topoisomerase,
which is covalently bounded to the vector. Single T nucleotide allows the PCR products that have a
single A at the 3’ end to ligate efficiently with the vector, and the topoisomerases facilitate the

ligation. The promoter in this vector is GAL1.
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5.2 Material and method
5.2.1 MQ ORF amplification

Designing primer
The MQ forward primer (5’-AACTGCACACCACTCGATAGTT-3’) and the MQ reverse primer (5'-
CATTAGCTGCACCGACAGTT-3’) were designed and tested for the MQ ORF using Geneious software

and Primer3 online software (http://biotools.umassmed.edu/bioapps/primer3 www.cgi).

RT-PCR reaction
The reverse transcription reaction was performed using Super Script lll First-Strand Synthesis System

(Invitrogen) with some modifications. The Q62.5 purified dsRNA (method 4.2.2) with primers and
dNTP were melted at 99°C for five minutes and immediately were put in -80°C ethanol for two
minutes. Then, the instructions of the kit were followed for the first strand cDNA synthesizing. For

DNA amplification, 2 ul of the cDNA were used.

The cDNA amplification was tried with Pfx (Invitrogen), AmpliTaq Gold® 360 DNA Polymerase
(Invitrogen) and OneTag DNA Polymerase. The PCR reaction was performed at 94°C for 5 minutes
and 40 cycles of 94°C for 15 seconds, 55°C for 30 seconds, 72°C (OneTaqg and AmpliTaq Gold® 360) or
68°C (Pfx) for 50 seconds.

The result of RT-PCR was checked on 3% agarose gel using GelRed.

5.2.2 Cloning the MQ ORF
Cloning was performed using pYES2.1 TOPO®TA Expression Kit (Invitrogen). In the cloning reaction, 3

pl of the PCR product was used. The transformation was performed using TOP10 One Shot®
Chemical Transformation (Invitrogen). 10 ul and 50 pl of the transformed cells were spread on the
selective media, LB Agar (Sigma) containing 100 pg/ml Ampicillin (Sigma), and they were incubated
overnight at 37°C. Of the colonies, 20 were picked and resuspended in 20 pl nuclease-free water. 10
pl of the water were used for culturing the transformed cells, and the remaining suspended cells
were used in the PCR reactions to analyse the positive clones. Two PCR reactions were performed to
find the positive transformants. In the first reaction, for which MQ primers were used, the presence
of the PCR product was tested. The second reaction was performed with the MQ forward primer and
TOPO reverse primer to choose the cloned vector with the right direction of the MQ ORF. This
reaction was incubated at 94°C for 10 minutes, followed by 40 cycles of 94°C for 15 seconds, 59°C for
30 seconds, 72°C for 1 minute and the final extension step of 72°C for 10 minutes. The result was
checked on 3% agarose gel and the positive clones were selected. In the next stage, the plasmids
were extracted from the selected clones using the QIAGEN Plasmid Mini Kit, and the extraction
amount was measured with NanoDrop.
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The purified plasmid were transformed into the INVScl, S. cerevisiae strain (Invitrogen) with the
genotype MATa his3D1 leu2 trp1-289 ura3-52 MAT his3D1 leu2 trp1-289 ura3-52. The competent
cells were prepared using the S.c. EasyComp™ Transformation Kit (Invitrogen) and we followed its
instructions for transformation. The transformed cells were cultured on the selective medium, SC-U
(0.67% yeast nitrogen base, 2% glucose, 0.01% [adenine, arginine, cysteine, leucine, lysine,
threonine, tryptophan, wuracil], 0.005% [aspartic acid, histidine, isoleucine, methionine,
phenylalanine, proline, serine, tyrosine, valine] and 2% agar). The cells that are not transformed

cannot grow on this medium. The plates were incubated at 30°C.

In order to express the MQ ORF and test the killer activity of the expressed protein, the killer activity
of the transformed clones was tested on a modified MB agar (pH 4.5) (Appendix; Table 8-2). In this
medium, instead of the 2% glucose, 2% Galactose and 1% Raffinose were added. The MB agar

diffusion assay was performed as described in section 2.2.3. They were incubated at 22.5°C.

5.3 Results and discussion

5.3.1 MQ ORF amplification

The RT-PCR amplification of the MQ ORF was performed successfully with Pfx and OneTaq
Polymerase. There was a band the same size as the ORF of the MQ, 800 bp (Figure 5-1). An
additional band of around 920 bp was visualised when 5 pl of the product of the Pfx enzyme were
run on the gel. Since the OneTaqg Polymerase has the 5’ to 3’ nuclease activity and adds a single A at
the end of the amplified DNA, it was chosen for the amplification of the ORF for cloning. There was
no additional band when the OneTag product was run with higher concentration. No band was seen

when the RT-PCR was performed using AmpliTag Gold® 360 DNA Polymerase.

Figure 5-1. RT-PCR amplification of MQ ORF. Lanes from left to right: Lane 1, 100 bp DNA
ladder; Lane 2, Pfx negative control; Lane 3, Pfx product (2.5 pl of the product were run);
Lane 4, Pfx product (5 ul of the product were run); Lane 5, OneTagq product (2.5 pl of the
product were run); Lane 6, OneTagq product (5 pl of the product were run); Lane 7, 100 bp
DNA ladder; and Lane 8, OneTag negative control. The RT-PCR amplification of the MQ
ORF, 800 bp band, was performed successfully with Pfx and OneTaq Polymerase. An
additional band, around 920 bp, was visualised when 5 pl of the product of the Pfx
enzyme was run on the gel.

—
—
—
—

-

95



5.3.2 Cloning the MQ ORF
The MQ ORF was successfully cloned in the vector. The PCR of the insert fragment using the MQ

primers was positive for the 20 clones that were tested. On the agarose gel of the PCR amplification,
all the clones, except clone numbers 1 and 12, have a sharp band whereas, in these two clones, the
MQ band is thicker and there is an additional bigger band on the gel (Figure 5-2a). The result of the
PCR using the MQ forward primer and the TOPO reverse primer, which was done to find the
direction of the inserted fragment, showed that a). in clones numbers 2, 3, 7, 8, 11, 18, and 19, there
is a sharp band with the same size as MQ ORF; b). there is no band in clones numbers 1 and 12; and
c). in the other clones there are two unclear bands with a size of 900 bp and about 300 bp
(Figure 5-2b). This suggests that, firstly, clone numbers 2, 3, 7, 8, 11, 18 have the vector with the
right direction of amplified ORF; secondly, in clone numbers 1 and 12 the direction of the ORF is
opposite; and thirdly, perhaps the 900 bp band in the rest of the clones is the unclear band that was
seen in the RT-PCR using Pfx enzyme. Probably, the concentration of this band in the RT-PCR using
OneTagqg was low. As a result, the amplfied fragment, which was not visible on the gel, was inserted

into the vector during cloning.

Based on the aforementioned results, the clone number 2 was selected to continue the cloning. The
plasmid was extracted from this clone using the QIAGEN Plasmid Mini Kit, and the purified plasmid

was prepared for transformation.

L@)23 4 56 7 8 9101112131415 16 171819 20 N L L 1@3 4 567 8 9 10 11 1213 14 1516 17 18 19 L

800

Figure 5-2. Amplification of the inserted fragment to find the positive transformants with the right direction of the
fragment. a) Amplification using MQ primers. L is the abbreviation of ladder (100 bp DNA ladder), N is the
abbreviation of the negative control and the numbers on the top of the gel are the name of the clones. The 800 bp
fragment was amplified in all clones. Clone numbers 1 and 12 had an additional band larger than 1000 bp. The 800
bp band was thinner than the other clones. b) Amplification using the MQ forward primer and the TOPO reverse
primer to check the direction of the fragments. L is the abbreviation of ladder (100 bp DNA ladder) and the numbers
on the top of the gel are the name of the clones. There is a 800 bp sharp band in clone numbers 2, 3, 7, 8, 11, 18,
and 19, no band in clone numbers 1 and 12 and two unclear bands with a size of 900 bp and about 300 bp in the
rest of the clones. Clone number 2, which seems to have the right fragment with right direction, was selected for
further study.
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Since the KQ killer toxin (the killer toxin produced by MQ) seems to go through post transcriptional
modification (section 4.3.3b), the selected strain for transformation had to be Eukaryote. In addition,
during the maturation of the well-known killer toxins in S. cerevisiae, the host genome affects the
process (Schmitt and Breinig, 2006). In order to increase the efficiency of the expression in the
transformed cells, an S. cerevisiae strain (INVScl) was selected. As mentioned previously, S.
cerevisiea is a close relative of S. paradoxus and the killer system in both species seems to have the
same origin (section 4.3.4). The selected strain does not have any killer toxin and the selective media

for the transformed cells is SC-U.

After transforming, the cells were cultured on the selective medium. The number of cells grown on
the medium was significantly higher than normal. It seemed that the purity of the material which
was used in the medium preparation was not very high. As a result, Uracil was inserted into the
medium, and the medium was not selective. To save time, before preparing a new medium, 20
clones from the SC-U medium were selected for killer assay (Methylene Blue (MB) agar diffusion
assay, section 2.2.3) to find the transformed cells. In order to activate the GALI promoter, a
modified MB agar medium was prepared. Instead of the glucose, Galactose and Raffinose were
added to the medium as the carbon source. The test was done at the optimum pH and optimum
temperature where Q62.5 killer toxin is most active (pH: 4.5 and temperature: 22°C). After growing
the clones on the seeded medium, the result showed that the killer toxin, KQ, is expressed in two of
the clones, 14 and 19. Nevertheless, the killer phenotype of these two clones was not as strong as
that of the original strain. Possibly, it arises from the medium which was not optimised for the
expression of the GAL4 promoter. Alternatively, it arises from the effect of the differences between
the genome of S. paradoxus and S.cerevisiae (which has influence on the post translational

modification of preprotoxin).

Expression of KQ in the transformed cells proved the result of dsRNA sequencing. It also indicated

that the MQ dsRNA which was founded in Q62.5 encodes the killer toxin in this strain.

5.4 Conclusion

The MQ dsRNA is a new type of dsRNA which was detected in Q62.5 in this project. The result of the
killer-immune assays and cycloheximide treatment suggested that the killer phenotype in these
strains is encoded by this dsRNA. In order to be certain about the sequence of this dsRNA, and prove
that the ORF of this dsRNA encodes the killer toxin, the ORF was firstly amplified using specified

primers and then cloned in a S. cerevisiae strain. The result of the killer assay of the transformed
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cells indicated that the killer phenotype is expressed in the transformed cells. Nevetheless, the
expression of the phenotype in the transformed strain was significantly less than that of the original
strain. Perhaps this arises from the medium which was not optimised for the expression of the GAL4
promoter, or from the effect of the new host genome in the expression of the killer toxin in the post-

translational stage.

98



Chapter six

6 Discussion

6.1 Introduction
The killer phenomenon was first reported in Saccharomyces cerevisiae (Wickner et al. 2002). Killer

strains release a toxin that is lethal to sensitive yeast strains, but not to the killer itself (Woods and
Bevan, 1968). Since then, the yeast-killer phenomenon has been found in numerous yeast genera
and species. However, most of the studies on killer system in yeasts were performed on S.
cerevisiae. Two genetic bases for the killer phenotype have been discovered in S. cerevisiae, viral
dsRNA (Rodriguez-Cousifio et al., 2011, Hopper et al.,, 1977b, Magliani et al., 1997b) and
chromosomal genes (Goto et al., 1991, Goto et al., 1990b). In the killer yeasts that were infected
with viral dsRNA, There are two types of dsRNA, L-A and M dsRNA. L-A dsRNA produces Gag and Pol
protein to replicate and encapsidate itself, and M dsRNA. M dsRNA has just one gene which encodes

the killer toxin.

S. paradoxus is a wild non-domesticated close relative of S. cerevisiae and is a good model to study
for its ecology and evolution. In this project, the killer system and its genetic bases were studied in

this species.

6.2 Killer-immune phenotype and its genetic basis in S. paradoxus strains
The killer-immune phenotype in S. paradoxus, similar to other yeasts (Frank, 1994, Greig and

Travisano, 2008a, Liu et al., 2015a), is very complex and is sensitive to small changes in the
environment. Like most of the yeast killer toxins, the killer toxins are active in acidic pH and at low
temperatures (Liu et al., 2015a); None of the killer strains showed the killer phenotype at pH 5.3 and

all killer samples were inactive at 28°C and above.

In this study 35% of the strains showed the killer phenotype, which was about twice (Chang et al.,
2015) or three times (Pieczynska et al., 2013b) greater than in previous reports. The killer strains are
widespread across the world, with the highest frequency in American strains (70%). We report a
different killer-immune reaction between the killer and immune tester based on the time of spraying
the sensitive strains on the medium — labelled ‘Same-Day-Test’ and ‘Different-Day-Test’ (Chapter 2;
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section 2.2.3). This protocol provides a condition that the killer phenotype expresses in the four
strains that were previously reported as non-killer strains: Q59.1, UFR50816, A12 (Chang et al., 2015,
Pieczynska et al., 2013b), and DBVPG4650 (Pieczynska et al., 2013b). The killer phenotype in all of
these strains is weak. Q59.1, UFR50816 and DBVPG4650 showed their killer phenotype just in
Different-Day-Test and A12 expressed it more clearly in the Same-Day-Test. The majority of strains
from Silwood Park, Continental Europe, the Far East, and South America expressed the phenotype
more strongly in Different-Day-Test. Two strains from the Silwood Park, Q43.5 and Q59.1, and three
strains from Continental Europe, DPVPG4650, C10 (4/2SW2), and C15 (CECT10176) did not express
the killer phenotype in the Same-Day-Test. By contrast, all Canadian killer strains showed their killer
phenotype more clearly in Same-Day-Test. Perhaps, in different concentrations of the killer toxins,
there are different modes of actions in various killer toxins which trigger different killing and
immunity pathways in the sensitive strains. As a consequence, different strains behave differently in

Same-Day-Test and Different-Day-Test.

The results of the cycloheximide treatment and visualisation of extracted dsRNA from killer strains
indicate that in all of S. paradoxus strains the killer phenotype is encoded by M dsRNA in the cells,
except one strain from Continental Europe, C15 (CECT10176), and the Canadian killer strains. In C15
and Canadian killer strains; the killer phenotype is probably encoded by the nuclear genome or DNA
plasmid. In general, the killer phenotype in the Canadian strains looks different from the other killer
strains. The killer phenotype is expressed more clearly in the Same-Day-Test, it is very weak, there is
no hollow around the killer strain, and only one or two layers of the sensitive strain’s clones grown
around the killer strain become blue. In addition, the frequency of the phenotype in this region is
higher than in the other regions; 83% of the strains from this region are killer. All the results suggest

that the killer system in the Canadian strains evolves separately from the other regions.

The killer phenotype in C15 is also weak, but the phenotype is different from the Canadian strain.
Moreover, it does not express the killer phenotype in Same-Day-Test. It seems that different genes

are involved in the killer phenotype of this strain.

There are six S. paradoxus strains, Q16.1, Q95.3, Y2.8, T26.3, Y1, and N17, which contain M dsRNA
but do not express the killer phenotype. A changed pattern of digestion of M dsRNA using S1
nuclease in three of the strains, Y2.8, Q95.3, and Y1, and a smaller sized M dsRNA in two of the
strains, Q95.3 and Q 16.1, suggested the presence of mutations that alter the structure of the
dsRNA, such as deletions similar to X dsRNA in S. cerevisiae (Esteban and Wickner, 1988); mutations

in the sequence of the M dsRNA which inactivate the killer toxin or prevent its expression; or,
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mutation in the nuclear genes, which is essential for the expression of the killer toxin (Wickner,

1974).

None of the S. paradoxus killer strains showed the same killer-immune pattern as the S. cerevisiae
strains, except three strains from Silwood Park: Y8.5, Q74.4, and T68.3. Nevertheless, Q74.4 was
reported to have M1 dsRNA, whereas Y8.5 has an unknown M dsRNA. Although Q74.4 is expected to
have the K1 killer toxin, it also showed a different killer pattern from the K1 killer toxin in S.
cerevisiae in a previous study. They also showed that Q74.4, in line with our results, can kill the S.

cerevisiae K1 killer strains (Chang et al., 2015).

Chang et al. (2015) suggested that the killer-immune system in S. paradoxus might be a more ancient
than in S. cerevisiae. One of their reasons was that nearly all S. paradoxus populations in their study
were immune to killer toxins of both (Chang et al., 2015). Our result, however, was slightly different
from their report. We could not see an immunity in the S. paradoxus tested strains against the killer
strains from both species that stop the expression of their killer phenotype. Nevertheless, the level
of killer-phenotype expression against S. paradoxus strains was significantly less than that of the S.
cerevisiae strains, which still suggests an additional immunity in the S. paradoxus strains. The
difference in the results might be caused by the difference between the strains selected for the tests

and the environmental conditions.

6.3 The effect of ethanol on the Killer activity of killer toxins
The killer phenotype of the three killer strains, Q62.5, T21.4, and Y8.5, and the killer activity of the

Q62.5 killer toxin were tested on MB agar containing 0%, 6%, 12%, and 14% ethanol. Although
Saccharomyces strains are resistant to ethanol, the results of the treatment showed that the
expression of the killer phenotype of the killer strains reduces by the increased concentration of
ethanol. In addition, Q62.5’s concentrated killer toxin, which was put on the same media, becomes
completely inactive with all the concentrations of ethanol (Table 2-2). However, the effect is not
permanent; if the killer-concentrated medium treated by the three concentrations of ethanol for
two days is put on a normal MB agar seeded with the sensitive strain, it becomes active again. These
results suggest that the nature of producing ethanol by the yeast strains decreases the efficiency of
the killer toxin of the yeast-killer strains, which in turn can increase the chance of survival of the
yeast species in the environment. Nevertheless, this is not true for all the yeast-killer toxins. In the
case of the KHR killer toxin, increasing the ethanol in fermentation improves the efficiency of the

killer toxin (de Ullivarri et al., 2014).
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6.4 Characterisation of the Kkiller system in Q62.5
Q62.5 expressed the strongest killer phenotype amongst the S. paradoxus strains. It is the only strain

that kills all of the S. cerevisiae and S. paradoxus strains and appears to have a new type of killer
toxin. As a result, it was used for further studies. The results showed that it has a killer toxin with a
molecular weight of between 30 kDa and 50 kDa, and an isoelectric point between 4.5 and 5.2. The
optimum pH of its killer toxin is 4.5. Although it is not active at pH 7, it is stable at this pH. In contrast
to KHS killer strains, whose killer activity increases by raising the ethanol in the environment (de

Ullivarri et al., 2014), the killer activity of this killer toxin decreases with increasing ethanol.

A new type of M dsRNA was detected in this strain: MQ. The structure of the M dsRNA and its
preprotoxin were similar to the known M dsRNA. The predicted molecular weight and isoelectric

point of the protein were in the range measured for the killer toxin of this strain.

In addition to MQ, a sequence of M28 with a very low number of reads was found in Q62.5 (56
reads) in this study. The coding sequence of this dsRNA is identical to that of DBVPG4650. On the
one hand, it might result from contamination in Q62.5. On the other hand, this strain showed the
strongest killer phenotype among all tested S. cerevisiae and S. paradoxus strains. None of the S.
cerevisiae and S. paradoxus immune-tester strains was immune to its killer toxin (Table 2-1). In
addition, in the bio assay of the IEF gel, there was one clear zone of sensitive cells in the area with
the pH of 4.5-5.2 and a zone with the lower number of sensitive clones in the area with the pH of
3.5-4.2, which might result from the presence of two killer toxin in this strain. In order to be sure

about the presence of M28 in this strain, RT-PCR with specific primers is needed.

6.5 Growth rate of yeast strains in the presence of Q62.5 Killer toxin
Measuring the growth rate of four S. paradoxus strains: Q62.5, M894 (the S. cerevisiae sensitive

strain), Q14.4 (S. paradoxus killer strain), and A33 (the non-killer S. paradoxus that showed the
highest amount of immunity to Q62.5 killer toxin), in the presence of the Q62.5 killer toxin,
surprisingly indicated that none of the strains, not even the sensitive one, was killed completely by
the killer toxin. There is only a delay in the growth of the strains. The higher the concentration of the
toxin and the lower the number of sensitive cells, the higher the delay in the growth of the cells. In
the strains with greater sensitivity to the killer toxin, this delay increases (Graph 2-1). Overall, results
suggest that all the strains, even the sensitive strains, are equipped with some immunity for their
survival. Nevertheless, this immunity in the sensitive strains is significantly less than in the resistant
strains. In addition to this immunity, increasing the ethanol level and decreasing the pH during

fermentation, which also decreases the activity of the killer toxin, increases the chance of survival
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for the sensitive strains. Moreover, these might be the reasons for the killers’ inability to be
dominant always at the end of all fermentation and to be the dominant strains in nature (Heard and

Fleet, 1987, Chang et al., 2015, Pieczynska et al., 2013b).

6.6 Viral dsRNA in S. paradoxus strains
Viral dsRNA of 27 S. paradoxus strains was sequenced in this study using MiSeq 300. The samples

were categorised in five libraries: three strains from the three different regions (Q62.5 from Silwood
Park, DBVPG4650 from Continental Europe and CBS8441 from the Far East) and two mixtures of the
dsRNA extractions (Pooll included 16 strains from Silwood Park and Pool2 four strains from
Continental Europe and three from the Far East) (Appendix; Table 8-3). The result of the sequencing

is summerised in Table 4-2.

In two of the single sequenced strains, Q62.5 and CBS8441, which had two dsRNA bands on the gel
electrophoresis (Table 4-1), the large-size and the medium-size bands, the size of the bands was
comparable with the L-A and the M dsRNA found. However, finding the dsRNA of each band in the
gel electrophoresis of DBVPG4650 was more complicated compared with the two other strains. Five
dsRNA bands were detected in the gel electrophoresis of this strain (Figure 3-3b and Table 4-1). One
dsRNA band with the same size as L, two bands in the range of M dsRNA, and two smaller than M
dsRNA were detected in this strain. Three types of L, L-A-L1, L-A-D and L-BC, and one type of M,
M28, were found in this strain. The size of the full sequence of three Ls and the M is similar to the
large- and medium-size bands on the gel. However, in the mapping alignment of the de-novo contigs
to L-A-D1, there are several contigs identical to the reference with lengths between 502 bp and
1,363 bp. This was not true in the other two single strains. The presence of the different size L-A-D1
contigs in each de-novo assembly suggests that there are various L-A-D1 with different sizes in this
strain. This might result from the deletion in the original sequence of L-A-D1, similar to X dsRNA in S.

cerevisiae, which is derivative of L-A-L1 (Sommer and Wickner, 1982).

6.6.1 M dsRNA
In addition to MQ and M28, six new M dsRNAs were found in the S. paradoxus killer strains. For one

of the dsRNAs, MC, we have the complete genome; for the others, just the coding sequences before
the poly A repeat: M-P1G1, Mpl1G2, M-P1G3-1, Mp1G3-2, M-P1G5, and M-P1SG. Moreover, three
sequences of the non-coding part of the M dsRNA: M-P1NC1, M-P1NC2, M-P1NC3, which is located
after the poly A, were found (Table 4-2). Since there is poly A in the middle of all dsRNA, it was not

possible to find out which coding part belonged to which non-coding part in Pooll and Pool2.
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The only S. cerevisiae M dsRNA found in this study in the S. paradoxus strain was M28 from
DBVPG4650, as previously reported (Chang et al., 2015). This dsRNA, which has an identity of 92.2%
with that of S. cerevisiae, has a mutation in the first AUG start codon and seems to express the killer
toxin from the second start codon. Expressing the K28 from the second start codon with lower killer
activity has been reported before in S. cerevisiae (SCHMITT and TIPPER, 1995). In DBVPG4650, the
killer toxin is also active but the level of expression is less than in S. cerevisiae M28, which was used
in the killer-immune test (Table 2-1). This killer strain, which shows its killer phenotype only in
Different-Day-Test, is killer when it is tested with the K1 S. cerevisiae strain and poor killer when it is
tested with the K2 S. cerevisiae strain, only in the Same-Day-Test. It cannot kill the K28 S. cerevisiae
strain. In the same test, the K28 S. cerevisiae strain shows the same pattern of killing but showed the

killer phenotype much more strongly in both Same-Day-Test and Different-Day-Test.

In addition to M28, M1 was previously reported in the S. paradoxus strain, Q74.4 (Chang et al.,
2015). This strain was sequenced in Pool 1 in this study. However, no M1 sequence has been found
in the sequencing. Even by map-to-reference, the sequence of the dsRNA did not assemble. As
mentioned before, the killer immune reaction of this strain, in both studies, was different from K1
killer assay pattern. This strain can kill the S. cerevisiae K1 killer strains (Chang et al., 2015). Also,
results in this project indicated that the K2 S. cerevisiae strain, which was killed by the S. cerevisiae
K1 killer strain, was immune to Q74.4 killer toxin, whereas, the K28 S. cerevisiae strain is killed by
Q74.4. This pattern in the killer assay suggests the presence of K2 toxin in this strain. However, No
M2 has also been identified in this study. The M1 sequence reported by Chang et al has just one
nucleotide difference with S. cerevisiae’s M1 which causes one amino acid difference in the a
subunit of M1 (Chang et al., 2015). Aligning the Q74.4’s M1 sequence reported by them (GenBank:
KJ796681.1) with three S. cerevisiae’s M1 sequences (GenBank; NC 001782, SCU78817 and
SEG_DQ0171595) shows a difference in the results; instead of changing Ala to Thr at residue 123, lle
changed to Ser at amino acid 103. A comparison between the sequences of Q74.4’s M1 in the Chang
et al paper and Genbank indicated that there are two nucleotide differences between the
sequences. Cloning and expressing the Q74.4’s M1 sequence and S. cerevisiae’s M1 sequence
indicated that the Q74.4’s M1 encodes a stronger killer toxin which seems to arise from the
nucleotide difference (Chang et al., 2015). Nevertheless, Q74.4 could not kill the K2 S. cerevisiae
strain in this study. There is a possibility that the differences in the genome background of the
strains that was used in the killer assays and the mutations in them caused the changes in the killer
pattern of this strain. However, resequencing the M dsRNA in this strain using specific primers can

help to clarify this further.
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The other M dsRNA found in the S. paradoxus strains was entirely different from S. cerevisiae M
dsRNA. This explains why the killer-immune reaction in S. paradoxus was different from S. cerevisiae
strains in this and in previous studies (Pieczynska et al., 2013b, Chang et al., 2015). Despite low
identity (15% — 35%), in the sequence of M dsRNAs, both in the M dsRNAs from S. paradoxus and
those of S. cerevisiae, the organisation of the Ms and their preprotoxins in all the S. paradoxus
strains was similar to that of S. cerevisiae. The dsRNA started with a six-nucleotide conserved
sequence, GAAAAA, followed by an AU-rich region and preprotoxin ORF. There is a poly A after the
ORF connected to a long non-coding sequence (Figure 4-5 A). In the preprotoxins there is a stretch of
hydrophobic amino acids followed by at least one signal cleavage and N-glycosylation sites. Between
one and three Kex2p/Kexlp processing sites were detected in the sequence of the preprotoxins

(Figure 4-6).

In most of the S. paradoxus’ preprotoxins, similar to the K1, K28, and K-lus in S. cerevisiae, there is
more than one signal cleavage site. In terms of the Kex2p/Kexlp cleavage sites, KC, with four
cleavage sites, has the closest structure to K1. Even though K-P1G1 and K-P1G3-1 have three
cleavage sites, K-P1G5 has two cleavage sites, and KQ, K-P1G2 and K-P1SG contain only one
Kex2p/Kexlp cleavage site, there is still the possibility of having unknown cleavage sites in the
preprotoxins, similar to K28, to break them into four subunits (SCHMITT and TIPPER, 1995). A
comparison between the N-glycosylation sites in S. paradoxus and S. cerevisiae indicates that the
number of N-glycosylation sites in S. paradoxus is higher than that in S. cerevisiae. Even in K28,
which exists in both species, the number increased from three N-glycosylation sites to five N-
glycosylation sites. N-glycosylation is evolutionarily an advantage for proteins (Helenius and Aebi,

2004).

M-P1SG (784 bp) from Pool 1, has the shortest ORF. The length of the preprotoxin (139 aa) is about
half that of the other preprotoxins. However, it has both a conserved sequence and an AU-rich
region at 5’ and poly A at 3’ of the dsRNA, as well as the hydrophobic amino acids at amino terminal
of the protein. It seems that no part of the dsRNA is missed in sequencing. Nevertheless, the start
codon in the dsRNA is TTG instead of AUG. There is a possibility of having a deletion in the sequence
of this dsRNA. It may be that this is the M dsRNA in Q95.3 and Q16.1, which do not produce any
active killer toxins. Both of these strains had the shortest M dsRNA on the gel, did not show the killer

phenotype in the killer assay, and were sequenced in Pool 1.

A comparison between the alignments of similar M dsRNA found in this study (K28 in Q62.5;
DBVPG4650 and Pool2; MQ, in Q62.5 and Pool2; MC in CBS8441 and Pool2; M-P1G2 in Pooll and
Pool2; M-P1G3 in M-P1G31; and M-P1G3-2 in Pooll) shows that in all the dsRNA the identity of the
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coding sequences is higher than that of the non-coding sequences, which indicates the higher
conservation in coding sequences compared to the non-coding sequences. In all, only the size of the
ORF of MQ has not changed in the alighment. In terms of signal cleavage site, Kex2p/Kex1p cleavage
site and N-glycosylation sites, they are almost conserved in the proteins (Table 4-4). The only
differences are: the Kex2p/Kex1p site at residue 33 of the M-p1G2 of Pool2 is changed; MC from
Pool2 has one N-glycosylation site more than MC from CBS8441; and the number of N-glycosylation
sites in M28 of the S. paradoxus strains, DBVPG4650 and Pool2, is more than that in S. cerevisiae: it

is five, four and three, respectively.

For M-P1G3-1, mutation in its first start codon changed the AUG to AUA. Of the nucleotides aligned
in the third position of the codon in M-P1G3-1, 94.3% are A. As a result, instead of the ORF starting
from nucleotide 7, it starts from nucleotide 76. Therefore, the preprotoxin from M-P1G3-1 has 23
amino acids and five signal cleavage sites less than M-P1G3-2. However, there are still five signal
cleavage sites in its sequence to enter the ER system. Since the activity of K28 killer toxins in the
M28 S. cerevisiae strains, that the killer toxin starts from the second start codon, is approved

(SCHMITT and TIPPER, 1995), there is the possibility that the killer toxin of M-P1G3-1 is active, too.

In M-P1G2 of Pooll, a mutation in residue 703 changed the codon UGG to UAG, which is a stop
codon. As a result of this change, the ORF of this dsRNA has 198 nucleic acids; its protein contained
66 amino acids less than those of Pool2. In addition, as mentioned before, as a result of a mutation,
one of its Kex2p/Kexlp cleavage sites was also removed. These results increase the chance of
producing an inactive killer toxin by this dsRNA. Previous results in this study showed that, although
strains Y2.8, T26.3 and Y1, which exist in Pooll, contain M dsRNA with similar size to M-P1G2, they

do not produce any killer toxins.

6.6.2 L dsRNA
In terms of L dsRNA, the following were detected in the S. paradoxus strains: 16 full sequences of L-

A dsRNA (L-A-Q, L-A-D1, L-A-C, L-A-P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-P1.5, L-A-P1.6, L-A-P1.7, L-
A-P2.1, L-A-P2.2, L-A-P2.3, L-A-P2.4, L-A-P2.5, and L-A-P2.6); one sequence of a Gag gene of an L-A
(L-A-P1g1); and one sequence of a Pol gene (L-A-P1p2). They have about 75% identity with the L-A
dsRNA in S. cerevisiae and between 75% and 96.6% identity with each other. At the protein level, the
identity between the L-As in the two yeast species increases to 92% (Table 4-3). The conserved
sequence at the 5’ end of all L dsRNAs in S. paradoxus is GAAUAA. The genome organisation of the L-
A dsRNA in S. paradoxus are similar to that of S. cerevisiae. There are two ORFs in L-As, gag and pol

with 130 nucleotides overlap. The gag ORF starts at nucleotide 30 and extends to nucleotide 2102,
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and the pol ORF runs from nucleotide 1961 to almost the end of the molecule at nucleotide 4607.
Stop codons of the gag ORF in three of the L-A: L-A-P1.1, L-A-P1.4, and L-A-P2.3 dsRNA from UAA
changed to UGA. In the S. paradoxus L-A, similar to the S. cerevisiae L-A, the gag and pol/ ORF
probably express as a Gag-Pol fusion protein using the -1 ribosomal frameshifting region that exists

in the overlapped area of the two ORFs.

25 nucleotides at the 5’ of L-A dsRNAs in S. cerevisiae seem to have a cis signal for transcription
(Esteban and Wickner, 1988). The full sequence of this 25 bp has assembled completely in three L-As
from S. paradoxus strains: L-A-Q, L-A-D1, and L-A-P2.6, and partly in the other L-A dsRNA of S.
paradoxus strains (Figure 4-3B). This sequence in S. paradoxus dsRNAs is identical, whereas there are
variations in this sequence of the L-As in S. cerevisiae. Similar to other viruses, this region is AU-rich
and seems to facilitate the melting of the dsRNA in order to create access for gag (Rodriguez-

Cousifio et al., 2011).

There are two regions in the sequence of L-A from both species that are almost identical; 130
nucleotides in overlapped region, and 24-nucleotide stem-loop structure toward the 3’ end of L-A.
The overlapped region contained a stem-loop structure that is involved in frameshifting, nucleotides
1988-2034, adjacent to the slippery site, 1988GGGUUUA1995 (Dinman et al.,, 1991, Dinman and
Wickner, 1992). There is only one residue between the stem-loop structure and the slippery site,
nucleotide 1997, which is different in four of the S. paradoxus L-A dsRNAs: L-A-P2.4, L-A-P2.1, L-A-C,
and L-A-P2.3, and one residue in the stem-loop structure of L-A-L1, which shows variation compared
to the other L-A dsRNAs (Figure 4-3C). The 24-nucleotide stem-loop structure in (+) strand of L-A,
(from residue 4218 to 4254) is 100% identical in all the dsRNAs from both species. This region is

responsible for binding to the Gag-Pol fusion protein and encapsidation of dsRNA (Figure 4-3D).

Based on the tree aligning all L-As from both species (Figure 4-4) and the identities between all L-A
(Table 4-3), there are three groups of L-A in S. paradoxus strains. Group 1 and group 2 are closer
together than these two groups with group 3. The identity between the first two groups is between
80.6% and 82.7%, whereas the identity between these two groups and group 3 is between 73.3%
and 77.8%. Since the identity between the different types of L-A dsRNA in S. cerevisiae is 73.7% and
77.8%, it seems that two types of L-A were identified in S. paradoxus, one of which has two

subtypes.

Of all three strains that were sequenced separately, only one strain, DBVPG4650, had more than one
L dsRNA, L-A-D1, L-A-L1, and L-BC. Although the number of the reads in L-A-L1" and L-BC is very low
(1,253 and 406 reads respectively), they were assembled into both Ls quite specifically, and running

the map-to-reference using more restricted settings did not change the result. Since none of the
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strains in this study contained L-A-L1 or L-BC, it would be unlikely that their reads come from
contamination. The presence of low copy numbers of L-BC dsRNA with L-A was reported before
(Sommer and Wickner, 1982). However, there are no reports with respect to the presence of two
types of L-A in one strain found in nature. In addition, previous research showed that, in the case of
two L-A present in one cell, one of them excludes the other from the cell (Rodriguez-Cousifio et al.,
2013, Rodriguez-Cousifio and Esteban, 2017). There is a possibility that, instead of excluding, they
affect the copy number of each other. Primarily, L-A-L1 is a weaker viral dsRNA in nature when
compared to the other types of L-A dsRNA (Rodriguez-Cousifio et al., 2013). Both L-A-L1 and L-BC
have been reported in S. cerevisiae and was just seen in this strain of S. paradoxus. In addition to
these Ls, the M dsRNA in this strain is the only M, M28, in S. paradoxus that was reported in S.
cerevisige. Given the fact that in S. cerevisiae each type of L specifically evolves with specific M
(Rodriguez-Cousifio and Esteban, 2017, Rodriguez-Cousifio et al., 2013), there is a possibility that L-
A-D1 is the L28 in S. cerevisiae, which its sequence has not yet reported. The identity between this

dsRNA and the L-As in S. paradoxus is higher that of S. cerevisiae (Table 4-3).

There are S. cerevisiae strains that have only L-A dsRNA. However, in this study, all infected strains
contained both L and M. The result of cycloheximide treatment (Table 3-3) proved that L-A dsRNA is
stable alone in the S. paradoxus strains, too. It seems that, as a result of natural selection, almost all

the L-A viruses are equipped with M satellites in S. paradoxus.

6.7 Cloning the MQ ORF and expressing the KQ Killer toxin in S. cerevisiae
In order to be certain about the sequence of dsRNAs and to test whether the killer toxins were

encoded from the new types of M dsRNAs, the MQ ORF sequence from S. paradoxus strain, Q62.5,
was cloned and expressed into S. cerevisiae and then tested for the killer phenotype. As mentioned
before Q62.5 was the strongest killer strain amongst all the S. paradoxus strains that were studied in
this project. Its killer-immune phenotype was not similar to any of the well-known killers in S.
cerevisiae, K1, K2 and K28, when it was tested against them. It was the only strain which killed both
S. cerevisiae and S. paradoxus strains. The killer phenotype in this strain was cured using
cycloheximide treatment, and MQ were removed from Q62.5 after the treatment. These results

suggest MQ carries the gene that encodes the killer toxin.

The ORF was firstly amplified using specified primers and then cloned in a S. cerevisiae strain. The
result of the killer assay of the transformed cells indicated that the killer phenotype is expressed in
the transformed cells. Nevertheless, the expression of the phenotype in the transformed strain was
significantly less than in that of the original strain. Perhaps this arises from the medium, which had
not been optimised for the expression of the GAL4 promoter, or from the effect of the new host

genome in the expression of the killer toxin in the post-translational stage.
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6.8 Evolution of dsRNA in S. cerevisiae and S. paradoxus

As mentioned before, S. paradoxus is a close relative of S. cerevisiae (Goddard and Burt, 1999). The
presence of M28, L-A-L1 and L-BC in both species, as well as the L-A dsRNAs with maximum 26%
difference and also 99% identity of SCY_1690 ORF in S. paradoxus with khs gene sequence in S.
cerevisiae indicates that, without any doubt, the viral dsRNA has the same origin in both species and
transferred between them. On the one hand, the presence of wider types of M in S. paradoxus,
especially finding five new types of M just in Silwood Park, more glycosylation sites in the
preprotoxin of the S. paradoxus, wider immunity to killer toxins in S. paradoxus strains, support the
theory of the evolution of dsRNA in S. paradoxus and transfer to S. cerevisiae (Chang et al., 2015). In
addition, L-A-D1, which seems to be the M28 helper, is closer to the S. paradoxus Ls than the S.
cerevisiae Ls (Table 4-3). On the other hand, the L-A helper of each type M is more diverse in S.
cerevisiae than in S. paradoxus. For the three types of M for which their L has been reported in S.
cerevisiae, the identity between the Ls is around 75%, whereas in S. paradoxus for eight types of M
only two variants of L with that much diversity were detected. This can be seen from two points of
view: firstly, as result of the longer evolution of L and M in S. cerevisiae, they become more
specified. Secondly, because the evolution of the viruses in S. paradoxus was longer than that in S.
cerevisiae, each type of L has been equipped with different types of M and maybe this is the reason
no L-A found alone in this species. Overall, most of the results in this study support the second point

of view.

Horizontal gene transfer, in both Totivirus and yeast species and between their genomes (Taylor and
Bruenn, 2009), and also introgression in yeast species especially between S. paradoxus and S.
cerevisiae have been reported. However, Horizontal gene transfer is rare in yeast species (Liti and
Louis, 2005). In nature, S. paradoxus and S. cerevisiae not only has being found together (Sniegowski
et al., 2002) but also naturally occurring hybrid between them has been found (Liti et al., 2005).
Since, the exogenous phase of mycoviruses has not reported, it is more likely that introgression of
the yeast species is the cause of movement of the viral dsRNA between S. paradoxus and S.

cerevisiae strains.

6.9 Potential applications of the Kkiller system in S. paradoxus

As mentioned in chapter 1, killer yeasts and their toxins can have a range of applications. They can
be used in the taxonomy of yeasts, optimising fermentation (which is widely used in industry), food

preservatives, medicines, transgenic plants (to improve their resistance), and they can also be used
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as a model to study the interaction between host and virus as well as in modelling post-translational

activity (Schmitt and Breinig, 2002, Marquina et al., 2002).

Identifying seven new types of M dsRNA and their killer toxins provides more opportunities for all of
the mentioned applications. However, future characterisations of the killer toxins are needed to
choose the best killer toxin for each application. The effect of ethanol on the killer toxins studied in
this study is one of the important factors that should be considered in most of the applications
particularly optimisation of fermentation, food preservatives, and medicines. Choosing a killer toxin
which is stable in ethanol or a toxin that its efficiency increase in presence of ethanol, like KHS (de
Ullivarri et al., 2014), will have material impact on the optimization of fermentation and efficiency of
the food preservatives. Moreover, knowing the effect of the killer toxin in the other strains’ growth
rate is the other key factor that should be consider in optimisation of fermentation, food

preservatives medicine, and transgenic plants.

Prediction of signal cleavage sites, the kex2p/kex1p cleavage sites, and N-glycosylation sites in the
founded preprotoxins suggested that the entire identified killer toxin in this study go through post
translational modification. As a result, all these preprotoxins could be good candidates in modelling

post-translational activity.

6.10 Conclusion
The killer system in S. paradoxus is very complex, as with other yeasts. Similar to S. cerevisiae killer

strains, in the majority of S. paradoxus killer strains the viral dsRNAs play an active role in this
system. However, there are some killer strains, Canadian strains and one strain from Continental
Europe, C15 (CECT10176), for which other genetic resources encode the killer phenotype. Since the
killer phenotype in the Canadian killer strains is different and no dsRNAs were found in the strains of
this area, it seems that the killer system in the Canadian strains evolved separately. In the infected
killer strains the dsRNAs show similarity to S. cerevisiae viruses. The sequence of the L-A dsRNA virus
in this species has homology with that of S. cerevisiae. Regarding M dsRNA, only one type of the S.
cerevisiae M dsRNA, M28, was found in the S. paradoxus strains. The other discovered M dsRNAs are
new. Even though the sequence of the new types of M dsRNA have low similarity with the M dsRNAs

in S. cerevisiae, all the Ms and their preprotoxins have the same structure as that of S. cerevisiae.

The killer-immune reaction between the S. paradoxus strains and both species’ strains is also
complex. This arises from, firstly, the different killer toxins that exist in this species; secondly, the
different genomic background of each strain. Overall, it seems that there is an additional immunity
in the S. paradoxus strains that decreases the level of expression of the killer phenotype in the killer

strains from both species. In addition to all of the immunity reported so far, it seems that there is
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some mechanism in all of the strains, including the sensitive strains, which does not allow the killer
toxin to kill all of the cells exposed to it. This mechanism, which is essential for the survival of the
strains, might result from environmental changes during fermentation, such as increased ethanol

and decreased pH, or some immunity expressed from the genome of the strains.

The presence of wider types of M in S. paradoxus, more glycosylation sites in the preprotoxin of S.
paradoxus, wider immunity to killer toxins in S. paradoxus strains, support the theory of the

evolution of dsRNA in S. paradoxus and transfer to S. cerevisiae.

6.11 Further perspectives
In order to get a better picture of the killer system in S. paradoxus and study the evolution of viral

dsRNA in this species, some future work is needed:

1. Determine which dsRNA belongs to which strains for the dsRNA found in Pooll and Pool2.
This can be done using RT-PCR or dot blot analyses.

2. Determine the sequence of the ends of the dsRNAs.

3. Study the evolutionary genetics of the L and M dsRNAs in S. paradoxus and S. cerevisiae.

4. Investigate the relationship between the viral dsRNA and nuclear genome of the killer strain;
the sequence of the genomes of most of the infected strains is available.

5. Express the killer toxin of the other M dsRNAs to make sure that they are the genetic basis of
the killer phenotype in the killer strains.

6. Purify the expressed killer toxin in order to sequence and characterise the killer toxins.

7. Study the effect of the ethanol on the killer toxins.

8. Study the effect of each killer toxin on the growth rate of the other yeast strain and their
mode of action.

9. Study the immunity pathways in the immune strains.
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8 Appendix

8.1 Chapter 2 appendix

Table 8-1. The killer phenotype of S. paradoxus strains.

Location Strain Killer phenotype
Silwood (C17)Q31.4 NK
Silwood Q323 NK
Silwood Q69.8 NK
Silwood Q70.8 NK
Silwood Q89.8 NK
Silwood T62.1 NK
Silwood Y2 NK
Silwood Y2.2 NK
Silwood Y3 NK
Silwood Y4 NK
Silwood Y4.5 NK
Silwood Y5 NK
Silwood Y5.1 NK
Silwood Y5.6 NK
Silwood Y5.8 NK
Silwood Y6 NK
Silwood Y6.2 NK
Silwood Y7 NK
Silwood Y7.1 NK
Silwood Y7.5 NK
Silwood Y8 NK
Silwood Y8.1 NK
Silwood Y8.4 NK
Silwood Y8.6 NK
Silwood Y8.8 NK
Silwood Y9 NK
Silwood Y6.5 NK
Silwood Y7 NK
Continental Europe (C02) 0s20 K
Continental Europe (Co5) 0Ss11,12wW K
Continental Europe (C07) 0S3,4Wa K
Continental Europe (C10) 4/25 W2 K
Continental Europe (C15) CECT10176 K
Continental Europe (C03) 0OS5,6W(1) NK
Continental Europe (Coe) 014-3,4W NK
Continental Europe (C18) z3 NK
Continental Europe (C14) DBVPG4650 K
Continental Europe N17 NK
Continental Europe KNP3828 NK
Continental Europe CBS5829 NK
Continental Europe YPS3 NK




Location Strain Killer phenotype

Continental Europe (C13) sIG1 NK
Continental Europe STOC3 NK
FAR EAST (C23) CBS8439 K
FAR EAST (C25) CBS8441 K
FAR EAST (C27) CBS8444 K
FAR EAST (C20) CBS8436 NK
FAR EAST (C21) CBS8437 NK
FAR EAST (C22) CBS8438 NK
FAR EAST (C24) CBS8440 NK
FAR EAST (C26) CBS8442 NK
FAR EAST N43 NK
FAR EAST KPN3829 NK
FAR EAST IFO1804 NK
FAR EAST N44 NK
North America Al12 K
(Canada)

North America Al19 K
(Canada)

North America A21 K
(Canada)

North America A22 K
(Canada)

North America A23 K
(Canada)

North America A24 K
(Canada)

North America A25 K
(Canada)

North America A27 K
(Canada)

North America A28 K
(Canada)

North America A33 NK
(Canada)

North America A4 NK
(Canada)

North America Al7 K
(Canada)

North America (U.S.A) YPS138 NK
North America (U.S.A) DBVPG6304 NK
North America (U.S.A) VWOPS91-917-1 NK
South America UFRJ50791 K
South America UFRJ50816 K
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Table 8-2. Media (1L):

YPD
Yeast extract 10 gr
Peptone 20 gr
Glucose 20 gr
YPD
Yeast extract 10 gr
Peptone 20 gr
Glucose 20 gr
Agar 18 gr
YPAD (pH4.5)
Yeast extract 10 gr
Peptone 20 gr
Glucose 20 gr
Brij 0.1gr
MB Agar
Yeast extract 10 gr
Peptone 20 gr
Glucose 20 gr
Agar 18 gr
Citric Acid 14.07 gr
K2Hpo4 18.96
Methylene blue 0.0003
YPG
Yeast extract 10 gr
peptone 20 gr
Glycerol 30 ml
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8.2 Chapter 4

Table 8-3. The list of the strains in each library of NGS.

Library Strain Location

Q62.5 Q62.5 Silwood Park
DBVPG4650 DBVPG4650 Continental Europe
CBS8441 CBS8441 Far East

T4b

T8.1

T21.4
T26.3
T68.2
T68.3
Ql4.4

Qle.1

Poolt Q43.5 Silwood Park

Q59.1

Q74.4

Q95.3

Y1

Y2.8

Y8.5

Y10

Q62.5

0S20 (C02) Continental Europe

0S11,12W (C05) Continental Europe

0S3,4Wa (C7) Continental Europe
Pool2 4/2S W2 (C10) Continental Europe

N17 Far East

CBS8439 Far East

CBS8444 Far East

8.2.1 Preliminary bioinformatics analyses
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a) Analysing the NGS data

The NGS data was analysed using Geneious software. In addition to the variations that result from
the lack of proofreading of RDRP, the dsRNA viruses have to go through the procedure of reverse-
transcription reaction in sequencing. As a consequence, analysing the data is more complicated
compared to DNA sequences. Therefore, before starting the data analyses, the accuracy of the
Geneious algorithm for analysing the dsRNA data was verified with the Geneious team. They simply
suggested that, in addition to using the de-novo setting with the default setting, we try to run the

assembly by the turning off the option “do not merge variant with coverage over a 6”.

Since most of the studies on viral dsRNA were performed on S. cerevisiae, which is closely related to
S. paradoxus, and two dsRNAs found in S. paradoxus are similar to that of S. cerevisiae, the sequence
of the S. cerevisiae dsRNAs were used as references in the “mapping to the reference” assembly of
the data. Moreover, the overall structure of each type of dsRNA was used to identify the dsRNA

contigs in the de-novo assembilies.

b) Insertion size and read numbers

Five cDNA libraries of S. paradoxus dsRNA, Q62.5, DBVPG4650, CBS8441, Pooll and Pool2 were
sequenced using MiSeq 300 (Table 8-3). The insertion size of the three libraries Q62.5, DBVPG4650
and Pool2, for which the cDNAs were prepared by the company, was less than that of CBS8441 and
Pooll, for which the cDNAs were prepared in our lab (Table 8-4). The insertion size of Q62.5 and
DBVPG4650 was even less than the length of the reads. Consequently it affected not only the quality

of the nucleotides at the ends but it also devalued the purpose of the paired-end sequencing.

The number of reads per strain in the libraries containing a single strain was between 1.2 and 1.8
million reads, and the average number of reads per strain in Pooll and Pool2 were 1.6 million and

1.3 million reads respectively (Table 8-4).
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Table 8-4. The insertion size, number of reads after pairing the reads in each library and the percentage of reads mapped

to nuclear and mitochondrial genome with and without considering MMQ200.

Library Insertion size Number of reads after % of reads mapped to % of reads mapped to

trimming and pairing nuclear genome mitochondrial genome
MQ200 MQ200

Q62.5 199 1,170,856 7.6% 0.7%

DBVPG4650 260 1,819,200 14.2% 0.2%

CBS8441 772 1,656,910 0.03% 0.03%

Pool1* 684 27,643,010 0.03% 0.03%

Pool2** 354 10,604,622 5% 0.2%

* Pool 1 is composed of 17 strains from Silwood Park: T4b, T8.1, T21.4, T26.3, T68.2, T68.3, Q14.4, Q16.1, Q43.5, Q59.1, Q74.4, Q95.3, Y1,
Y2.8,Y8.5, Y10, Q62.6.

**Pool 2 contains three strains from Continental Europe and three strains from the Far East: 0520, 0S11.12W. 0S3.4Wa,4/25W2, N17,
CBS8439, CBS8444.

c) Quality of the data

The quality of the data was studied by FastQC software. In Q62.5, DBVPG4650 and Pool2, in which
the insertion size was low, the quality score of the nucleotides at the ends of the reads was less than
40. They also contained primer sequences. Around 180 bp in each read had high quality scores. The
quality of the nucleotides increased in two other libraries that had higher insertion size. The full
sequence of 92% of the reads in these libraries had quality scores above 40, meaning that the

probability of incorrect base in their sequence is less than 1 base in 10,000 bases.

The results of Geneious confirmed the FastQC results. The primer sequences and the nucleotides
with quality scores less than 40 were removed from the ends of the reads, and the single reads of

each library were paired using Geneious (Table 8-4).

d) The amount of nuclear and mitochondrial DNA in the libraries

The paired-end reads of each library were mapped to the S. paradoxus nuclear and mitochondrial
genomes in order to measure the amount of the host-genome. Two mapping assemblies were run
by the medium-sensitivity setting, as suggested by Geneious, with considering a minimum mapping
quality of 200 (MMQ200). The results are shown in Table 8-4. The amount of the genomes’
contamination in two samples, CBS8441 and Pool2, which were treated with Turbo DNase in
addition to DNase I, was significantly less than that of the samples that were treated just with DNase
I. Approximately two thirds of the data in Pool2, and one third of the data in Q62.5 and DBVPG4650

came from genomic DNA.
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e) Homology of viral dsRNA of S. cerevisiae with genomic DNA of S. paradoxus

A database was made from all known S. cerevisiae and S. paradoxus viral dsRNAs, and the genome of
S. paradoxus was blasted to the database using Megablast. The result indicates that 593 bp of the
genome were blasted to M28 dsRNA of S. paradoxus and S. cerevisiae with 87.2% and 89% identity
respectively. The test was repeated by mapping the dsRNA references to the genomes. In the
mapping alignment, the 593 nt is located in chromosome 11 of S. paradoxus. It is the reverse
sequence of 593 nt at 5’ of M28, in the coding area. Part of the sequence after the homologous
region, 59 residues before the poly A, the poly A and 122 residues after the poly A, are N in the
sequence of chromosome 11. The percentage of identical sites in the rest of the alignment

decreased to 39%. There was no homologous sequence on the mitochondrial DNA.

8.2.2 Viral assemblies
To identify the sequences of the viral dsRNAs, in the first stage, the reads of each library were

mapped to the known references in S. paradoxus and S. cerevisiae. Since most of the references
were from S. cerevisiae, the medium-low sensitivity setting was selected to run the assemblies. The
assemblies were run with and without considering MMQ200. Then the consensus sequences of the
contigs were made from the nucleotides with quality scores above 40 and were compared with each

other and the reference sequences.

A series of de-novo assemblies with different settings were run in the second stage. To discover the
effects of removing the nuclear and mitochondrial genomes, two groups of de-novo assemblies were
run with and without removing the genomes. The reads that mapped to L-A-L1 were also removed
to see if this has any effect on the assembly of M dsRNA. We assembled 25% and 100% of both data
by turning ON and OFF the option suggested by the Geneious team: “do not merge variant with
coverage over a 6”. In each de-novo, the consensus sequence of the contigs with more than 1,000
reads that had good coverage along their alignment was selected and mapped to the consensus
sequences of L, which was assembled in the map-to-reference part. This mapping was done with an
easy mapping custom sensitivity setting (MCS1) (Table 8-22). In this setting, since the maximum
mismatch per read is 60% and it allows gaps with a maximum 60% per read, the sequences with
different sequences in some parts or a high variation from the reference were still mapped to the
reference and it can find similar sequences to the references. The best contigs of the mappings of all
de-novos were aligned to compare. Primarily, the results of removing the genome and L-A in Q62.5

and DBVPG4650 showed that, although the genomes and L-A sequences were removed from the
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data, there were still enough reads to assemble 25s rRNA and L-A dsRNA. Also, turning ON and OFF
the “do not merge variant with coverage over approximately 6“option did not show any effect on
the assemblies’ L contigs. However, the number of reads in the assemblies in which this option is ON

is about half of the assemblies in which it is OFF.

In terms of M, the structure of the rest of the contigs was studied. Any contigs which had the same
structure as M dsRNA in S. cerevisiae were selected. This structure is composed of a 5’ to 3’ ORF,
followed by a poly A and a non-coding sequence. The nucleotide sequence, the translation of the
ORF and three frames of translation of the RNA were blasted in nr and NCBI databases to see if any
similar sequences were reported. The software could not make a complete sequence of M in most of
the de-novo assemblies and the M contigs were usually broken in the poly A region. Polymorphisms
only exist in the sequence of this area, which arises from the inability of the software to assemble
the repeated sequences. Since the software cannot find the accurate number of poly A, 50 residues
were considered for this part. The conserved sequence at 5 end of Ms, GAAAAA- (Rodriguez-
Cousifio et al., 2011), was checked to see whether the 5’ end of the molecule had assembled or not.
After finding the sequence of the L and M in each strain, to study the assembly and coverage whole
reads of each were mapped to the revealed M and L. Also, in the assembly of M, turning OFF and ON
of the option “do not merge variant with coverage over approximately 6” had no effect on the
assembly of the sequences in either area. However, the number of reads in the non-coding area was

affected (Table 8-6 and Table 8-9).

In order to find out whether there are any other new sequences in all the de-novo assemblies, the
contigs of each de-novo were mapped to the L sequence with the easy setting MCS1. Next, the
unused contigs were mapped to the M with the same setting. Then, the original assembly of the
unused contigs from mapping to the M was observed, and the good contigs were separated. After
that, the consensus sequences of the good contigs were blasted in nr and NCBI databases to see if

there are any non-detected sequences.

Q62.5
Mapping to the references

The result of the map-to-reference assemblies is summarised in Table 8-5. Aligning the consensus
sequence of the mapping to the L-A dsRNAs shows that, apart from the uncovered area in MMQ200

contigs, the consensus sequences of the remaining sequences are identical. The identity of the
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consensus sequence of each contig with its own reference is between 71% and 75.6%. Since the
identity between the contigs and their L dsRNA references is similar to the percentage between
different L-A dsRNAs in S. cerevisiae (Rodriguez-Cousifio et al., 2013), this sequence may be a new L
dsRNA in S. paradoxus and is therefore called L-A-Q dsRNA. In all of the L-A assemblies, the coverage
of the sequences near to both ends was between 35 and 225 times higher than in the other areas.

The coverage decreased in the middle, especially in the Gag-coding region in L-A-L1.

Table 8-5. Mapping the Q62.5 reads to S. cerevisiae and S. paradoxus references.

Reference Host species MMQ200 Number of reads % reference % identity of each
coverage contig with its
reference
L-A-L1 S. cerevisiae - 225,397 97.6% 71%
+ 136,985 83.8% 71%
L-A-2 S. cerevisiae - 226,640 100% 75.6%
+ 98,179 68.8% 74.6%
L-A-lus S. cerevisiae - 228,786 100% 75.1%
+ 134,666 77.9% 72.3%
S. cerevisiae - 56 100% 99.2%
m28 + 56 100% 99.2%
S. paradoxus - 56 100% 87.6%
m28 + 56 100% 87.6%
M28 593bp from S. paradoxus - 37 100% 87%
genome + 37 100% 89%
M1 S. cerevisiae + - - -
M2 S. cerevisiae + - - -
M-lus S. cerevisiae + - - -
L-BC S. cerevisiae * - - -
w S. cerevisiae * - - -
T S. cerevisiae * - - -

The number of reads mapped to M28 dsRNA of both species is very low. The number was not shown
to change when applying MMQ200. It showed that these reads were not random or an artefact of
the library preparation. Because the number of reads was considerably low at 0.005% of total reads,
there is a possibility that the reads came from the homologous part of M28 in the genome. Mapping
the Q62.5 reads to this part of the genome, which is homologous with 593 bp at 5’ of M28, shows
that 37 reads were assembled. The consensus sequence of the mapping to M28 of both species’

gene part and genome homologous sequence were aligned with the three references. The result
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shows that all three consensus sequences are identical and they are closer to the M28 of S.

paradoxus than the homologous genome sequence (99.2% and 87.6% identity respectively).

De-novo assemblies

The settings of the seven different de-novo assemblies that were run and the results of mapping the
contigs of each de-novo to L-A-Q with MCS1 setting are in Table 8-6. Aligning the contigs that were
mapped to L-A-Q indicates they are almost identical. The difference observed between the contigs

arises from the low coverage areas.

Table 8-6. The settings and the results of the Q62.5 de-novo assemblies

Name of Percentage of Removing L- Do not merge variant Long contigs mapped Number  Length
de-novo data A-L1 and host with coverage over to L-A-Q with MSC1 of reads of
genomes approximately 6 setting contig
D1 25% + OFF Contig 4 10,364 4,796
D2 25% + ON Contig 4 5,768 4,658
D3 100% + OFF Contig 3 48,094 5,535
D4 100% + ON Contig 2 27,629 4,836
D5 25% - OFF Contig 3 22,221 4,866
D6 25% - ON Contig 3 14,129 4,725
D7 100% - ON Contig 2 32,527 4,863

In terms of M, the contig 2 from D1 showed the same structure as M dsRNA and its sequence was
not reported. The list of the best contigs in each de-novo is listed in Table 8-7. In the alignment of
the best contigs mapped to MQ, the coding and non-coding regions of all contigs are identical with

MQ. The numbers of the reads in non-coding contigs are significantly higher than the coding contigs.

Table 8-7. M dsRNA contigs in Q62.5 de-novo assemblies

Name MQ coding similar Number of reads MQ non- Number of
of de- contig coding similar  reads
novo contig

D1 2 54,646 2 54,646

D2 13 1,195 2 9,017

D3 6 4,491 1 160,640
D4 13 4,703 3 25,834

D5 7 1,231 2 41,038

D6 10 1,176 2 20,303

D7 13 4,449 1 35,239
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The 5’ end was assembled and its conserved sequence is identical with the conserved sequence of
M28 dsRNA, GAAAAAATTTGA- (Rodriguez-Cousifio et al., 2011). In mapping the whole reads of the
library to MQ, in total, 576,777 reads were assembled to MQ. Apart from the sequence of the 3’
end, which had low coverage, other parts of the 3' sequence did not change. The full sequence of
MQ is available in the Appendix; section 8.2.7. Blasting of unused reads of L-A-Q and MQ in NCBI and

nr did not find any new sequences.

To summarise, an L-A dsRNA named L-A-Q was found in Q62.5. It is identical to the L-A found in the
mapping to the L-A references from S. cerevisiae. Also, a sequence was found that has the same
structure as the other M dsRNAs but no detectable sequence in the databases; it was called MQ. It
likewise has 56 reads with some similarity to M28, but probably derives from the nucleus genomes.

L-A-Q and MQ are compatible with the two L and M bands on the gel electrophoresis.

DBVPG4650

Mapping to the references

The mapping results are summarized in Table 8-8. According to the results, it seems that there is an
L-A dsRNA in BDVPG4650 with greater similarity to L-A-L1. The alignment of the consensus sequence
of the mapping assemblies showed that the consensus sequence of mapping the reads to L-A-2 and
L-A-lus is identical, and the identity percentage of their sequence with the consensus sequence of

mapping to L-A-L1 without MMQ200 is 93.5% and with MMQ200 is 84%.

Table 8-8. The result of mapping DBVPG4650 reads to S. cerevisiae and S. paradoxus references

Reference Host species MMQ200 Number of reads % reference % identity
coverage
L-A-L1 S. cerevisiae - 658,175 100% 79.5%
+ 53,524 100% 89.3%
L-A-2 S. cerevisiae - 935,615 100% 75.1%
+ 76,573 91.9% 74.3%
L-A-lus S. cerevisiae - 849,043 100% 74.6%
+ 190,926 82.1% 73%
L-BC S. cerevisiae - 406 98.6% 89%
+ 406 98.6% 89%
M28 S. cerevisiae - 739,170 100% 87.3%
+ 559,355 100% 87.3%
M28 S. paradoxus - 402,099 100% 97.5
+ 337,739 100% 99.8%
M1 S. cerevisiae * - - -
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Reference Host species MMQ200 Number of reads % reference % identity

coverage
M2 S. cerevisiae + - - -
M-lus S. cerevisiae + - - -
w S. cerevisiae * - - -
T S. cerevisiae + - - -

The consensus sequence generated from mapping the reads to L-BC dsRNA is 99.2% identical with
its reference. Although the number of reads assembled to the reference sequence is only 406 reads
(0.02% of the data), they covered 98.6% of the L-BC sequence. The only areas that are not covered
are 6 nucleotide at 5%, 49 bp from residue 1,819, and 8 nucleotide at the end. The number of reads

did not change with MMQ200. It appears that the reads specifically belong to L-BC.

The DBVPG4650 reads were assembled to the M28 dsRNA sequence of both S. cerevisiae and S.
paradoxus. The consensus sequence of both assemblies has only one nucleotide difference from the
sequence reported by M. D. Pieczynska et al (Pieczynska et al., 2013a) in this strain when it was run
with MMQ200. Applying MMQ200 had no effect on the coverage of either reference. Nevertheless,
it increased the identity by 2.3% between the consensus sequence of mapping the reads to M28
from S. paradoxus and its reference. This might result from the reduction of the interference from
M28 homologous sequence in the genome. However, the result of mapping M28 to the genome

with the MCS1, did not show any similar sequences on the genome.

In summary, 658,178 and 935,615 reads were assembled to the three types of L-A dsRNA references.
The consensus sequence of mapping to L-A-L1 was different from two other L-As. In this strain, in
addition to L-A, the reads were also assembled to L-BC. However, the number of reads assembled to
this dsRNA was very low at 403 reads. Of all the M dsRNAs, the reads were only assembled to M28.
The consensus sequence of the assembly had only one nucleotide different from M28, as previously

reported.

De-novo assemblies

The result of the six de-novo assemblies that were run on this strain’s data is in . Since, in this strain,
we could not find an identical sequence in mapping the reads to the three L-A references, and it
seems that the L-A in this strain has greater similarity to L-A-L1 than the two other L-As, the
consensus sequence of the de-novo assemblies was mapped to L-A-L1, using MCS1. The results were
more complicated than that of Q62.5. There are many contigs longer than 1 kb, especially in the de-
novo assemblies which were run with 100% of the data (Table 8-9). There are variations between the

contigs, particularly in the D4, D5, D6 assemblies, where the L-A-L1 dsRNA sequence was not
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removed. In the D1 and D2 assemblies, there is just one contig longer than 4 kb with high coverage,

whereas in the other assemblies this number increased.

Table 8-9. De-novo assembly settings in DVPG4650 and the L-A dsRNA contig that was formed in each assembly.

Name of Percentag  Removing Do not merge Long Type of  Length Number of SNP

de-novo e of data genome variant with contigs  dsRNA reads

assembly contamination coverage over mappe

and L-A-L1 approximately6 dtol

dsRNA

D1 25% + ON 1 L-A-D1 6,001 25,204 4

D2 25% + OFF 1 L-A-D1 5,045 68,146 2

D3 100% + ON 1 L-A-D1 4,556 114,636 2
23 4,328 1,808 10
9 4,900 4,584 15

D4 25% - ON 1 L-A-D1 5,264 48,841 1
70 L-A-D2 2,338 150 2
49 L-A-D2 2,200 189 0

D5 25% - OFF 2 L-A-D1 5,171 71,996 2
10 L-A-D2 4,525 354 15

D6 100% - ON 1 L-A-D1 5,025 117,430 1
39 L-A-D2 4,550 1,323 0

In the de-novo assemblies, in which the host genome and L-A-L1 were not removed from the data,
two types of L-A dsRNA contigs were formed (Table 8-10). The first type of L-A contigs (named L-A-
D1) were assembled in all de-novo assemblies, whereas the second type (L-A-D2) were formed just in
the de-novo assemblies from which the host genome and L-A-L1 were not removed (Table 8-9). The
complete sequences of the L-A-D2 were just assembled in D5 and D6. The sequence of these contigs
was broken in 2 contigs in D4 assembly. Against the L-A-D1 contigs, there is just one L-A-D2 contig in
each de-novo. The number of reads in this type of L-A is very low: 0.07% of the data (1,323 reads) in
contig 39, which was run with 100% of the data. Although the number of reads in L-A-D2 dsRNA is
significantly lower than that of L-A-D1 (Table 8-9), the identity between the contigs from different
de-novo assemblies in this type is higher than that of the first type (Table 8-10). In order to be
certain with respect to the sequence of L-A-D2, the reads of DBVPG4650 were mapped to contig 39
with a stringent custom sensitivity setting, MCS2 (Mapping custom Sensitivity 2) (Table 8-22). In this
setting, the minimum mapping quality is 254, the minimum overlap increased to 200 bp, the
maximum mismatch per reads decreased to 2%, and the minimum overlap identity increased to
98%. In this assembly, 610 reads were assembled to the reference. There is no polymorphic residue

in the sequence and the sequence is identical with the reference. Since the insertion size of the
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reads in this strain is 260, selecting the minimum overlap of 200 reduced the number of reads
mapped to the reference. Consequently, when the minimum overlap was reduced to 100 in MCS3
setting, the number of reads increased to 1,253 reads without changing the sequence. The
percentage of the identity between these two types of L-A dsRNA is 62.2% to 75.2%, similar to that
of different types of L-A dsRNA in S. cerevisiae (Rodriguez-Cousifo et al., 2013). Aligning the
sequences with the L-A references and L-A-Q shows that the sequence of L-A-D2 is 100% identical to
the sequence of L-A-L1. The only difference is that the contigs made in the de-novo assemblies do
not cover 17 bp at the beginning and 12 bp at the end of L-A-L1 dsRNA. Mapping all the reads to L-A-
L1 with MCS2 and MSC3 settings shows the same result; these sequences were not covered by any

reads.

It seems that the presence of two L-As in this strain was the reason for not having identical contig in
mapping the reads to the references. Perhaps the setting was not restricted enough to separate the

reads of the two L-A dsRNAs.

Table 8-10. The identity between the L-A contigs in DBVPG4650 de-novo assemblies. There are two types of L-A in the de-
novo assemblies based on identity: L-A-D1 and L-A-D2. L-A-D1 is composed of three contigs at the beginning of the table

and L-A-D2 comprises the four contigs at the end of the table.

D6 D5 D4 D4 D5 D4 D6
C1 Cc2 C1 c4a0 Ci0 C70 C39

D6 C1 999 99.8) 717 73.7 752 738
D5 C2 99.9 99.2) 726 739 752 739
D4 C1 99.8 99.2 727 739 752 739
D4 C40 717 726 727 100 100 100
D5 C10 73.7 739 739 |100 99.7 99.9
D4 C70 75.2 752 752 100 99.7 100
D6 C39 738 739 739 J100 99.9 100

Since the identity between these two types of L dsRNA is about 70% in both assemblies, to be
certain about the sequence of the L-A sequences, two more de-novo assemblies were run: D7 (with
10% of data) and D8 (with 20% of data) with more restricted settings; de-novo custom sensitivity 11
(DCS11) and DCS11.50 (Table 8-14), respectively. In both assemblies, the full sequence of the L-A-D1
was formed. The contigs were identical to L-A-D1, except for a few residues in low coverage areas.
As a result of the low number of reads of this dsRNA, its sequence was broken into several contigs.

However, all contigs were identical to L-A-L1.

Aligning the sequence of L-A-D1 with the consensus sequence of mapping the reads to L-A-2 and L-

A-lus shows that they have identical sequences. However, the consensus sequences generated from
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mapping to L-A-2 and L-A-lus do not have 13 residues at the beginning. Looking at L-A-D1 contigs in
other de-novo assemblies shows that they also have low coverage at the beginning. It seems that

during cDNA or library preparation, the sequence of the ends did not amplify very well.

In the alighment of mapping the consensus sequence of the D8 contigs to L-A-D1, in addition to
contig 1, which has the full sequence of L-A-D1, there are six contigs identical to the reference
(lengths between 502 bp and 1,363 bp). The presence of the different sized L-A-D1 contigs in each
de-novo assembly suggests that there are various L-A-D1s with different sizes in this strain. This
might result from the deletion in the original sequence of L-A-D1, similar to X dsRNA in S. cerevisiae,

which is derivative of L-A-L1 (Sommer and Wickner, 1982).

In terms of L-BC, its contigs were assembled in all de-novo assemblies run with medium-low
sensitivity and all of the contigs were identical. In D3 and D6, which were run with 100% of the data,
2 contigs were assembled with a total number of 402 reads and identical with the consensus
sequence made from mapping to L-BC. In other de-novo assemblies run with 25% of data, the
contigs were broken into smaller contigs and some areas had no coverage. The number of reads in
these contigs was between 4 and 28 reads. However, they are 99.8% to 100% identical with the
contig mapped to L-BC. The areas without any coverage in mapping do not have coverage in the de-
novo assemblies. There are no L-BC identical contigs in D7 and D8. This may result from the low

number of reads in these assemblies (10% and 20% of the data).

Although the number of reads of L-A-1 and L-BC is very low, it appears that they specifically belong
to their references, while changing the assembly settings did not change their sequences. The low

number of reads might result from the low copy number of the dsRNAs in the cell.

The result of mapping to M28 using MCS1 setting showed that in D1, D2, D4, and D5 assemblies, the
full sequence of M28 was assembled; whereas, in D3, D6, and D8, the M28 sequence is broken in the
poly A area. The coding and non-coding sequences of all the M28 de-novo contigs are identical with

the M28 consensus sequences of map-to-reference.

Overall, two types of L-A, L-A-D1 and L-A-L1, one type of L-BC, and one type of M dsRNA, M28, were

found in this strain.

CBS8441
Mapping to the references

The results of mapping CBS8441 reads to all references are summarised in Table 8-11. Aligning the

consensus sequences of all mapping to the L-A references indicates that, apart from some
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differences in the sequence of both ends, the other part of the consensus sequences is identical. The
identity of the consensus sequence to the known L-As is about 75%, which suggests a new type of L-

A dsRNA in this strain. It is called L-A-C.

Table 8-11. The settings and results of mapping CBC8441 to all L-A dsRNA types.

Reference MMQ200 Number of reads % reference % identical sites with its reference
coverage
L-A-L1 - 1,197,534 100% 74.9%
+ 69,062 100% 75.1%
L-A-2 - 1,142,193 100% 75.0%
+ 113,089 95.4% 74.4%
L-A-lus - 1,156,705 100% 74.8%
+ 169,930 93.5% 74.5%
L-A-Q - 1,199,137 100% 76.5%
+ 156,886 100% 76.4%
L-A-D2 - 1,204,637 98.7% 75.1%
+ 87,715 96.3% 76.3%
M1, M2, M28, M-lus + - - -
L-BC + - - -
Tand W + - - -

In terms of M dsRNA, no sequence of the known M dsRNA was found in this sample. It suggests that,
because the host genome contamination is very low at 4.3% of the data, there are no M28 dsRNA

reads in this sample.

De-novo assemblies

Since the host genomes in this sample is very low and the number of the dsRNA reads is higher than
the two other samples, just two de-novos with 25% of the data were run with (D1) and without (D2)
the option “do not merge variant with coverage over approximately 6”. Mapping the consensus
sequence of D1 and D2 contigs to L-A-C shows that contig 1 from D1 and contig 1 from D2, which are
the longest contigs in both assemblies, are mapped to L-A-C. Apart from about 40 residues at the
ends of the contigs, other parts of the sequences are identical to L-A-C. The alignments of the de-
novo assembly of both contigs 1 show that, like mapping to the L-A references, the coverage of the
reads is similar in most parts of the sequence, except for the ends. It suggests that, like DBVPG4650,

the replication of the ends of the dsRNA was not really successful in the library preparation.

In terms of M dsRNA, contig 2 in D1 that is 3,166 bp long and composed of 39,947 reads shows the
same structure as M dsRNA. There is an ORF with a length of 1,008 bp at 5’, 1,284 bp poly A in the
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middle, and a non-coding part at 3’ of the sequence. No similar sequences were found in blasting,

which suggests it is a new type of M dsRNA and is called MC (Appendix; section 8.2.7).
To summarise, two types of dsRNA were found in this strain, L-A-C and MC.

Pool1l

Pooll is composed of 17 strains from Silwood Park (T68.2, T68.3, T26.3, T21.4, T4b, T8.1, Q14.4,
Q95.3, Q43.5, Q59.1, Q16.1, Q74.4,Y1,Y2.8, Y8.5, Y10, and Q62.5). Q62.5 was added as a control for
the bioinformatics analyses. In addition to Q62.5, the gene part of M1 dsRNA and M28 dsRNA was
sequenced in Q74.4 and T21.4 respectively by Chang et al. (Chang et al., 2015).

Analysing the sequence of L-A-Q and MQ dsRNA of Q62.5 in Pooll
To discover the effect of pooling the strains on the dsRNA sequence, data analysis was started with

MQ and L-A-Q in Q62.5. The sequences of these dsRNA were firstly studied by map-to-references.
Then their sequences were analysed in a de-novo assembly that was run with a medium-low
sensitivity setting called DML (De-novo with medium-low sensitivity). The results of the map-to-

reference are in Table 8-12.

Table 8-12. Mapping Pooll reads to MQ and L-A-Q.

Reference MMQ200 Number of reads % reference % identical sites with its
coverage reference
MQ - 325,978 100% 98.9%
+ 203,523 100% 99.2%
LQ - 21,095,686 100% 78%
+ 19,543,643 100% 78%

Aligning the consensus sequences of the de-novo MQ contigs and mapping to the MQ with MQ
indicates that, except for a few nucleotides before and after poly A and some residues at the ends,
the rest of the sequences are identical. It suggests that, since the sequences of various types of M
dsRNA are different, mixing the strains did not make a significant difference to the sequence of MQ.
Only the sequences of both ends and beside poly A, which are similar in most of the M dsRNA, have
been affected. However, this is not true about L-A-Q. In map-to-reference, about 75% of the reads
were mapped to L-A-Q and the identity of its consensus sequence to the reference was 78%. In
addition, no identical contigs were found in the de-novo contigs and the identity between the long
contigs and L-A-Q was between 34% and 74%. Since the sequences of different types of dsRNA are
similar (about 75% identity), it seems that the normal settings of mapping to a reference cannot
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categorise the reads of different types of L-A dsRNA in the assemblies. These suggest that the effect
of mixing the strains in Pooll and Pool2 on the sequence of L-A is like taking a metagenomics sample
from nature. As a result, using metagenomics analysis might be helpful to categorise the reads of
different types of L-A and find the real sequence of L-A dsRNA. To find the best setting for the
metagenomics de-novo assembly, optimisation was started with the de-novo custom sensitivity
(DCS) setting suggested by Geneious (Table 8-13). Then, different parameters were changed to
improve the assembly, as shown in Table 8-14. The detail of optimisation is in the Appendix;

section 8.2.5.

Table 8-13. De-novo custom sensitivity suggested by Geneious for metagenomics

Opon't merge variant with coverage over approximately 6

Oproduce scaffold Ccirculate contig with matching ends

Waiow gaps Maximum per read 10% Minimum gap size 2
Ominimum overlap
Maximum mismatch per read 20%

B Minimum overlap identity 98%

Table 8-14. De-novo custom sensitivity setting optimisation

Name of the de- Maximum mismatch Minimum Minimum Allow gaps Using just
novo custom per read overlap overlap paired end
sensitivity identity reads

DCs1 20% 98% 200 bp ON OFF

DCS2 2% 98% 200 bp ON OFF

DCS3 20% 98% 200 bp OFF OFF

DCs4 2% 98% 200 bp OFF OFF

DCS5 2% 98% 200 bp OFF ON

DCS6 1% 99% 200 bp OFF OFF

DCS7 1% 99% 250 bp OFF OFF

DCS8 1% 99% 300 bp OFF OFF

DCS9 0 100 200 bp OFF OFF

DCS10 5% 95% 200 bp OFF OFF

DCS11 2% 98% 100 bp OFF OFF

DCS12 2% 98% 50 bp OFF OFF

DCs14 2% 98% OFF OFF OFF

DCS15 2% 98% 200 bp OFF OFF
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Analysing the M dsRNA in Pooll

In addition to the above de-novo assemblies, in order to increase the number of M dsRNA reads and
remove interference of the L dsRNA, a de-novo assembly, DLS-L (de-novo with low sensitivity
setting), was run with the unused reads from mapping Pooll to LA dsRNA. The result was then
compared to the other de-novo assemblies with the aim of selecting the best de-novo assemblies in

which the MQ contigs were assembled.

Looking at the alighment of each MQ contig assembly and aligning the consensus sequences of all
MQ contigs formed in the de-novo assemblies with the optimised settings, Table 8-14, showed that
the best MQ contigs were assembled in DSC3, DCS4, DCS10, DCS11, DCS11-2, DML, and PLS-L. The
MQ contigs from DCS3 had a longer identical sequence with MQ and each contig had more coverage
when compared to others. All MQ contigs assembled in the selected de-novo assemblies were split

in the poly A region. None of the contigs covered 44 nt from the beginning and 8 nt from the ends.

Since in some of the de-novo assemblies some parts of the contigs assembled better than others, to
find the best sequence for each M dsRNA, all the M-identical contigs in the selected de-novo were
compared. To separate the M dsRNA contigs in each de-novo assembly, the consensus sequences of
the contigs of each de-novo were mapped to L-A-Q with the easy setting MCS1 (Table 8-22). Since
the flexibility of this setting is high, all L-A dsRNA types were mapped to L-A-Q. By looking at the
alignment, any contigs that were not aligned accurately with the reference or contained poly A were
removed from the assembly and added to the unused consensus sequences. Then the unused
consensus sequences were sorted by length and any sequence less than 500 bp, 100 reads and
containing low coverage area, was removed. The number of consensus sequences remaining in each

de-novo can be seen in (Table 8-15)

Table 8-15. Selected M dsRNA contigs in each de-novo assembly

Name Number of remaining Number of sequences
sequences containing poly A or poly T
Pool1 1% DCS3 12 9
Pooll 1% DCS4 14 6
Pool1 1% DCS10 11 8
Pool1 1% DCS11 14 9
Pooll 2% DCS11 15 11
Pooll Ms 9 5
Pool1-L 1% LS 11 8
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A total of 86 consensus sequences were listed from the 7 de-novo. To categorize the M dsRNA
candidate contigs, all M dsRNA candidate contigs from seven de-novos were mapped to the M
dsRNA candidate of DCS3 with the easy custom sensitivity MCS1. The results indicated that all
sequences with similar sequences to each contig were aligned to that contig. In this assembly, 100%
of all contigs were covered with identical sequences, the minimum percentage of identical sites is
92%, and just one of the contigs did not map to any of the references (Table 8-16). The alignment of
each mapping was studied separately to find the sequence of different M dsRNAs in Pooll. In each
alignment, there was just one contig from DCS3 identical with the reference. This showed that all 12
contigs in DCS3 are different. The mapping alighment of each contig was studied separately to find
the sequence of M dsRNA existing in the pool. After finding the sequence of the Ms, they were
blasted to NCBL and nr. Since all of the de-novo assemblies were run with a maximum 2% of the
data, to consider all variations, the Pooll reads were mapped to the sequence of the locate Ms. The
map-to-reference was run with medium-low sensitivity and with consideration of MMQ200. All the

results are summarised in Table 8-16.

Table 8-16. The results of mapping all M dsRNA candidate contigs to DCS3 M contig

Name of Number Identity Sequenc Poly A or ORF Direction Suggested position of the Name of Number
reference of e Length Poly T (bp) of ORF sequence on M the M of reads
contig contigs position mapped
aligned

8 97.9% 1,603 Tat5 1002 3to5 Reverse Seq. of Coding M-P1G1 887,199
Contigb

7 97.8% 2,204 Tat3 - - Seq. of Non-Coding M-P1INC1 213,689
Contig 9.1

7 98.6% 1,781 Aat3’ 678 5to3 Seq. of Coding M-P1G2 535,179
Contig 9.3

7 97.1% 2,126 Tat5 - - Seq. of Non-Coding M-P1INC2 467,503
Contig 10.

10 96.6% 1,415 Aat3’ 973 5to3 Seq. of Coding M-P1G3 603,066
Contig 11.1

1 90.3% 507 Aat5’ - - - - -
Contig 11.2

9 94.7% 1,608 Tat3’ - - Seq. of Non-Coding M-P1NC3 225,596
Contig 12

6 92.4% 1,210 At3 470 5to3 Seq. of Coding M-P1SG 317,407
Contig 13

6 99.8% 1,523 At3 1045 5to3 Seq. of Coding M-P1G4 458,046
Contig 14

6 99.0% 1,915 Tat3 - - Seq. of Non-Coding M-P1NC4 110,112
Contig 16

5 100.0% 990 At3 780 5to3 Seq. of Coding M-P1G5 128,801
Contig 17
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In total, six coding parts and four non-coding parts were found in the de-novo assembly. None of the
sequences were reported before and they were not similar to the M dsRNA that was sequenced in
the three single strains. Since there were two strains in Pooll, T21.4 and Q74.4, in which M28 and
M1 were sequenced (Chang et al., 2015), we expected to find the sequence of these dsRNAs in the
de-novo assemblies. However, nothing similar to these dsRNAs was found. As a result, the Pooll
reads were assembled to these M dsRNA sequences to determine if their reads exist in the pool. The
result shows that the reads were assembled to none of the references. In addition to these M
dsRNAs, the reads were mapped to other M dsRNAs: M2, M-lus, MQ, and MC. Apart from poly A

sequences in the references, the reads were not assembled to the M dsRNA.

Analysing L dsRNA in Pooll

In the first stage of analysing L dsRNA, the L-A-Q contigs assembled in the de-novo assemblies were
compared to find the best de-novo assemblies for L-A dsRNA in Pooll. The result showed that the
best L-A-Q sequences were assembled in DCS2, DCS4, DCS5, DCS6, DCS7, DCS11 and DCS11-2
assemblies. The whole sequence of L-A-Q only assembled in DCS11. In the next stage, all the L-A
contigs in each de-novo were separated by mapping the consensus sequences of the contigs to L-A-Q
by the easy setting, MCS1. All the mapped contigs were studied and the contigs with low coverage or
a length of less than 500 bp were removed from the list. The selected L-A contigs of all de-novo were

compiled in a list.

In order to separate each type of L-A, a custom mapping sensitivity was optimised, MCS3, which
aligns only the same type of L-A dsRNA (Table 8-22). The list of L-A contigs was mapped to the best L-
A contig assemblies in DCS11 using the MCS3 setting and the alignment of each contig was studied
separately (Table 8-17). In each alignment, by looking at the assembly alignment of the contigs, the
best contigs were selected. In the alignments where the reference contig did not have the whole
sequence of the L and where the sequence of the other contigs overlapped with one other, the
sequence of the L was determined based on the overlapped sequences. The sequence of each type

of L-A was blasted in NCBI and nr. The results are summarised in Table 8-17 .

139



Table 8-17. The results of mapping all L dsRNA candidate contigs to DCS11 L dsRNA contigs

Name of Length of Reference Number of Number of % Alignme Identity to Name
reference reference contig aligned contigs that have Identica nt the known of the L
contig contig containing contigs a whole | sites length L-A
which part of L sequence

Contig31 4,452 Whole Seq. 12 3 99.7% 5,529 74%-76% L-A-P1.1
Contig12 4,569 Whole Seq. 49 3 95.1% 5,505 75%-76% L-A-P1.2

2,491 ORF2 12 2 96.5% 5,062 74%-76% L-A-P1.3
Contig51
Contig 131 2,215 ORF2 24 1 99.8% 4,537 74%-76% L-A-P1.4
Contig12 1 4,366 Whole Seq. 15 3 100.0% 4,533 75%-76% L-A-P1.5
Contig71 3,134 ORF2 14 0 99.5% 4,469 75% L-A-P-pl
Contig16 1 2,242 ORF1 10 2 99.8% 4,465 75% L-A-P1.6
Contig6 1 1,745 Middle 13 0 99.8% 4,073 75%-76% L-A-P1,7
Contig4 2 2,288 ORF1 9 0 100.0% 3,139 75% L-A-P-g1
Contig111 2,910 ORF1 10 0 98.9% 3,094 76% L-A-P-g2
Contig21 2,906 ORF2 18 0 99.4% 2,988 76% L-A-P-p2
Contig 18 1 2,100 ORF1 4 0 100.0% 2,493 75%-76% L-A-P-g3
Contig91 2,444 ORF1 6 0 98.4% 2,446 75% L-A-P-g4

In total, seven full sequences of L-A were found in Pool1: L-A-P1.1, L-A-P1.2, L-A-P1.3, L-A-P1.4, L-A-
P1.5, L-A-P1.6 and L-A-P1.7. Moreover, four sequences of gag were assembled in the de-novo
assemblies: L-A-P1g1, L-A-P1g2, L-A-P1g3 and L-A-P1g4; and two sequences of pol: L-A-P1p1 and L-A-
P1p2. Aligning all the sequences showed that the sequences of L-A-P1gl, L-A-P1g2, L-A-P1g3 and L-
A-P1p2 are identical with L-A-P1.3, L-A-P1.4, L-A-P1.6 and L-A-P1.7 respectively. Only the residues
from beginning and the end of the sequences were different. Perhaps the software categorised the

sequences separately based on the differences.

Aligning the L-A sequences with L-A-Q showed that the L-A dsRNA in the strains from Silwood Park is
very close. Apart from L-A-P1.7 and L-A-P1.1, which have 79.3% - 81.7% and 80.6% - 90.1% identity
with the other L-A dsRNA respectively, the identity between the rests of the L-A sequences is more

than 90% (Table 8-18). The sequences of all the L-A dsRNAs are in the Appendix; section 8.2.8.

140



Table 8-18. The identity between different L-As in Pooll

L-A-P1.7  L-A-P1.1  L-A-P1.2  L-A-P16 L-A-P1.3 L-A-Q L-A-P1.5  L-A-P1.4 L-A-P1g4 L-A-P1.p1
L-A-P1.7 80.6% 81.5% 81.4% 81.2%
L-A-P1.1
L-A-P1.2
L-A-P1.6
L-A-P1.3
L-A-Q
L-A-P1.5
L-A-P1.4
L-A-P1g4
L-A-P1.p1

Pool2

This sample was composed of seven strains: three strains from the Far East (N17, CBS8439, and
CBS8444), and four strains from continental Europe (C02, C05, CO7 and C10). Analysing the data of
this sample was more complicated than Pooll. This complication arose from the genome
contamination, which was considerably higher than in Pool1, and the insertion size, which was about
half the size of the Pool1 insertion size. As a result, when analysing the data of Pool2, as with Q62.5
and DBVPG4650, the genome contamination was removed from the data and three de-novo
assemblies, D1, D2 and D3, were run with DCS11, DCS12 and DCS14 settings (Table 8-14) with 5% of
the data. In DCS12, the minimum overlap was 50 bp and in DCS14 this option was off to increase the
flexibility of assembling the reads that were shorter than those of Pooll. Analysing the contig
sequences assembled in these three assemblies showed that there was no full-length L or M dsRNA
contig with high coverage of the reads along the full length of the contig. It suggested that, since the
genomic contamination in this sample was high at 62%, and there was a possibility of similarity
between the dsRNA and the genomic sequences, perhaps removing the contamination had
eliminated some reads from L and M dsRNA. To test the hypothesis, a de-novo assembly, D4, was
run with the DCS14 setting without removing the contamination. However, the result did not change
and no high-coverage contig with full-length L and M dsRNA were formed. A comparison between
the L dsRNA contigs in the four de-novo assemblies presented similarities with Q62.5; in all of the
contigs the coverage at both ends was significantly higher than in the middle. In the middle of the
contigs, in some areas the coverage was very low. As a consequence, the sequence was not reliable.
To see the productivity of the library preparation, the Pool2 reads were mapped to three types of L-
A dsRNA with a medium-low sensitivity setting. Like the L-A contigs in de-novo assemblies, the
coverage of the ends, especially the 5’ end, was significantly higher than that of the middle
sequence. The coverage of the 5’ peak was about 1,186 times greater than the mean coverage in the

middle (Figure 8-1). These results suggested that, since just 5% of the data was used in the Pool2 de-

141



novo assemblies, most of the L-A reads were from the ends and there were not enough reads to

assemble the sequence of the middle of the dsRNA.

El l.qUU E.E!UU 3.|:|I|:||:| d.qﬂﬂ E.UIUU
1930573
Coverage 1 .
[i] —-‘-—-_
1 462 1,455 2,447 3,440 4,580
[ L-A-lus [

Figure 8-1. Mapping the Pool2 reads to L-A-lus. The coverage of both ends is significantly higher than the rest of the

sequence.

Analysing L-A dsRNA in Pool2

In order to have the same number of L-A reads all along the sequence, the Pool2 reads were firstly
mapped to L-A-L1 with a medium-low sensitivity setting. Then, the 1,000 rows of reads assembled
into the reference were selected and transferred into a folder. Next, the unused reads of the
assembly were mapped to L-A-2 and, again, the same amount of reads in the assembly were
selected and transferred into the same folder. These processes were repeated for L-A-lus, L-A-Q, L-A-
D1 and L-A-C. In total, 51,145 reads were selected for the de-novo assembly of L-A. To increase the
amount of data, the same procedure was repeated by selecting 2,000 rows. Overall 75,327 reads

were selected in this group.

Three de-novo assemblies, DL1, DL2 and DL3, were run with the first group of reads with DCS11,
DSC14 and DCS15 settings (Table 8-14); and two de-novo assemblies, DL4 and DL5, were run with
the second group of L-A reads with DCS11 and DCS14. Analysis of the contigs in these assemblies
showed that the assembly of the L-A contigs was considerably improved. Similar to Pooll, in each
assembly the consensus sequences of the contigs were made and the consensus sequences of less
than 100 reads and shorter than 500 reads were removed from the list. The contigs of the remaining
sequences were studied to identify and remove the contigs that lacked a proper assembly. The
selected consensus sequences of all assemblies were put in a folder and then mapped to the
selected contigs from DL2. In DL2, there were eight contigs of between 2.1 kb to 4.6 kb in length.
The consensus sequence of the contigs was blasted in NCBI and nr. All the contigs were blasted to
the L-A dsRNA with a 74% - 76% identity. The alignment of the mapping of DL2 to each contig was
studied separately. Given that the L-A reads in Pool2 were selected by mapping the known L-A
dsRNAs, it is possible that some parts were missed that have a higher degree of diversity from these
sequences. As a consequence, after finding the sequence of each type of L-A RNA, the Pool2 reads

were mapped to the sequence with MCS2 setting (Table 8-22) and the assembly of the reads in the
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alignment was studied to be certain about the sequence. The consensus sequence of the mapping
was compared to the de-novo contigs. The results of both the de-novo and map-to-reference are
summarised in Table 8-19. Although neither contigs 6, 7 and 4, nor the contigs that were mapped to
them, have the whole sequence of the L, the rest of the sequence was found using the overlapped
sequence in their alignment. The sequences of the revealed Ls were identical with the consensus

sequences of mapping the pool reads to their sequence with the MCS2 setting.

Table 8-19. The results of mapping all L dsRNA candidate contigs to D2 L contigs using MCS2 setting.

Name of Length of Reference Number of Number of contigs in the % Name Number of the
reference reference contig aligned alignment with whole identical of the L Pool2 reads
contig contig containing contigs sequence Sites mapped

which part of L

Contig 1 4,669 Whole Seq 8 1 99.9% L-A-P2.1 398,174
Contig 3 4,592 Whole Seq 12 1 99.7% L-A-P2.2 523,689
Contig 2 4,417 Whole Seq 6 4 96.5% L-A-P2.3 47,052
Contig 6 2,043 Gag ORF 6 0 99.8% L-A-P2.4 47,837
Contig 7 2,903 Pol ORF 4 0 100.0% L-A-P2.5 84,702
Contig 4 2,523 Gag ORF 6 0 99.5% L-A-P2.6 256,462

In total, the sequences of six different L-As were identified in Pool2: L-A-P2.1, L-A-P2.2, L-A-P2.3, L-A-
P2.4, L-A-P2.5 and L-A-P2.6. Aligning the sequences showed that there are different L-A sequences
with identity between 75.3% and 92.8%. Based on the identity, there are four groups of L dsRNA in
Pool2: group one (L-A-P2.4 and L-A-P2.5); group two (L-A-P2.2 and L-A-P2.6); group three (L-A-P2.1);
and group four (L-A-P2.3) (Table 8-20). In groups one and two the identity between the L dsRNA in
each is 92%, and the groups are closer together (82% identity) than the other groups (76% identity).
The identity between groups three (L-A-P2.1) and four (L-A-P2.3) is also higher (88.2%) than between

the other groups.

Table 8-20. The identity between the six L dsRNA sequences in Pool2

L-AP24 LA

-F2.5 L-A-P22 L-A-P2e  L-A-P21 L-A-P2.3
82.7% 82.8% 76.5% 76.1%
82.2% 76.2% 76.1%
: 75.7% 76.6%
75.3% 76.5%

L-A-P2.4
L-A-P2.5 EEERP
L-A-P2.2 | 82.7% 82.1%
L-A-P26 | 82.8% 82.2%
L-A-P21| 76.5% 76.2%
L-A-P2.3| 76.1% 76.1%
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Analysing M dsRNA in Pool2

As previously mentioned, since the sequence of the various types of M dsRNA is different, assembly
of the coding and non-coding part of M dsRNA does not require custom sensitivity setting. As a
result, in addition to the four de-novo assemblies with custom sensitivity, D1, D2, D3 and D4, two
more de-novo assemblies, D5 and D6, were run using medium-low sensitivity with 10% of the data.
The genome contamination was removed in D5. To find the M dsRNA contigs in each assembly, the
L-A contigs were removed from the consensus sequence of each de-novo assembly by mapping to L-
A with MCS1 setting (Table 8-22). Then the contigs with low coverage and length shorter than 500
bp were removed. The remaining contigs were blasted in NCBI and nr. Most of the contigs, especially
the long contigs with high coverage, were blasted to the chromosomal DNA, particularly the rRNA
genes in the genome. Even D4 and D5 assemblies, from which the genome contamination was
removed, showed the same results. The remaining contigs did not have a high number of reads and
had low coverage area in the sequence. It appears that, since the genome contamination is high at
62% of the data, by considering 5% to 10% of the data, there are not enough M dsRNA reads in the
selected data to assemble. It is not possible to remove the genome contamination completely
(mapping without considering MMQ200) because some of the dsRNA have similar sequences in the
genome. Since most of the contigs’ sequences belonged to rRNA sequences, to reduce the
contamination and increase the number of reads, the Pool2 reads were mapped to the rRNA contigs.
Then their unused reads were mapped to L-A dsRNA to remove L-A dsRNA reads. Following this, the
1,540,606 unused reads were used for de-novo assembly. Although 85% of the contaminant was

removed, still most of the contigs were genome contamination.

Due to the complexity of the de-novo assembly of M dsRNA in Pool2, we tried to find the sequence
of the M dsRNA by map-to-reference. The Pool2 reads were mapped to the M dsRNA reported in S.
cerevisiae and S. paradoxus and the M sequences were found through this research. The results of

the map-to-references are shown in Table 8-21.
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Table 8-21. The results of mapping Pool2 to M dsRNA in S. cerevisiae and S. paradoxus

Reference MQ200 Number of The number of reads Identity to the
reads between the high coverage reference

areas at the ends

MQ - 192,628 19,331 85%
+ 116,219 13,795 88.3%
McC - 103,309 11,713 91.9%
+ 95,768 8,650 93.1%
M-P1G2 - 3,618 3,618 80%
+ 3,139 3,139 80.2%
S. cerevisiae - 1864 1864 92.2%
M28
+ 1640 1640 90.9%

Of all M dsRNA, the Pool2 reads were assembled to only four types of M dsRNA: MQ, MC, M-p1g2
and M28. Analysing the assembly alignment of the M dsRNA with the full sequence of M dsRNA,
MQ, MC and M28 indicated that most of the reads were assembled to the sequence of the ends,
especially the 3’ end. The number of the reads between these areas dramatically decreased between
1,640 and 19,331 reads (Table 8-21). That is why the sequence of the M dsRNA did not assemble in
the de-novo assemblies when run with 5% of the data. Although poly A exists in all types of M dsRNA
and in other samples, the number of the reads of poly A was high; the lowest coverage area in all of

the M dsRNA in this sample comprised poly A sequences.

The identity between the sequences of M dsRNA of this sample and that of other samples is from
80% to 92.2%. The number of SNPs in the coding and non-coding part of MQ and MC, which have a
higher number of reads when compared to other M dsRNAs, is significantly higher. This may be as a
result of the polymorphism between different strains that have the same types of M dsRNA in the

pool.
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8.2.3 Optimising Map-to-references custom sensitivity settings

Table 8-22. Map-to-references custom sensitivity settings

Setting name Minimum Allow Gaps Minimum Maximum Minimum
Mapping Minimum Per | Maximum Gap | Overlap Mismatch Per | Overlap
Quality Read size Read Identity
MCS1 OFF 60% 1500 OFF 60% OFF
MCS2 200 OFF 200 2% 98%
MCS3 200 OFF 100 2% 98%
MCS4 200 OFF OFF 2% 98%

8.2.4 Optimising de-novo custom sensitivity settings
Since the number of reads in Pooll was high at 27,643,010 reads, and both the nuclear and

mitochondrial contamination were very low (2% of the data), 1% of the data was used to test

different sensitivities in order to save time.

After each de-novo, the consensus sequences of all contigs were made into a list. Then, the
consensus sequences smaller than 500 bp and made of less than 50 reads were removed from the
list. The contigs of the consensuses made of 50 to 100 reads were checked and any contig with low
coverage areas was also removed. The remaining consensus sequences were mapped to MQ and L-

A-Q with the easy custom sensitivity MCS1.

In the first de-novo, DCS1, no contigs were formed identically with the L-A-Q sequence. In addition,
most the long contigs had a gap or a low coverage area in the middle. As a result, two unrelated
sequences with high coverage were attached to each other using a gap or a low coverage area. By
reducing the maximum mismatch per read to 2% in DCS2, some identical contigs with L-A-Q were
formed. Although none of the contigs shared the whole sequence of L-A-Q, they overlapped with
each other to cover the whole sequence of L-A-Q. There were still gaps and low coverage areas in
the sequence of the contigs. In DCS3, turning off the “allow gaps” option in the software removed
the gaps and low coverage areas from the middle of the contigs. Appling both changes together, i.e.
reducing the maximum mismatch per read to 2% and turning off the allow-gaps in DCS4, in spite of
improving the size and assembly of the contigs, could not merge the contigs which were identical to
L-A-Q. Using just paired-end reads in DCS5 not only made the identical contigs of L-A-Q more
fragmented, it also did not allow the contig identical to MQ to be assembled. Decreasing the

maximum mismatch per read, increasing the minimum overlap identity, and increasing the minimum
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overlap in DCS6, DCS7, DCS8, and DCS9 reduced the size of the contigs and, as a consequence,
increased the segmentation of identical contigs with L-A-Q and MQ. The coverage of the contigs was
also reduced with the first two changes. These observations might suggest that, the higher the
restrictions, the lower the size and quality of the contigs. In order to allow more flexibility to merge
the fragments that have overlap, the maximum mismatch per read was increased to 5% and the
minimum overlap identity was decreased to 95% in DCS10. The result showed that there were no
identical large-size contigs mapped to L-A-Q. It appears that this setting is not restricted enough to
separate the reads of different types of L dsRNA in the pool. Overall, results suggest that 2%
maximum mismatch per read and 98% minimum overlap identity is the tipping point for categorising
the reads. As a result, in DCS11, these two options were kept at 2% and 98% and the overlap identity
was decreased to 100 bp to increase the flexibility of the assembly. In this assembly, one contig with
4,452 bp and 5,121 reads was identical with L-A-Q. The consensus sequence of this contig covered L-
A-Q sequence from nucleotide 385 to 4,836. It is possible that decreasing the minimum overlap
opened more space to attach more reads horizontally. Increasing the amount of data to 2% (DCS11-
2 assembly) did not give the same result; the contigs identical with L-A-Q were split in three contigs
which overlapped one another and covered the full sequence of the L-A-Q. Based on the Geneious
team’s opinion, the amount of data affects the result. On the one hand, contigs can merge with the
addition of data. On the other hand, they may introduce more noise if some of the reads have

sequencing errors or if a stringent condition is used that may be enough to split a contig apart.

8.2.5 Analysing the sequence of M dsRNAs and their preprotoxins
Aligning the sequence of all the coding sequences in Pooll indicated that M-P1G3 and Mpl1G4 are

one type of M dsRNA with an identity of 89%. The other dsRNAs have different sequences. As a
result, the name of the dsRNA changed to M-P1G3-1 and P1G3-2, respectively. Of all the M dsRNAs,
the conserved sequence at the beginning of four of them did not assemble: MC, M-P1G1, M-P1G2

and M-P1G5. As a result, finding the start codon of these dsRNA was complicated.

In MC from CBS8441, the ORF starts from nucleotide 59 and the start codon is UUG. It has 16
nucleotides less than MC from Pool2 at 5’ end. The AUG start codon of the MC from Pool2 is at
residue 7. A comparison between the preprotoxin of both RNA also shows that the hydrophobic
amino acids and the signal cleavage site, which exist at amino termini of all known preprotoxins, are
missed in the preprotoxin of the MC from CBS8441. It seems that the first start codon in this dsRNA
is missed during the sequencing. As a result, the preprotoxin of this dsRNA was translated from the
beginning of the molecule. The start codon of M-P1G1 is at nucleotide 26. K-P1G1, similar to the

other killer toxins, starts with hydrophobic amino acids. However, the signal cleavage site was not
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detected in the amino acids at the beginning of the preprotoxin. Therefore, three translation frames
were studied from the beginning of the dsRNA. In frames 1 and 3, there were several stop codons in
the sequence. Frame 2, which is the same frame as the predicted ORF, also had a stop codon before
starting the ORF. It seems that the preprotoxin starts from the start codon of the ORF and the toxin

has no signal cleavage site.

ORF of M-P1G2 starting from nucleotide 26. However, the start codon of this ORF is not AUG, too (it
is UUG), and the length of the hydrophobic part of the predicted preprotoxin is very short. The first
AUG in the sequence is at nucleotide 88 with frame 2, which seems unlikely to be the start codon of
the preprotoxin. Frame 2 translations from beginning of the dsRNA, which is the same frame as the
ORF, not only do not have a stop codon before the ORF but also have a stretch of hydrophobic
amino acids at the beginning. It seems that, Similar to MC, the first start codon was in the sequences

that were missing at the beginning of the dsRNA.

M-P1G5 has a length of 908 bp, which is less than the other M dsRNA. The AT-rich sequence is also
shorter than that of other dsRNA. It seems that a longer part of the dsRNA is missing at the
beginning of this M. Instead of starting from AUG, the ORFs starts with CUG and the hydrophobic
amino acids and the cleavage sites are missing from the beginning of the protein. There is no stop
codon at the six bp before the start codon. As a result translation of the preprotoxin was done from

beginning of the dsRNA.

Aligning the M-P1G3-1 and M-P1G3-2 indicated that mutations in the first starting codon in M-P1G3-
1 changed the AUG to AUA. Of the nucleotides aligned in the third position of the codon in M-P1G3-
1, 94.3% are A. As a result, instead of the ORF starting from nucleotide 7, it starts from nucleotide

76. Therefore, the preprotoxin from M-P1G3-1 has 23 amino acids less than M-P1G3-2.
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8.2.6 Sequences
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EAAAAAKUUUAAAUAGAGAGCGUUUCCUCAUUAUUUAAUAUUUUUUCAACAAUUAUGGUUAGUUAUAAAUCGAUCGCUCUAGCACUGUUAAGUGUUUCAAGUCUCA
130 40 50 160 T80 %0

10 120 7 20 20
AACAUGCACGGGGUAUGCCGACAUCUGAGGGACAACAGGGCUUAGGAGAACGUGACUUCAGUGCUGCCACUUGCGUAU UGAUGGGCGCAGAAGUAGGC UCAUGGGG
30 1) 50 260 250

._ﬁO

770 70 310
AAUGGUUUAUAG UGGUCAGAAGGUCGAGAGUUGGAUUCUCUACGUCCUGACUGGCAU UAC UACGAUGAGCGCAAUCGUUGACGAGAUCGACUAU UACGCAUCACAC
320 330 30 e 410

T By
AUGCCAC UGAGUGU UGUGGGUGAGAACUCGGGGUUAUCGAUCGUCCGUGACACCAUAGUAACCUUGG UUAUGGCUGGCCU UACGGCAUCAGCUAACAAAG UAAUCA
430 470 420 500 510 520

GUAAGACGGAAAAUGCACAAAACAUACAAUCACGUAGUCUUAUACCGGGUCUGCU UAGUG UGGAUUAUAACAGUACUCAUACUAUGGCGAUUAAUUUGGAAGAGAU
EY EY 50 £ 810 €0 &30
GUUCUCGGAGCUCGGUUGGGACAUCAAUACUAGUGAUAGCUC UAGUUUACACAAACGCGACGAUAAUUCUG UCACUCUACACCUAGGGGACGUACCUACUCUAGGC
60 €10 &0 €% 700 710 0 &
AACAGUAAUGUUACCAUACCUAAUGCUG UUAUGCAGAUAUAUAAUAACGCAUCAUUUGCUUU UGGAUUUGCACCUCAUGGCAACUAUAAUUCUACAGACUUACAGA
7% 70 70 7% 7% Gy 510 &0 50 &0
AGAGAGCUAAUG UUGAUGAUGCGGUGUGGUUACAAUCCGCAUACGGAAUAGCU UAUAGCGCCUGGAUAGGCUCUGAGAAUGUGGGCUCC UAUGAACAACAUCUAGC
370 850 30 910 920 530 950
CGAAGCUAAUGG UAUAGCCAAUUACUGGACGUC UGAGUGUAC UAAGUACAAUGGCGUCAUCUGGGGUGACGAGUCAGACGCUUGCGGUAACUGGCUAGCAUCACAG
570 1010 020 030
CGUUUAGACAUAGUGAGCCACUCAACCGGCAAUUACUACAGAGACGUUAACCUCUGUGGUGACGACGAGGCAAGGUGCCACGAUGAACUACGCUAACAGUAUACAC
1370 T80 0% 1100 1110 120 T130 130 1150 T160
CAAUGAUUCUUAGUUACGACCAAGCUGCGACUAAAGCUGAUGUAAUGUAUGAACAUGAACACAAUAAAUAUAUAAAGAUAAAAUAAAAAAAAAAAAAAAAAAAAAA
1170 —ﬁ 1150 1200 7310 1220 1330 .ﬁ 1250 1.260 1270
AAAAAAAAAAAAAAAAAAAAAAAAAAAACAAAACAAAACAACACCAAACAAAACAAACAACAAAACAAAACAAAACACAUAUCCAAAGAAAGACAUCCACUCGAAL
7280 2% 1300 1310 1320 1330 T340 7350 380 370
CUAGUCAGAAUAGAUCUGACCUACUAUACGUAGCUGUGGGGGCAGUACCCGCAUAGGUUAUACCCAAUGGUAGACAGUCAGUCACCGUCUACCAAAUAGGUGCUGU
380 3% 1200 TA10 T4 7430 T30 TA50 450 1270 450
AGCACGGUACACAUGUACUGGGUGUCGUCUUGACGUUUUCGAUGGGACAGAUUAAGC UACAAGUGUUGCACAGGGCAGACGGUUCGUCGCCCUAAAAC UAUACGUG
3% 500 510 1520 7530 7580 560 570 580 5%
CGCACGAUUAAUAACUAAGAGGCUAUAU UAAAUUGUUCCUCGGUGACAUGCACUGCCAACAACAGGCGGCAAACCAUAAUACUGAAACCGUACAACAGAUACAUGC
1600 TE10 830 60 1650 1580 670 680 6%
UGUCUGACAAUACAAGGCACGACUGCUAUAGCCCAGCUGCGUAGAAGUCAGAUGCAAUUGGACAUUCCAACGCUAUAAAGAGCC UAGGUAGACGAUUCGUCACUCA
7700 710 750 730 1740 750 760 770 1780 7% 179
AGUUCUAACAGCAACGGGAUCACGGCAUGUAUAACUACGC}\CGGCCACUAAUAUGAUACUAGUUGACUCACAAAAGAACAUUUUGACUUCCAUGCAG

M28 Pool2
1 10 20 30 4 50 &0 70 80 %0 100 110 120
| 1 2% 3 4 sb & L 8 * 160 1fo 1do
ﬂATﬁGAGAGCGTTTCCTCATTATTTAATATTTTTTCAACAATCATGGTTAATTATAAATCGTTTGCTCTAGCACTATTGAGTGTTTCAAGTCTAAAATATGCACGGGGTATGCCGACATC
150 170 210 20 230 240
|§=o \Ao 120 léo 1o 1Ao 140 'Oo 2fo 220 230 240
TGAAAGACAGCAGG GchAGAAGAACGTGACTrCAGTGCTGCTACTrGCGTACTGATGGGC GCGGAAGTAGGCTCATGGGGAATGGTTTATAGTGGTC AGAAGGTCGAGAGTFGGATC cT
0 70 300 310 350 30 350 EC)
250 éo 2l ao ‘40 3bo 3to 3do 3% 34;0 3% 360
CTACGTTCTGACTGGCATTACTACGATGAGCGCAATCGTTGACGAAATCGACTATTATGCGTCACATATGCCACTGAGTGTTGTGGGTGAGAAC TCAGGGCTACAGATCGTTCGTGATAC
370 380 3% £ il 0 a0 0 0 20 70 50
3o 3d0 3% 4o 4fo ado 4o o 430 o ado 0
C ATAGTAAC 'I'I"I'GG'I'I'ATGGC CGGCCTGACAGCGTCAGCTAACAA GGTAATCAGTAA GACTGAAAACGC AAAGAATATACAATCGC GTAGTCTTATAC CG GG TCTGCTTAGTGTGGA'ITA
510 # 570
440 sdo 5f0 520 sio s!o séo séo sto >ao ;§o sOo
TAACAGTACTC ATACTATGGC G ATTAATTT’G GAA GAGATG‘ITCTC GGAGCTCGGCTG GGAC ATCGATACTAGTGATA GCTC TAGTFTATACAAAC GTGAC GATAATTCTGTC ACTCI’GCG
210 € ) ) 4] 3 %0 700 716 730
sfo 5.0 sio s.lo séo 680 sl séo séo *bo 7f 0 7“0
CTTAGGAGACATACCTGCTCTAGGCAAC AGTAACA'ITACCATACCTAAC GCTGTC ATGCAAATATACAATAACGC ATCATWGCTWC GGTTTTGCACCTCATAGCAATGGTAAC TCTAC
730 7: 750 760 750 310 0 330
7h0 740 7%0 760 71'0 Ao 740 abo sfo slo 8o sAo
AAGTTTACAGAAGA GAGCTAGTA'I'I'GATGATGCA GTGTGGWACAATC TGCATAC GGAATAGC TTATAGTGC CTGGATAGGCTCTGAGA AC GTGGGTTCC TATGATCAGCATCTAGCC GA
850 870 80 910 920 240
830 aéo sto aéo 8% 960 sfo slo 9.%0 sdo 9§o 969
AGCTAACG GTATGGC CAAC%AC TGGACATCC GAGTGTTCTAAGTAC AATGGTGTC ATCTG GG GTGATGAATC AGACGCCTGC GGTAACT%CTAGCATC% AGCGT‘I‘FAGAC ATAGTGAG
7 020 70 1070
g0 980 94;0 |doo 1610 1420 1d'30 1duo 1450 1460 1.470 1dw
CCACTC AAC TGGCAA'I'FAC'I’AC AGAGACGTTAACCTCTGTGGTGACGACGAGGCAAGGTGCCACGATGAACTACGCTGATAATCCGGACTAATGCTTCTTAGTTATGATCAAGT TGCAAC
1,100 1170 1120 1!30 1130 1150 1160 1170 1100 1.1%0 1.200
1690 1.f00 1.110 1.20 1.130 1420 1154 1164 1174 1184 115 1.200
TGAAGCTGATATAATGTATG GATATGAATACAAGTAAATA‘I‘I’GAAATATAATAAA‘I’AAACAAAAAAAAWCAAAC ACAAT
1210 1220 1230 1240 1250 1260 1270 1.30 |2 1310 1320
1210 1320 1.230 1320 1350 1360 1370 1380 1 *90 1 ioo 1110 1320
ACACAAAAC GTAAAACAAATAGCAAAACTAAACAAAAC ACATATTTGAAGAAAGAC ATCCACTCAAATCTAGTC AGAACAGATCTGACCTACTATACGTAGC TGTGGGGGCAGTACCC Ac
7330 7350 360 1370 3% 1400 T410 T4%0 T430
1330 1340 1iso |$w 1370 13&0 13'90 |ioo 1410 1420 1.{30 |
ATAGGTFATATC CAATGGTAGAC AGTCAGTCACC GTC TGCC AAATAGG TGCTGTAGCACAGTACTC AAGTACTGGGTGTCGTCCTGACGTTTCC GGTGGGAC ACACTAAGCTACAAGTGT
250 1260 270 7510 7550 7530 7350
Mso 1480 11’0 |im 1190 1$oo 1510 1§*0 1§30 1440 1850 |
TGCATAGGGEAGACGGTTCGTC GCCCTAAAACTATA‘I’GTGC GCACGATTAATAACAGAGGAACTATATC AAATC G'I'I"I'CTC GGTGACAAATACC GCCAAC GACAGGCGGCAAACC G‘I'AAT
1570 K SED I,S 1610 1,620 1.6 1,650 1670
x§'o 1480 1.8%0 |éoo 1§|o 16.0 1630 1640 1650 |éso 1670 |
ACTGAAACCGTACAATAGATACATGTTATCCGATAATACAAGGCACAACTGCCATAGTCCAGCTGCGTAGACGTCAGATACAATTGGCCACTCTAATGCTATAAAGAGCGTAGGTAGACG
T€%0 1700 T710 1720 1730 1,740 7750 T.760 1,770 1,780 1750
1690 1700 1710 1720 1730 1720 1750 1760 1770 1780 1.7%0

ATTCGTCACTCAAGTTCCAACAGCAATAGGATCACGGCGTGTATAACTATGCACGGCCACTGATATGATATCAATTGACTCACAAAAGAACGCTTTGACTTCCATGCAGA
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MC CBS8441

1 10 20 30 40 50 &0 7 0 £
TATTECTATCACTGTGACCGCGGTTGCTACTTGTCTCACTTTTTCGETTGCTTATAAGT TGCGCGATTTACAATATAAGCATGACACTCAGCAAGT
0 0 0 130 140 150 160 70 8 50
AACTAGCCAGTACATCCATAGAAGGGATCTAGCTAATTTTTCCAACACCTTGGAAATATACCAATCGAACTACCTAATCACTAGCTTCGTAGGCAA
0 1o o 0 40 0 260 m 280
ACTAGGTAACTCAACCGAGCTATCAAACACCGAGGGGAGTTTCGCCAAGCGCGGATATGTATGGTTCGCAATTGGATTGTGGCGATTATTTGTTGC
370 30 330 30

TGGATACAATCTAGGTTCCCTTGCCAGGACATGTCGCGACTGGTCTAGTGGCGGGGCCTGGGGAAAATCCGATTGTGTAGTCGGTGCTGTTGATAC
330 £ 410 ) EE e 0 60 B 0

TGGTGTG.ACGCTGGGCATAACTGGTACTAGCACCTACAACACATACGTAGAAATAGGTACATCACTTGTACAGAGCGGGCTCCACCTCCCAGGGTT

430 510 510 530 540 530

CAAGAAAAGAGATGAAGATGTACGGGATGTTGACGCTACACTTGAGAAGCTATACACGTTCGCAGCAGCATTAGTCAACGGAACAGGACATCAGGC

O O O
TGCAGCACTACTACATCATAATGGATCCGTGGTGGCAAATGATCAAACAGGTTATCCGGTCCTTGTCATTAAATCGCCAAACGGACGCCTCCACCA
€30 T00

CATGAGCACCATGAGCATCAATTCGACTCGTCACATTTATAGACTAGCAACCGATCACGGGACCACGCAACGGGCAAAGAGAAATGAGGACTTCAA
770 il B3

!:0

TCTAGAGAﬁhTTTTAGCGCTGG.PhGGCTTGGAATTCGGTGACTATAGAGACGAATCGAATAGCGTTGCATCTATAAGCACTAGCAGTGACTATGGC.&C
.:O
GCTCGATCACCAGCTGTCATGTGAGCTTGATATGGATGCTCATGCCTATCAATATGAAATTTGGGACTACAACCATAACTCGGCGATGTCCACAGG
570 B Ed 1.000 1010 1,020 1,030 1.080 T.050
CTGGTTTCACGCGTATCAAGACGGTGTTTATCAGGAAGGTGATGCTGAACTGGAACCATACCCGGGTACGAGCGCACCTAACATAGGTGGCTGCTA
T.060 7070 T.080 1050 1100 110 110 1130 T30 1150
TGTGTCTTGATCTAACGGCCTACTGCAGCACAGACCGGGTTAACGAGTGACT TAACCAATATAAGGTCAAATAATATT TAAATAAGAAAAAAAAAA
1180 170 1180 [BE] 1200 1110 1220 1230 1240
AAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAARAAAACAAAACAACAAAACAACAACAAAACAAAACAACAAACACAGAACAACAACAAAAY
1250 1,250 1270 1,280 1230 1300 1310 1220 1330 1,240
AAAAAACACAGAACAACAACAAAATAAAACAGCAAACATAAGTAATAGTAGAACATATAACTATGTGCGAAGCACTATTACATTCACTAAGCTCTA
350 360 T30 1380 1350 1450 1410 7430 1430 [ETH
CACG.AGG.ATAAGTGTTGGCGTCGTAGG.ACTTATAGCTCACCCTGAGCATAACTGGCTTCGTAGTACAAGTACTGATACGAGTACTGTCACGGAGAT
1430 1.500 1510 1520 1530
AACAACGGAGTTAACTATGCTAAACGAGGCTAAGTTAAACCGAAGTAGCGTAATTGTGTCAGTACCATATGCGTGGTAATGAGGCAATGCAGGATG
1:-10 1::0 DO 1:30 “0 1900 1o|0 nZ Io]O
TCACGTGCAAATGTGCATTCACATAGTACTAGTCAACTAGATAGGTGGAACTAGTGCTGAAACTGGCATACCTTGATCATCTAGTCGTTTCGACAG
&40 1650 1660 TE TE80 TE%0 T 730
GTGTGAGTCAGGGTACTGCCACGAATGGTGTATATTTATCCAACTTAGCGGTTGACTAAGCGAGATTGGTAGTATAAACCATTTAAAACATACCAA
T30 750 B B0

CﬁhGCGGTCTTATACGAACTGTCGATATAGTAACTTGATTCAGGTGCTTCTACAGTTTTAATACAGAAGTATGACCCAGGGGTGA.&TG.&ACGTAA.&T

1850 nO 15;0 1580 1530 13()0 1.10 132(

TATTTACCACCTTTAGACTGCGGTTGGTTCATGTTGAAGCCAATGCATATACCAAGGGTATCGCTTCGTAGCAATATCGGTGGCATTCGACTTATA
1530 1350 1350 1360 370 1380 EE 2000 2012
AATAATGTGATGGTAGATTTTAGGGTCAGTGCACATTAGTACAGCGGCGCTGCACTACGGTACGGCCGACTCATAGTACAACCATCACAATAE

MC Pool2

10 20 30 :0 60 ;0 ‘“0
GAAAAAATGAAGATAAGCAATAGTACCCGACCTGTTAACAAAGTAGCTATCCTYATTGCTATCACYGTGACYGCGGTTGCTACTTGTCTCACTTTTTC
103 110 120 130 1-10 l:O 190 17 0 1!,0 1‘30
ACTTGCTTATAAGYTGCGCGAYTTACARTATAAGCATGACACTCAGCAAGTAMMTAGCCARTMCATCCACAGAAGGGACCTAGCTAATTTTTCCGACA
ZCO 210 220 230 2:0 ZDO 2;0 290
CCTTRGAGGTATACCARTCGAACTACCTAATCACTRRTTTCGTAGGYAAACTAGGTAACTCAACCGAGCTATCAAACACCGAGGTGAGCTTAGCAAAG
HCO !10 320 330 3-10 3:0 390 37 0 3!,0 3‘“0
CGCGGATACGTATGGTTCGCAATTGGGTTATGGCGATTATTCGTTGCCGGATACAATCTAGGTTCCCTTGCCAGGACATGTCGCGACTGGTCTAGTGG
410 420 430 450 480 470 430
CGGGGCTTGGGGAAAATCCGATTGTGTGGTCGGCGCCGTTGATACTGGTGTGACGCTGGGCATAACTGGTACTAGCACCTACAATACATATGTAGAAA
:CO :10 :20 :30 :-10 550 560 :; :!,0
TAGGTACATTACTTGTACAGAGCGGGCTGCACCTCCCAGGGTTCAAGAAGAGAGATGAAGATGTACAGGACGTCGACGCTACACTTGAGAAACTATAC
:‘30 DOD n10 620 930 n-lO 650 660 m DEO
GCGTTTGCAGCAGCGTTAGT TAACGGAACAGGACATCAGGCTGCGGCACTACTACATCATAATGGTTCTGTGGTGGCGAATGATCAGACAGGTTATCC
€30 700 o 70 730 740 750 760 T 780
GGTCCTCGTCATTAAGTCGCCAAANGGGCGCCTCCATCATATGAGTACCATGAGCATCAACTCGACTCGTCACATTTATAGACTAGCAACCGATCATG
‘“0 510 &20 530 E:O EDO 5;0
GGACCHCACAHCGHGCAAAGAGHHATGHGGHCTTCAHCCTHGAGHHTTTTAGCGCCGGAGGCTTHGAHTTCGGTGACTATHGHGHTGAATCGAHTHG
590 ‘“CO “1 [1] “ZO “30 “-10 950 “DO 970 “&0
GTCGCATCTATAAGCACTAGCAGTGACTATGGCACTCTCGACCACCAGCTGTCATGTGAGCTTGATATGGATGCTCATGCTTATCAATATGAAATTTG
9’90 10'60 1010 1020 1030 1010 10:0 10:\0 10;0
GGATTACAACCATAACTCGGCGATGTCCACAGGCTGGTTTCACGCGTATCAGGACGGAG TTTATCAGGAAGGTGATGC TGAACTGGAACCATACCCGG
1_?&0 1_(?“0 1_1ICO 1_1|10 1'1.20 1_1|30 1_1I-10 1_1|:0 1.1IDO 1_1:0
GTACGAGCGCACCTAATATAGGTGGCTGCTATGTGTCTTGATCTAACGGCTTATTGCACCACAGACCGGGTTAACGAGTGACTTAACTAATATAAGGT
11!,0 11‘30 12(:0 1210 1220 1230 12.-10 12:0 12:\0 12;0
CAAATAATATTTGAATATAGCAAATAAAATAAWATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAMCAAAACAAACAAA
1_2;!»0 1_2|‘30 1_3ICO 1_3I10 1_3|20 1_3I30 1_3;10 1_3I:0 1.3ID0 1_3I 70
ACAACAAAACAATACAAACATAAAACAAACAAAACAGCAAACGTAAGTAATATTAGAACACATAACCACGTGTGAAGTAGTATTACATTCACTAAGCT
13!,0 13‘30 1-10:' 1-110 1-1\20 1-130 1-1-10 1-1:0 1-190 1-1;0
CTACACGAGGATAAGTGTTGGCGTCGTAGGACTTATAGCTCACCCTGAGCATAACTGGCTTCGTAGTACAAGTACTGACACCAGTACTGTCACGGAGA
1.480 1450 1500 1510 1520 1530 1.540 1550 1.560
TAACGACGGTGTTAACTAAGCTAAACGTAGCTAAGCTGAACCGAAGTAGCGTAATTGTGTCAGTACCAGATACGTGGTAATGAGGCAATGCAGGATGT
1:;0 1:!,0 1:‘30 1903 1910 1n20 1930 19-10 1650 1660
CACGTGCGAACGTGCATTCGCATAGTACTAGTCAGCTACACAGGCGGAACTAGTGCTGAAACTGGCATACCTTGATCATCTAGTCGTTTCGACAGGTG
1670 1,680 1,690 1,700 1710 1,720 1,730 1,740 1,750 1,780
ACAGTCAAGGTACTGCCACGAATGGTGTATATTTATCCAACTCAGCGGTTAACTAAGCGAGATTGGTAATATAAACCATTTCAAACATACCAACAGTG
1770 1.780 1730 1800 1810 1820 1830 140 1850 1880
GTCTTATACAAACTGTCGATATAGTAACTTGATTCAGGTGCTCTTACAGT TTTAATACAGAAGTATGACCCAGGGGTGAGTGAACGTGAATTATTTAC
1870 1.880 1830 1500 1310 1520 1530 1540 1.350 1.580
CACCTTTAGACTACGGTTGGTTGATATTAGAGTCTATGCATATACCAAGTGTATCGCTTCGTAGCAATATCGGTAGCATACGACTTATAAATAGTGTG
1570 1.580 1550 1000 010 020 2030 1040 2044
ATGGTAAATT TTAGGGTCAGCGCACATCAGTACAGCGGTGCTACACTACGGTACGGCCGACTCATAGTACAACCATCACAGTAC
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M-P1G1 Pooll

1 10 20 30 40 50 60 70 80 %0
AACATCAACGCCAGGCTAc+AAARTATGAéGTATAATATéTTATACAAcACGGCAATCA+ACTGRCGACAGCTATCGTRGGTATCAAAG&AAC
11 O 0 15 0 1:0 17 O

CAACATCTTTTATGCGAACTTCATATTCTCGTCAGTCAGGCTGTTCGGCGCAAAGTACGGGTTTAAGGAGGCTCAGGTGATGGGGGCATATGG
50 0 71D 0 =0 50 760 70
GGCAGGCTATGGTGGCGTYGAGCATGCATACGATCTRTTTGATAATTGCTATGAYGGGCAGGGCAATAAGGTGGACAAAGTGGCATGTAGCAA
= ey 370 370 330 340 350 E 370
ATCTGTGTTCGAAACGGTCGCGTCCATGGGCTTTGCGGTTCTACACAAGAAGTTAACGGGGGCGTGGTGGAAGAGAGATCTAGCCGATCACTA
380 470 a0 30 250

TGGCTACTCCGACTATGCTACTCTGGCTGATATAGCCGCACACCCCAATACCACAGCCCTCTACACTAATATCGATCAGCTGTATGATATGGG

AGTG?;CAATGACACCCACRTCATﬁkﬁTAGTTACﬁ}CGCAACTRg;CTCGCGAGfkACACCAGT?ECAAACGTG?kTTAGGAACﬁzcATGGCC

Gg;CGCGTTTACCATAGTAAG?}CTGGGCCT?kCTCGCCAGﬁkATGRTAGA?ETGCATACAi}CTTCACTCi?GCAGCTATj;CATTGCACE%

CGTGGAGTATAACTCGTC??CAACGGTTAAACGTGATG;;AATAACGGGTACCGGACGE%CGGCCATGAGATATTTATAGAATCAAAGAGCCT

GGACAE%GTTACTAC;;GGGACGAG;}GCAGAATTTCGAACACAA:EATAGTGATGCAGAGATAA??GACGAGAA&EGCGGCAATﬁ;ACACGA

CGAGGGTTATAA?kTGTGGGTA?EAGTATCTA;?GCGTGTGCCCCGGTGTAT?EACCACAGTTAGAATTTGG:EACGGCTGTikTGGCGCCT:
.00 B

EE Ex TN

CATTAGATATGAAACAGGTTGGGCGGCAGAGGACGACTTTGACGACAAAGAGTTCTGCGCACAGCATCATAACGACCTATGTTACTATTCAGT
7030 1040 1,050 T.060 7070 T30 1050 1100 110
CTGATGCGCAAGCTGTTCAAGCTGCTGCATGTTAGGTGARGC TGAACGATTCGGGTGCATATGCATGTAAAACATTTTGTAAATAAGATAAAA
(B 7130 140 150 T1E0 1170 1780 7150 7300 1307
TAAATTAAATAAATAAAATAAGATAAAACGAAATAAAATAWAAAAAAAAAAAAAAAAAANAAANAAAAAAAAAAAAAAAAAAAAAAAAAAA

M-P1G2 Pooll

o 20 0 50 80 30
{ACTATCATATTATATAATTTTTCACTTGCTTTTATTGGTAAGTTCAGCGATCATAGACAGCAACATTGTTAGCCATACCGGCAAGGTATGGTT
10 20 30 50 T80 70
TAGAC.PhGTGGGATATCG.&CCTGGCCCTGCAGGCAAAT.&TTACTAAGTGCATC.P&CTAACGTGACTGAC.&GGCC.P&GTAATT&TAGACGA.&C.&AGT

1‘30 Z(K) ZO 20 20 20
ACAACTGTACACACCAGCTATTCAAATATGGGTAGATACTGGCAGTAACTCAGAAGACGTCATTGACCCAGGACTAGGTGCTGCCATAATGCA
Z“O ]CO ]10 320 3]0 340 3:0 390 3;0
TTGCTTTGATGGAACCGCGAACTACACAGGCATACCTGTGTATGGTCATAACGTATTTGCTGTAGTTAGTCCGCTAGCTAGTGACAACAGCAC
380 330 10 10 130 250 26D
GTATGCATCCCACTATGACTACTTCGGGCGCGGGTATCCTGCTGACTACGACAGGGATTACGCGTCCGACTACAGCGATACGTCTAACAATAT
70 10 500 510 510 530 540 550
.&ACCA.P&C.P\TA.PhATAAGCGAGGT.&ACGGCAATTGGCCTGACGCTATATTGCCAGG.P\TGGTCAGCGAAA.&CCGATCTGGGACTT.&AGCTTGCGAT
560 580 E00 B0 620 &30 =0 50

ATACGCATATGg}GCGTACTCGTCTTACTTGgEAACATCACCCGACTTGCAGTGCGGGAAGTGTTATAGTGTAAGGGGCAAGCCGATGCCAAA

ATCAAFTA?}TTCGAGAA?EATTTTGGA?;TGAAGTTG?%ATTATGTACTAGCTGCACCATCAGTGCCGGTCAAGAGGCAAGAATGGAGCAGG

ﬁCCTAE}GTTCCﬁGGé}ﬁGATAGAAéECATAAﬁGAAAGACCAGGT;EGAGGACATAATTTCGTAG?}GGCTCﬁTTﬁ#GGﬁTACAGﬁECAﬁGTC

AAATCAAGGATG%%CCGATCCT?}CTTGACTA:ETACAAGGGCTGGGACGTCGCCTGGGTGT?ATGTACTATS#CGACTGGGézTTTCCCTAg

CGAGGTTCAg;TCATAGTcélCCCACCAACTTAATACCC;;GACTGAAAi;AACTAACAAGCGTTAAC;??CCAGTCGGGCATAACATS??AA

CTACGTEEACCATGAGgiTGATATGG;TAATATGATAATAATATA;:;AAAAAAAA:?AAAAAAA;:&AAAAAAA;:&AAAAAAAAAAAAAAA
7118

M-P1G2 Pool2

1 10 20 30 40 50 60 T0 a0 90
¢CTAACATT+TAATAATTT%TCAcTTGcT+TTATTAGTGAGCTCAGTGA+CATAGATGG+GACACTGTcéGCCCTATTGATAAGGTATGGTTT

HO 120 130 110 190 17 0

AGACGGTGGGATATCGACCCGACCCTACAGACCAACATTACTGAGTGTATTACTAACGTTACTGATAGGCCAGTAATCATAGACGAACAAGTG
1‘30 ZCO 210 220 Z]O 2:0 ZDO
CAATTATACACGCCGGCTATCCAAATATGGGTAGACACTGGCAGTAACTCAGAAGACGTTATTGACCCCGAACTCGATGTTGCCATAATGCAT

0 Er) il 30 330 30 350 360 0
TGTCTTGACGGAACTGCGAACTACACAGGCATACCCGTGTATGGCCATAACGTATTTGCTGTGGTTAGTCCGCTAGCTAGTGACAACAGCACG
-IDO

-110

3“0
TATGCATCCCACTATGACTATTTCGGACATGGGTACCCTGCCGACTACGATAGGGACTACGCGTCCGACCACAGCGATACACCTGACAACACA

440 -1‘30 100 110 :20 :30 1-10 550
ACTG.&CATAA.&TA.&GCGAGGTA.&TGGCA.PhCTGGCCTGﬁCGCTATﬁTTﬁCCﬁGGﬁTGGTCGGCGAAﬁhACTGATTTGGG.&CTTAAGCTCGC.&AT

:;0 :EO :90 3 0 0 D:O

TACGCGTATGCTGCATACTCGTCTTACTTGCGAACATCACCTGACTTACAATGCGGGAAGTGTTATAGTATAAGGGGCAAGCCGATGCCTAAA

660 r.u D&O D‘O 7 10 ZO 7 30

TCAAGTGTATTTGAAAACGATTTCGATG.ATGAAGTTGATATCATGTACTGGTTGCACCATCAGTGTCGGTCGAGAGGAAAGAACGGGGCAGGG
70

CCTAGGGTTCCAGGTA.&AATAG.PhACGCATﬁhA.PhGAﬁh.PhGﬁCCﬁGATﬁGGﬁGGﬁCATAATTTCGTﬁhGTGGGCTCGTTTTGGAT.&CAGTGCAAGTC.&
850 £ B70 0 310 920 EE]

AATCAAGGGTGGCCAGACCCTGATTTAACTAAGTTCAAGGGCTGGGACGTCACCTGGGTGTAATGTATTATCTCATCCGAGCCTCTCCCTAGT

950 “DO X WC'CO 1010 1020
AAGCTCCATATCATAGCTGTCCTACCGACTTAACACCCTTAACTTAAATCAACTAACGAGCGTTAACTGACTAGTCGAACACGACATGTTAGC

IO!O 10-10 10:0 DO 10;0 10&0 1()90 WC"‘D
TACGTGGACTACAAGGTTGATATA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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M-P1G3-1 Pooll

%AAGGGC&AETGAAAhAATiCTACGCC&TET&ACTTCCC?AGAGGTGTT?T&CAGCTTAEACATTTTTTgACTTGCCCT?AAG&TCATG?TGG
TAATGTTCTGTGTTTTmECTGTATTAfzGCTGTTAGﬁEAGCCGACTTTTAGGCACA?ZACAACCTA?EGATGTGGA:%ACTTGAGTAGGCTRC
ATA?}CGAGCTAG?}GGACATGGg;TCAAGGCG?;ACTTATGC?EGGCTGTTATTAGCAGCAGE%GCTCTCAT?ECTCCGTCT?EGTCAGCAG
CAATATGETT?ECGACGGCG?}GGACT&YTE%GCACCACTﬁgCTAATGCT?%TCTTAGCﬁ?}ATTGTTGT?kGCATA&FC?EAGGGALﬁGE%T

B0 330 410 430
GGCGTACTAGCGGTGTGGGTGTACACGAACGTGCACTGCAATCATCGCTGATTCTCGGCTCCCTTAATCTAACACTCAACGCTGACTTCAACA
a7 0 490 00 5 0 520 5 0 -10 ::0
GCAGTCAGCTAGCGGCTGTTGATACCCACCCGCATTTGGTCTCGTTGGATGCGTGGACAGTGGGGCCAGCAGACCTACACAGATTAGGTAAAC
56() 0 :!0 130 nDD 0 0 n.l() 650
GTGRTGRGGATﬁCAGGTAATTCTGTCA&TAACGGC&CTTﬁTTTGTTCTTCACGTCCGAATATGGCACTCATﬁCTGCTCACATGTCAGGTGATG
nnO D;O DEO D‘EO IO
ATGTCGGTACTCTAGTAGATTTTGTRTTAAACGCGATTCCAGACGAGCCTAACATTAATAGCACAATTAATTCTGCTAAGCGGAGTCAACAAT
750 TBO 7 ;0 4!0 ‘30 310 &10 330

TCGGAGTATCATGGGTGTCATATATATGGGACGAAGCCAACCATGATCTGGATACCGAGTGGTATAATGAAGAAGGTGGTAGCTTCGACTCYC

R:O Ruﬂ & 0 R‘O “IO 320 “30
AGTTAGAﬁGAAGGTTTGACGCAAGCAﬁTAGTTGAT&TACCTGACTGGﬁAGTﬁCTGTATTGCACCTGAﬁGTCﬁGTA&GGGCGAGGCAATATCTT

a-1'!) ‘}50 3:0 IN 350 1 (XX) 1 010 1 020
ATGACGACATACCCGGCACGCAAAACGGAAATGGCAATGCGTTACACGGAGAAGTCTACTTCAATACCTACGGTGGTTTGGATAGTTATTGCA
1_9!0 1_(?-10 1_(?:0 1_(?90 1_(? 70 1_(?&0 1_(?“0 1_1ICO 1_1IIO
ATTCTGCACATSACGGTGCGGATCGTTGGCGGTAGGTATCACACCACCTGGTCTAGAGGATTCAY TTGCGCATGAAGTCTGTGATTGAATACC
||10 IHO ||.lO ||:|0 ||n0 ||0 ||EO ||=O |ZCO

TCTGCCGGCTTAAGATAAGTCAGAATTAGATTTAACAAATAAATAGTATAGGTTAACGTAGTATTTATAWAAAAAAAAAAAAAAAAAAAAAAA
1210 1130 1130 1135

M-P1G3-2

1 10 20 30 40 S0 &0 70 80 %0
GGCAAGTGAAAAAATGCTACGCCATGTAACTTCCCTGGAGGTATTATACAGCTTAGACATTTTTTCACTTGCCTTAAAGATCATACTGGTAAT
100 10 120 130 140 150 160 170 180

GTTGTG%GTCTTAGCTéTATTGACGCTGTTAGTAAGtCGACTACTAGGCACATCACAACCTATGGATGTGGAACACTTCAGTAGGCTACATAA
1“0 ZCO ZWO 220 230 210 ZDO ZJO
ACGAGCCAGGTGGACATGGGTTCAAGGCGCGACTTATGCAGGTCTGCTATTAGCAGCAGGTGCTCTCATAGCTCCGTCTTGGTCAGCAGCAAT
2‘30 ]CO ]IO 310 HO 3.10 ]:0 ]nO 37 0
CTGCCTGGCGACGGCGAAAGACTATTGTGCACCACTAGCTAATGCTATTCTTAGCACGATTGTTGTCGGCGTAGCCGGAGGGATGGCCTGGCG
]&0 ]‘30 -IOO -110 420 -1]0 -LI»O -1:0 -lr.()
TACTAGCGGTGTGAATGTGCACGAACGTGCGCTGCAGTCGTCACTGGTTCTCGGCTCTCTCAACCTAACACTCAACGCTGACTTTAACAGTAG
-1;0 -1“() JCO :10 :20 :30 :-10 550
TCﬁACTTGCGGChGTTGATﬁCCChCCCGCﬁTTTGGTTTCGTTGGATGCGTGGﬁCAGTﬁGGGCC&TCAGﬁCTTAChCAGﬁTTGGGThAACGTAA
100 :;0 :50 ‘0 DWO 030 D:O
TGAGGATACAGGTAATCCTGTTAATGACGGCACCTATTTATTCTTTACATCCGAATATGGCACTCATACTGCGCACATGCCAGGTGATGACGT
650 ’70 b&O D"O JCO 710 ;20 JO alO
CGGTACTCTAGTAGACTTTGTATTGAACGCAATTCCAAACGAGCCTAACATCAATAGCACAATTAATTCTGCTAAGCGGAGTCAACAATTCGG

7 :0 0
AGTATCATGGGTGTCATATATATGGGATGAAGCCAACCATGATCTGGATACCGAGTGGTATAATGAAGAGGGTGGTAGCTTCGACTCTCAGTT
&10 EDO 8;0 ’CO “10 “20 330
AGAAGAAGGCTTGACGCAAGCAATAACTGATATACCTGACTGGAAGTACTGCATTGCACCAGAAGTCAGTAAGGGCGAAGCAATATCTTATGA
550 360 570 1000 7010 020
CGACATACCCGGCACGCATAACGGAAATGGTAAKGCGTTACACGGGGAGGTCTACTTCAATACCTACGGTGGTTYGGATAATTATTGTAACTC
010 0&6 CO

CGCTCATGATGGTGCGGATCGTTGGCGGTAAGTATCAGACCACCTGGCCTGGGAAGCTTCCTTTGCGAATGAAGTTTACTATCAGATACTTCT
1_IIZO 1_1I30 1 1‘-10 1_1I:O ‘.1IDO W_II;O 1_1}0 1_1““0 IZIOO

GCTGGC TTAAGATAAGTCGAAAT TAAATTTGACAAATAAATGGTATAAACTAATTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1.210 12201222

AAAAAAAAAAAAA

M-P1G5

ZO 30 60
ﬁCCAATCTGACCACAACAGTCTTAGATTTGGGACCCATGTTAGGTGAAAATACTACATATGTTCAAGCCATGAACATGTTGAGGTGTTTAGCA
1 DO

TTGGGAGCGTTTCCGGCGAATACTACTGTGGCTACAGATGCTTCTGGTGCCTTAATAACTTTTAATCCAAGAGGATCCGTCAATATAAACGAC
ACTE;GGCTACTG?;GCTTACTG?;ATAGAAGG?;TGCTACTG?;CTACACTACACTCAGGTCﬁ%CTACGATA?%TTACCAGAE?GGGCAGAA
GTGTTGGGTA?;CTAGAGGACATGATCCTGCCTGGAGCATTGCCGGATAGATTCATACCCAATATTCATG?;GAGTCAGC?EGCGTTAACEEG
ACGGCTAﬁ%GCGAAAAGAGGCAAATATGGCGCTTATT?%TCAATGTT?ETCGCAGCG?&TAAGAAATGTGTTAACTAﬁEAATGTTTCg;TACC
TATG?EGACACATGCGCTGACGAT?%CATGATGC?%TTTTATTCE;ATGCAGTT?}GAACCCAG?%CCTAACAGﬁzTACTCATcﬁzGAATGTC
TgECCACATCA?AGATGTGAGkaGGCGATG?ECACACAGAﬁ;ATGTTGGG?;AAATTCTCﬁkACAGCFTG?%GCGCGAGA?;CACGTATT?;
TGGTACGG?}ACTTTGCCZGCGATGATTﬁzTTTGGGCA?EAAAGTGCCAGTAATTGCT@;CAGCAACA§ETCGAAGGC$;AGCAGAACCATAT
750 TI0

CGGTACCAGGCACTATACTATACCCAACGGTGGTTTAGTTAGGGTTAAATCAATATGACATACTAAACAATCATATAATATGAAAGTATTCAA
&:O 390 3 ] 3“0 “IO 310 3]0
CATGGAAATAAAATGTGAAACGGAATAAACAACTAAGATAAATAAATAAATAAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAM
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MQ Q62.5
MQ Pool2

M-P1SG

éAAﬁAAﬁTArTCTTGTAAA?hGGAATCAT?TTGTTTAA&?T&TTTTTTC?TTGATATTA?GCTT&ATTT?TTTTATTAA?AC&ACCCGTECTA
ACACAGCCGTATGGGT?%CCCTAGGTg;ATTAGGCA?}GCGTTAATAACAGGGTCCTGGAACACGTCGTATTTCGTE?TAACTAAGTGCCCTG
%0 00 B 0 [0 50 P P
CCTGGTATGGGTTGGAAGCTATCGCCGACGCACCCGGTGATCCTGCCTGGACAAACTGGGGTTGTTTCGGTGCAGTCATGGGGGTTGCTATTG
AGAGAGCACT?EGAGCAGGG?ETCTGGCTG??AGTGGTAAE%ACTGTTTC&%GACAGTTG?EACGATAGTEEATGTCGAC?;CGCGGGTG;%C
CATTAAGGAAAAGAAGC?;TGACCCAGGTACTCTTAG?&TTCATTACGTAGCTAACA?}CAACAAACAAATAAAACAAAAACAAAGCACAATG
TATA?ETAT&GCGACTATAGCATGE}GGCCTG&TACTATTG&TA?EATTG&TACﬁkTAGTACAC?%A&GCTAG&CAGCT&AGTC?%CATGCAA
GCTATGTAGTTT;TCCGACATCACGGCTAGG?ECTTCGCCAGTCGATCCAG?#GAATGACT?%ATCCAAAG?;AAGGACCCAACATTAGTAT%
CTTAGTGTCTTACACAAG?;AGTCTAACAGCGTAACCGizCGTATCAAﬁ}AATAATTG??CAACTAAAT}AAAAAAAA?&AAAAAAAA?}AAA
750 TED T T80 TE

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA'

8.2.7 Alignments

MQ alignment

10 ZO 70 HO 120
GAAAAAAT"TGAAAACTGCACACCACTCGAT#GTFATGG'I_F'I_FCAATA'I—I' TCA'I—I'GG'I_FAGGGTAATGAG CCGA'I_FGCGATCTFGGTAACATGTC'I_FGCAGCCTFA CGEGABAGTT
GAAAAAATTTGAAAACTGCACACCACTCGATAGT TATGGTTTTCAATATT TCATTGGTRRAGERATAATGARIC CGATTGCAATCTTGGTAACATGTC T TGEBGCCTTAT THGENAGAN

MQ Q825
MQ Pool2

1]0 MO 150 160 170 IIO 1“0 200 210 110 Z]O J.-IO
AATGCT.T.GAC A.TAGCTCACCGGGTGTACCCGATCA GCAAGTC CATGCGCC.GT.AATAGTACACA GGA C.TGTA.CA.GATGCAGGATATFATGA G.TAGT.AACGGGACGAAGAT
AATGC TETEGACABTAGCTCACCGGGTGTACCCGATCAGCAAGTCCATGCGCCRIGTIIAATAGTACACAGGA CGTGTAMCABGATGCAGGATATTATGAGETAGTGAACGGGACIEIAAGAT

MQ Q62.5
MQ Pool2

250 260 Z?O ZBO 290 300 110 320 330 3-10 150 160
AAC AGATGTC.TGCACGTCTTCA(TAATA( GACTGCGACAGTTCTAGATCC CGAGAC.G G'I_F'I_FGTGTA"ITACAAT.TGA(ATCTAT_FCCTG(TAACAGTAA.AACGAC.CGA(GCT‘A(.A
AACAGATGTCHETECACGTCT TCACTAATACGACTGCGACAGT TCTAGATCCCGARACGGGT T TTGTGTATTACAATETGACATCTATITCCTGCTAACAGTAARAACEACGCGACECTGACEA

MQ Q625
MQ Pool2

!70 ]M 390 -ICO -110 4\10 430 -1-10 -150 -160 470 4&0
AACGGTATGCTACCTEGGACTACGATGGTTTC TACCATTCGTGGTGECAGGCTCAAGCAGCGCAACAA GGGTACTGGTGGTC.CCCTGGTATC CAATATCACCCTETGCAAAG GGATTA
AACGGTATGCTACCTGGGACTACGATGGT TTCTACCATTCGTGGTGGCARGCTCAAGCAGCCAACAAGGGTACTGGTGGETCGCCCTGGTATCCAATATCACCCTGTGCAAAG GGATTA

MQ Q62,5
MQ Pool2

:190 503 510 520 530 5-10 550 560 5?0 5&0 5‘.‘0 603 610
AGTGACCAAGG TGGAGATATCGAACT GAGC TG GAGCTAC AC'I_FA.AC.TG aTC GTA.GATGTTAGC ATAGGTATTTCTTGGEAAGTGATATCC GCCAGTGTAGATTACAGC AT TTCCCAATE
AGTGACCAAGGTGGAGATATCGAACT GAGCTCGGAGC TACACT TABACGTGGTCGTAMGATET TAGCATAGGTAT T TCTTGGGAAGTIIATATCCGCCAGTGTAGATTACAGCAT TTCCCAATC

MQ Q62.5
MQ Pool2

GZIO 6?0 6-}0 6%0 6€.‘0 67"0 GEID 6?0 T-'qO THIO 7%0 73IO
CTTGTCGTAMAGEGGGACCTTGACGT GCAABGTCGGMIGCGGGGAGTGTAGGTCAGGCCTGGTAMCAACAGCGAGTGATGTGGGCTGATATGCAGAAACAATACTGCCGACTCAACACCAGTG
CTTGTCGTABAGHGGGACCTTGACGTGCAARGTCGGEGCHGGEAGTGTAGGTCAGGCCTGGTABCAACAGCGAGTGATGTGGGCTGATATGCAGAAACAATACTGCCGACTCAACACCAGTG

MQ Q825
MQ Pool2

710 75() 760 TJO 7&0 7"‘0 IOD 510 820 E]O B-lO 550
GGAAGACTGTGTGTGA.GCTTGGAG.CAATACTATAGG GTGAACGCACCTACTAATGGTC AAAC.GCCACTGA.C GTATTGTAGGTTGCAGTACT GG.GATGCTAACTGTCGGTGCAGCTAA
GEAAGACTGTGTGT GARGCTTGGAGHCAATACTATAGEGTGAACGCACCTACTAATGGTCAAACEGCCACT GABCGTATTGTAGGT TGCAGTACC GGEGATGCTAACTGTCGGTGCARMCTAA

MQ Q62.5
MQ Pool2

BE0 T 0 Bl 510 B EE Ed 550 B ]
TETTACGECATTTCCTHTACT TAG

CTACHIGCCTAGC TRGAAA THIETAGGTAAGHIGA GTGAGAC GTACGAGG TGAGTATATEANANNA TN TARAARAAATAABAGALAMALLAAA
TGTTACGECATTTCCTETACTTAGHCC TACEMCCTAGC TGGAAATGEMTAGGTAAGEGAGTGAGACGTACGAGETGAGTATATHANAGHEA TGECHEITAGAANMEA AT A ARARAAAAAAAAAA

MQ Q625
MQ Pool2

%0 990 10(:0 IOWO 1020 1030 1‘0‘40 1050 IC-BO 1070 1080 10“0
AAAARAALALAAAAAMLABAAARAAAAALALAAAAAALAACEAABEAABAAEABEE WA ——— - - —— EAAGACAAGEC AAACAAGC AAMIAGAGAIACATGARTATATEC AAGHTEGCAGAG
AMALLALAAAANPSALAAAAAALAALAAAALAAAAAAANAGGAAGGAAGAAGAGEGAGARIGGEGEEN WA CAABGC AAGACAAGC AABAGAGABACATEABTATATECAAGETGGCAGAG

MQ Q2.5
MQ Pool2

1100 1110 1120 IHO 11.10 1150 1160 1170 1]210 11“0 1200 1210 lll(l
GCAAGTACATA.ACACGGGCTGGAA-CCGAACTCA.AAGA GGTAC.CICAAT-AGTATCGTTGGTGAATC'I—I'GACTCACC'I_FGAGTATAACTGGTGGC ACTAAGGCATC GATTAACAA
GCAARTACATABACACGCGEC THGAANBCCGAACTCABAARAGGTACHCGCAATIAGTATCHT TGGTAATC TTGACTCACCTTGAGTATAACTGGTGGCACTAAGGCATC GATTAACAA

MQ Q62.5
MQ Pool2

1230 12,-10 IZSO 1260 12?0 12&0 12“0 1300 1110 1320 |332 13-10

CTCACCCTGAGTCTAACTGGTCTCMAMGCAGAGGCATGGAGGTAATAGCTACAGCAGCTARTTAATGC TGATATGATCMATGTGAGTCCTIITGACATGTGTGCGCGGTACTAG CTGGGC
CTCACCCTGAGTCTAACTGGTCTCEABGENEA GGCATGGAGGTAATAGC TACAGCA GCTAGTTAATGCTGATATGATﬂGATGTGAGTCCT.TGACATGTGTGCGCGGTACT}AG"‘I‘FCTGGGC

MQ Q&2.5
MQ Pool2

1350 1!60 1370 1]10 13°0 IJCO 1410 1110 1430 14-10 1450 1160
TAAGCACACAAGCTGTCA.GC'I—I'AAATGCG.ATGGACTATAATAGCAT-AGATCATAAACCTAGTGCGAGCGGTAGCAGTCTGGGG'I_FAGCTGA'I_FACAGCAACACCGAC'I—I'GTCACAATC
TAAGCACACHARCTGTCABGCTTAAATGCGEATGGACHATAATAGCATENANA TCATAAACCTAGTGC GRIGCHAGTAGCAGTCTGGGGT TAGCTGETTACHAGCAACACCEACTTGERIACAATC

MQ Q62.5
MQ Pool2

1-170 1-1&0 1-1“0 1500 1510 1520 1530 154.0 1550 1560 1570 15&0
CGCTACGEABTAGE TCGAGCACGC AATEAAGGGGT TGAGAT GGACATCGTACHC TCAGTGCATACACAGGCGACC TAGTGTGACGCGCTACACTACGT TTAGET G THGHEC GClGAG TGCCHG
ElCEACCEANTAGC TCGARMACGC AATGARGEEET TGAGH TEMAMATCGTACGC TCAGTECH TACACAGGCERCHTAGTGTGRCHACGETIMCACTACGT TTAGHT G TGRGCECEGHG THCCHEG

MQ Q625
MQ Pool2

15“0 IECO 1610 1620 1630 16-10 1650 1660 1670 1&80 16“0 1700
|| CTCACATTAGCCGG.TAGCGGC GATGCTCTC.TGCTA GCTC CACCCTAT.AG.AGTCA GTA GT.AGCTGT'I_FCAGCGA.TACG.ATGATCTGCTAAGTAA GGCGTG GACTAGTGCT.A
OTCTHAC AMRIAGCCGRGTAGHMGC GATGCTCTCGTGC TAGCTCCACCC TATEAGHAGTCAGTAGTEAGC TGT T TCAGCGAMTACGHATGATCTGC TAAGTAAGGCGTIIGACTAGTGC THA

MQ Q2.5
MQ Pool2

1. 710 1, 720 1. HO 1 710 1. 750 1. 760 1, TJ'O 1. 7210 1. 7“0 KOD 1. 810 1 2120 1. HC
ABAAGTATATATCTAATETAGEEATCHGCCCAATGATAEATCGTAABMGTCTGCGAAABCETATTGRATCTAGCCACAGACAGGTTC TIGTGGTTCCHCGE ANTGARGTATTATGEGGE
AlAAGTATATATCTAATGTAGEGATGEGCCCAATGATAMATCGTAANGETCTGCGAAAICGTATTGGATCTAGCCACAGACAGGTTCTEMTGGTTCCGCEG ACETGAGETATTATGEEGC

MQ Q62.5
MQ Pool2

18-10 1&50 1&60 HUO IMD 18“0 I“CO 1“10 1“20 1“30 1“-10 1“-13
ATAGCAATTAGAATATIMABGGEC ACATACCTAT-CAATTETCETTAACGACC GAMTAATEGATHAACATAGTTATTGGCCAGTAAATTGACGCGAGETCAAAACAGAATC
ATAGCAATTAGAATATEGABGGEC ACATACCTATECAATTIGTCGTTAACEACCGABTAATIGATEAACATAGT TATTGGCCAGTAAATTGACGCGAGGTCAAAACAGAATCEA
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M28 alignment

1 10 20 30 40 50 &0 T0 80
1.M28 5C GAAAAAATTTGAATGGAGAGCGTTTCCTCATTATTTAABATTTTTTCAACAATCATGGTTAABTATAAATCGTTIMGEITCTAGCACTA
2. M28 Pool2 AATAGAGAGCGTTTCCTCATTATTTAATATTTTTTCAACAATCATGGTTAATTATAAATCGTTIMGCTCTAGCACTA
3. M28 DBVP... GAAAAAAUUU.AAUAGAGAGCGUUUCCUCAUUAUUUAAUAUUUUUUCAACAAU.AUGGUUAGUUAUAAAUCG.U.GCUCUAGCACUG
1(:0 110 120 130 140 150 160 170
1. M28 5C TTAAGTGTTTCAA.TCTCAAATATGCACGGGGTATGCCGACATCTGAGAGACAGCAGGGCTTAGAAGAACGTGACTTCAGTGCTGCT
2.M28Pool2 TTGAGTGTTTCAAGTCTEAAATATGCACGGGGTATGCCGACATCTGAMAGACAGCAGGGCTTAGAAGAACGTGACTTCAGTGCTGCT
3. M28 DBVP... UUAAGUGUUUCAAGUCUCAAA.AUGCACGGGGUAUGCCGACAUCUGAGGGACA.CAGGGCUUAGGAGAACGUGACUUCAGUGCUGC.
1&0 193 2!0 2%0 J_:II,O Zﬁlt() ZISO 2€I>0
1.M28 5C ACTTGCGTACTGATGGGCGCAGAAGTAGGCTCATGGGGAATGGTTTATAGTGGTCAGAAGGTCGAGAGTTGGATCCTCTACGTTCTG
2.M28Pool2 ACTTGCGTACTGATGGGCGCGGAAGTAGGCTCATOGGGGAATOGTTTATAGTGGTCAGAAGGTCGAGAGTTGGATCCTCTACGTTCTG
3.M28DBVP.. ACUUGCGUAMUGAUGGGCGCAGAAGUAGGCUCAUGGGGAAUGGUUUAUAGUGGUCAGAAGGUCGAGAGUUGGAUMICUCUACGUEICUG
™ = = 30 Bl e 0 =
1.M28 5C ACTGGCATTACTACGATGAGCGCAATCGTTGACGAAATIIGACTATTATGCGTCACATATGCCACTGAGTGTTGTGGGTGAGAACTCA
2.M28Pool2 ACTGGCATTACTACGATGAGCGCAATCOGT TGACGAAATCOACTATTATGCGTCACATATGCCACTGAGTGTTGTGGGTGAGAACTCA
3.M28DBVP.. ACUGGCAUUACUACGAUGAGCGCAAUCGUUGACGAGAUCGACUAUUABGCEUCACABAUGCCACUGAGUGUUGUGGGUGAGAACUCG
= £ £y £ g £y il ey =
1.M28 5C GGGCTACAMATCGTTCGTGATACCATAGTAACCTTGGTTATGGCTGGCCTGACAGCATCAGCTAACAAGGTAATCAGTAAGACTGAA
2. M28 Pool2 GGGCTACAGATCGTTCGTGATACCATAGTAAC.TTGGTTATGGC.GGCCTGACAGCGTCAGCTAACAAGGTAATCAGTAAGACTGAA
3. M28 DBVP... GGHEUAEMBEGAUCGUEICGUGABACCAUAGUAACCUUGGUUAUGGCUGGCCUMACGGCAUCAGCUAACAAMGUAAUCAGUAAGACGGAA
E = = g & = % 5P =
1.M28 5C AACGCAGAGAATATACAATCGCGTAGTCTTATACCGGGTCTGCTTAGTIMTGGATTATAACAGTACTCATACTATGGCGATTAATTTG
2.M2BPool2 AACGCANMAGAATATACAATCGCGTAGTCTTATACCGGGTCTGCTTAGTGTGGATTATAACAGTACTCATACTATGGCGATTAATTTG
3. M28DBVP.. AABMGCAEANMAAEAUACAAUCECGUAGUCUUAUACCGGGUCUGCUUAGUGUGGAUUAUAACAGUACUCAUACUAUGGCGAUUAALULUUG
= % = = 5 = £ )
1.M28 5C GAAGABGTET TCTCGGAGCTCGGCTGGGACATCGATACTAGTGATAGCTCTGGTTTATACAAACGTGACGATAATTCTGTCACTCTG
2. M28Pool2 GAAGAGATGTTCTCGGAGCTCGOGGCTOGGACATCOGATACTAGTGATAGCTCTAGTTTATACAAACGTGACGATAATTCTGTCACTCTG
3. M28DBVP.. GAAGAGAUGUUCUCGGAGCUCGGEMUGGGACAUCIMAUACUAGUGAUAGCUCUAGUUUABACAAACGEIGACGAUAALUUCUGUCACUCUN
610 520 E\EII,O 6‘}0 650 6?0 6';"0 6!}0 6;93
1.M28 5C CACCTAGGGGACGTACCTGCTCTAGGCA.CAGTAACA.TA.CATACCTAACGCTGTCATGCAAATATATAATAACGCATCATTTGCT
2.M28Pool2 CGCEHITAGGEGACEMTACCTGCTCTAGGCAACAGTAACATTACCATACCTAACGCTGTCATGCAAATATABAATAACGCATCATTTGCT
3.M28DBVP.. CACCUAGGGGACGUACCUMCUCUAGGCAACAGUAAMGUUACCAUACCUAANMGCUGUMAUGCAGAUAUAUAAUAACGCAUCAULUGCU
T(IX) 71I ['] 7%0 'HI,O 'hlt() 'J'ISO 'J'EI»O T;"O 'ﬂll()
1.M28 5C TTCGGTTTTGCACCTCATAGCAACGGTAATTCTACAGGC TTGCAGAAMBGAGCTAGTATTGATGATGCGGTGTGGTTACAATIITGCA
2.M2BPool2 TTCGGTTTTGCACCTCATAGCAAMGGTAAGTCTACANMGEIT TACAGAAGAGAGCTAGTATTGATGATGCIMGTGTGGTTACAATCTGCA
3. M28DBVP.. UUBMIGGEMUUUGCACCUCAUGGCAACHEMUAAUUCUACAGEMCUUACAGAAGAGAGCUAMMUGUUGAUGAUGCGGUGUGGUUACAAUCEIGCA
m &(IX) ﬂ]l() 8\20 830 B‘It() EISO MI»O E'JI'O
1. M28 5C TACGGAATAGCTTATAGTGCCTGGATAGGCTCTGAGAATGTGGGTTCCTATGATCAGCATCTAGC WMGAAGCTAACGGTATGGCHEAAC
2.M2BPool2 TACGGAATAGCTTATAGTGCCTGGATAGGCTCTGAGAABIGTGGGTTCCTATGATCAGCATCTAGCCGAAGCTAACGGTATGGCCAAC
3. M28DBVP.. UACGGAAUAGCUUAUAGEIGCCUGGAUAGGCUCUGAGAAUGUGGGEIUCCUAUGAMCAMCAUCUAGCCGAAGCUAANGGUAUNMGCCAAN
%0 50 By 50 g = " =
1.M28 5C TACTGGACGTCCGAGTGT TC TAAGTACAATGGTGTCATCTGGGGTOGACGAATCAGACGCCTGCOGGTAACTGGCTAGCATCACAGCGT
2.M2BPool2 TACTGGACEMTCCGAGTGTTCTAAGTACAATGGTGTCATCTGGGGTGAMGAATCAGACGCCTGCGGTAACTGGCTAGCATCACAGCGT
3. M28DBVP.. UACUGGACGUCHEMGAGUGUEMCUAAGUACAAUGGEIGUCAUCUGGGGUGACGAGUCAGACGCIMUGCGGUAACUGGCUAGCAUCACAGCGLU
9?0 9';"0 9&}0 9?3 1, COI) 1 (?10 1 (?20 1, 030 1.(?40
1.M28 5C TTAGACATAGTGAG.CACTCAACTGGCAATTACTACAGAGACGTTAACCTCTGTGGTGACGACGAGGCAAGGTGCCACGATGAGCTA
2.M28Pool2 TTAGACATAGTGAGCCACTCAACTGGCAATTACTACAGAGACGTTAACCTCTGTGGTGACGACGAGGCAAGGTGCCACGATGAACTA
3. M28DBVP.. UUAGACAUAGUGAGCCACUCAACEBIGGCAAUUACUACAGAGACGUUAACCUCUGUGGUGACGACGAGGCAAGGUGCCACGAUGAACUA
1050 1060 1070 10&0 1093 1.1ICO 1.1|10 1.1|20 I".B 1.1|30
1.M28 5C CGCTAATAGTCCAGACCGA-GCTTCTTAGTTATGATCAGGCTG.GA.TAAGGCTGATGTAAT.TAGGGATATGAATA*-]A
2.M2BPool2 CGCTGATAMTCCGGACHMAATGCTTCTTAGTTATGATCAAGHTGCEMACTGAAGCTGATIMTAATGTATGGATATGAATAC|AAGIHEEEEDE
3. M28DBVP.. CGCUAABAGUEMAGACCAAUGEUUCUUAGUUABGABICAAGCUGCGACUAAAGCUGAUGUAAUGUAUGIIABAUGAABACIAA
1.1I40 1'1.50 1'1.60 1.1:;'0 1.1Il10 1.1I9D 1.ZICO 1.2|10
1.M28 5C ---AATATIRAAAAAAAAAIAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAIAABAAAAABAAACAAA
2.M28Pool2 THIGAAATATAAMAAANMAAABAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACAAABABAANABACAAA
3. M28DBVP.. UNENABMAUAUAAAGAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACAAAABAAAREAACAEE
1.Z|20 1.?|_10 1.2|40 1.2|50 1.2|60 1.2|70 1.2|£0 1.ZI9D 1.3:(20
1.M28 5C AC - - mmm m m m m m — e m e ———————— - - — - — - AAABACATCCACTCAAATCTAGTCAGGATAGATCTGACCTACTA
2.M28Pool2 ACGEHAAAACAAAMAGCAAAACEHIAAACAAAACACATATEEGAAGAAAGACATCCACTCAAATCTAGTCAGAABAGATCTGACCTACTA
3. M28DBVP.. ANEEAAAACAAABANMCAAAACEIAAACAAAACACAUAUCEONMAAGAAAGACAUCCACUCGAAUCUAGUCAGAAUAGAUCUGACCUACUA
1310 1320 1330 1340 1350 1360 1370 13&0 1393
1.M28 5C TACGTAGCTGTGGGGGCAGTACCCACATAGGTTATATCCAATGGTAGACAGTCAGTCACCGTCTGCCAAATAG.GGCTGTAGCACAG
2.M28Pool2 TACGTAGCTGTGOGGGGGCAGTACCCACATAGGTTATATCCAATGGTAGACAGTCAGTCACCGTCTGCCAAATAGGTGCTGTAGCACAG
3.M28DBVP.. UACGUAGCUGUGGGGGCAGUACCCGCAUAGGUUAUABCCAAUGGUAGACAGUCAGUCACCGUCUMCCAAAUAGGUGCUGUAGCACGG
14(:0 1410 1420 1430 1440 1450 1460 1470
1.M28 5C TACTCATGTACTG.G.GTCGTCTTGACGTTTCGG.TGG-ACACACTAAGCTACAAGTGTTGCATAGGGCAGACGGTTCGTCGCCC
2.M28Pool2 TACTCAMGTACTGGGTGTCGTCETGACGTTTCCGGTGG GACACACTAAGCTACAAGTGTTGCATAGGGCAGACGGTTCGTCGCCC
3. M28DBVP.. UACEMCAUGUACUGGGUGUCGUCUUGACGUUUNMCGEUGG GACAGAMUAAGCUACAAGUGUUGCABAGGGCAGACGGUUCGUCGCCC
1430 1493 1503 1510 1520 15.10 1540 1550 1560
1. M28 5C TAAAACTATACGTGCGCACGATTAATAACTGAGGAACTATATCAAA.TGTTTCTCGGTG CA.ACACCGCCAACGACAGGCGGCAAA
2.M2BPool2 TAAAACTATAMGTGCGCACGATTAATAACEMGAGGAACTATATCAAATEGTTTCTCGGTGACANMAMACCGCCAACGACAGGCGGCAAA
3. M28DBVP.. UAAAACUAUACGUGCGCACGAUUAAUAACUNMAGEGGCUAUAUMAAAUUGUUBEICUCGGUGACAMIGCACMGCCAACIMACAGGCGGCAAA
1.5|70 1.%&0 1.5|9D 1.€I\CO 1.€|»10 1.€|\20 1.€|\i0 1.§40 1.€|»50
1.M28 5C CCGTAATACTGAAACHIMTACAATAGATACGTGTTATCCGATAATACAAGGCACAGCTGCCATAGCCCAGCTIMCGTAGACGTCAGATA
2.M2BPool2 CCGTAATACTGAAACCGTACAATAGATACATGTTATCCGATAATACAAGGCACAACTGCCATAGEICCAGCTGCGTAGACGTCAGATA
3.M28DBVP.. CCEMUAAUACUGAAACCGUACAABAGAUACAUGEUGUCEGABAAUACAAGGCACGACUGCIMAUAGCCCAGCUGCGUAGAMGUCAGAUG
1.€|>60 1.€|»70 1.€|>E0 1.€|»9D 1.'{(}0 1.'{10 1.'{20 1.'{30 1.'{40
1.M28 5C CAGTTGGCCACTCTAATGC TATAAAGAGCCTAGGTAGACGATTCGTCACTCAAGTTCTGAMAGCAATAGGABTCACGGCATIIEATAA
2.M2BPool2 CAATTGGCCACTCTAATGCTATAAAGAGCGTAGGTAGACGATTCGTCACTCAAGTTCEBIAACAGCAATAGGA TCACGGCGTGTATAA
3.M28DBVP.. CAAUUGGEICAMUCEAABGCUAUAAAGAGCCUAGGUAGACGAUUCGUCACUCAAGUUCUAACAGCAABIGGGA UCACGGCAUGUAUAA
175() 1?6() 1770 1?&0 1793 HlCO HKM
1.M28 5C CTACGCAC.G.CA.TGATATGATACTAGTT.ACT.ACAAAA.A————.TT.GC.TC_CA.
2.M28Pool2 CTAMIGCACGGCCACTGATATGATAMEAMT TGACTCACAAAAGAACGETTTGACTTCCATGCAGA
3. CUACGCACGGCCACU.AUAUGAUACUAGUUGACUCACAAAAGAAC-UUUGACUUCCAUGCAG

M28 DBVP...
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MC alighment

] 1p Z? BIO 49 S(IP 70 90 100 110 IZO 130
MC CB58441 TATTG CTATCACTGTGACCGCGG'I‘FG CTACTTGTCTCACTTTTTCGCTTGCTTATAAGTTGCGCGATTTACAATATA
MC Pool2 GAAAAAATGAAGATAAGCAATAGTACCCGACCTGTTAACAAAGTAGC TATCCTRIATTGCTATCACHIGTGACHGCGET TGCTACTTGTCTCACT T TT TCCTTGCTTATAAGHTGCGCGARMTTACARTATA
140 150 160 1'!0 180 190 00 210 110 BO 240 250 260
MC CBS8441  AGCATGACACTCAGCAAGTAACTAGCCAGTACATCCAMAGAAGGGANICTAGCTAATTTTTCCHACACCTTGGARMTATACCAATCGAACTACCTAATCACTAGETTCGTAGGCAAACTAGGTAACTCAAC
MC Pool2 AGCATGACACTCAGCAAGTATNTAGCCABTECATCCABAGAAGGGABCTAGCTAATT TTTCCGACACCTTIRGAGGTATACCARTCGAACTACCTAATCACTEET TCGTAGGHAAACTAGGTAACTCAAC
270 280 290 300 310 320 130 340 350 360 370 3.&0 390
MC CBS8441  CGAGCTATCAAACACCGAGGGGAGNTTEGCEAAGCCCGEATAMGTATGGTTCGCAATTGEMTTETGGCCATTAT TG TTCCMGGATACAATCTAGGTTCCCTTECCAGGACATGTCGCGACTGETCTAGT
MC Pool2 CGAGCTATCAAACACCGAGGHIGAGET TRGCMAAGCCCGGATABGTATGGTTCGCAAT TGGE T TRTGGCCAT TAT TRGTTGCEGGATACAATCTAGGTTCCCTTGCCAGGACATGTCGCGACTGGTCTAGT
aw 40 40 430 “0 40 40 e “e e = =10 =0
MC CBS8441 GGCGGGGCATGGEEAAAATCCGATTGTGTRGTCGGHGCHGTTGATACTGETGTGACGLTGGGCATAACTGG TACTAGCACCTACAABACATABG TAGAAATAGGTACATEACTTGTACAGAGCGGGC TEC
MC Pool2 GGCGGGGCMTGGEEAAAATCCGATTGTGTGGTCGGEGCEGTTGATACTGGETGTGACGCTGEGCATAACTGGTACTAGCACCTACAAMACATABIGTAGAAATAGGTACATIIACTTGTACAGAGCGGGCTGE
30 =0 =0 =0 e =0 =30 =0 =10 5o &0 o 50
MC CBS8441  ACCTCCCAGGGTTCAAGAAMAGAGATGAAGATGTACGGGANGTHIGACGC TACACTTGAGAAGC TATACHCGTTEGCAGCAGCET TAGTEAACGGAACAGGACATCAGGC TGCMGCACTACTACATCAT AR
MC Pool2 ACCTCCCAGGGTTCAAGAAGAGAGATGAAGATGTACIGGABG TEGACGCTACACTTGAGAANCTATACGCGTTIIGCAGCAGCGTTAGTIIAACGGAACAGGACATCAGGCTGCGGCACTACTACATCATAA
660 670 6&0 690 ?00 71 0 720 ?30 740 750 760 770 ?80
MC CBS8441 TGGETCEGTGGTGGCMAATGATCABACAGGTTATCCGGTCCTIGTCATTAANTCGC CAAACGGIICGCCTCCABCABA TEAGEACCATGAGCATCAATCGACTCGTCACATTTATAGAC TAGCAACCGAT
MC Pool2 TGEHTCHGTGGTGGCEAATGATCAGACAGGT TATCCGGTCCTEGTCATTAAGTCGCCAAARIGGGC GCCTCCANCAMA TGAGIAC CATGAGCATCAABTCGACTCGTCACATTTATAGACTAGCAACCGAT
i e 10 e =0 = e =0 o = =0 o e
MC CBS8441 CABGGGACCACGCAACGEGCAAAGAGAAATGAGGACTTCAAICTAGAGAAT TTTAGCGCIIGGAGGC TTGGAATTCGGETGACTATAGAGABGAATCGAATAGCGTIIGCATCTATAAGCACTAGCAGTGACT
MC Pool2 CAMGGGACCACHCAACGEGCAAAGAGAAATGAGGACT TCAABCTAGAGAAT TTTAGCGCEGGAGGC TTHGAATTCGETGACTATAGAGANGAATCGAATAGCGTEGCATCTATAAGCACTAGCAGTGACT
‘}ZO ‘}30 940 ‘}50 960 ‘}70 ‘}&0 990 1 (KX) 1 010 1 OZO 1 030 1. 04.0
MC CBS8441 ATGGCACGCTCGANICACCAGCTGTCATGTGAGCTTGATATGGATGCTCATGCETATCAATATGAAATT TGGGATACAACCATAACTCGGCGATGTCCACAGGCTGETTTCACGCGTATCAMGACGCIIGT
MC Pool2 ATGGCACHC TCGABCACCAGCTGTCATGTGAGCTTGATATGGATGC TCATGCHMTATCAATATGAAATT TGGGAMTACAACCATAACTCGGCGATGTCCACAGGCTGGT TTCACGCGTATCAGGACGGEGT
1050 1()60 1070 IO&O IO‘JO H(K) 1110 1120 1130 1140 1150 1160 II'!O
MC CBS8441 TTATCAGGAAGGTGATGCTGAACTGGAACCATACCCGGGTACGAGCGCACCTAABATAGGTGGETGCTATGTGTCTTGATCTAACGGCETABTGCAGCACAGACCGGGTTAACGAGTGACTTAACEAATA
MC Pool2 TTATCAGGAAGGTGATGLTGAAC TGGAACCATACCCGGETACGAGCGLACCTAAMATAGGTGGCTGLTATGTGTCTTGATC TAACGGCHTANTGCABCACAGACCGGGTTAACGAGTGACTTAACEAATA
1180 1190 WZ(X) 1210 IZZO 1}'_10 1240 IZSO 1260 1270 12&0 1290 130-:)
MC CB58441 TAAGGTCAAATAATATTTIAATANGEERAAARAAAARAAAARAAAAAAAMAMLAAMALAALAALALALAAALLALAAABAAANABAABAAAABAREA ABEAAAC AAAACAACAAACEIEAGAIIENACABIEAA AR
MC Pool2 TAAGGTCAAATAATATTTGAATANMGEA A ARAAAARAABARAAAAAALAAAALAAAAALAALAALALAAADAAAAARAAA A ARAA AT EEAABEAAACAAAACAACAAARERARAEEAACATEA A5~
1310 1320 13.10 1340 1350 Ii&o 13')0 13&0 1390 1400 IdIO 1420 14.10
MC CB58441  EANEEEENCECECENCENCENCE: " AWAAAACAGCAAACETAAGTAATAGTAGAACATATAACHANIGT GEGAAGEABTATTACATTCACTAAGCTCTACACGAGGATAAGTGTTGGCGTCGTAGGACTTAT
MCPapl2 ~ —mmmmmmmmmm——m—— - BAAABAAAACAGCAAACGTAAGTAATATAGAACABATAACEABG TGERGAAGIAGTATTACATTCACTAAGCTCTACACGAGGATAAGTGTTGGCGTCGTAGGACTTAT
1440 1450 1460 IA'JO 14&0 1490 1500 1510 15.20 15.30 1540 1550 1560
MC CB58441 AGCTCACCCTGAGCATAACTGECTTCGTAGTACAAGTACTGAACGAGTACTETCACGGAGATAACIACGGRGTTAACTAGCTAAACGIGGCTAAGHTIIAACCGAAGTAGCGTAATTGTETCAGTACCA
MC Pool2 AGCTCACCCTGAGCATAACTGGCTTCGTAGTACAAGTACTGABACEAGTACTGTCACGGAGATAACGACGGEGT TAACTARGCTAAACGIGC TAAGETGAACCGAAGTAGCGTAATTGTGTCAGTACCA
1570 15!10 1590 1.600 1610 16.10 1630 1640 1650 1660 1670 1&&0 1690
MC CB58441 MATGCGTGGTAATGAGGCAATCCAGGATETCACGTGCRAANGTGCATTCHCATAGTACTAGTCARCTAGAMAGEIIGGAAC TAGTGCTGAAACTGGCATACCTTGATCATC TAGTCGTTTCGACAGGTGEG
MC Pool2 GA‘I‘ICGTGGTAATGAGGCAATGCAGGA‘I’GTCACGTGCGAAIGTGCA'I'I'CGCATAGTACTAGTCAGCTA“AGGIGGAACTAGTGCTGAAACTGGCATACC'I‘I’GATCATCTAGTCGTFFCGACAGGTG-
1703 1710 I]’ZO 1730 1740 1750 1760 17]'0 17&0 IB.C() 11110 1!120
MC CBSB441  AGTCAGGGTACTGCCACGAATGGTGTATATTTATCCAACTEAGCGGTTEACTAAGCGAGATTGETAGTATAAACCATTTIAAACATACCAA CAGIGGTCTFATACGAA CTETCGATATAGTAACTTGATT
MC Pool2 AGTcAIGGTACTGcCAcGAATGGTGTATATrrAchAACTIAGCGG‘I‘FIACTAAGCGAGATrGGTAITATAAACCA‘ITFIMACATACCAACAGIGGTCTrATAclAACTGTCGATATAGTAACﬂGAﬂ
11!.10 1840 12150 12160 121]’0 12190 19(20 1'}10 1920 IEH.O 1')40 1950
MC CB58441 CAGGTGCTETACAGTTTTAATACAGAAGTATGACCCAGGGGTCAMTG AACGTIAA'I‘FATFI’ACCACC‘I‘I’FAGACTGCGGTFG GTTEATGTTGEAGECEATGCATATACCAAGGGTATCGCTTCGTAGCA
MC Pool2 CAGGTGCTEMTACAGTTTTAATACAGAAGTATGACCCAGGGGTGAGTGAACGTGAAT TAT TTACCACCTTTAGACTIICGGTTGGT TGATIT TRGAGHICHATGCATATACCAAGIIGTATCGCTTCGTAGCA
1,',IN30 13?0 I,?&O 1.‘):90 lCF() lC:10 ZOIZO lqlo ZOIdO 1950 lC'IBO lC'IB'B
MC CBS8441  ATATCGGTGGCATHCGACTTATAAATANTGTGATGGTAGATTT TAGGGTCAGHGCACATIAGTACAGCGEEGCTEGCACTACGGTACGGLCGACTCATAGTACAACCATCACARTA
MC Pool2 ATATCGGTEGCATRCGACTTATAAATAGTGTGATGETAMATT T TAGGGTCAGEGCACATEAGTACAGCGGHGCTICACTACGGTACGGCCGACTCATAGTACAACCATCACAGTAC
M-P1G2 alignment

T -] 0

1 10 20 30 40 50 &0
M-P1G2Pool! MMICTAMCATETTAMATAATTTTTCACTTGCTTTTATTGGTEAGETCAGEGATCATAGAOEGENACANTCGTHEGCCCETABEGCGEAAGGTATGGT
M-P1G2 Pool2 .CTA.CAT.TTA ATAATTTTTCACTTGCTTTTATTIGTGAGETCAGHMIGATCATAGAMGGEIGACAEBTGTEGGCCETAMNGENAAGGTATGGET

10 120 30 3 50 T80 70 80
M-P1G2 Pool1 TTAGAC.GTGGGATATCGACC.GGCCCTGCAGGC.AA.ATTACT.AGTG.AT.ACTAACGTGACTGA.AGGCCAGTAAT.ATAGACGAACAA
M-P1G2Pool2 TTAGACGGTGGGATATCGACCEGCGEMCCC THCAGCECEAAEATTACTGAGTGEATIIACTAACGTIIACTGAMAGGCCAGTAATIEATAGACGAACAA

%0 00 B 0 = 0 =0 60 B
M-P1G2 Pooll GTEICAABTGTACACHCCEMGCTATHCAAATATGGGTAGAMACTGGCAGTAACTCAGAAGACGTEATTGACCCMGGAC TEIGGTGETGCCATAAT
M-P1G2Pool2 GTGCAAMTETACACGCCGGCTATECAAATATGCGGGTAGABACTGGCAGTAACTCAGAAGACGTIIATTGACCCEGEACTEGETCGETGCCATAAT

2&0 190 303 310 320 330 340 350 3160
M-P1G2 Pooll GCATTG-TTGA.GGAAC.GCGAACTACACAGGCATACC.GTGTATGG.CATAACGTATTTGCTGT.GTTAGTCCGCTAGCTAGTGACAACA
M-P1G2Pool2 GCATTGEETTGABGGAACMGCGAACTACACAGGCATACCEBGTGTATGGEICATAACGTATTTGCTGTGGTTAGTCCGCTAGCTAGTGACAACA
Ed ) e £ 0 2 = e “ =
M-P1G2Pooll GCACGTATGCATCCCACTATGACTABTTCOGGGCGEGGGTAMCCTGCMGACTACGABAGGGAMTACGCGTCCGACMACAGCGATACGEICTERAC
M-P1G2 Pool2 GCACGTATGCATCCCACTATGACTA.TTCGG.C-GGGTA.CCTGC.GACTACGA.AGGGA.TACGCGTCCGAC.ACAGCGATAc-CTGAC
470 480 dﬂ() 510 520 550
M-P1G2 Pool1 AA.A.AAc-ACATAAATAAGCGAGGTAA.GGCAA.TGGCCTGACGCTATATTGCCAGGATGGTC.GCGAAAAC.GAT.TGGGACTTAAGCT
M-P1G2 Pool2 Ah.A.AAC.GACATAAATAAGCGAGGTAA.GGCAA.TGGCCTGACGCTATATT.CCAGGATGGTCGGCGAAAAC.GAT.TGGGACTTAAGCT

570 530 €00 €10 €20 €40
M-P1G2 Pool1 .GCGATATACGC.TATGCTGCGTACTCGTCTTACTTGCGAACATCACC.GACTTGCAGTGCGGGAAGTGTTATAGTGTAAGGGGCAAGCCGA
M-P1G2Pool2 BGCEATATACGCGTATGCTGCEMTACTCGTCTTACTTGCGAACATCACCHIGACTTIMCAMTGCGGGAAGTGTTATAGTIMTAAGGGGCAAGCCGA

650 660 670 6&0 690 703 7] o 710 730

M-P1G2Pooll TGCCHMAAATCAAGTEITATTEGAGAAMGATTTHIGGEGATGAAGT TGABATIATGTACTEGETGCACCATCAGTGECGGTCMAGAGGEAAGAAN
M-P1G2Pool2 TGCCMAAATCAAGTGTATTIHIGANAABGATTTEGHEMGA TGAAGTTGAMATEATGTACTGGMTGCACCATCAGTGMICGGTCGAGAGGEIAAGAAR

740 750 TED T 780 70 800 3] 80

M-P1G2 Pooll GGEIGCAGGECCTAGEMGTTCCAGGEAAGATAGAACGCATAAAGAAAGACCAGE TGGGAGGACATAATTTCGTAGTIMGGCTCETTETGGATACA
M-P1G2 Pool2 GGGGCAGGGCCTAGGGTTCCAGG.AA.ATAGAACGCATAAAGAAAGACCAG.T.GGAGGACATAATTTCGTAGTGGGCTCGTT.TGGATACA

&50 &70 MO 91 0 ‘}ZO

M-P1G2 Pooll GTGCAAGTCAAATCAAGG.TGGCC.GA.CCTGA.TTGACTAAGT-CAAGGGCTGGGACGTCGCCTGGGTGTAATGTA-TATCTCG.C-GGGC
M-P1G2 Pool2 GTGCAAGTCAAATCAAGGGTGGCC.GA.CCTGA.TT.ACTAAGT.CAAGGGCTGGGACGTC.CCTGGGTGTAATGTA.TATCTc-C.G.GC

L 350 %0 L B E T.000 010
M-P1G2 Pool1 CT.TCCCTAG.GAGGT.CA.ATCATAG-G.CC.ACC.ACTTAA.ACCCTTGACTGAAAT.AACTAAC.AGCGTTAACTGAC.AGTCGGGCA
M-P1G2Pool2 CTRTCCCTAGHNAGETECANATCATAGENMGECCHMACCGACTTAABACCCTTIMACTIIAAATIEAACTAACGAGCGT TAACTGACEIAGTCGEEC A

1010 1030 10410 1050 1060 1070 1030 1090 1100

M-P1G2 Pooll NMMACATGT TABMCTACGTGGACEAMGAGGT T GENNENNG GRS GENETE - TATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
M-P1G2Pool2 BGACATGTTAGCTACGTGGACHACOEMAGGTTG ATATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1110 1178

M-P1G2Pooll AAAAAAAAAAAAAA
M-PIG2Pool2 AAAAAAAAAAAAA |

¥ PP |¥F |F¥ (PP |FF |F¥ |¥F |F¥ |F¥ |[F?P |¥¥ |¥F¥
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M-P1G3-1 and M-P1G3-2 alignment

10 20 70
M-P1G3-1 Pa... TAAGGGCAAGTGAAAAAAT.CTACGCCATGTAACTTCCCT.GAGGTGTTATACAGCTTAGACATTTTTTCACTTGCC.T.AAGATCATGCTG
M-P1G3-2 Pa... GGCAAGTGAAAAAATGC TACGCCATGTAACTTCCCTGGAGGTIMT TATACAGCTTAGACATTTTTTCACTTGCCMTMAAGATCATICTG
WCO IIO 120 130 140 150 160 170 180
M-P1G3-1Pa.. GTAATGT TETGTGTET TAGCTGTATTEACGCTGTTAGTGAGCCGAC THMITAGGCACATCACAACCTATGGATGTGGAACACTTGAGTAGGCT
M-P1G3-2Po.. GTAATGTTGTGTGTET TAGCTGTATTGACGCTGTTAGTIAGCCGAC TIEBTAGGCACATCACAACCTATGGATGTGGAACACTTIAGTAGGCT
I‘JO ZOO 210 ZZO ?_’IO 240 ZSO 260 2?0
M-P1G3-1Po.. ICATAAACGAGCHAGEMTGGACATGGGTTCAAGGCGCMACTTATGCAGGGCTGIMTATTAGCAGCAGGTGCTCTCATAGCTCCGTCTTGGTCAG
M-P1G3-2Po.. ACATAAACGAGCEAGGTGGACATGGGTTCAAGGCGCGACTTATGCAGGMC TGBTATTAGCAGCAGGTGCTCTCATAGCTCCGTCTTGGTCAG
2&0 29() 300 310 EZO 330 340 350 360
M-P1G3-1Pa.. CAGCAATETGCHTGGCGACGGCGAAGGACTARTGEGCACCACTAGC TAATGCTATTCTTAGCACGATTGTTGTCMGCEMTAGCCGGAGGGATH
M-P1G3-2 Po... CAGCAAT.TGC.TGGCGACGGCGAA.GACTATTG.GCACCACTAGCTAATGCTATTCTTAGCACGATTGTTGTCGGCGTAGCCGGAGGGATG
370 3&0 390 410 410 450
M-P1G3-1 Pa... GCCTGGCGTACTAGCGGTGTGGGTGT.CACGAACGTGC.CTGCA.TC.TCGCTG.TTCTCGGCTC.CT.AA.CTAACACTCAACGCTGACTT
M-P1G3-2 Pa... GCCTGGCGTACTAGCGGTGTG-TGTGCACGAACGTGCGCTGCAGTCGTC-CTGGTTCTCGGCTCICTIAA-CTAACACTCAACGCTGACTT
470 4&0 490 510 510 530 550
M-P1G3-1 Pa... .AACAG.AGTCAGCT.GCGGC.GTTGATACCCACCCGCATTTGGT.TCGTTGGATGCGTGGACAGTGGGGCCAGCAGAC.TACACAGATT.G
M-P1G3-2 Po... .AACAG.AGTCA.CT.GCGGC.GTTGATACCCACCCGCATTTGGT.TCGTTGGATGCGTGGACAGT.GGGCCA.CAGAC.TACACAGATTGG
570 590 610 620 630
M-P1G3-1 Pa... GTAAACGTG.TG.GGATACAGGTAAT.CTGT.AAT.ACGGCAC.TATTTGTTCTT.ACGTCCGAATATGGCACTCATACTGC.CACATG.CA
M-P1G3-2Po.. GTAAACGTEATGAGGATACAGGTAATECTGTMAATGACGGCACETATTTET TCTTMACEMTCCGAATATGGCACTCATACTGCGCACATGEBCA
650 660 670 &EO 690 'JOO 71 [1] 710 730
M-P1G3-1Pa.. GGTGATGAMGTCGGTACTCTAGTAGAMT TTGTEAT TEMAACGCGATTCCAGACGAGCCTAACATIIAATAGCACAATTAATTCTGCTAAGCGGAG
M-P1G3-2Po.. GGTGATGABGTCGGTACTCTAGTAGABTTTGTATTGAACGCHMATTCCAMACGAGCCTAACATIBAATAGCACAATTAATTCTGCTAAGCGGAG
740 750 760 770 TBD 7’90 llCO 310 5.20
M-P1G3-1Po.. TCAACAATTCGGAGTATCATGGGTGTCATATATATGGGAMGAAGCCAACCATGATCTGGATACCGAGTGGTATAATGAAGAMGGTGGTAGCT
M-P1G3-2Po.. TCAACAATTCGGAGTATCATGGGTGTCATATATATGGGAMGAAGCCAACCATGATCTGGATACCGAGTGGTATAATGAAGAGGGTGGTAGCT
!&IO 840 ISO M 870 MO 390 9()() 910 910
M-P1G3-1Pa.. TCGACTCRICAGTTAGAAGAAGGEIT TGACGCAAGCAATAGETGATATACCTGACTGGAAGTACTGIMATTGCACCMGAAGTCAGTAAGGGCGAG
M-P1G3-2 Pa... TcGACTCTCAGTTAGAAGAAGGITTGACGCAAGCAATA-TGATATACCTGACTGGAAGTACTGIATTGCACCIGAAGTCAGTAAGGGCGAI
930 950 970 950 1(KK) 1010
M-P1G3-1 Pa... GCAATATCTTATGACGACATACCCGGCACGCA.AACGGAAATGG.AATGCGTTACACGG.GA.GTCTACTTCAATACCTACGGTGGTTTGGA
M-P1G3-2Po.. GCAATATCTTATGACGACATACCCGGCACGCAMAACGGAAATGGMAAMGCGTTACACGGGGAGGTCTACTTCAATACCTACGGTGGTTRIGGA
1‘(‘)20 1.(?30 1, OAO IOSO 1060 1070 IO&D 1090 1. ICO
M-P1G3-1Pa.. TAGTTATTGEAAMTCHGCHMCA THABGGTGCGGATCGTTGGCGGTAGGTATCABACCACCTGGMCT-MGAGGET TCERIT TGCGEATGAAGTET
M-P1G3-2Po.. TABTTATTGHAAGTCEGCMCATGAMGGTGCGGATCGTTGGCGGTAMGTATCAGACCACCTGGEC TGGGAMGETTCETTTGCGEMATGAAGTIET
1110 1120 1130 1140 1150 1160 1170 1110 1190
M-P1G3-1 Pa... G.GAT.G.ATAC.TCTGC.GGCTTAAGATAAGTC.GAATTAGATTT.ACAAATAAAT.GTATAGG.TA-G-G.ATTTA.AWAAAAAAAAA
M-P1G3-2 Po... IICHA TEBMGA TACHTCTGCMGGCTTAAGATAAGTCGEAATTABMATTTGACAAATAAATGGTATANEGT —ATTTAMAAAAAAAAAAA
1100 1210 IZZO 1)_10 IHE
M-PIG3-1Po.. AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
M-P1G3-2Pa.. AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA |
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Nucleotide alignment of all L-A. The first 16 sequences are from S. paradoxus and the three last
sequences belong to S. cerevisiae. SC is abbreviation of S. cerevisiae.

16.L-A-p2.3

17. L-A-lus SC
18.L-A-2 SC
19. L-A-L1 SC

1 10 20 30 40 50 €0 70 80 %0 100 110 120 130 140 150 160 170 180 190
UL AR GAG UCUARIGG U
UL AGGACAG ACUUUAAGUUUGAL AACUU AGUCUUU AACCGAGUC UAIIGG UGUG!
6 CUCAUAAUAGGGUU AGIIACAG ACUUUAAGUUUGAU AACUU AG
UAAGUULIGAL AACUL AGURUUL AACCGAGUC UARIGGIIGUGUCUCAGAAGL ULIAC UL AGUC
AGUC
CAGAAGUUUACUUL AGUC

i v . v v v v
UAUAACUCCCCAUGCU UAGAUUC GUUACUA AAAACUC UCAAGAC AAGUCUU CAGACUU AUUUUCT AUCUGCUCAGACAG A GOUUAGGACAG ACUUUAA GUUUGAU AACUUAG GUGUCUCAGAAGUUUACUUUAGUC

GACUUUUGUIG CUCAUAAUA

CAGAAG

UAUAACUCE CCAUGE U UAGAUUC GUUACUAAAAACUC UCAAGAC AAGUCUU CAGACUU AUUUUC C AUCUGC U CAGACAG AGGGAC U UUUGUEIG CUCAUAA UAGC UUACUUU AGUC
e
GAAUAAULUGAAL AUUCAUAUAACUCE CCAUGCUUAGAUUC GUUACUAAAAACUC UCAAGAC AAGUCUU CAGACUU AUUUUCE AUCUGCU CAGACAG AGGGACU UULG
CUCECCAUGEU UAGAUUC GUUACUA AAAARIIC UCAAGAC AAGUCHU CAGACUU AUUUUCE AUCUGEU CAGACAG AGGGACULULUGUBG CHCAUAAUAG

UAUAACUCE CCAUGCU UAGAUUC GUUACUA AAAACUC UCAAGAC AAGUCUU CAGACUU AUUUILCC AUCUSC U CAGARIAG AGGGAC U UUBGURG CUCARAAUAGG

cecauaeL 6 CUCAUAAUAGGE

AUAUAACUCEC CCAUGCU UAGALUUC GUUACUAAAAARIIC UCABGAC AAGUCUL CAGACUUAUUULCC AUCUGCU CAGACAG AGGGACU UULGLEG CECAUAAUAGGGUU AGGACAG ACUUUAA GUUBGAU AACUL AGUCUUU AACCGAG UCUACGG UGUGLCU CARRARIU UUACUUL AGL

AUAUUCAUA UAACUCCCCAUGEU UAGAUUC GUUACUA AAAACUCTIC AAGAC AAGUCUU CAGACUU AUUUUC € AUCUGC U CAGACAG AGGIIAC U ULUGUEG CRCABAA UAGGGUU ACEIACAG ARVUIBAA GUUUGAU AACUU AGUC UUU AAIKC GAG Y UACEIRU AGUC
GAAUAAULUGAAL AUUCAUA UAACUCE CCAUGCU UAGAUUC GLACUA AAAACUCIICAAGAC AAGUCUU CAGACUU AUVUUCC AUCUGCU CAGACAG AGGGACU UUUGURG CHICAUAA UAGGEUU AGIIACAG ACUUUAA GUUUGAU AACUU AGUCUUU AAIKC GAG UCUACGGIIGUGLCU CAGAAGU UUACUUL AGUC
UAUAACUCE CCAUGE U UAGAUUE GUUACUA AAAACUC UCAAGAT AAGUCEU CAGACUUBUUUUCIIAUCUGC U CAGAC AG AGGGAC U UUUGUBG CUC AUAAUA

SUULACULU AGUC

UAUAACUCECCAUGE U UAGALUC GUUACUA AAAACUC UCAAGAC AAGUCUL CAGACUL AUUUUCE AUCUGCU CAGACAG AGGGACL LI

JCULU AACCGAGUCUARISG UGUGLCU CAGAAG

6 CUCAUAAUAGGGUL AGGACAG
IEAGGACGGACUULAAGUURGAU AAIIUBGUCULU AACCGAG UCUARIGG UGUGUC U CAGAAGL UUAC UL
UBIAGGACBG ACUUUAA GUULIGAU AACUU AGUCUUBIAACC GAG UCUARIGG UGUEUC
UCUUUAACCGAGUCUARKG UGUGUCU CAGAAGU

GAUUC GUUACUA AAAACUC UCAAGAC AAGUCUL CAGACUL AUUUUCC AUCUGC U CBGACAG AGGGACU ULILGL UACU

MAGGACAGACUUUAAGUULGAU AACUL AG

CUACGGUGUGUCUCAGAAGU

AUGCUUAGAULC GUUACUA AAAACUC UCAAGAC AASICEU CAGACUUGUUULCIAUCUGC UCAGACAG AGGGACU UUUGUBIG CUCAUAA UAI

GAALAAULUGAAL AULCAUA UAACUCC CCAUGEU UAGALLC

12.L-A-P2.2

18.L-A-2 SC
19. L-A-L1SC

GAAUAAUUUGAAL AUUCAUABIAACUCC CCAUGCU UAGALUC GUUACUA AAAAIIIC UCAAGARIAARIICUU CBGACU 56 ACEACEG ABUUIAA GUUBIGAIAACUL BGUGUUL AACC GG UBUACGG UGUGUCEIC AGAAGU UUAC ULLGGUG
GAARAAULUBBABAUUCAUAUAACUCC CCAUGC UBAGAULBIGUUACUA AAAACUC UCAAGARAARICGU CRGAREU sUUBUCEAUE G CBGARBGEGGRAC U LUUGURG CRCAUAAUAGEGUUBGGACEG ABUUEAA GUUUG ABAACUU AGURUUEAACCGAG UIUARGG UGURUC U CARBAARIU UUACBUU AGUC
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CCCUAGARIG GUGGCCUAGCCAUL GAUAARAUCCUCAA UGAGCUG AAGUCC A CBUGUGE UAUCCCRGEIIAALG CUGLIGAC UUCGE AUGECCUA UAAUALIL AC GUCUL GGCGGUG GUAC GAU AARK ACG UUGC

BOCAAUCCAACHGUCUGUUUCAAUGAAGGCAGIU CUUACUUIIGAAGG U AUUGCUAAGANIIIACC
GGCAAUCCAACHGUCUGUUU CAABGAAGGCAGEU CUUACULEIGAAGGU AULGCUA AGAAGUA CIUGACC CUAGALG GUGGCCUBGCCAUL GAUAARA UCCUCAA UGAGCUG AAGUCCACAUGUGE UAUCCCBGOIAALIG CUBLGAC ULCHIC AUGE CUA UAALALIL ACGUCUL GGCGRUG GUACGAL AAUC ACG ULGE
GGCAAUCCAACUGUCUGUULCAAUGAA GGIIAGUU CULACULIIGAAGGU AUUGCUA AGAAGUACH GUAUCCCAGGEAALGCHIGUGAC ULCGE AUGE CUA UAALALIUACGUCUL GGCGGEUG GUARIGAU AAUCACGUEGC
GGCAAUCCAACHG UCUGUUU CAAUGAA GGCAGHU CUUACUU GOAAGGU AUUGCUA AGAARIIA CCUGAC C CUAGAUG GUGGEC UAGECAUU GAUAARIA UCCUCAA UGAGCUG AAGUCC ACALG
GGCAAUCCBACUG UCUGUUU CAAUGAA GEAGIIU CUUACUU GEAAGGU AUUGCUA AGAAGUA CCUGACC CUAGAUG GUGGCCUAGCCAUU GAUAARIA UCCUCAAUGARICUG AAGUCCACAUG
GGCAAUCCBACUG UCUGUUU CAAIGAA GGIBAGEU CUUACUU GGAAGGU AUUGCUA AGAAGUA CCUGAC CIUBGAUG GRIGGCC U AGCCAUU GAUAARA UC CUCAA UGAGCUG AAGUCCACAUGUGE UAUC CCRGGUAAUG CRGUGAC UUCGE AUGECUA UAABALU AC GUCUU GGCGGUG GUACGAU AAUCACG URGE
BUGUUUCAABGAAGGCAGRU CUUACUU GEAAGGU AUUGCUA AGAAGUA CCUBACCIRMGGAUG GUGGCEY AGCIAUL GAAACA UCCUCAAUGAICUG AAGUCC A CAUGUGE UAUC CCHGGIAALG CIGUGACIIICGEC AUGE CUA UAAUAUU ACGUCUL GGCGOUG GUAC GAU AAUCACGUUGE
GGCAAUCCAACUIGUCUGUUU CAARGAA GOIBAGEIL CUUACUU GGAAGGL ALLGCUA AGAAGUA CCUGAC CIUAGAUG GUGGC I AGCCAUL GAUAARA UCCUCAA UGARICUG AAGUCCACALGUGE UAUCCCA GEIAALIG CUGLIGACIUCGC AUGC CUA UAABALEIAC GUCUU GGCGGUG GUACGAL AAUCACG ULGE
GGCAAUCCEACUGURUGUUU CAABGAAGGCAGHU CUUARIU GGAAGGU AUUGCUA AGAAGUA CCUGACCIAGAUG GUGGCIIY AGCC AUBIGAUAACAUCCUCAARIGAGCUG AAICIIACA AGGEAAUG CHGUGACIIICGE AUGE CUABAAUALU ACIRICUU GGCGGUS GUACGAL AAUCACG UBGE
GORAAUCCAACUGUCUGUUU CAAUGAAGGEAGUU CUUACEIU GGAAGGU AUUGEUA AGAAGUA CCUGACT CUAGAUG GUGGCEIU AGCBALBIGAUAABAUC CUBAABIGAGCUG AAGUCIBACAUGUGE UAUC CCRGGUAALIG CUGLIGACIIUCIIC AUGE CUABAABIALIU ACGUCUL GGCGGUG GUAC GAU AAUCACGULIGE
GOBAARICCEACUGUCUGUUUIIAARG AA GGIIAGEU CBUACUU GGAAGGU AUUGC A ABAAGUARUBACEICUAGAUG GUGGEK UIISCBAUG AIAAC A UC CUIAA UGAGCUEIAAGUCIIA C AUGUGE UAUIICCA GOUAAUG CAGUIAC UUCGC ABGCIIVA UAAUALEIACGUCUL GGCGGUG GUABIGAU AAUCACG UBIGE
GGEAARCCAACUG UEU! JBAAUG GEAGUU CUUACUUGG UUGCUA ABAAGUATRUBACEICUGSAUG GUGGC CUBGCIAMUBIGABAAC A UC CUCAAIGAGCUG AAGUCIIA CAUGUGE UAUCCCAGGUAAUG CAGUIBAC ULCHIC AUGE CUA UAABALIUAC GUCUU GGCGGUG GUARIGAU AAUC ARG UUGC
GOSAAICCAACUG UBUGUUUIAAUGAA GGIBAGUU CBUACUU GEAAGGU AULGCUA ABAAGUARE ABAACAUCCUCAAUGAGEUG AAGUCIIACBUGUGE UAUBICC A GOUAALG COGUEIICIIICGC AUGE CUABAAUALL ACGUCBU GACGGUG GUARGABIAALCACG ULGE
GollAAUCCABGRE UCUGEIUCAAUGAA GGEAGUU CULARRUIGAAGGRAUUGC A AGAARUA CCURACCIUAGAUG GUGGC IV AGCIIAUL GARBAACGUCCUCAA NG A IR @4 AGUCEA ClLGUGE UAUC CCRIGGEAARG CHGLEAC UUCHC AUGCEUARAAUALEACEICUU GGOGEUG GUACGAL AARKC ABIG UUGT
GofaaucCABGEG UC UGEIIU CAAUGAA GOBAGUU CUUARIRU GOAAGOIIALEIGC A AGAAGUA CCUAC CIUAGALG GUGGEIIU AGCIAUL GABAACGUCCUC AARGATIG AAGUCC A CRUGUGE VAUC CCIGOEAARG CHGUIAC ULCHIC AUGCEUA UAABAUY ACGUCUL GGCGGEUG GUARIGAU AAIKC AC G ULGE
G6GAARCCERGES UCUGEIUU CAABIGAAGGRAGUL CUUARRIU GGAAGGEIAUUGCGA AGAARUA CCUBACIIRUAGARG GUGGCIU AGCIIAUL G ABAACE UC CUCAA UGA I @IAAGUCCAC CCMGGRAANGCOGUIBAC UUCEIC AUGCIIUA UAAUALIIAC GUCUL GGCGGUG GUAC GAU AARKC ARG ULGC
GGCAASCCOARG UCUGUUU CAAUGABGGIIAGUL COUACUU GOABGGU AULGCIIA AGAARUARK
GGRAASICCBACUG UBUGUUUBAAUG ABGGBAGUL CBUACEU GEAAGGL AUUGCGA AGAAGUA CCUBACC CLEIGAUG GUGGEI GGCCALEG ABAAC A UIIGA ARG AGERIG AAGUCEA WEGUAAEG CUGUEACEUCEC AUGCIUABAABAUU ACEUCGU GG GUABIGAU AAUCACG UG
GGOEAARCCBACEG UCUGIUUIBAAUGAA GGCAGUU CUUACEVEIGAAGGU AUUGCUA ABAAGUA CC UBACEIIGGAUG Gf JCCUCAAUGAGERIG AGIRICC A CRUCEGG UAUC CCAGGUAAUG CUGLEIBCIIICEIC AUGCEUA UAAUALIUAC BUGGCGEIG GUABGARAAUC ACGUEBGE

CCCUAGAUG GUGGCCUAGCCAUL GAUAARAUCCUCAAUGAGCUEIAAGUCCACALX

36 UAUCCCEGGUAAG CUGUGAC UUCGEC AUGCCUAUAAUAUU ACGUCUU GGCGGUG GUACGAU AAIKC ACG ULGE
GG UAUC CORGGIBAALG CUGUGACIUCGC AUGT CUA UAAUALUU AC GUCUU GGCGGUG GUARIGAU AAUCACG UUGT

GGCAAUCCHACUN
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3.L-A-P15

16.L-A-p2.3

17. L-A-lus SC
18.L-A-2 SC
19. L-A-L1 SC
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AUUAUUGAUGAAU AUGE UAC GUGCIIUACCACULEIC AAGUC C UUACCGAGC AAGGG CAGUARIU CUGE COG UGAGUAC CCGAUGUACCAUGAU UUUUAAG UGGCCUG GAGAUCG UACAUCUGAUUCEUL
AUAUGCUAC GUGCIIAIKC ACULIG CAAGUCC UUA CCCmACGE GHCCUGGAGAUCG UACAUCEIGAUUCEUU
AUUAUUGAUGAAL AUGE UAC GUGCIIUARK AC ULEIC AAGUC C UUAC CGARC AAGGG CAGUALU CUGCIIGG UGARUAC CCGAUGU ACCAUGA UGGHGEAC GUCAAAA UUAAGE UAGAUGUC GClIG UG UGARIG AUU CocliACGa JAAGUGGE CUGGAGAUC G UACGUCUGALUCEU UBICCGGAGUGG
W56 UG UAAGCUAGAS UGECUGALIG ALY cecACl UUUUAAGUGGCCUGGAGAUCG UACAUCUGAUUCHU UUCCGGAGUGG
AUAUGEUGE GUGE ULATK ACUUIG CAAGUC C UUAC CGAGCAAGGG CAIBIAUU CUGCIIGE UGAGUAC CCGAUGL ACCAUGA UGGGCAC GUCAAGA UUAAGC U AGABGUCEKEEG UGUCUGAUGAUUCAGCE  CCClIACGG UUULAABIUGGECRGGAGAUCGIACAUCU GARUCEUUUCCGGARUGE
ANAUGEUAC GUSCULARKCAC CACGUCAAGAUUAAGCUBGAUGUC GCCG UGIICUGAUG AUUCAGCE  CCCGACG GCClGGE0ALCE UBCAUCY GAUUCEIU UUCCGGA GUGG
ABUAUUGAUGAAL AUGCUAC GUGC ULIA AAGCUAGAUGUCEKECG UGUCUGARGAUUCEGCE  coclliac AAGUGGCCRGGAGAUCGIICAUCEHGARUCEU UUCCGGARGG
JAC GUGC UUARIC ACULIG CAAGUCC UUACCGA GC AAGGG CAGUALY CIIGE CG GCAC GUCAAGA UBAARIRU AGAUGUC GCCG UIIUCUGARGAUUCAGEE  COClIACGO UUUBAAGUGGCCRGGAGAUCGIIACAUCUGARRUCEU UUCCOGARIGE
AUUAUUGAUGAAU AUGIIVAC GUGCIIJACCACUUG CAAGUIIC UUACCGAGCAAGGE CAGUAUU CIGCCGG UGAGUAC COIAUGU ABCAUGA UGGGCAC GUCAAGA UUA AU GGARGUC GCCG UGICUGEIIGAUUCAGCY  CCCGARGG AAGUGGCCHGGAGARKC GIGCAUCU GAUUCEIU UUCC GGARGG
AVUAUUGAUGAAU AUGCUAC GUGC UUARK ACULIG CABG ACCGAGCABGGG CAGUALY CUGCERGG UGAGUARICCIAUGU ABC ABGARIGGGCAC GUCAAGA UUAAGE U AGAUGUCE] U UGG AUUCAGE  COClIACG GCClGGAGAUCE UACBUCUGAULCEULUCCGGARRIGG
ABUGUUGAL ABUUG CAGGURC UBA CAGUALIY CUGC GG UGAGUAC COMAUGU ACCABGABGGIC ABIBIC AAAA UBA AR UBGAUGLEG - CEBUGICGGAUG AUUCAGE - BCCAIISGUUUUAGS UGGCCUG GAGARC GIIGC AUCEGAUBGEU UUC
GRUGUU GAUGAARAUGE UGE GUGCIUACCARUUG CAAGUIC LUACTGARK AAGGEICAGUIA UGAGUARICCBAUGUACCAUGARGGGC ARIIUC AAAA UBAAGE UBGAUGLEGCEI UGGEIEGAUG AUUCAGEEE  CClGARGGRIULU - AAGUGGE CIGGEGARK G UGC AUCEIGALUUCEIUUUCC GGAGUGE
GRUGUUEAUGAASAUGC UAC GUGCIIUACC ABUUG CAAGUCC UBACIIGA GCAAGE GUGAGUAC CCRALGU ABC ABGABGGGC ANIIIC AR AA UBAARC UBGAUGLESCEE UGICEIGAUG AUUCAGEE  CCRIGISGRIUUL - ABG UGGCCUG GG ARK G UGC AUCHIGAUUCEU UUCCGGAGUGG
ERUGUUEAUGAAL AUGEIUGE GUGC ULACC ARUUG CAAGUGEIUGACERGA GC AAGGEIC ARUALUY CGGCIIGG UGARUABICCIAUGU ABCAUGARGGEC ARGUC AAAA UEAARE U ACATEEGECE LBUCEGAGGAGRCAGERY - CCGACGEEE UUGERUGGE CLEGEGAREGGACGE: UGAUBCEUBCCRGARIGG
BEUGUUIAUGAAU AUGIIUAC GUGC UUA CCABUUIIC AGGUBBUGACEG A GCAAGORIC ARMABY COGCIING UGARUABCCIIAUGU ACCAUGA UGGECABIGUC AAAA UEA AR UGS ARERIGCCl UBUCIGAGS AGBCAGEY - CC0ACTINEED UUGERUGGC CLUIIGRGAURG GACGEE UG AUBCEUBCCRGABUGG
WRUGUUEAUGAABAUGEIUGE GRGCUUACCACULEIC AAGUGEIUBACCGAGC AAGGEIC ARMABY CBGC GG UGARUABICCIAUGY ABCAUGABSGEC AIGUC AAGA UEAARK UGS CEGEENECE UEUCECABGABGCAGEY  -CCGACGEEEUUGENUGGE CLUMGG ARG GAC Al UGAUBCEUIECClGABUGG
AvVUABUBAUGAAL AL GCGLIACC ARBUEICAAGUGEU I AR AAGOEICAGUALL CLGE CGG UMEIIUAC COBIAUGU AC CABGA UGGGE ABIGUC AAAA LUAARE UG ABE - C I C I EIRS UG AGS AUGENGC COMOAC - WEIUUAAG UGG COIOEO AR 6 GAC A ABEC e I C I ARG
AvUABUVEAUGAAL AUGC UBIC GEIGC UUACCACUUG CAAGUGEUGECENG AB AGacliC AsuAUL Ol B AC COBAUGUACCAUGARGGEC ABIGUC AAGA LUAAGC UG AUGU- GO Ol EGRUGAGS AL C Y colicAB-Buuy 1 T
ABUGLUGAUGAABAUGEUGE GUGE ULACC AC ULEIC AAGUIBUGAC CoAR: AGGGEC ARUALEGEGCIGGES ANEIC CCAUGUACCAUGA UGGIICARIGUC AAA U@AAGE U ABEEGUGE: - - LEIUC -GAUG B 6ocIoa: ool IR BGEN L G 6c L@l ARG GRC Il U GALUCGUIICCRGARIGE
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GCUCAAULCLICAG AGUCCULUCCGUCALLGACE UBCCUUA UAULGAL GUCAGSE CUULAAC UGUUACE GAGGUC AACULIGEL COUCALGAUGALGA GEAGIUGECACCGE AGEACEAAUUUAGCIALAGACUACGAAG CACCUGL CUUAG CUGACAA GUUUGCEUACCGEUC AUGCEIAU UACUGLIC CAGGALIG CEGA
GCECAAUUCUCAG AGUCIMUUCCGUC A AUUGARG UBCCULA UALLGAL GUEIAGSE CUULIAAC UGLUACE GAGGUCAACUIUEGL COUCALGAUGAUGA GUAGGUGGCACCOlAGEACGAAULUAGE UALAGACUACGAAG CACCUGL CULAG CUGACAA GUULGCEUACCEUC AUGCIIAU UACUGLIC CAGG ARG CAGA
GCUCAAULCUICAG AGUCCUL UCCGEUCA ALLGACE UBCCUUAUAUUGAL GUCAGSE CUULAAC UGLLIACE GAGSUC AACULEGEL COUCALGAUGALGA GUAGUGECACCGE AGGACEAALBUAGCIALAGACUACGAAG CACCUGL CLUUAG CURACAA GUULGCEUACCGEUC AUGCEIAU UACUGLIC CAGGALIG CAGA
GEUCAAUUCUCAR AGUCCUL UCCEUCE AUUGACE UBCCULA LAUUGAL GUCAGSE CUULIAAT USULIACE GAGGUCAACULEGU COUCAUG ALGAUGA GEAGIIGGCACCGE AGRACGEAAULLAGCIAUAGAC UACGAAG CACCUSUIMUAG CUGACAA GUULGCEUACCGUC AUGCIIAU UACUGUC CAGGALG CEGA
GCUCAAULCLCAG ABUCCULUCCGUCEALLG ARG UCCOUUAUAUEGAL GUCAGSE CUULAACEEUUACHG ABSUC AACUUUGL COUCALGAUGALGA GUAGUGECACCGE AGRACAAAUUUAGE UALAG ABUACGAGG CACCIGU CLUUAG CEGACAA GUULGCU UACCGUC AUGCIIAU UACUGLIC CAGGALIG CAGA
GCUCAAUUEICAG AGUCCUL UCCGEUCA ALUGACE UCCOUUAUAULGAL GUCAGEC CUUUGAC UGLUACE GAGSUC AABUUUGL COUCALGAUGALGA GUAMBUGECACCGE AGRACAAAUUUAGCEALAGACUACG ARG CACCUGL CUUAG CURACAA GUUUGCEUACCGUC AUGCIIAU UACUGLIC CAGGALIG CAGA
GCUCAAUUCLCES ABUCCULUCCGEUCA ALUGACE UCCOUUAUAUBGAL GUCAGSE CUULAAC UGLLACE GAGSUBIAACUUUGL COUCALGAUGALGA GUAMBUGECACCGE AGGACEAAUUUAGE UALAGABUACGAAG CACCUGL CLUAG CHGARAA GUUUGCU UACCGUC AUGCEAUBACUGLIC CAGGALIG CAGA
GCUCAAULCLCAG ABUCCUUBCCEUCE ALBSACE UCCOUUAUAUEGAL GLEAGGSE CUULAAC UGUUACHIGAGSUC AACUUUGL COUCALGAUGALGA GUAGUGECACCGE AGRACAAAUBUAGE UALAG ABUACGAAG CACCUGL CLUUAG CEGACAABNULGCU UACCGEUC AUGCEAU UACUGLIC CARKGALIG CAGA
GCUCAAUUCUCAG ABUCCUL UCCEUCE AUUGACE UCCCUUA UAUUGAL GUC ARG CUULAAC UGUBACG GAGGURAACULUGL COUC AUGAUGAUGA GLIAAGLGGC ABCGE AGHACAAABUUGECIEAUAGACUACGAAG CACCUGU CULAR CUGACAA GUULGCU UACCGUC ARGCEAU UACEGUC CAGGARG CAGA
GrUCAAULCLCAG ABUCEUUBCCHUCA ALUGACEUCCOUUAUAUBGAL GLEAGGE CUULAAC UGUUACE ARG UC AACUUUGL COUCALGAUGALGA GUAMBUGECACCGE AGGACEAAUUUGGECEALAGACUACGAAG CACCUGUIIUAG CUGACAA GUULGCU UACCGUC AUGCEAU UACUGLEICAGGALIG CAGA
GCECAGULCLCAG AGUCEUUBCCRUCA ALUGACE UBCCEARAUEGALGUC AGSC CHUUGACEEUUACHES ARG URAACUUUGL CHUGALG AUGALGA GEAAGUGECACCGE AGRACAAAUBUAGE UAUEG ANU ARG AAG CACCEGU CUUGE CUG AR ABUUEGCE U ARCGEC AUGCEAU UACUGLIC CAGGALIG CEGA
GCUCAGUUCLCES AGUCEUUBCCRUCE ALUGACE UBCCIARAUEG ABGUC AGEC CHUUGAC UGUEACEGAGSUC AACUUUGL CHUGALGAUGALGA GEAAGUGECACCGE AGRACAAABEBUAGE UAUEG ANUARGAAGCACCHIGU CUUAG CUGACAABUUUGCE U AR GEE ARGCEAUEACUGLIC CAGGALIG CAGA
GCUCAGUUCLCAG AGUCEUUBC CEUCHALES ACG UGCCEARAUEG ABGUCEGEC CUUUAAC UGUEACHIGAGSUC AACUUUGL CHUGALGAUGALGA GEAAGUGECACCGE AGRACAAAUUUAGE UAUBG ABUACGAAG CACCHIGU CLUAG CUG AR ABUUEGCU UARKCGEE AUGCIAU UACUGLIC CAGGALIG CEGA

Grucasuucucls sBUCEUL UCCRUCAAULGACG UGCCUUABAULGAL GUIIAGGEE CUUUGAC UGUEACE GARGUGAAC L IGALGALGAGRAAGUGEGE ARCCEECEA CllAABULAGE UAUEG AR AR A C ACCEHEHRE L AG CUGACAAGULEGCEUACEEGEE ARG IEUBACUGLEBCAGG ARG CAGA
Grucasuucucls ABUCEUL UCCRUCAAULGACG UGCCUUABAULGAL GUIIAGGEE CUUUGAC UGUEACE GARGUC AAC UL IGAUGALGAGRAAGUGEGE ARCCEECEA ClAABULAGE UAUEG AL AR ARG CACC UIEEE B CRGACAAGULLGEUUACEGEC ARG EEUBACUGUEICAGG ARG CAGA
GrAcasuucuCEs AcuCCUUBCCRUCE AULGACE UBCCUUAUALUGAUGUCAGEE CUBUGAC UGUERACE GARGURAACULUGUIUGAUG AUGAUGA GUAAGUGECACCCIBCEACHA ABBUAGC UAUEG AU Al AN CECC UGARaAGUULGCEUACEGEC ABGCEEUEACEGLECARGAUG CEGA

GrUCABUUCUCAGAGUCCULBCCGUCEALUGACGUCCCl A EEUEGAUGUCAGEE CHEUEAC UGUUACEG ARG URAABULUGU GEUBAUGAUGALUGA GLAAGUGGCACCCIBGEACEA ABE EGC UAURGAC U ABGAAG CECCECEGEUGE CHEACAABUUEGCEUACCGUC ARGCEAU UACGEUC CAGGALG CAGA
GrUCAGULECAG AGLCEUUEC CEUCEALEEACG UGC O A UG AU GUGAGEC CEULAACEEUEACG GAGGUEAACULUGU COUGAUGAUGALUGA GRAARGGC AR CEBCELCBAAUULAGCEAUEGAC U ABGAGE CACCUGECEUGE CHE B ABUUEGC L UaCEGEC suGCEA B CUGUC CARGALG CEGA
GolcAGUUEUCEE ABUCEUU UCCRUCA AUBGEACE UCCOGUABRURG AL GUIAGST CRUUGACBSURACG GARGUC A A BULESU GO UBAUG AUGAUGA GUAAGLGGC A BCEIECEA A ABUUAGC BAUAGAC UACGAGE CACC I AG CUG Al A GUUESCU UACCGEC AUGCERU UACUGUEC Ali: A 86 CllGA
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COAGUGGAULGAG GEIIGALIAGAACAGA CEALCAG ILUCAAGE COCCAUC ULICGAAG GLAAUGL UAUCAGC GRUGCGEAAGLIALG UGAALCACAALAGA ULGUARAACCAALUBUACACUGCCECGE AGEUIABUALUCACAG ALAAUGAUGAAG CCAGURC CRAARGIIECAGAG GEULARG CHUGEUL AAUGCAC GACG
CEAGUGGAULGAG GGCGALIAGAACAGACGALCAG ULUCAAGC CHCCAUC UUCHAAG GUAAUGU UAUCEGC GRUGCGC AsaLAll | DY} JGL A GUL UUACACUGCIIGCGE AGCUALILALICACAG AL AcUlccBasmGEGC, | UANG CHUGGUU AAUGCAC GACG

COAGUGGAULGAG GECGALIAGAACAGA CGAUCAR UUCAAGE COCCALC UUCAANG GUAAUGL UAUCAGE GCUGCEMAAALALIG UEAARBC ABAALAGA IUGLALA ACCAAUL ILACACLGC CGCGEE AGIUAUUAUCACAG AUAAUGALGAABICCAGLCT CUAARMG CECAGAG GEBUALG CEUGGUU AAUGCANGACG
CGAGUG GAULGAG GECGAUAGAACAGAGAUC AR UUCAAGT COCCALIC UUCAAAG GUAAUGU UAUC AGC GRUGCClAAAUANG UGAALCACAALIAGA UUGLIALAACC AALL UUACACUGCCGCGE AGEABUAUCACAG AUAAUGALGAAG CCAGURC CHAMBUG CGCAGAR GGUUARG CHUGELIL AAUGCAC GACS
CGARLG GAULGAG GECGARAGARC AGACGAUCAG UUCAANC COCCALIC UUCAAAG GUAAUGU UAUC AGC BCUGCGEAAAUALG UBAAUCACAALIAGA UUGLIALUAACCAALL UUACACHGCCEOGE AACUALILAUCACAG AUAAUGALGAAR CCAGUCE CUAACUG CGCEEAR GGUUANG CUUGELIL AAUGCAC GACS
COAGUGGAUUGARGECGALAGAACAGACGAUCAGULCAANC CorcAUC GUCRAAMGUGAUGEUGUC AGT BOUGEEC AAALALIG UGAALC ABAALAGE ILEIABA ACCAALIL LILAC ACUGECGEGE AATUALULGLCACAG AUAAUGALGAAR CCABLCT CUAACUGIIGCAGAG BEULIALIG CEUGGUL AAUGEAD GACG
COAGUGGAUUGARGECGALAGAACAGACGAUCAGULCAANC COCCAUC ULCGAMMIGUAAUGL UBUCAGCIICUGCSC AAGUALG UBAALUC ACAALAGA ILEIABA ACCAALIL LLAC ACUGECGCIC AABUALLAUCACAG AUAAUGALGAAR CCABLCT CUAACUG COCAGAG BEULAGG CULGGUL AAUGEAD GACS
COAGUGGAULGAG GECGALIAGAACAGA CGAUCAGULCAANC COCCALC ULCAALG GUBAUGL UGUCAGCIICUGCEC AAALALIG UGAALCACAALIAGA IUGUALA ABCAALL ILACACUGCCGCEC AACUAUUAUCACAG AUAAUGALGAAR CCABLCE CUAACUG CECAGAG GEBUALIG CULGGUL AAUGCAC GACG
CEARMGGALUUGAR GEOGEALIAGAACAGA CGALCAG UUCAARC COCCALC UUCARAG GUAALGU UAUCAGCIICUGCEC AAALIALG UGAALCACAALIAGA ULIGLIALIAACCAALL ULACACHGCCECGE AGCUALLAUCACAG AUAAUGAUGAARCCAGUCC CUAABUGIIGCAGAG GGIIUARG CRUGGEUUGAUGCAC GACS
CEAGUGGAUUGAG GECGANAGAACAGA CGALCAG UUCAANC COCCAUCUUCEAAG GUAAUGUUAUCAGCIICUGCGC AAALANG UGAAUCACAALIAGA ULEIALAARCAALUL ULACACUGCCGOGE AABUGLUAUCACAG AUAAUGAUGAAG CCAGUCC CUAACUGIIGCAGAG GGUUANG CUUGGUL AAUGCANGACS
GG GAUUGAG GGl ALA BAACEEA CEALUCAG UUCAAGE COCCAUCEUCAAAMGUAAUGL UGLCEECICUGCGEE AL AUALG UBAAUCABAAUAGA UUGLALA ABCAAUUEBUARACUGCEGCHC A ABUGEUBUCACAG AUAAUGAUGAAR CCAGICC CUAABUGESCEG ANGEEUAUG CUUGGEU AL UG ARG ARG
WGARUGGAULGAG GElEARA GGACEEA CEAUCAG ULEAAGE CHCCEUCIUCAALG GUAAUGU UGUCEECIICUGCGC AnALIALG UEAAEC ARsABAGA ULGUALAACCAGUUBUARACEGCCEClC AGCUGRUBUCGCAG AR UGA UGAABCCAGUCC CUAACUGIECEG ARG EEIALG CUUGEEL AAUGCAC GARKG
WG BUGGAUEGAG GElEALAGGACEEA CEAUCAG ULCAAGE CHCCEUCRUCAALG GUAAUGU UGUCAGCIMUGCGC AsALA@G UBAAUC AR ABAGA ULELALAARCAAUUBUARACUGCCEClC AACUGEUEUCGOAG ALAAUGAUGAAG CCAGUCT CUAARUGEECEGANGEEIALG CUUGEEL AAUGCAlG ARG
WGARUGGAUUGARGEEGEARA GEACESACGAUC ABUUCAAGE CHCC AUCEUC ARG GUAAUGU UAUC AGCICUGCClAAAUALG UBAALCACAALAGA UUGLIARA ABCAGUL UUACACUGCIGCEC AACUGLUGUCEC AR AUEAUGAUGAABCCGEUGE CUAACUG CGCGEANGEIUARG CRUGGEL AAUGC ARG AlS
WGaGUGGAULGARGEEGEARA GGACEEA CEAUCAG ULCAAGE CHCCEUCBUC@ALG GUALUGU UGUCAGCIICUGCClAALAEG UBAAUCARAAUAGA ULEUARAABCAGUU UUACACUGCISCEC AABUGLUGUCECAG ALBAUGA UGAABCCAGURC CUAACUG CECAGAREEEUALG CHUGEEUGAUGC AlG ARG
WGARUGGAUEGAGEEE AR GGACHEACGARC ABUUCAAGE CCCALC UUCARAG GUAAUGU UAUCESE GUGCoMAAAUARG UBAAUCACAALAGA ULEIALA ABICAGUL UUACACUGCIGCEC A AR ABU AUCEC AR AUBAUGAUGAARCC AGUGE CUAACUGIIGCGE ABIGEEUALG CUUGEEUGALGT ARG Al
WGARUGGAUUGARGEEEAUAGGAC AGARGAUCAG UUEAGEC CHCCEUC UUCHAAG GUAAUGEUGUCEECIBUGCCllAAGUALG UBAAUC AR ALBGABUBL AR A ACCAGUUELARACGGCCECHC AACUALUAGCECAG ALBALGALGAABCC AGUBC CUAACUG CGCHGABGEEUALG CHUGEULBAUGCAC GARG
WGAGUGGAUUGAGGECEARAGGACHSARGAEC ANUUEAGEC CHCCGECBGCEAAG GUBAUGU UALC AGCIC UBCCEAAGUARG UBAABC ACAAUAGABUGLALA ABCAGUUELAC ACUGCIGCEC AACUBLUGECHCAG AUAALGALGAARCCISUGE CUAMIUG CGCAGAS GElUALG CRUGEULBAUGCAC GACS
caaGUGGAURGARGGCEALAGAACEEARGAECAG IUCESEC coccBUCGUC A lGUALUGU UAUCEECICUBCCEALGLARG UGAAEC AR ABAGEEUGUARAABCAGUL UUACACUGCIGCEC AsCUGLLAGCEC AR AU@AUGA UGAARCClGUCC CUAACUGR CEClGAG GE@UARG CUUGEEUGAUGCAMGACG
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1. L-A-P1.3 CENUAGUCAALALACCUAAA IUUGEEL CEALICAG AGGUCCIIUACCCEU UUUUACY AGCCEEURAUGCUG CUCUGALECANGCA ACUGCUC UAGAAGA IUGGEUCAGCLAULA UGGCUAAGCC AGAA CUBALCULCACEUA UGCGALG CAAGU ABCAGUG GCACUCA ACACAGGIMUGUAC UUACGAC GLGULUAAGAAG
2. L-A-P14 CENUAGUCAALALACCUAAA IUUGEEL CAALICAG AGGUCCIIUACCCEU UUUUACY AGCCEEURAUGCUG CUCUGALECANGCA ACUGCUC UAGAAGA IUGGEUCAGCLAULA UGECUAAGCC AGAA CUBALCULCACULA UGCGALG CAAGU ABCAGUG GCACUCA ACACGGEIIUGUABUUACGAC GLGUUAAGAAG
3, L-A-P1.5 CEMUAGUCAAUAL ACCUAAAULLGGEL CAAUCAG AGGUCCIIUACE CEU LILLLACU ASCEEEUGALSCUE CUCUGAURCABGCA ACLGCUC UAR AMGA LLGGLC ABCUAULA UGECUAAGEC AGAA CUGALCULCACULA UGCGAUG CAGGU AGCIIGUG GCACUCA ACACAGE BLILGUAC UUACGAC GUGLILAAGAAG
4, L-A-Q CENUAGUCAALALACCUAAA IUUGEEL CAALCAG AGGUCCEUACCCIU UUUUACU AGCCEEURAUGCUG CUCLGALEC ANGCA ACUGCUC UAGAAGA IUGGEUC AGCLAULA UGGCUAAGCC AGAA CUBALCULCACEUA UGCGALG CAAGU ABCAGUGGCACUCA ACACAGGIMUGUAC UUACGAC GLGULUAAGAAG
5. L-A-P2.4 CACUAGUCAAEAUACCUAAA UUBSGOL CARUCAG AGGUCGE UARC CHUULULACY AGCIGEEG ABSCUG CEIUGALUEC AGGCA ACUGCLEUAGAAGA UGS UCEIGCUAUBA UGGCUAAGCCAGAA CUBALCUUBACUUABIGCGALG C ARG AGCEGUG GCACUCA ACACAGGIUGUAL UUACGAC GUGLIUAAGAAG
6 L-AP1.6 CACUAGUCAALALACCUAAA LLUGEEL CAALCAG AGGECERUACCCEU ULLLAC AGCIGGU GAUGCUG CCUGAURC ANGCE ACUGCLIC UAG ABGA UUGGUCEECAULIA UGECUAAGCC AGAA CLBALICULCAC ULARSCALIG CAAGU AGCAGUG GEACUCA ACAC AGGILUGUABUUACGAC GUBLILAAGAAG
7. L-A-p2S5 CACUAGUCAAEAUACCUAAALULGGCL CARUCAG AGGUCGE UARCCGUULULARU AGCCGEGEUGAUGCUG CEUGAUUCAGECA ACUGCUCUAGAAGA UGG UCAGCUAUBA UGGCUAAGCCAGAA CUBALCUUCACULAUGEGALG CARGUBGCEEUG GCACUCA ACAC AGGIUGUAL UUACGAC GUGLIUAAGAAN
8, L-A-P1.2 CACUGEUCAAEAUACCUAAALULGGCL CARUCAG AGGECGE UARKC CGUULULACY AGCCGGEUGAUGCUG CEBUEALUCAGECA ACUGCLEIUAGARGA UGG UCAGCUAUEA UGGCUAAGCCAGAA CUBALCUUCACULAUGEGALG CAGGU AGCEEUG GCACUCA ACACAGGIUGUAL UUACGAC GEGLIUAAGAATD
a, L-A-P1.1 CACUAGUCAALALACCUAAGUUBGECL CAALCAG AGGUCCEUARCCGU UBBUACU AGCHEEUGAUGCUG CUBUGAUBC AGGCA ACUGCUC LAGAAGA LUGGUCBGCLAULA UGEC UAAGCC AR AA CUGALCULCACULAUGCGALG CAAGU AGCAGUG GEACUCA ACACAGEIIUGUAL UUACGAC GLGULAAGAAG
10.L-A-D1 CBCUGEUCAALALACCUAABUUUGEEL CAALCAG AGGECGE UARKCCGU UUUUGCUBGCCEEUGAUGCUG CHCUIALUCAGGCA ACBGCUC UGG AAGABUGGEUC AGCLAULA UGECUAAGCC AGAA CUGALCULCACUUABGCGALG CARGU ABCAGUG GCACUCA ACACHGEEUUGUABUUACGAC GLGULUAAGAAG
11. L-A-P1.7 cafuasucasuauaccBaasuUUGERU CAALEAG AGGECCEUACCCGU UEUUARU AGCCEGUGABGCUG CLELEAUUCAGGECRACUGCHC UAGAAGA LUGEUCEGCUAURA GGCUAAGCCAG A AN s URUUCACEUARGCRAUG CAAGUGECAGUEGCICUGA ACACEGG UG ABUUACGEC GEELEAAGAAE
12, L-A-P2.2 CARUAGUCALUADACCEALA IUESGEU CEAUMAG &GGECCEUACCCGU ULULAC AGEC GG GABSCUG CEBUGAUUCAGGCIIACUGCET UAGARGA UGG UC AGCUAUEA UGGECUAAGECAGAABIGAUEUUBACEUA UGCGALG C ARG AGCAGUEGCEC UBA ACACEGGRUUGUAC UUACGEC GEEUEALGALE
13.L-A-P2.6 CARUGEUCAAUAUACCEAAALULGGEU CEAUCAGESGECCUACCCGU UBUUARU AGCEGGEU GABSCUG CLUBUGALUCAGGCIIACUGCEICUAGARGA UGG UCGECUAUEA UGGECUAAGCCEEAABUGAUNUUCACULAUGCIAUG C ARG AGCAGUEGCECUGA ACACHIGEILUGUAC UUACGEC GEELEAABAAG
14, L-A-2.1 CACUGEUCAALALACCUAAA UUEGGECU CGALICAG AGGLERGG UARC CHUUBUUGEY AGClGGUGARGCEG CGrU@auucAlGoA ACEECEC UG AGGARUGEUCHGCEAUEA UGGCHAAGCCAGAGE I UBUUBACEUA UGCRAUG CAAGU AGCAGUEIGCEC UGA AR ACEGG GUUEU ABGC GElGEGUU AL GAAE
15. L-A-C CACUMEUCALUAUACCUALAUULGGCL CEAUCAG AGGUIGE UACCCIUUBUUGEU AGCBGGUGABGCEG CErUMAUUC ARGCA ACGGCHC UBG ARG ABUGE UCEGCIAUUA UG GCIAAGEC AGAG CUMALNU UBACEUA UGCEAUG CAAGUBGCAGUG GCBC UGA ACACHGE GUUNU ANBLGC GRS UL AL GAAE
16, L-A-p2.3 CACUAGUCAALAUACCUAAA UUESGEL CEAUCAGGEGUIGE UARC ClU UBUUGEY AGCCGGEUGAUGCEG CHCUmALUC ARGCA ACGGCHC VNG AAGABUGE UCGECIAUEA UGGCUAAGCCAGAGEIALC UUCACULA UGCBAUG CAGGU AGCAGUG GCMUGA ACACEGEEUUGU ABBLGC GEMGEGUUAAGAAG
17. L-A-lus SC  clcuGoucs BllUGCCEAAG6 UUEGEEL CEELEAG scaaCclluaccoay uBuUACUBGClEEU GARSCUG CRCUGAUUCAGECA sCliECRC UBG AL GABUGEUC AGCIIAULA UGGCUAAGCCAGAA CUGALERUUEACBUABECRAUG CARGUIECRGUEGCGRUGA AC ACliEGBUURUAC LuAC GEllGGEUEAA GAAE
18. L-A-2 SC  cEEUGGURAABALACCUAARUULGEEU CAAUCAG AGGUCCEUACCCHU UBUUANY GECHGCEG ABGCEG CLCUIAUEC ABGCMAC UGCUCUNGARGA UUGGLCIIGCU AUUA UGECES ABCCEG A A B @EUBUUCACULA UGCIAUG CARGU AGCGELEGCECUGA ACAC L IAAGAR
19, L-A-L1SC  ceBueoucaauauacclassuuuGEEU CHALEG AGGEESG UACCCEL UUUUGEY ARCEGGUGAUGCEG CElVGAULCAGGCACEGCEC UAGAAGABUGGELCIIGEUAUEA UGGCGA AR CEG AR CUGBUGLUCACULABECGAUG CAGEU GECAGUEGCGEUEA ACACESGIEUNUAC UUACGEC GEGULAAGAAR
1,1?0 1,%00 1,2I10 I,ZIZO IJT:lO I,2IA.O I,ZISO W,ZIGO 1,2:;’0 1,2}30 W,ZI‘]O 1’3.00 1,_?10 1,.?10 1,%30 1,3:10 1,_?50 1,_?60 1,3:;'0
1.L-AP1.3 ACHGGEUUUGEUACAACUAL UGACGAL AGCLACG ABGACGE AGCALLIL CLACA ARACGLUCEUE CAAGCARCEUUGES LUGLLGL ACUGGGE AGGAL L " AGABEUENUACGLACUL ABCCUGAUC UUGACGCACULACEAGAGLGCCRGUAACL GLUALAG AACC
2. L-A-P14 ACHGGEUULGEUACAACUAUUGACGAL AGCUANG ABGACGE AGCAULIL CUACAGE CGGARACGUUCGUC CABGCARCCUUGED ULGLUGL ACUGEEE ABGALGE GECLICL ] BEAL BB CUU AUCCUGAUCUGU UAGAGCU UGARGCACULACUAGAGLIGEC UGLAAC GLIUAUAR AACC
3. L-A-P15 ACHGGEEUUUGEUACAACUAUUGACGAL AGCUACE ABGACGE AGCAUUUCUACAGE CE6AGACGUUCGUC CAAGCAGCCULGGEE UUGEUGUACUGESE AGRAUGE GCCUBUG AAUGGEAUGUCAGA CEUGLARGUIACUU AUCCUGAUCUGU UARAGCL UGACGCA CUUACUAGAGUGCCBGUGACU GLULAUAG AGCC
4, LAQ ACHGGEE UUUGEUACAACUAULGACGAL AGCUACE AAGACGE AGCALLILCUACAR ARIAC GUUCGUC CAAGCAGCCULGEEE ULGLILGUACLGGEE AGGAL L ] ~cABEUNUACGUIACUL ABCCEE A UC UL UUGACGEACUUACUAGAGLIGCCBGLAACU GLILALAG AACC
5. L-A-P2.4 ACHGGEUULGEUACAACUAU UGACGEAL AGCLIACE AGGARIGE AGCAULL CUBCAGC ClIGARACGUUNGUC CAAGCAGCCUUGGCBUGULGU ACBGEGE AAGAUGE GCCUCUG AAUGGEALUGUCAGA CEUGUAC GUBACUL AUCCUGA UCURBUBGAGCL UGACGCA CULACUAGAGUGCC UGUBACU GUUAUAG AACC
6. L-A-P1.6 ACHGGEEUUUGEUACAACUAUUGACGAAGCUACE ABGACGE BECALUEIUGEC AGC CG6ARACGUURGUC CAAGCEECCIUIIGE UUGLLGU ACUGESE AGRAUGE GCCUCUG AAEGEAUGUCAGA CEUGLAC GUBACUU ABCCUGAUCUBU UGEAGCU UGACGCACUUACEAGAGUGCE UGLAACHGULAUEG AACC
7. L-A-p25 ACHGCEULUGEUACBACUAUUGARGABAGCUACE ABGACGE AGC AU CUBCAGE C66ARMACEUUEGUEC AAGCAGCCULGEE UUGULGU ACUGEEE A4GAUGCICCUCUG AAUGGEAUGUCAGA CEUGLAC GUBACU ABCCUGA UCUGU UGGEAGC UBGABGCA CUUACUA GAGUGE CBGUBACU GLILAUAG AACC
8, L-A-P1.2 ACHGGE UUBSEUACAACUAU UGACGABAGCLANG AGGACGE AGCAULL CUBCAGE CoGARACIUUNGUC CAAGCAGCCUUGGE UUGLLGU ACUGESE AAGALGE GECUCUG AAUGGEALGUCAGA CEUGUACGLACUL AUCCUGAUCUGEUGEGAGCL UGANIGEA CULACUA GAGUGC CIGUAACU GLIBAUAG AACC
9, L-A-P1.1 ACEGGEE UUEGEUACAACUAUUGARGAL AGCLACG AGGACGE AGCGUUIL CUACAGE CHGABACEUUCGUC CAAGCAGCCULGGE BUGLIUGLUACUGEGE AAGAUGE GCCUCLEABSGRAUGUCEEA CoUGLARGUEACUL AUCCESAUCUGU UGEAGCL UGARGCA CULACEAGAGUGCE UGLUAACL GUUAUAG AACT
10, L-A-D1 ACHGEEULUGEEACAACUAUEGACGABAGCUACE AAGACGE AGCAULUBUACAGC CHGAGACGUUEGUC CAAGCAGC CBUGGCIUGLLG U ACUGEGEE AAGAUGE GCCUCUG AAUGGEAUGUCAGA CEUGLAC GUBACUU ABCCEEA UCUGU UGEAGC U UGABGCA CUUACEA GAGLIGEC UGUAACU GLIBAUAG AACC
11.L-A-P1.7 ACHGGEEUUEGEEACEACUAUUGACGAL ACEUARG AAGARGGEGCHUUEIUGE AcC ClIGAGACEUUCGUC CAGGCAGCHULEGEE UUGEUCEACEGEGSC A4GAUGCICCEIUG AABEGGAUGUCEGABEUEUAC GUGACEY ABCCEGA UBUGU UAGAGEL UGANGCE CUUACGEGEEUGCE UGLIACU GLULAUAG AGCC
12, L-A-P2.2 ACHGGEE UUEGGUA CRACUAUBGACGAL ACEACE ALGARCGIGCEULECUGC ARC ClGAGACHUUEGUC Cascac Ol @GC UUGEUGEACESEGE AAGaUGCBCCElUG A UGEEAUGUCRGAREUEUACGUGACUL ARCCESABCUNL UGG AR U UGACGCGE CULACUEGEEUGCE UGUEACL GULAUAG AGCC
13. L-A-P2.6 ACHGGEEUUUGEUACEACUAULGACGAL ACEUACE AAGARGGEGCHUUEIUGC ABC ClIGAGACEUURGUC CAGGCAGCCBUIGE UUGEUCEACEGESC AAGABGCECCEIUG AABEGGAUGUCIGA CEUBUAC GUBACUU AUCCEEA UCUBU UARAGCU UGACGCE CUUACGEGERUGCE UGLEACY GLEBAUAG AGCC
14, L-A-2.1 ACHGGEUVUGGEACGACUALUGACGAL AGEIIANG AAGACGG AGCALUIRUACAGE CHGAGACGLUUBGUGCAAGCAGCGULEIGCEUGEUGUACUGGEC A4 GARGCICCUCUG AABGGEGAUGUCAGA CGURUACGUEACUU AUCCEGAUCUMEUAGAREU UGACGCGEUEACGEGEGUECC UGUAACEGUUAUNG AGCC
15. L-A-C ACHGCEUULGEEACGACUAL LIGACGAL AGCLIACE AAGACGEGECAULEIACAGC CEGAGACEUUCGUECAAGCAGCEUUGEE UUGELGU ACUGEEC AAGARGCICCUCUIAABSGEA LGUCEGARSUBUAC GLEBACHU AUCCGEA UCUREUAGAREL UGAC GCGIUEACGEGEGEUECC UGUAAC GUUAUNG AACC
16. L—A—p2.3 ACHGEEUUUGGEACBACUAUUGACGAL AGCUACG AAGACGE AGCGUUEIUACAGE CHGARACELUCGUGCAAGCAGCIBUEGC LUGEUGEACUGGHEC AacABcCRcC BB A BGGGAUGUCAGARGUBUARGUEACEU AUCCEGA UBUEU UAGAGRU UGACGCGEUEACIEGEG U C UGUBACUGUEAUEG AGCC
17. L-A-lus SC  acBocBuuBccuscBacuGUucaccal AclUARG AAGACGERGCALUL CUACARC ClGAGACEULCGLEC A acCliGC ol lsc LUGEUCEACUGGEC sscauccBccacUllAaBsallaucuclicABEUGUAC GUEAC L ABCCIEA UC UEEUEGAGEUES - BB CHEGEGUSCC ucUlACGGUIEUAG AACT
18.L-A-2 SC  ACEGCEUUBGGUACEACUAUUGARGABAGCUACG AAGACGGESCHULEEACARC CHGAGAC GUUEGLEC AGS CHGCHUUGEE UUGEUGEACUGEEE AGGARSCICCLEUG AABSGEALGUCAGARSUGUACGLEACEY ABCCUGA UEUGEUAGAREEGA BB WA CUAGGGUGC CEGUBACL GUBBUAG AACC
19. L-A-L1SC  acBocBuuBcc@AcascuaU@cARGABAGCUAEG A6 056 AGCGUUUBUGE ARC CEGAGAC GUUCGLEC AGECEG CHE MEC I GUUGL ACEGEGEC AaGAlGC GCCECUEAALGEEAUGUCAGAREUGUANGUEACUU AUCCHEA UCUEEDAGA MU UGABGCEGUU ACHER: U CERUEACG LB UlE AGCC
1380 1330 1400 1410 1420 1430 1.440 1.450 1.480 1470 1.480 1430 1.500 1510 1520 1530 1540 1.550 1.580 1570
1.L-A-P1.3 UGCCEEUUAC AL ALCGUEG AUGGUGE LCUGGAAGUC AAG GIIGUAC CCAUAGCAUGLUCAC CULAUAC GAUCULIC COUGUUG CEGCAULUGARAAG GCUAARCCGUACUC AGGEAAC UUCGUAAUUCAGCCUGCACL  CAAGUAC CUEICGCAAAGGEGCCCU CUARGARAAGUUGE AAGCEUG GAAGCLUG GECU
2, L-A-P1.4 UBCCAEUUACAAL ALCGLEG ABGEUGE UCUGEAAGUC ARG GEGLIACCCALAGE A LSULICAC CULAUACIIALC ULIC CEUGULY " e LAABCCEUACUC AGGEAAC ULCEUAAUUCAGCC UGCEEL  CAAGUAC CURCCIAAAGGUGCHICU CUABGAC AAGLIUGE AAGCGUIG GAAGCLIG GECU
3.L-A-P1.5 UGCCEEUUACALL ALCGUEG ABGGUGE LCUGGAAGUC AMAG GEIGUACCCAUAGC A UGEUCAC CUUAUACEAUCULC COUGUUG CEGCAULUGARAAG GCUAARCCEUACUC AGGEAAC UUCGUGAUUCAGCCEECACY  BAAGUAC CUBICGCAAAGGLIGCCCU CUARGAC AAGUUGE ABGCEUG GAAGCLUG GECU
4, L-A-Q UGCCEEULACAALAUCGUEG AUGGLEE UCUGEAAGUC ARG GEGLACC CAUAGCA UGUUCAC CUUAUACEALCUUCCOUGUUG CEECAULUGARAAG GCUAANCCEUACUC AGGEAANUUCEUAA UUCAGCC UGCACY  CAAGUAC CLEICGCAAAGGUGCCCUCUARGARIAAGLUGE AAGCGUG BAAGCUGECCU
5. L-A-P2.4 E5cCaEUUACAABAUCGUEG ABGGUGEC UBUGEAAGUACES GlIEUACCIIAUAGE A LGULCACCUL AUACIALC UL CEEULG ClIGCBUULGALAAG GEUAACCCEUACUC AGREAAC ULCGUARUUCAGCCUGCACL  CAAGUAC CUGCGECAAGEGURCCCUCUALGAT AAGUUEE AAGCENGGAAGCUEIGECU
6. L-A-P1.6 UGCCEEUUAC AL ALCGURG AUGGUGC ElIUGEAAGUCGIAG GEIGUAC CCAUAGCRUGLUCAC CULAUAC GAUBULC COUGUUG CEGCAULUGALIAAG GCUAACC CEUACUC AGGEAAC UUCGUAAUNCAGCCIGCACL  CAAGUAC CUGCGCAAGBGGLIGCCCU CUAUGAT AAGUUAG AAGCEUG GAAGCLUG GECU
7. L-A-p25 UGCHGEUUAC AL ALBGUEG ARGGUGE UBUGGABGUCACAG GEGUAC CIIAUAGC A UGLUCAC CULAUAC GAUCULIC COUGUUG CEGCAULUGALIAAG GCUAACC CHUACUC AGGGEAAC UUCGUGAUUCAGCCUGCACL  CAAGUAC CUEICGCAAGGGLIGCCCU CUAUGAT AAGUUAG AAGCHUG GAAGCLEGCE
8. L-A-P1.2 UGCHGEEUAC AL ALCGUEG ABGGUGE UBUGGAAGUCACEE GIIGUEC CCAUAGC A UGEUCAC CEUABAC GALUCULC COBEULG CEGCRULUGABAAG GEUAACC CEUACUC AGGIAAC ULCGUAALUUCAGCCUGCACL  CAAGUAN CUGCGCAABG GLIGECCU CUAUGAC AAGUUAG AAGCIIUG GAAGCELEGECU
9, L-A-P1.1 BGCCGEUUACAAL ALUCGUEG ARGEIGC UUBGAAGUC ACGE GUGLIACC CAUAGE A UGUUCACCUUAUACEAUCUUCCOBGEUUG CERCAUUBEALAAG GCUAACCCHUACUC AGGEAAC UUCGUGAUUCAGCCIGCACY  CAAGUAC BUGCCEAAGE GUGCCCU CUAUGAC AAGLIUAG AAGCGUG GAANCUBGCCY
10.L-A-D1 UGCCEEUUACAALAUCGUEG ABGELGE UBUGEAAGUCACEE GUGLIAC CIAUAGCA UGUUCACCUUAUACEAUBUUCCCUGUUG CIGC AUUBGALAAG GEUAACCCELACUC AGGEAAC ULCEUAAUUCAGCCIIGCACY  CAAGUAC CUGCGCAAAGGUGCCCUMUAUGAT AAMBUAG AGGCGUG BAAGCUGECCU
11.L-A-P1.7 UGCIEE UUARAAE AU UG AUGEGEC GO UBGAAGLIIACAG GUGUES CCAUAGEC A UGEUCEC CUUABAEGA UBULC ColEULG CEGCRULUGALAAG GEUAARC CHUACUC AGGEAANULBGUGA UUCABKCGECACY  CAAGUANE-UGHEGEAAAGGUGCGCUIUARGAC AAMUAG AAGEGUG GAACUG GECU
12, L-A-P2.2 EaclEcuusBaaE s G UG AUGCERGCIC UEGA A GUIIACAG GUGUACCCAUAGCE UGEUCEC CEU AR EGAUC UUCCoEGEUEG ClGCEUUBGAUAAG GCUAABC CHUARLC AGGEAABULCEUE UECARCCGECAcy  Caaliuall BUGEGEAAAGGEGCHC UM ABGAC A/ MU AG A4 GCGUG GAARCLG GECU
13. L-A-P2.6 EoclccuuARA B BGUEG AUGEEGC BCUMGAAGUCACAG GRGUACCCAUAGCEUGUUCECCEUAL ARG UBULC CClEUEE CRECEUUUGAUAAG GCUAARC CHUABIC AGGEAAC UUCGURA UBCAGCCEECAC  CAAGUAC EUGHCEAAAGGRGCECUBUARG ARABUUAG ALGCGUG GAAMIGECCU
14, L-A-2.1 U GCIGEEUAC A G 4Bl C B UG AG G IGEEG SEGUEC CllA L AGCEUGEUCAC CUD ABAEGA UBULC COlGUES CEGRAUBGABAAG GCEAACC CHUACUGESGRAAC UUEGUEA IEEAGCCEECETU  GAARUAE BUG CGEAAAGGUGCEC UBUAUGAC AAGEUEG AGGCHUG GAAGEG GOl
15. L-A-C UGCEGEEUUACALL ALEIIEG < UGCEGCBC UEGAGGUGCENEG CRGUEC Clla U AGClUcEBUCACCUL AR EGA UBUUC COGEUEE CoalAUUBEARAAG GOGAACCCUACUGEEGRAAC ULBGUEA UL GCCEECECY  GAAlUAN B Collaan G GUGCEEUEUAUGAT Ao GEUEG AGG UG Gos Il EGCCU
16. L_A_pz,g unClEEEARAEAUC G AUGEEGC UCUEGAGGUGGENEG cEGUEC Clla U AGCEUGEBUCACCRU AR EGA UEUUECClEUEE CHGRAUUUGABAAG GOEAACCCEUARUGEEGRAAC UUEGUEA UUEAGCCEECEMY GAAGUAN BOECcEA G GEGCIMUEAUGARA L GEUEG AGG UG GaACEG GO
17, L-A-lus SC ucBBGoEUARAL0 AU GG AUGCESCERUGE AL GUEAC AG GUGUEC CEAUBGCEUGEUCGE CUUABEGAUBUUC CoUGUES CRGCEIUESAUGARGCUAACT CEUABUCEGGEAGEUUEGURA IUBAGCCUGCGEOL  GAABUAC CUBCECASAG GUGCECUGUAUGET A ABUAG AGGCBUG A BCUGGECU
18. L-A-2 SC  EEEEccl-Ba0 succUlE ABGCEGC UCUBEAA GURACEE GUGUEC CllAUAGC A LGBUCECClUAL ABGALBLUC CoUGUEG CRGCEIUBSAUGABGOGAACCCRUACUC AGGEAGC ULCGUEA UMAICCBSCAcy  Bascuac CUBCEMAAAGGEGCERUNUARG M B UEG ABGCGUG6AACEUG GOl
19, L-A-L1 SC  EccBcoBusBsams s Uls suciU el ulcEe s melss cusUAC ClGUGECA UGLUCAC CHUABAEGA BUUECClGURG CRGCGULUGALA Bl GE s A0 CBUACUGESGGEAABUUEGUEA UUBAGEE UGE - - U AAGUAE CUBCCEAAGE GURC CEUGUAUGAMA A BEUEG A4 GC UG GAACEUG GECU
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1.L-A-P1.3 GOGCEAUGCGCAUAGEA GGEEUAUGA UACGUCAUUUAGAGU-GEl ACGGEGAUG L C ACGEUCUGACGAAGLU UUACGCAGAUASUAGUGAUAGE U GGACCCABALACCUG AGUUCGUUACAGAC — BGCEALALL AUGGAAG UGIACGU AACHGCE ALUUGAAC GAGEEE UARGCAL UG
2. L-A-P1.4 GOECEAUGCGCAUAGEA GEGUAUGA UACGUCGUUUAGAGU-GE ABGGCGANE Ll C ACGEUCUGACGAAIIU UUACGCAGAUAAUAGUGAUAGE U GGACHCAUALACCUG AGUUCGUUACAGAL — GGCGABAUL AUGGAAG UGLARKGU AACUGCE ALUUGAAC GCAGEEE UARGCAL UG
3. L-A-P1.5 GOGCEAUGCOCAUAGEA GHEGUALGA UACGUCAUULAGAGU-GEl ABGGCGAUE LT © ACGEUCUBACGAAGUL UUACGCGEGAUAAEAGUGAIAGE U GGACCCALAUACCLIG AGUUCGUBACAGAC ALIALIU AL GUAACHGEGAUUGAAC GEAGIIGE UAGGCAC ULUG
4, L-A-Q GGGCEAUGCGCAUAGEA GGEUAUGA UACGUCAUULAGAGUGL ABGECGAU- BUC C AC GEECUGACGAAGU UUACGCAGAUAAUAGUGAUAGE U GGACCCAUALACCUGAGUUCGUUACAGAL — GGCEALALLAUGGAAGUGUACGU AACHGCE ALUUGAAC GAGEEE UARGCAL ULLG
5. L-A-P2.4 GOGECUAUGCGCAUAGCA  GEGUASSA UACGUCAUUUAGAGUGL ACGGCGAU- GUC C ACGEUCUNACGAAGLL UUACGCAGAUASUAGUGAUAGE U GGACCCABAUACCUG AGUUCGUUACAGAL — GGCGABAULAUGGAAGUGUACGU AACEGCHALUGAAC GCAGEEE UAGRCAC ULUG
6. L-AP1G GEGCUAUGCGCAUAGCA GGGUARGA UACGUCEUUAAAGUGL ACGGCEAU- GUE ©  ACGSUCUGACGAAGLUUULACGCAGAUAAUAGUGARAGE U GGACCCAMALUACCUG AGLUCGUUGCAGAD  GENGAUALMAUGGAAG USUACGY AACHGCE AUBEAAD GCACHISE UAGGCAL LIUUG
7. L-A-p25 GEECUAUGCCMAUAGES  GERUAUGA UACEUCAUUUAGAGUGL ABGGEGAU- GUC C ACGEUCUGACEAAIIU UUACGCAGAUAAUAGUGARAGE U GGACCCAUALACCUGAGUUCGUUACAGAL — GGCGABAUBALUGGAAGUGIACGU AACUGCE ALUUGAAC GCAGEISCEARGCAC UGS
8. L-A-P1.2 GOGECUAUGCGCAUAGEA GGEEUABSA UACGUCAUUUAGAGUGL ABGGEGAU- GUl C ACGEECUGACGAAGUL UUARGCAGAUASBAGUGAUAGE U GGACHCAUALACCUG AGUUCGUUACAGAL — GGCGAUAUBALUGGAAGUGIACGU AACUGCE ALUUGAAC GCAGEEE UAGRCAC ULES
9, L-A-P1.1 GOGCUAUGCGCAUAGEE  GGGUAGGA UACGUCEUULAAGCLE-M ACGGEGAUG UC ©  ABGGUCLGACGAAGLLLUACGCAGAUAALAGUGABAGE U GGACCCABAUACCUGAGUUEGUBACAGAC  BGECGALALLAUGGAAGUGUACGU AACEGCIALBSAAC GCAGGEC UAGNCAC UULG
10.L-A-D1 GOGECUAUGCGCAUAGCA GEGUASSA UACGUCAUULAAAGUGL ACGGCGAU- GUC C ANGEUCUGACGAAGLL UUACGCEGABAAEAGUGARAGE U GEACCCAUAUACCUG AGUUCGUEACAGAC  GGCGALIAUUAUGGAGG UGUACGU AACHGCG AUUGAAL GEAGEGE UAGECAC ULUG
11. L-A-P1.7 GOGCUAUGCGEGU AGC- @GGGUAUGA UACHICAUUEAAAGUGLE -CORCGAGGE -- -0 BoEGcGEUGACEA:BUUBUARGCAGAUAABAGEGAEAGE -  EGGEACHCAUAUACCEGAGUUCGUGACEGAD  GGECGALALEAUGEAAGUGUARGUEACUGCHALEGAAC GRAGGECEARGCAC UUUG
12, L-A-P2.2 GEGCUAUGCCMAUAGCE  GEGUAUGA UACHUCAUUEAASGUGL  sBGGCRAL- BUC © AEGCERUGAC A ABUEUANGCAGAUASEAGUGAUAGE U GGACHCAUAUACCEG AGUUESUMECEGAC  GGBGAUAUL AUGGAAG UGUARGURACUGCHAUIGAAC GIAGEEE UARGC AL UG
13. L-A-P2.6 GoGCUAUGCGEALAGCE  GGlUAUGA UACEUCAULEAAAGUGH  ACGGCGAUG UCE - afGeERUGACEABUUBUARGC AGAUAABAGUGAUAGE U GEACHCAUAUACCEGAGUUEGUEACEGAC  GGECGALAULAUGEAAG UEUARGUEACUGCHEAUEGAAC GRAGGET UARGCAC UUUG
14, L-A-2.1 GoGCUAUCEGEAUEGCE  colluauca UACcBGEGUUEAAGEL--ElACcGlGAGEE UC - arGEUEUGACEALGUIEUACGCEGABAAUAGEGAUAGE U GEACCCAUAUACCHGANUUECURACEGAE  GGEGAGAUEAUGEAAG UGUACHUEACUGGHE ST GEcls:C UEacC A lUUEs
15. L-A-C GoaCUAUGECEAUBGCs  GoNUAUGA UACHGEGUUUAAGGUE. ACGGEGAGEE UC - ANGCERUGACEAAGUUEUARGCHGABAABAGUGAUAGE U GGACHCAUAUACCHG ABUUEGUBGCEG Al EALEAL WUACGUBACUGGEAL I T
16. L—A—p2.3 GoGCUAUCEGEAUEGCA  GolUsuGA UscBGElAUUUAAGELE  AccGlGANEE UC o - afGeUCURACEAAGULEUARGC AGAEAAUAGUGAUAGE U GEACHCAEAUACCHGABUUEGEUGGCAGAN  GGEGARAUEAUGEAGE UGUACGL AACUGGH AL SEEEE - EE:EEC ugclc EuuEs
17, L-A-lus SC  soccusvclcaUBecs  GollUsBcaB- AcBcllsuuusss il GEceol - BaoluuuuABGCEGAUAALAGEGAUAGE U GGACECAEAUACCEE ARUUCGUUAGEEAE  GEElGABGUU ARGGAAGUGLARGU AACUEEEAULGALC GRACEECEAGECAC UULG
18.L-A-2 SC  seecusuclcBGUBGCs  GGMUAUGA UACHGEGUURAAGGUGE  AGSGEGAUGE LC - ABGEECUGACEAAGUL UUARGCHGABAAUAGEGABAGE U GEACHCAUAUACCUG AGUUCGUEAGEG AN GGEGANGUEAUGEAAG UEU ARG GACUIEMAUUGAAC GRAGGGCIEGECAC UUUG
19, L-A-L1 SC  coccEEucESGEUAGCE  coousuch EAcEEEEUUBAsscUGL  AlccocauBEEE- - AcGEERUEACRaacLUBLARGCEG AR A BG GUGAEA-ClL GeacBcaBsuaccUG ARUUBGUBACEGAC  GGlGABGUE AUGEAAG UIUBCGUBACUGCEALEEAAC GO AGEC UAGECAULEE
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1. L-A-P1.3 UAGAAUUGCCUAGACUBAAUUCECCEE COUUCULCAAGUCAGUCGA AGU AUC BACHACUAUAUAUG ACACALIAUGUAC AR GCGGELIAGUULUUC AGUEUACCAUGCUAGC AGAALLAALICLIAGAULIAUGULAAACC UGLUUCC GCUGGEALUCAAGLGAUCA ACGCUGEIGAAULG ACHIAAC U ACUGGSE CAGL
2, L-A-P1.4 U AGAANUBECUAG ACUBAAN UCACCEE CUUCLIUCAAGICAGUCSA AGU AUC BACEACU AUALIAUG ACACALIAUGUAC A& GCBGEEUA GULUUUC AGUUUACC AUGCUA GCAGAAULAAUCUA BAULABGUUAAACC UGUULC CRCUGRBAUUCAAGUGAICA ACGCUGEGGAAULIG ACIAACL ACUSGES CAGL
3. LA-P15 UAGAAUUGCCUAGACUBAAUUCACCEE CHUUCULCAAGUCEGUMGEA AGU AUC BACHACUAUAUAUG ACACALIAUGUGC AR GCBGELIAGUULUUC AGUUUANIC AUGCUAGC AGAALLAALCUG GAULIAUGULAAACC UGLUUCC GCUGGIALUCAAGLGAUCA ACGCUGEGEAAULIA ACHIAAC U ACUGGEE CAG
4, L-A-Q UAGAALUGCCUAGACUBAAULCACCEG CCULCUNCAAGUCAGUCEA AGU AUC BACEACUAUAUAUG ABACEUAUGLACAG GCEGEGLIA GLULLLC AGULILACCAUGCUA GCAGAALLAALCLIA GAUUAUGUEAAACC UGUUUCIIGEUGG BAULCAAGUGAUCA ACGCUGEGEAAULIA AGIAACU ACUGEEGE CAGU
5. L-A-P2.4 UAGAAUUACCUAGACUCAAUUCECCEE COUUCULCAANUCAGUCGA AGU AUC UACHACUALALUAUG ACACALIAUGUACAAGCAGGEAGUULIIC AGUUUACCAUGCUAGC AGAALLAABCLAGAULAUGUUAAGCC UGLEUCHGCESGEAUECAAGLGAUCA ACGCUGEGGABULIA AGGAACL ACUGGSE CAGL
6. L-A-P1.6 UAGAABUGCCEAGACUC AAUUCECCEE COUUCULCAANUCAGUCGA AGU AUC UACHACUAUAUARG ACACELIAUGUAC AR GCAGELIAGEULUUC EEUUUACCAUGCUA GOBGAALUAALICLIA GAULIAUGULAAACC UGLEUCC GGG UALUC AA GLUEAUCA ACGCUGEGGABULIA AGGAAC U ACUGGSE CAGL
7. L-A-p25 UAGABUUGCCUAGECUBAAYUCECCEE COUUCULCAAGUCEEUCGA BGU AUC UACHACU ALALUAUG ACACALABSUAC AR GOGGELIAGUULUUC EEUEUAC CAUGCUAGC AGAALUAABCLUEGAULAUGUEAAACC UGLUUCEGCUGGEALUCAA GUBAUCA ACGCUGEGEAGULIA AGIIAAC U ACUGGSE CAGL
8 L-A-P1.2 UAGAAUUACCUAGACUCAAUUCACCHGCOUUCULCAAGUCAGUCGA AGU AUC UACHACUAUAUAUG ABACEIAUGUACAAGCAGEEAGUULUUCEGUUUACCAUGCUAGC AGAALUAABCLA GABLAUGUUAAGCC UGLEUCEGCUGGEALUC AL GLUBAUCA ACGCUGEGEABULIA AGGAANL ACUGGSE CAG
9, L-A-P1.1 UAGAABUGCCEEGACUCAAUUCECCHG COUUCULCAAGUCAGUCGA AGU AUC UACHACHAUAUAUG ACACALABEUACAAGCEGGLIAGUULUUC EEUUUACCAUGCUA GRAGAALEAALCLAGAULAUGUEAAACC UGLUUCHIGCUGGEALUCAAGLGAUBA ACGCUGEGEAGULIA ACHIAACU ABUGGSE CAG
10.L-A-D1 UAGAAUUGCCUAGACUCAAUUCECCEE COUUCULCAAGUCAGUCGA AGL AUC UACHACUAUAUAUG ACACALIAUGUACAAGCAGEEAGEUUUUCEGEUUUACCABSCUAGC AGAALLAALCLIAGAULIAUGULAAACC UGLUUCC GCUGGEAUUCAAGLIGAUCA ARGCEIGEGEABULIA AGGAAC U ACUGGEE CAGL
11.L-A-P1.7 UBGAABUACCUAGACUCAAULCACCGCOULUCULCAAGUCEGUIGA AGU AGCE-ACHACUAUAUABG ACACELIAUGUACAA GCAGELAGEULEUCIGUULACCAUGCEA GllAGEALEAALCUA GABUAUGUUAAACC UGLEUCEIGCUGE UALBC AxGUEBAUCA ARGCIGGRGAAULA AGGAARU ACUGEGGIIAGU
12, L-A-P2.2 UBGAARUACCUAG ACUCAALUUCACCEG COUUCUUMAASUCAGURGA  AGU AUC EACHACUAUALARG ABACEUAUGUACAGGCAGGUAGEUUULCEGUULACCABGCEA GCAGEAUNAALCUG GALULAUGULAAGCC UGURUCCECUGE UAUBCAAGLEAUCA ARGCESGEGAABUA AclAACU ARUGGGGEIAGU
13.L-A-P2.6  UBGAGUUACCUAGACUCAAULCACCHGCCULMIUCAAGUCAGLEA AGU AUC GACHACUAUAUARG ABACGLABGUACAA GCAGELAGEULULCEGULUAC CABGCGA GllAGEA UM A BCUE GABUALGULAAACCIEULLCC GCUGE LAUBCAA SLBALC A ABGCIEGIGAGELA AGGAACL ABUGEGEMAGU
14, L-A-2.1 uvacAGEUACCUAG ABUBAaL UCECCGGE CRULCUU CAABBEGGUGG: GGU Buc GaclaGEAuALABG ABAcEABcUACAGGCERGEEARUULULC AGURUACCAUGCUA GRAGEAUEAALCLEGARU ARG UEAAACC GEUEUCHEGCEGE UAUBCAGEUEALC A ACGCUGGRGAGEUGESE: AU ACUGGEGEAGU
15. L-A-C uvacAGEUACCUAG ABUBAaUUCECCEG CHULEUL CAsBElGEUGE, GGU BUC GacBAGEAUALAUG ACACALAEGUACAG CCBGCEABEUULLC AGU@UAC Co@GCUA GRAGEAUEsALCLEGAUUARGUEA A CcClGLEUCHGCRSE UsUBcAGGLEAUC A ARGC UGG G BUABEGAARL AR GGEGEAGU
16. L-A-p2.3 B = moClGCoULL CoABERAGUGGA BGU BUC GACEAGEAUAUARG ABACEUAUGLACAA SCBEEUABUULULE AGUBUAC CAUGCIA GlASEAUEALUCUBEA ULALGUEASACC I URU CG GG UEC A A GBS A ABEC UGG IGA A BUEEE G AU AR GEGEmaGU
17. L-A-lus SC  vBcsaBuscclacacullaayucliccls cou@ouilaa BB A cullcs GEUEAGEC -AcBeclAUlUAEs Al cBABsUACAG G AccE A BRULBUC BGUBUAC CAUGCHAGC AGRAL LAALIUG GAULARG UEAAGCE UGLEUCHGCREGBAUEC A GUEAUEA ACGC UGG IGA ABUA AGGAARL ACUGGEEEAGU
18.L-A-2 SC  vesasuusccEEGECUGAAEUCECClG CRULEUL CAAGECAGUBGA -GU ABGGEGCGECL AUALARS ABACELABGUACAGGCESEEABEUUUUC GEUBUAC CAUGCEAGOBCEA UM AUCUBGAULALGLEAAGCC G UULCCGCEGE LALUCAGGLIGUEA ACGC GGG IGAGUUGESGAAC L ABUGGEGEAGU
19, L-A-L1 S5C  uBessBusccussacuGasyucAcclG CRULCUL CAGRUCHGUEGA AGUBAGES -ACBACUAUAUAUG ABACEEA UGUGCAG GolGCUGEGERLGE GaUGUANC AUGCUA GBS A4 UBAAUCUBIGA UUAUGULAAGCT UGULLC GIEBGGEAULCAGGUG AUC A ABGCGEGEGA ABUEABGAACU ACUGGEGEIAGU
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1. L-A-P1.3 GUICCGUCHEACCE AGCABGE ULILAGGABLIGUAG BLICLILAC GAUGECAGCCAUAAUGECLAC COBARAACGUAC AT CUGAEAL UGCCCAL GAAGAGE UGALICGAAC AAGLIE AL GAGE ULILC AGL CGAGLAA ALALIAAL AGAGCCL AGUCAUGEAAGL AAACCHA ANAGELICAUACLIG . ACUGACHCGGABACCLL
2. L-A-P1.4 GUCCEUCEMACCE AGCAGGE IULAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUBGCAL USCCCAC BAAGAGE UGAUCEA ACAAGLG GACGAGE ULUCAGU CEAGLEA AUALAAL AGAGCCL AGUCA UGEAAGU AAACCEA ACAGGUL CAUACUG  ACUGEE COGGACACCUL
3. L-A-P1.5 GUCCEUCEMACCE AGCAGGE ILLAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUBGCAC USCCCAC BAAGAGE UGAUCEA ACAAGLG GACGAGE ULUCAGU CEAGLAA AUALAAL AGAGCCU ARUCAUGEAAGU AAACCHIA ACAGGUU CAUACUG - ACUGEE COBGACACCUL
4, -A-Q GUCCEUCEMACCE AGCAGGE ILLAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUBGCAC USCCCAC BAAGAGE UGAUCEA ACAAGEG GACGAGE ULUCAGU CEAGLAAAUALAAL AGAGCCL AGUCAUGEAAG AAACCHEA ABAGGUU CAUACUG  ACUGACCCGGARACEUL
5. L-A-P2.4 GUBCEU CElACCE AGCAGGE IULAGEE BUGGLAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUGGCAL USCCCAC BAAGAGE UGAUCEA ACAGELG GACGAGE ULUCAGU CEAGLAA AUALAAL AGAGCCU AGUCABGEAAGU AsacClBACAGGUUCAUACUG AcuGECcoaaacacliuy
6. L-A-P1.6 GUCCGEUCGUACCE AGCARGE UUUAGGAGUGGUAG GUCUUAC GAUGCCAGCCGUAAUGCCUAD CEGAGAACGUACAG CURGCEC UGCCCAC GAAGAGIIUGALICGA ACAGGUG GACG ARG ILUCAGU CEAGUAAALALAAL AGAGCCHANUCAUGGAAGL AAACCGRACAGGUL CAUANIG ACUIC COGEACACCUL
7. L-A-p2.5 GUCCEUCEMACCE AGCAGGE IULAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUAMAG CUBGCAC USCCCAC GAAGAGE UGAUCEA ACAGELG GACGANE ULUCAGU CEAGLAA AUALAAL AGAGCCL AGUCA UGEAAGU AGACCIIBACAGGUU CAUACUG - ACUGEE CCGGACACCUL
8. L-A-P1.2 GUCCEUCEEACCE AGCAGGE ULLAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUBGCAC UGCCCAC GAAGANC UGAUCEA ACAGELG GACGAGE ULUCAGU CEAGLAA AUALEAL AGAGCCL AGECABGEAAGU AAGCCIIBACAGGUU CAUACUG GCAGEC COGGACACCUL
9, L-A-P1.1 GUCCEUCEMACCE AGCAGGE ILLAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUGGCGE UGCCCAC BAAGAGE UGALCEA ACAAGLG GACGANE ULUCAGU CEAGLEA AUALAAL AGAGCCL AGECABGEAAG AAACCEG ABAGGUU CAUABM GCUGEC COGGACACCUL
10. L-A-D1 GUCCEUCE@ACHC AGCAGGE ILLAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUGGCGE UGCCCAC BAAGAGE UGAUCEA ACAAGLG GACGANE ULUCAGU CEAGLAA AUALAAL AGARCCU AGUCA UGGERIAGU AAACCUGACACEUUBAUACUG  GCUGEC COGGACACCUL
11. L-A-P1.7 GUBCGECEUACHC AGCAGGE IULAGEABUGGUAG GUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUAMAG CUBGCAC USCCCAC BAAGAGE UGALUCEA ACAAGLG GACGAGE ULUC AGUMGAGLAA AUALAAL AGARCCU AGUCABGEEACEAAGCCUG ACACEUCAUACUG  GCGEACCOGACACCUL
2. L-A-P2.2 GUCCEECGEUACCC AGCAGEE ULUAGEAGUGELAGGUCUUAC GAUGCCAGCCGEUAA UGCCUAC CEEAGAA CEUARAG CUGGCAC UGDCCAC GAAGAGIIUGALICGA ACAAGUG GACGAGE ULUCAGUIIGAGUAA ALIALAAL AGAGCCL AGEC cuGACAcGLElAUACUE Golcaccoola@acEULY
13.L-A-P2.6 GUCCEECEUACCE AGCAGGE ILLAGEABUGGUAGGUCUUAC GAUGCCABCCGUAAUGCCUAL CEGAGAACGUACAR CUBGCAC USCCCAC BAAGAGE UGALCEA ACAAGLG GACGAGE ULUC AGUMGAGLAA AUALAAL AGARCCU AGUCA UGEGACEAABCCUG ACAGGUIICAUACLE GClGAC COMBCACCUL
14, L-A-2.1 GUCCGUCGUACGE ABCAGGE UUUAGGEGUGGUAG GUCUUAC GAUGCCAGCCGUAAUGCCUAC CGGAGAACGUACAG CUGGIIGC UGCCCAC GAAGARC UGALIGAACAAGUG GACGARG ULEC AGUIGAGUAA ALALEEUEGAGCCIEEEEC A GG GEEN » A6 Cl~ BB UACUG Aclcac coaclcEuUl
15. L-A-C GUCCEUCEUACGE ABCAGGEE ULUAGGEE GUGEUAG GUCULAC GAUGECAGCCGUAALUGECUAL CERAGAACGUACAG CUGCEIGC UGCCCAC GAAGARC UGALIGA ACAAGUG GACGARG ULEC AGUIGAGUA A ALALEE UG-G CIEC ~ B G GEEE » 4 6. C i~ ElECcUlcAUAc Ul Acucac coaCEEMCEVE
16. L—A—p2.3 GUBCGUCGUACCE ARCAGGE UUUAGGEGUGEUAG GUCUUAL GAUGCCAGCCEUAAUGECUAD CEGAGAACGUACAG CUGCIIBC UGCCCAD GAAGANC UG ALIGA ACAAGLG GACCANG UL AU ACUGA AEALERURGACCC U IEEC ARG ol A 4G cUABGEC G LA U ACUE  Acecac ool cGul
17. L-A-lus SC  GUBCEBCGUACED AGCAGGEULUAGGA GUGGEUAG BUCULAC GAUGCCAGCCEUAA UGCCUAC CERARAACGUACAR CUGGCAC UGCCCAC GAAGABUGAUCGA AC AGHR UUCAGU CEAGLAAABALAALA CEEEE- C WG -GG B CHUR
18. L-A-2 SC  culccuccuaclc sBCAGEE UULAGGA GUGGUAG BUCUUAC GAUGCCAGCCGUAAUGCCUAL CERAGAACGUACAGR CUGGCAC UGCCCAL GAAGANC UGAUCGAGE A GINEEG Al:AB6 LUUC AcUBEAGU AL AR AUERUEG Acc CHIGERC A UGs BEEIEG A ccus AC AcGUEA UG «BGac colicBaclull
19, L-A-L1 SC  cuecouccuacBc AGCAGGE UUUAGGAGUGEUAG GUCUUAC GAUGECAGCIGUAAUGCCUAC CoGAGAA CHUACAG CUGGCGC UGCCCAC GAAGACUGALEGA ACAGGEG GAC ARG UL A & AEGLAALE: A B CEHEl: A B cusERAcGUEcaUacUGE-GaECClEGEA CoUl
2170 2180 2150 1200 1210 110 1230 140 2350 1260 1270 1280 1150 130 2310 1310 1330 1340 1350 1380
1.L-A-P1.3 CCCRGEUUGGEALC AGGUULAGEIAACAG GALACAAGCAGLAL CLAGACA BAAAGCC ACECALL UCUUGUL UGACAUA GUGCCEE CCACUAAGNUGAGL GAUUACACCACAUC GRAUALEGCCCAAU UCUCAUARAAGUCIICAUACULAUGE  UACUAACGUBACU GCUAULABAULCUC UGALALIG UAUGECU UIUA
2. L-A-P1.4 CCCRGEUUGGEAUC AGGUULAGEAANAG GALACAAGCAGLAL CLAGACA BAAAGCC ACECALL UCULGUL UGACAUA GUGCCUG CCACUAA ACUAARL GEUUACA CCACAUC GEALALIG GCCCAAU UCUCAUARAAGUCIICAUACULAUGE  UACUAACGUUACL GCUAULAGAULCUC UGABALG UAUGECU URUA
3. L-A-P1.5 WCClSC UUGGEALC AGGUULAGIIAACAG GAUACAAGCAGLAL CUAGACAGAAAGCC ACHC AUU UCHUGLIL UGAC AUABUGCCUG CORCUAA ACURAGL BAUUACACCACAUC GRBLIALIG GCCCAALUCUCAUARAAGUCIICAUACUL AUGE  LUACUAACGUUACUGCUAUUARAULCUC UGALALIG UAUGECU UGUA
4, -A-Q CCCRGEUUGEAUC ACEUULAGEAACAG GALACAAGCAGLAL CLAGACA BAAAGCC ACECALL UCULGUL UGACAUA GUGCCUG CCACUAA ACUAAGL GAUUACA CCACAUC GRAUALEGCCCAAU UCUCAUARAAGUCIICAUACULAUGE  UACUAACGULACL GCUAULAGAULCUC UGALALIG UAUGECU UGUA
5. L-A-P2.4 CCCRGEUUGGEEUC AGGUULAGGAACAG GALACAAGCBGEUEL CLAGACARAAAGCHACECALL UCULGUL UGACAUA GUGCCUG COACUAA ACUAAGL GAUUACA CCACAUCIIEALALG GOCCAAL UCUCALAUAAGUCECAUACULAUGE  UACUAACGUBACU GCUAULAGAULEUC UGALALIG UABGECU UGUA
6. L-A-P1.6 CCOGECUUGGALC AGEUULAGHAACAG GAUACAAGC AGUAUCUAGAC AGAAAGCC ACHC AL UCULEUU UGABALAGUGCCUGCOACUAA ABUAAGL GAULAC A CRACAUCEISAUAUG GCCCAAUUCUCAUAUAARUCECAUACUL AUGE  UACUAACGUUACEIGCUAULUAGALULCUC UGALIALIG UAUGGCU UGUA
7. L-A-p2.5 WCCEEC UUGGEELIC AGGUULIAGGAACAG BALACAGGCAGLGL CUAGACA GAAAGCHIACEC ABU UCULGLL UGARAUA GUGCCUG COACLAA ACUBAGL GAUUACA CORCAUCIEABALG GOC AAL ICUCAUABAAGECS CABACULAUGE  UACUAACGUBACU GCUAUBABAULCUC UGALIALIG UAUGECU UGUA
8. L-A-P1.2 CCCRGEUUGEEUIIAGGUULAGEAANAGEIALACAAGCAGLAL CLAGACA GAAGECIIACACALIL UCULGUL UGACAUA GUGCCUG CCACUAA ACUAARU GAUUACA CCAC AUCIIEALALIG GOCCABU UCUCALAUAAGUCE CAUACULAUGE  UACUAACGUBACU GCUAULAGAULCUCEGALALG UAUGECEUGUA
9, L-A-P1.1 CCCRGEUUGEEUC AGGUULAGEAANAG GALACAAGCAGLAL CLAGACA GAAAGCC ACECALL UCULIIIU UGACAUA GUGCCUG COACUAA ACUBAGL GAUUACA CCAC AUCIIEALALG GOCCAAU UCUCGUARAAGUCE CAUACULAUGE  UACEAACGURACHIGCUAUUAGGEUUCUC UGABALG UAUGECU UGUA
10. L-A-D1 CCOGGECUUGGELC AGELLLAGGAACHG GAUACAAGC AGUAU CUAGAC AGAAARCE ACACALL UCULEUU UGAC ALAGUGCCUG CHACUAA ACUAAGL GAULARACCACAUCEISALALG GCCCAAUUCUCALALUAAGUCECAUACUL AUGE  UACUAARGUUACEGCUAUEAGAUUCUC UGALALG UABGGCEUGUA
11. L-A-P1.7 BocBccBUGEALEECEUEAGRAACAGGEUBCAGGCIGUGEL CRAGEC AGAAGECEACAC ABU UEEUGUU UGARAUAGUGC CEG COGEUAAGE UEL BUACACCACEUC GElUALIG GO WA UasGUCE CAEACEU ARGCEGUG - - AsliEULACEGCEAUEAGEUUEUC EEABAUG UABGGEU UL
12. L-A-P2.2 BoclEcBUGEALEECEURAGEAACAGGAUECAGGCEUGL CRAGACAGAAGECHACEC ABL UCUUGUL UGABAUAGUGCCEG CCACUAA ACU@AGU GABUACACHACEUC GoBUALEGCERAEU URUCEUA UssGUCE CA@AClU ARG UGEGAAREULACU GCEAUUARGUUEGCEGAUALG UABGGEEUEL A
13. L-A-P2.6 BocBccBUGEALEECE RS GlA B G GAUECAs GCBSUGL CUAGECAGAAAGCEACAC AR UBUUGUL UGABAUAGUGCCEG CCACUAA ACUBAGU GABUARACCACEUC GEEUALEGCERAEU URUCEUA UAAGUCE CABACGU ARG UGEGAARCULACEGCEAUUARGUUEUCEEAUALG UALGEEU UGLA
14, L-A-2.1 coclECUDGEALURAGGUULAGGAGEAGEEUBCAGGOGEUAL CEBGAC AGAAAGCACAC AL UCUUGUL UGARALA GUGCCEG CCMCGABGT UaatlU GalUARACEACGEE GG ALALMCIGEA L UCUCAUL UaacGUCECAUACUL ABGC  UaCUAACGUEACEGCUGUU ARG CGEEG G - ML
15. L-A-C Boclecuucaa fllacaUuEs es B Gl UECABGCEEUGU CLUBSAC A GAsAGCACACALU UCULGUL UG ABALA GUGC CEE COlCGABGC U AAcHGAUUARA CGABGGEEG B M- Bel: U ucuc susuascuClcAlACUL ABGE  LacussBiGUEsclGCUGULABGUUIIGE UG A BGHU AL CEGEUEU A
16. L—ﬁ—p2.3 BocaacuuGaa llacliUEs GeslaG GAUECAs GOBGUGU CLBSEC A GassaclacAaCauU UCULGUL UG ARALA GUECCIG COICGABGCUGAGU GABUARA CEACAGEGEARA - IGEA U ucuc aus UascUCECABACUU ALGE  LacuAsBEULACGOBEUL A B UEGGER < UGEE U AL GEEEUEL A
17. L-A-lus SC  coomscluces lacsuu@s ol s cliEUACAGGCEGLAL CUAGAC AGAGEGCIACAC AL UCULEUU UGABALAGLEICCEG CCAGEAA 4@ ClAcHL AUABABGUCG CABACEU AUGE UGS GG WGGE A UGHEL ABEGCUUGUA
18, L-A-2 SC  coooecouscsulacauu@sceslycBEulc s coBcuan cllEEC s co sl Ao A8 ucBluU ueAc s lcUlc cus oGl s Al Slel s BB ceac AuC GE AR Bl G CIlE L DcGoBus sscucloauaclU sUGE BUGCGE -GUGACEGE HE
19, L-A-L1 SC  coclecouccaulacluuBsaccascaclBEuacsscolicual coBoloscasacoc Aclic AEU UCUUGUL UGAC AL G CUG COGE s c@scGUC G AusBssBUCGCABACEUAEEC  UGHEE:ABEURACHGCElUGAGGUUCEGUGARABEUAUGECUUGUA
570 1380 1530 1800 2810 1810 1830 Led0 1850 1880 LE70 LERD 1830 1700 710 1720 1730 1740 750
1.L-A-P1.3 AAAGLEACBGECGE AGCACCACACACALULAAGHC CEGACGA AGUGCUG GAAGCGE CAGEGCE AGUCUCA CCBAGSE GEAAGLACUALEUG IUGUGUG UCGUAGAGCUALLAGCCA CAUGCEANGUCACEA UCGAAGCAGCHIGU AGCLUACUALAALGECAULL GUGCUGA CEULAGA CEAGAAGUULGUCACACL
2. L-A-P1.4 AnaGUEACAGCHC AGCACCACACACALUUAAGEC CHGACGA AGUGHEUG GAAGCGE CAGEGCE AGUCUCA CCBAGGE GUAAGLIACUAULLG ULUGUG UCGUBGAGCUALLAGCCE CEUGCGAGGUCECEA UCGAAGCAGCUGU AGCLIACUBLAALGECAUUL GUGCUGA CAULAGA CEAGAAA ILLGUCACACL
3. L-A-P1.5 AAAGUEIACAGCGE AGCACCACACACALULAAGGE CEGACGA AGLGEUG GAAGCGE CAGEGCE AGUCUCA COMAGEE GUAARLA CUAULLGEUGUGUG UCGUAGA ACUAULGGCIA CAUGCGAGGUGACGA UCGAAGCAGCUGU AGCLIACUALAALGECAUUL GUGCUGA CEULIAGA CEAGAAA ILLGUCACACL
4, -A-Q AAAGUEIACAGCGE AGCACCACACACALUUAAGHC CEGACGA AGUGEUG GAAGCSE CAGEGHG AGUCUCA CCBAGGT GEAAGLIACUALULLG IUGUGUG UCGUAGAGCUALLAGCCA CAUGCGAGGUNACGA UCGAAGCAGCUGU AGCLIACUALAALGECAUUL GUGCUGA CAULAGA CEAGAAA ILLGUCACACL
5. L-A-P2.4 AAAGUEACGECGE AGCACCACACACALUUGAGGE CAGARGA AGUGCUGEAGGCEG CAGAGCEAGUBUCACCEAGGE GUAARUACUAULUG UUEUGEG UCGUAGA ABUAULAGCCE CHUGCGANGUCACEA  UCGAAGCAGCUGU AGCLIACUALAALGECAUUL GLEIKUGACGUUEGA CEABAAG ILUGLCACACL
6. L-A-P1.6 AsaGUEACAGCGC ABCACCACACHCAUUUGAGEC CAGACGA AGUGEGGAAGCEG CAGAGEG AGUBUCACCUAGGE GUAAGUACUAULUG UUGLGEG UCGUGGA ACUGEIIAGCCA CAUGCGANGUCACEA  LCGAAGCAGCUGU AGCLIACUALAALGECAUULGUGCUGACAULAGA CEAAALA ILLGLUCACGCL
7. L-A-p2.5 AAAGUEIACAGCGE AGCACCACACACALUUGAGGE CAGACGA AGUGCUGEAAGCEG CAGAGCIAGUNUCACCUAGHC GUAARLACUAULLG UBGUGEG UCGUAGA ACUBLILAGCCA CAUGCGAGGUCACGA UCGAAGCAGCUGU AGCEACUALAALGECAUUL GUGCUGA CEULAGACGAAAAA LUUGURACECU
8. L-A-P1.2 AAAGUEIACAGCGE AGCACCACACACAL ULAAGGE CAGACGA AGUGCUGEAAGCHEG CAGAGCIAGUNUCA CCBAGHC GUAARLACUALLLG IUGUGEG UCGUAGA ACUGLLAGCEA CAUGCGAGGUCACGA UMGAAGCAGCUGU AGCLIACUALAALGECAUUL GLEICUGA CHUUGEA CEAAAAA LILLGUCACACU
9, L-A-P1.1 AAGELEACGGECGE ANCACCARACACALUUGAGHC CAGACGA AGLGEUIAAGCGE CABAGCE AGUCUCA COBAGGT GEAAGLIACUAULLG IUGUGEGEC GUAGA ACUALLAGCCA CAUGCGAGGUCACGAN - CGAAGCAGCUGU AGCLIACUALAALGECEULBELGCUGA CEULAGA CEAAALA LILLGUGACACL
10. L-A-D1 AAGGUEACEECGCAGCACCACACHCAUUUGAGEC CEGACGAAGUACLEGAGCEG CAGAGCIAGUCUCACCUAGGE GUAAGUARUAUULEEUGUGLG UBGUAGA ACUAUUAGCCA BAUcEcABGUNACGEA  UCGAAGCAGCEGUGEGCUACEALAALGECAUULGUGCUGACGULAGA CEAAALA ILIEGUEACACL
11. L-A-P1.7 AAGGUEACEGCGCAGCACC ABACEC AU UUAAGGE CAGARGA AGUACUGAGGCGE COG ARG AGUBUCACCUBGGED GUAAGUACUABEUGELGUGUG UGGUES A GEU ABUA G-Il UcEGABGUGACEA  UCGAGE CAGCEGU AGCEACEEUAAL GECAULEGUGCUGA CABUBGEA CEAAAAGULLGUCACACL
12, L-A-P2.2 AsGEUEACEECEC ARCACC ABACECAL ULAAGGE CAGARGA AGUACURIAGGECGE C ACCUAGEE GLAARUA CUARUUGEUGUGLG UGGLEGAGEUABUAGCEE CauclicalBGUCActs  UCGAAGCAGCHGUAGCUACEAUAAUGGCAULEGUENUGS CABUEG ARG A AGUUUGURACACY
13. L-A-P2.6 arsEUEAcAGCEC ARCACC ABACECAL ULAAGGE CAGARGA AGUACUBBAGGCGE C WG AGUCUCECCUAGEE GUAARLA CLUARUUGEUEUGUG UGGLIGAGRUABUAGCCE CauclicAlGUGACGA  UCGAAGCEECHIGU AGCUACEAUAAL GECAULEGUIEUGA CABUEGABGA A6 ULBGUCACACH
14, L-A-2.1 AssGU@acAcCEC AGCAlCACACACAUUUAAGEE CaAlABGA AGUACLUEGAAGCEG CGGAGEEGEUGUCHCClAGEC GRAGGUA CLUALE EUUGUGEG UGEUEGA ACUGUUGGCEA - AUGCG-GG UNNGANE @446 CEGCGEEU AGCUACUALEAU GGCRUEU GUEC UGA CEEUEG ARG Assae U UEEUCEC Il
15. L-A-C AsscUEAcAcClCaccalicacacacalunsacllc collscaaacuaCLliGasGClG CEEAGEAGUGUCA COEAGEC GRAGEUA CUALEUUGUGEG UGGUEEAACUGUUG GECA - AUGE - AGG6 UG ABEICG A6 CHECEGEU AGCUACUALEU GECBURL GUBc UGS CHEUEG ABG A a8 s DUERUCECERY
16. L-A-p2.3 AnncU@ACAGCEC AGCACCACACECABUUAAGGEE CAGACGA AGUACUEGEAGCGE CEGAGEE AGUGLCACCEAGEE GLAGEA CUABUUEEGUGUG UBGUEBGA ACUAIUGGECA - ALGE - AGE UGB GAAG CAGCEGLBECUACUALEAU GECEUNL GUECURA CEUAGA B Ao aG UUUEUCEC I
17. L-A-lus SC  »secu@acacclc sBcaccacaclcABuuGEcse clcalcsscuacusGassClc CesElc clcUlUCG oo UGt llaasuACUABULEUUEUGEG UCGUAGABC UALUAGEEE CAUGCGAGGUNANE:  LlsAscCacclicU accuacBausay GECGUBECUEC UBACHUUGEA CGALAAG ISR IECHI
18. L-A-2 SC  ssGculscBEcBC AGEACCACACACABUUABGEE ClEACEA AGL AN MGG CHG COINEEC G AGUELCACCUAGGE GLIAGELA CLLA SEUIE B GEG UGEUEGAGEUABUA GC - AGCEUCEGABG UCHEE:  UBGAGE CEGCEGUBECUAClAUAL GICAUBECURC OB CABUGEA BEAGAAG ULLGUEECGECL
19, L-A-L1 SC ssecu@scliccle sBe B <l clc A BUUGEGSE CARACGAGELUAGUG GAAGCGEE CEGEMIMGEUCUCGCoUAGEC GUA R A CUABUUERIGUGUE U ESUEGA GO UGEUEGCGAMCEUEC - <0G UR- - Gl A A CAGCIEU AGCUACUALEUEGEC AU GUBCUGA AU A BEEG A a8 UUUGUEEC Al
2760 770 1780 173 1800 2810 2820 B30 LB 1850 1BED 1E70 LERD B30 1300 2310 2320 2330 1340 2350
1.L-A-P1.3 GUUCULAGACUCE AGELCUAUAUGEUC UGEGCCU AAGGGAC CUGACGCICUBACGGGEAGAC UBAAACARGCUAGL GEUCAGAUUAAGAG UGUECAC ACBIGCUG ACUACGAACCGULAL CAG AACUBUUUGAAC UAGCA GUUCUGAUGAACCGAGGUGUGEGUCACGU CUCAUGE AAAACUG AGCGIGAGCAR
2. L-A-P1.4 GUUCULAGACUCE AGELUCUAUAUGEUC UGEGCCU AAGGGAC CUGACGCICUUACHGGEEAGAC UCAAACABGCUAGL GEUCAGAUUAAGAR UGULCAC ACBGCUG ACUACGAACCGULAA CAG AACULLUUGAAC UAGCA GUUCUGAUGAACCGAGGUGUGEGUCACGU CUCAUGE AAAACUG AGCGIGAGCAR
3. L-A-P1.5 GUUCUU AGABUCEIAGEUCUALAUGEUC UGEECCU AAGEGAC CUGARIGE GEULACG GEGAGAT UCAAACARGCUAGU GEUCAGAULAAGAGUGUECAC ACBGCERACUACGAACCEULAA CAG AACULLULEGAAN UAGCA GLIUCUGALGAACCGEAGEUGUEE GUCACGU CLUCAUGE AAAACEG AGCGIGA GCAL
4, -A-Q GUUCULAGACUCE AGELUCUAUAUGEUC UGEGCCU AAGGGAC CHGACGCICUBACGEGEAGAC UBAAACARGCUAGL GEUCAGAUUAAGAG UGUECAC ACBIGCUG ACUACGAACCGULAL CAG AACUBUUUGAAC UAGCA GUECUGAUGAACCGAGGUGUGEEGUCACGU CUCAUGE AAAACUG AGCGIGAGCAR
5. L-A-P2.4 GUUCLL AGARUCE AGGUEIAUAUGELC USGECCL AAGGGAC CLUGARSC GCLULACG GEGAGAC UGAAACABGCLAGU GCUCARAUUAAGAG UGUECAC ACBSCGE ABUACGAACCEULAA CAG AACULUULGAAC LAGCA GUUCUGALGAACC UCARKGU CUCAUGE AAAACUG AGCGUGARICAL
6. L-A-P1.6 GUUEIUAGABUCE AGGLEA UAUGEUEUGEGCCU AAGGGAC CUGACGCICUUACG GEEAGAC UCAAACABGCUAGL GEUCARAUUAAGARUGULCAC ACHIGCGE ACUABGAACCGULAL CAG AACUULUUGAAC UAGCA GUUCUGAUGAACCGAGGUGUAGGUCACGUEBCAUGE AAAACUG AGCGIGA GCAL
7. L-A-p25 GUUCLL AGARUCE ACEUEA UAUGEUE UGGECCL AARSGAC CUBACGC GCULACG GEGAGAC UBAAACARGCUAGU GCUCARAUUAAGAG UGUECAC ACBISCEGE ACUACGAACCEULAA CAG AACULULUGAAC LAGCA GUUCUGALGAACT UCACGUBICAUGE AAAACUG AGCGUGAGCAL
8. L-A-P1.2 BuuCUU AGARUCE AGGUEEIA UAUGGUC UGEGOCU AARGRAL CUGACGE GEUUACE GGEAGANUNAAAC AGGCUAGLGCUCARA UBAAGAG UGUUCAC ACBIGCEG ACUACGAACCGULAA CAG AACUUUUUGAAD UAGCA GUEEUGAUGAACT! o UCACGUCUCALGE AAAACUG AGCGLGAGCAL
9, L-A-P1.1 GUUCLL AGARUCE ACEUEA UAUGEUC UGGHCCU AAGGGAC CUBACGE GCULACG GEMIAGEE UCAAACARGCEAGU GCUCAGAULAAGAG UGUUCAC ACHSCHG ACUACGAACCGULAA CAG AACULULEGAAC UAGCE GUUCUGAUGAANCGAGEUGUAGGUCACGU CUCGUGE AAAACUG AGCEGAGCAL
10. L-A-D1 GUUCLL AGARUCE AGEUCUA UAUGEUCBEGECCU AAGEGAC CUBACGE GCULACE GEEAGGE UCAAACARGCEAGU GCUCARAUUAAGAGESURCAACESCEE ACUACGAACCEULAA CAG ABCULLUUGAAC UAGCA GUGCUGAUGAACCGAGGUGUAGGUCACGURCAUGE AMBACHG AGCGUGAGCAL
11. L-A-P1.7 BuucuuAsACUCE ACEICUAUBUGGUCISEGOCU AAGGEAC CHGACGE GCURACHGCEEGEC UCAAGC AGGCEAGL GCECAGA UBAAGAG UGUGE ANACEGCEG ANUACGA ACCHEUA AB- -BGAGCURUUUGAA -BAGC - BGUEEUGAL GAABCGAGGUGUAG GECABSU CUCAUGE AAGACHG ASCoUGARC AR
12. L-A-P2.2 BurmuacACUCGAGGUCUAURUGEUCEEEGCCEAAGGEAC CHGABGC GCUNACG GEGEC UCAGCAGEC@ACU GElcAGA LA BAG UGUGCAC ACBSCUG ARUACGAACCHUUAS CaG AGCURUUUGART UAGCH GUUBLGAUGAABCGAGGUGUAGGECAREUCUCAUGE AAGACGE ARCCEGARC A0
13. L-A-P2.6 BUUCULAGACUCGAGGUCUAUAUGEUCIEEGCCEAARGEAC CHGACGE GCUEACG GEGEC UCAAGCAGECUACEGCRCAcA URA B G UGUGCAC ACBSCUGACUABGA ACCHUUAS CAG AGCURUUUGART UAGCH GUEEUGAUGAABCCEGEUGUAGGECAREUCUCAUGE AAEACGE ARCCEGARC A0
14, L-A-2.1 GUUEIL AGACUCEACEECEAUALGEEEEEGEGEL A l56AC CEGARSC GCUGACHGEEEGAC Ul ARABGECUAGURGUCAGA UEAAIAG UGUUCAC ACGECUG ACUACGAGCCRUUAA CHG AGEUGUUEGAAN UBGCA GUGCUEALGAAC] CACGUEIC uGAcCEUGARCAR
15. L-A-C GUUELL AGACUCHACEECE A WEGAC CUG RGO UGACHGEEEEGEE UEAARAGGCUACERGUC AGA UBAABAG UGUBCAC ACEECUG ACUACGAACCHULAA CHG AGEUGUUUGAGE UBGCA GUGCUEAUGAACES ucaccUEIC UG AGCGUGAGCAL
16. L—ﬁ—p2.3 GUUCLL AGACUCEACEBCEA DAL GEUEUGEHEED & ARG CUGARGCERUGAC) e B 8 AGALL vcacAcGECEGABUACGAAcCHUUGA CHE AGCUNUUEGAGE UGGCA GUGCUEAUGAACEEAGGUGUAGEUCARGURBUCEUGGEAEECUG AGCEUGARCAR
17. L-A-lus SC  suumguscacuclE:cECE Lol cuGARCEEC R CEGER A LA AGE AGALL ucamaclEcuGACUABGAGCCHIEBUGAE- -GEAACUGUUUGAAN UGGCH GUGCUEAUGAAClicAGCECUEGGECABEURBUCEUGE AaGacuG ABECEG B A8
18. L-A-2 SC muucBuscacucEBSGECEAUAUGGEGUGE ERGEEEGGRGC ClG ABGCICUUACG GElAG ABUR A AGE A GECEAGUBCEC ABA UUAAGAGEGUUCAC ACBGCUG ACU ARG A ACCEEUA ABCG- A ABUGULEGAAC UEGCH GUUCUGALGAANEGAGCREUGE GECACCURBICEUGEEGEACGE ABCCUGAGC AL
19, L-A-L1 SC  muucuuGe-muclscRscl cuGABGECECUGAL uc 1AGUGEECAGA UBAAGAGERUBCAC ACGECUG ARUACGAACCHEUES CHG AACUBULEGAGE UAGCA GUEMGAUGAACCGEAGEUGUEGGECABE CUCBUGEELAGCUG AIIGE A HC AL
1380 1570 1580 1330 3000 3010 3020 3030 B 3.050 3080 3070 3080 030 3100 EXNLY 3120 3130 3140 3150
1.L-A-P1.3 COEEAGRCACCCGEAUGUUGCGAACGLAGACCAGACCAS GCUALARUC UUGLGUC CEAGACA IGLUCGEA AGRALCU AAGGAGA CEUARGACUACCCMUALALGA CUUGGGEAUGAUUAC ACGUCUA GCAGGUE GEAGLGE GLACC] AGUGLLIC ALUCACA ALALAGU GAAGACG ACGAGLABALUAULC COCG
2. L-A-P1.4 WGHGAGCARC GG AUGLUGCGAACGUAGACCAGACCAG G UAUACUC UUGUGUC CGAGACAUGUUCGAAGEAUCHAAGGAGACGUACGACUACCCMUALAUGACEUGEGAUGALUAC ACIICUAGCAGGUG GEAGLGE BLUACCUG GEGGU AGIEIGULIC AUUCAC A AUAUAGU GAAG ARG ACGAGLARAUAULCCOCG
3. L-A-P1.5 collGAGCACCCHG AUGUBSCGAACGLAGACCAGACCAG GCUALARUC UUGLGUC CEAGACALGUUCGEA AGRALCU AAGGAGACGUACGACUACCCIUALAUGA CUUGEGEA UGAUUAC ACIUCUA BCAGEUG GEAGLGE GUACCLIG GEGEGU AGEGLLIC AUUCACA ALAUAGU GAAGANG ACGAGLABALAULCCOCG
4, -A-Q CGlGAGCACCCMG AUGUUGCBEACEUAGACCANACCAG GCUAUACUC UUGLGLIC CRAGACAUGLUUCGA AGEAUCU AAGGAGACGUARGA CUACCCHUAUAUGA CULGEGA UGALUUAC ACBUCUAGE AGGLUG BEAGUGE GUACCUG BEEGL AGUGULIC AUUCAC A ALALIAGL GAAGACE ACGAGUARAUAULC CCCG
5.L-A-P2.4 COUGARCACCCGEAUGUUGCEAACGLAGACCAGACCAR MCUAUACUC UUGEGUC CORGACALGUUCGABGEALCU AAGGEGACGUACGACUACCC ACUUGEGAUGAULAC ACIUCEAGCAGGUG GEAGLGE GUACCL AUUCACAAUAUAGL GAAGACE ACGAGUACAUAUUCCOCE
6. L-A-P1.6 couGAEcAccClE AUGULGCIAACGUEGACCAGACCAN CRUGUARUC UUGLGLEICGAGACA UGLUCEA AGEALCU AAMGAGA CoUARGA CUACCCG UAUALGA CUUGGGEAUGALUUAC ACGUCUA GCAGGUG GEARUGE GUACC] LIC ALLCACABUALAGL GAAGACE ACGAGUA CAUALLCCOCG
7. L-A-p2.5 CEUGARCACCCHG AUGUUGCGAACGLAGACCAGACCAN GCUGLARUC ULUGLGUC CEAGACALGUUCGEA AGGALCU AAGGANIACGUACGA CUACCCE UABAUGA CHUGEGEA UGAUUAC ACHUCEA GCAGGUG GEAGLGE GUACCL LIC ALLCACA AUALAGL GAAGACE ACGAGUARAUALLCCOCG
8. L-A-P1.2 COUGARCACCCGE AUGUUGCEAACGLAGACCAGACCAN GCUALARUC UUGLGUC CEAGACALUGUUCGEA AGGALCU AAGGAGACGUACGACUACCT ACHUGEGEAUGAUUAC ACGUCUAGCAGGUG GEAGLGE GUACCL UIC AUUCEC A AUALAGL GAAGACE ACGAGUACAUALLECCCE
9, L-A-P1.1 CHUGARCACCCGE AUGUUGCIAACGUAGARCARACCAN GCUGLACUC ULGUGUCIGEGACA UGULEGA AGGGUCU AMBGAGA CEUARGA CUACCCMUALAUGA CUUGEGEA UGAUUAC ACGUCUA BCAGGUG GEAGLGE GUACCL UIC AULCACA AUAUAGEGAAGACE ACGAGUA CAUALLCCOCG
10. L-A-D1 COUGARCECCCGEAUGUUGCIGACGUEGACCAGACHAN GCUGLACUC ULGLGUC CEEGACAUGULEIGA AGGALCU AMGAGA CEUACGACUACCT ACUUGEGAUGAUUAC ACGUCUAGC AGGUG GEAGLEE GUACCH LIC ALILCACA AUALIAGL GAAGACE ACGAGUA CAUALLCCOCG
11. L-A-P1.7 colGANCACCClE ABGUGSCEAACGUG G ARC AGA -C ANBC UGUACECEVGUGUGE CCllGAC A UGUUBGABGEGEUCEA A AGA CHUACGABACCCEUALAUGACEUGEGEABGEABUAC ACHUCEAGlACELG GGARUGE GUACCUG GEIGGU AGUGUGE AUUCGE AGUABAGL GAAGARG ANGARUACALALLC COlG
12, L-A-P2.2 collcAlc /B clG AUGUGEECIEACGUEGACCAGACEAG BCUALANNCBUGLGUECCIEACAUGULUEEABGEALCHAAMEAGA CHUACGARUACCCEUABAUGA CEUGEGEABEAUUAC ACGUCUA GEAGEUG GEARUGE GUGC CUG GEGU AGUGLEC ABUCEC ABLAUAGL GAAGACG ABGARACAUAULC COlS
13. L-A-P2.6 collcAlcaccclcAuGUGECEAACGUEGARCAGACEAG BCuAUACECEUGUGUECCEGACAUGUUCEABEGEUCU AcliAcs CHUBGA CUARCCEU A UGACRUGEGABGAULAC ACGUCEAGEACEUG GEARUGE GUACCUG GEGEU AGESUGE ABUCEC ABUALAGU GAAGACG ABGARACALAUUCCOCG
14, L-A-2.1 couUGAECACCClE ABGUISCIEEGEUAG AR AGARC A BCUBUABUCEVGUGLC CollEARAUGUUCGA AGGGUCU AABEAGACGUANEA CUANCCG UABAUGACGUGEGEARGABUAC ACBGCUA G ACEG GGANUGE GUACCEE GEGGU AGUGUEC AUUCEE AGUAUGEE S AAGAC GGG ABUAC ALALLC CORG
15. L-A-C CoUGANCACCCEE AUGLEGCIEEGEUAGARC AcABc s BCUEUABUCEUGUGUC COlIGACAUGUUCGEA AGGGUCU AAMEAGA CHUANEACUACCCE UABAUGA CRUGEGARGABUAC ACISCUA GCAGEUG GGEANUGE GUACCEG GEGEGU AGUGLEC AUUCACAGLAUGHE GAAGACGEGEAGLIACALAUUC CORG
16. L-ﬁ-p2.3 coUEAGCACCCHGALGUEEC GEMGGUA GARCAGARCAG BCuBuacucElGEcUC collzacaucUUlicaacaaUcla @acaccuaclaBuaccoluaUaucacBUGGEARGABUAC ACHIGCLIAGC AGGL LIACC AGUGULC ABUCACABUABGEGGAAGACGERG AR ABaUALUC COlE
17, L-A-lus SC MclcacBl oo susulicclesccuillle s - - cllcElc UBUAce GUGESUEC ClEAC A UGUUCGABEGEECEAAGEAGA CHU G A B ABoclU B UG CBUGEGEA UG ABU AllAc GUC A GEBEGUG AR GEGURCCL L AUUCEC A GU A SIIEE G AGE A BG ABG Al Al U AU UEcCllG
18. L-A-2 SC  EclcEEGCCcsAUGUECGAAGGUEGARC AcAGEAG Bouauaclc ULGUGUE CoBsARA UGUUCGABGEEGEU AsGEAGA CoUACEACUARCCEUALAUGA CHU: AuGABUAC ACGECEAGE I AGLGE GUECC UCAUUCACAGUABGENGAGEACG AGGAGUARUBUEC Collc
19, L-A-L1 SC  commmcl:-E-c@c ABcuG:c BelllGUlG Al A - AGC ABGEC UAUABUC GUGUGUE CoBGAC AUGLUCGA AGEAUCEAAGEAGA CoU AN B ABCC AUGACEUGGEEAUGARUAC ACHGCRAIC AclUG GEAGLGE GUECCH ABUCHEC A AL EEEMG A A ClACG A Al SOl
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GECAGLLUCACUCE UAALAAG ULIEAUAACCGUAAAUAANAUG COUAAAT AUAARAL AGCOCEAALGALAG CHUCALD ACCARAA GLUUAGGE CULGEAC AUCUACU AAALIALG AGUGEGGEAAGC AR AGAGCCA UCUACGE GACCHAC CUGCE GAGEACA CUCAUAACAAACULCGCUALG ULUAGAL GUGAGGEACGUA
GECAGLUCACUCE UAALAAG ULIEAUAACCGLIAAALAAGALG COUAAAD AUAARAL AGCECEAALGALAG CHUCALD ACCARAA GLUUAGGE CULGEAC AUCLIACU AAALIALG AGUGEGGEAAGC AR AGAGCCAUCUACGE GACCEACHUGEG GAGEACA CUCALAACAAACULCGOUALG ULUAGAL GUGAGGEACGUA
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3. L-A-P1. GECAGULCACUCE UAABAAG ULLAUAACCGUAAALAAGALG COUAAAC ALAAGAL AGCGECGAAUGAUAG CHUCAAC ACCAGAAGULAGHG CUUGEAC ALCUACU AAALAUG ABUGEGEEAAGCAG AGAGCCAUCUACGE BACCEAC CUGCE GAGEACA CUCAUAACAAACULCGCLALG ULUAGAU GUGAGGACGUA
4, 1-A-Q GRCAGULCACLCE UAALIAAG ULILAUAACCGUAAA LARGALG COLARAL ALAARAL AGCGCGAALUGAUAG CHUCAAD ACCAGAAGULAGGE CULGEAC AUCHAC AAALIALG AGLGEGEIAAGCAG AGAGCCAUCUACGE BACCEAC CUGCE GAGEACACUCAUAACAAACULCECLALG ILUAGAU GUBAGGEACGUA
5. L-A-P2.4 GECARUUCACHCG UAALIAAG ULEAUAA CHGUEAABAAGALG COUAAGE AUAAGAL AGCGECGAAUGAUAG CHUCAAC ACCAGAAGULAGHG CUUGEACBUCUACU AAALIAUG AGLGEGEEAAGCAG AGAGCCAUCUACGEIACCGANCUGCG BAGLACA CUCAUAACAAACULMGCEALG ULUEAGAU GUGAGGARGUA
6. L-A-P1.6 GECAGUUBACECG UAALAAUUEAUAA COGUAAALAAGALG COUAAAC AUAAGAL AGCGECGAAUGAUAG CUCEAC ACCAGAGGULAGHG CEUGEACBUCUAC AAALAUG ARUGEGEEAAGCAG AGAGCIIA UCUACGE GACCEAC CLICG GAGUACA CUBAUAACAAACULCGCLALG ILUAGAU GUGAGGACGUA
7. L-A-p25 G AU UCACUCG UAALIAAG ULEAUAACCGUIIAA LARGALG CEUAAGE ARAAGAL AGCECGAALGAUAG CUCAAC ACCERAA GULAGHE CULGEAC GUCIACY AAALALG AGLGEGEE UAAGCAG AGAGCCAURUACGGIACHGAC CUGCGE GAGLIACA CUCAUAACAAACULCGCLALG ULUAGAU GURAGGEACGEUA
8. L-A-P1.2 GECARUUCACUCE UAALIAAG ULILAUAACCGUAAABAAGALG COUAAGE ALAAGAL AGCGECGAAUGAUAG CHUCAAC ACCAGAAGULAGHG CUUGEACBUCGACU AAALIAUG AGLGEGE UAAGCAG AGBECCAUCUACGE GACCEACHUGCE BAGLUACA CUCAUAACAAACULCGCEALG ULEAGAU GUGAGGARGUA
9, L-A-P1.1 GECAGUUBACUCE UAALIAAG ULILAUAACCGUGAALAAGALG COUAAAC AUAAGAL AGCECGEAUGAUAG CAUCAAC ACCHGAA GUEAGHG CUUGEACGUCEACE AAALIAUG AGLGEGE UAAGC AAGAGCCA UBUACGE BACCEAC CUGCE BAGLACA CUCAUAACAAARUUCGCLALG ILUAGAU GUGAGGEACGUR
10. L-A-D1 GECAGUUNACECG UAALAAG ULLAUAACCGUBAALAAGALG COUAAAL ALAAGAL AGCECGEAUGAUAG CHUCALC ACCHGAA GLUEAGGE CAUGGAC ALCLIACU AAALIALG AGLGEGE UAAGEAG AGAGCCAUCUACGE GACHGAC CUGCE GAGEACACUCAUAACHAACULBECUALG ULUAGAU GUGARGACGUA
11. L-A-P1.7 GECAGUUNACHCG UAABAANULLAUBACCGUAAABAAGALG CCUAAGE ARAAGA AGCHCGAAUGAUEG CAUCEAC ACCHGABGULAGGE CHUGGAC ALUCGACU AAALIAUG AGLIGEGE UAAGCAG AGAGCCAUCUACGEEACCGANCUGCE GAGEACA CUCAUAACEAABUUESCUALG UUEAGGU GEGARGACGUG
12, L-A-P2.2 GGCAGUUEACECGEAARAANUUEAUEACCEURAARAAGALG COUARAC AUAAGAL AGCGCGAAUGAUEG CAUCEAC ACCHGAAGUUAGEG CHUGEAL AUCGACU AAALANG AGUGEGE UAAGCAG AGAGCEAUCUACGEEACCGAT CLUICG GAGUACACUCAUAACEAABIUESCEAUG ULUEAGAU GEGAGGARGUG
13, L-A-P2.6 GECAGUUCACHCG UAARAANUUEAUEACHGUAAABAAGALG COUAAAC AUAAGAL AGCGECGAAUGAUEG CHUCEAC ACCHGAA GUUAGGE CHUGGAC ALUCGACU AAALIAUG AGLGEGE UAAGCAG AGAGCCAUCUACGEIACCEAC CLIIKG BAGLACA CUCAUAACEAABUUESCUALG UUEAGAU GEGARGACGUG
14, L-A-2.1 G AU UCACHCGEAALAAEUUUAUEA CHGUEA A UAAAUG COGAAGE AUAARAU ABCEIGEAUGAUANC AUCHGE ACCEGAA GUIGEG CEUGEAD AUCHACEAAGUARG AGUGEGE UAARCACECESCCA UBUACGEEACHG ABCUGES GAGUACHIIUGAUAA CARACULCGCEAUG ULUEGAU GUGARGACGUN
15, L-A-C Gl ARuUCACHC G AUA UL AURACRGURAA UAARAUG COlAAGE AUA AR ABCESGEAUGAUAECAUCEGE ACCEGAA GLEGGE CRUGEAC AUCHACEAAGUAUG AGUGEGE UAARCACECEGCEA UCUACGERACHG ABCUGHG GAGUACHCUGAL AACAAACULCGCEALG ULUEGEU GUGARGACGUR
16. L—A—p2.3 GECARUURACECGGAARAEULEA U E A CHGUE A UaABAUG COlLAGE ARAAGAL ABCCIGEAUGALAG CALCEEC ACCEGAGGUGEGEE CEUGEAC AUCHACU AAGUARG AGUGEEG LAAGCAGECRECCAUCUACGG L CEGAC CUMEGEAGLUACHEUEAU 28 CRAACULCGOLALG UUUEGEL GUG ARG ARG UE
17. L-A-lus SC  cl-2BuBlAculcGasBaac uuusulaclouEa B BAUG CoUAAGT AUAAGAUBGCGCCllAUGALAG CAUCELC G ClGAAGUUAGEE CHUGEACBUCEACE A2GLALG ARUGESE UAARC AllAGAGC B B ABcGBAC G AC CUBCG GAGRAC ACUBAUEA CllAACUUCGEUALG LUEAGAL GUG ARG A G UG
18.L-A-2 SC  cEcaBuucaculGGasussmuuLsU@aClGUEAABAAGAUG COUAAAC AUAARAL AGHEGEAUGAUEECAUCECIBCCAGABGUBAGGGE CEUGEAC AUCUACHAAALABG AGUGEEGEAAGCAG AGASCHEAUCUARGGEACHGAC CUBNG GAGUAC ABUGAUEACHAACUUCGCUALG UUEAGAL GUGAGGACGUA
19, L-A-L1 SC cEcacul@sculGGAs@ass UUEaU s CHGUEA B ABAUG CoBasac ARA MU ABCHGAAUGAUAG CAUC ABC GO ClGAG GUEGEG CULGEACGUCEACE AAGUARE ARUGEGEEAACC ANBCEEClA UCUACGE GACGE ANCUBC GIAGUAC A CUBAUAA ClAACUUEECRALG UUEAGEL GRGAGGA R UE
B T T L R L R
1.L-A-P1.3 CUGACACACAAGUUUCCESU GEGUGALCAAGCEG AAGCEUCHAAAGUA CACAAGT GUGLLAACAUGAUG UUGGACE GUGCCLIC UAGUUUU UGCULLG AUUAUGA UGAC UUEAARICUC AGCARUC AAUBGCEAGUALGL AUACCGUEUGE UUGCULL COGUGAU GCAULCCAUAGEAA LAUGLCU GEGCAGE AGAS
2. L-A-P1.4 CUGACACACAAGUUUCCAGU GEGUGALCAAGCUG AAGCALCHAAAGUA CARAAGT GUGLLAACAUGAUG ULUGGACG GEGCCLIC UAGUULU UGCULES AUUAUGA UGAC ULEAARICUC AACACUC AAUBGEC AGUALGL AUACCGU GLIUGE UUGCUUL COGUGAU GCAULCCAUAGEIAA UAUGUCU GEGCAGE AGAS
3. L-A-P1.5 CUGACACACAAGL UUCCAGL GEGUGAL CAAGCUG AAGCEUCHAAAGUA CARAANC GUGLILAACAUGAUG ILUGGACG GUGCCLIC UAGLUUUUGCULEG AUUAUGA UGAC ULEAARICUC A4CARUC AAUBIGEC AGUALGL AUACCGU GLUGEIUUGCUUL COGUGABIGC AULCCAUAGEAA LAUGLCEIGEGCAGE AGAR
4, L-A CUGACACACAAGUUUCCAGL GEEUEAL CAAGCUG AAGCEUCEAAAGUA CACAAGE GUGULAACAUGALG ULEGACE GURCCLC UAGUUULUGCULEG AULAUGA UGACULEAABUCUC AsCABUC AsUBGCEAGUALGU AUACCEURIUEG UUGCULL COGUGAGCAUUCCALAGGEAAMAUGUCU GCGCAGE AGAL
5. L-A-P2.4 CUBACACARAAGU UBCCAGL GEGUGALCAAGCUG AAGCALCGAAAGUA CARAAGT GUGLIIAAC AUGAUG UUGGANG GUGCCLIC UAGUULU UGCULLIG AUUAIGA UGAC UL AACUCUC AACACUCBAUCGEC AGUALGL AUACEGU GLUGE UEGCULL COGUGAU GCAULEC AUAGEIAA UAUGUCU GEGC AR AGAS
6. L-A-P1.6 CUGACACACAAGUUUCCAGU GEGUGALCARGCUG AAGCALCEAAAGUE CARAAGT GUGLUAACAUGAUGEUGGACE GUGCELC UAGEULU UGCULUG AUUAUGATGAC UL AACUCUC AACARUC A UBIGEC AGUALGL AUACCGU GLUGE UUGCUUL COGUGAU GCAULCCAUAGEIAA UAUGUCU GEGCAGE AGAS
7. L-A-p2.5 CUGACACACAAGU UUCCAGL GEELIGALCAAGCEE AAGCAUCGASAGUACABAAGC GLIGULAACAUGAUG ULUGEACE GUGCEUC UAGLIUUIL UGCUULIG ALUALGA UGACULL AACUCUC AACARUC AAUCGCC AGUAUGL AUACCEU BLIUGE IUGCUUU COGURAL GCAUUCCAUAGEAA LAUGUCU GEGCANC AGAA
8. L-A-P1.2 CUNACACACAAGU UUCCAGUBEELGAL CAAGCLIG AAGC AUCGASAGUG CABAAGC GLIGULAACAUGAUG ULEKGACE GEGCCUC UABLIUUL UGCUULIG ALUALGA UGACULL AACUCUC AACACUC BAUCGCC AGUAUGL AUACCEU GUUGE IEGCUUL CORURAL GCAUUCC AUAGEAA LAUGUCU GEGCARC ARAA
9, L-A-P1.1 CUBACECACAAGY ULCCHISU GEGUGAL CAAGCUG AAGCALCGAAGGUA CARAANC GUGUEIAAC AUGAUG ULGGACE GUGCCLIC UAGUULU UGCULLG AUUAUGA UGAC UUEAACUCUC AACABUCBAUCGOC AGUALGL AUACCGU GLUEG UUGCUUL COGUGABGC AULCCAUAGEIAA UAUGUCU GEGCAGE AGAS
10. L-A-D1 CUBACACARAAGU UUCCAGL GEGEGABC AAGCUG AAGCAUCHAAAGUIICACAAGC GLIGUEAACAUGAUG UL ARG GEGCIUCEAGUUUL UGEIUULG ALUALGA UGACULL AACUCUC AACARUC AAURGCHAGUAUGL AUACCEU GLURG IUGCUUU COGURABGC AUUCC AUAGEIAA LAUGLCU GERCAGE AGAA
11. L-A-P1.7 cucacacalsalUUCCEGUBEGUGAL CARGCUG AGGCELCEAAAGUEC AIAAGE GUGLILAACALGALG ULUIKGACG GUGCEIC UAGLULL UGEIUES AUUAUGARGABUUEAACUCEE AGCACUC GALCGOlAGUALGL AUACCEUIUGEUUGCEIU CoGUGARGCGUL CIlNAGGAABAUGUCU GEGC AR AGAA
12, L-A-P2.2 cuGACACACAARUUUCCEGUMGEUGAL CAAGEUG AAGC AUCHAAAGUEC AAAGC GlIGULAACAUGAUG ULUGEACE GUGCEUCEAGEUUL UGEUULG AUUALGAEGABUUL A4 CUCHC ABCACUC BAUCGCC AGUAUGL ABACESURUUCEUUGCEIU COGUGABGCEUUCHIAUAGEAR LAUGUCU GEGCANC AGAA
13. L-A-P2.6 cucACACaBa AR UECCEGUBGEUEAL CABGCUG AAGC AUC GAAAGUECACAAGE GUGULAACAUGALG ULEGACG GUGCEUCEAGEUUL UGEUUEG AULAUGABGACULL AACUCEC AACACUCBAUCGCC AGUAUGL ARACEEU GLUUGE UUGCEIU CCGUGAEGCAUUCRAUAGEAA @A UG CHGCICAlC AcAL
14, L-A-2.1 cuBAcHCACAARUUBCCESU GEGUGARCAAGCUG AAGCEUCEALGGUA CAC AAGT GRGUAAC AUGAUGELES ARG GUGCELC UAGUULEU CEUUUG ABUABGABGAC UL AABUCEE AACACUC GAUEGEC AGUALGL AUACEEL CLUBEGUGC UL EEGEG AU GoEUL CIENECEA A U AUGUC UK GEAGE ACES
15, L-A-C cuBscBcacascy UBCCEGUGEEUGABCAAGCUG AAGCALCEAAGGUA CACAAGE GEGUEAACALGALGEUEGACG GUGCELC UAGUULEUCEIUUG sRUAUGARGACUUL AARUCEC AscacuclaUBGoC AcUAUGU AUACEGU GEUBEGUGC UUU G AU GOl U CEEEECEA A UAucUCUBCGEAGT AGEG
16. L—A—p2.3 cuBscECACaslUUBCCAGUBGEUGALCAAGCUG AAGCALCEAAGGUA CACAAGE GRGUEAACALGALGEUEGACG GUGCEUCEAGUULEUGCULUG ARUALGARGARULEAACUCEC AGCACUCEABEGCHAcEAUGU ARACCGURLUCEGUGC LU GEG AL GOl CEENECEA A UsucUCUIKEGAGT AClEG
17. L-A-lus SC - BulacacalaaluuuccBcUBGEUGAU CAAGEUG AAGCIIEC GAAGEUECACAANC GUGLEAACALGAUGEUEGAC G GUGCEUC GAGUULEUCEUULG AULABGABGAC UL AABUCEC AGCABUC Ao IS AcBauGU AR, JaCuU CEERGAEG L AL B =]
18. L-A-2 SC  cuBacBcalascyuuccEaUBGGEGAU CAAGEUG AGGCIISCIAAGEUECACAAGE GEGLEAACALGAUGEUEG NG BECCUC GAGUULL UGEUUES AULAEGA UGABUUL AABUCUC AGCACUCIAUCGEC AGUALGL AuACEGU sULCEIGESCGUUMNGE:A U BB SN -c6aABaucucy Golis B A5G
19, L-A-L1 5C  cugscBcacsscuugccaculcoBs BoaGecls AGHCAGCIAAGEUGE CACAANC GEGEUGAACALGALUGEUGGEACG GUGCCUC UAGUULEUGCULES AUUAUGA UGAC UL AABICUC AGC AUC A UEGCllAGUALGU AUACGS UL CEIBEGCUUL ClGEEAEEC AUU BlGUECEA < B UsUcy G Ele i ANGE
3550 3580 3570 3380 EE 3800 3810 3810 3830 3840 3830 3880 B 3880 B 3700 3710 370 3730 3740
1. L-A-P1.3 GEAGGE UAUGEAC UGGELGY GCGAALL AGLLIAGA CACAUGU GEEUACUGEALCCL BAUACAA AGEAALIG GUALICAGUUAAGRAG GCACCCU ACUGUCA BEUUGEC BECULAL UACUULL AUGAACA CUGLEUUMAACUGEGC AUABA UGAAG AUAGCAG GLGULLL UGAC AUEGALGACG UCCAAGACLCAGUL CAUA
2. L-A-P1.4 WGAGGEUALGGAC ALIC AGULIARACAC UACUBGAUCCUGAUACAA ABGAALG GLIALICAGULAAGAG GEIACCCU ACUGUC A GEIUGEE GECUUAC UACULLL AUGAACA CUGLUUUBAACUGEGC AUATA UGAAG AUAGCAG GLGUUUL UGAC AUEGAUGARG UCCAAGACUCAGLIUCAUA
3. L-A-P1.5 GEAGGE UAUGEAC UGGELGY GCGAALL AGLLIAAA CACAUG GEEUACLGEALCCL BAUACAA AGEAALIG GUALICAGUUAAGAG GCACCCU ACUGUCA GEUUGEC BECULAL UACEULL AUGAACA CUGLULUIAACUGEGC AUABA UGAAG AUAGCAG GLGULL UGAC AUIGALGACG UCCAAGARUCAGUL CAUA
4, 1-A4-Q GEAGGE UAUGEAC UGGELGY GCGAALL AGLLIAGA CACAUGU GEEUACLGEAUCCIEAUACAA AGEAALIG GUALCAGULAAGAG GCACCCU ACUGUCA BEUUGEC BECULAL UACUULL AUGAACA CUGLUUUIAACUGEGC AUARA UGAAG AUAGCAG GLGULLL UGACAUIIGALGACG UCCAAGACLCAGUL CAUA
5. L-A-P2.4 GEAGGCEAUGEAC UGGELGY GCGAALL AGLLIAAE CACAUG GEEUACL AGAUCCL GABACAA AGEAALIG GUALICAGUUGAGAG GCACCCU ACUGUCA BEUUGEC BECULAL UACUULIL AUGAACA CUGLIULIL GAACUGEGC ALUALIALGAAG AUAGCAG GLGULLL UGAC AUEGALGACG UCCAAGACUCEGUL CAUA
6. L-A-P1.6 GEAGGE UAUGEAC ALCEEULIANGCAC UACUAGAUCCUGAUACEA ABGAALG GLIALICAGULIAAG AR GCACCCU ACUGUC AGGUUGEE BECUUAC UACULLU AUGAACACEGUUUU GAACUGEGCGLALAUGAAG AUAGCGE GLGUULL UGAC AUEGABGACE UCCAAGACUCAGLIUCAUA
7. L-A-p2.5 GEAGGCEAUGEAC UGRGUGY GEGAALC AGULAAE CACAUGU GEGUACLGGAUCCU GABACAA AGGAALIG GUAUCAGUUBAGAR GCACCCU ACUBUCAGGUUGEE GECUMACEACUUUU AUGAARACUGUUEL GAACUGE G AUALIAUGAAG ALAGCAG GUGLILUL UGAC AUBGAUGAC G UCCAAGACUCAGUU CALA
8. L-A-P1.2 GEAGGCEAUGEAC ALIC AGULIANG CAC UACUBGAUCCU GABACAS AGGAALIG GLABCAGULAAGAR GCACCCUBCURUC AGEULGEE GECULAC LACULLU AUGAACA CUBLIULIL GAACUGEECALALA UGAAG AUAGCAG GUGLIIUL UGAC AUBGALGACE UCCAAGACUCAGLIL CAUA
9, L-A-P1.1 GEAGGCEAUGEAC UGEGUG GEGAALC AGULAAE CACAUGU GEGUECL AGAUCCU GABACGA AGGAGLIG GUAUCAGUUAAGAS GEACEKCU ACUGUCAGGULGEE GECUAC UACUULU AUGAACACEGUULIL GAACUGE G AUALIAUGAAG ALAGEAG GUGLELL UGAC AUBIGAUGAC G UCCAAGACUCAGUECALA
10. L-A-D1 GEAGGCEAUGEAC UGEGUGU GEGAALC AGUUAGA CAAUGU GEGUECLEEAUCCU GAUACAA ARGAALG GUABCAGULAAGAR GCACCCU ACUGUCEGGEULGEE GECULAC UACUUUEAUGAACACEGUULL GAABUGE GCIIALIAUGAAG ALAGE AG GUGLELL UGAC AUBGABGABG UCCAAGACUCAGUU CARA
11.L-A-P1.7 NoacccBaUGaAC UGGGUIUGCEAAUCIGURAABCACAUGU GEGUIU AGAUCCL GAUACEA AGGAALG GLARCAGEUEAGAG GHACHU ACUGUCEGCIUGEE GHCUBAC UACEUL AUGAACA CHGUEEUEAACUGEGCIMALIA UGAAS AUAGCEE GUGLILUULEGAC ALEGABSACE UBCAGSABUCGELEC AUA
12, L-A-P2.2 WGAGGEEALGGAC UGGGUIYGCEABUCIEUUAABCACAUGU 6EGUIU AGAUCCL GAUACEA AGGAALG GLARC AGEUEAGAG GEACECU ARUGUCEGCIUGEE GECUBACEACBUUEALGAARA CRGUUBUEA A BUGEGCIIALA UGAAG AUAGCEG GUGLILUUL UGAC ALEGAUGACE UBCAGSACUCAGLEC AUA
13. L-A-P26 BescccBaUGEAC UGEEURUGCaAALCEGUUAAGCACAUGU GEEUIUAGALICCU GAUACGA AGGAALIG GLIARCAGEEAGAG GRACHEUGCUGUCAGCILGEE GECU@acBac@UuBaucaslls CHGUEEURL ACUGEGCBUABA UGAAG ALAGCGE GUGUULLEEAC AUEGAUGACE UBCAGGARUCAGLECALL
14, L-A-2.1 GGAGGCBAUGGAL ALCE AAACAL. LR AGALCCU GALAGEA AGGAGLG GUALEAGEUABGEG GCACGEU ARUBUCGGEEUGEE GEllUEAC UACEULEAUGAACA CRGLERUEAABUGGGCEARA UGAARAUAGCEG GEGUGLU UGAC AUEIGAGACG UGCAGGACUCGEUEC AR
15, L-A-C GEAGGCIAUGEAC ALCGEUGALACAL, UECUAGALCCU GAUAGEA AGGABLIG GUALEAGEUABGEE GRACGRU ABUNUC A GEEUGEE Al EAC UACBUUEAUG AACA CRGUERU B ABUGGGOEIAEA UG Al UAGCEE GRGUIUU UGACALEGAEEACE UGCARGACUCAGLIEC ALA
16, L-A-p2.3 GEARGCHAUGEABUGEELGY GCGABUC AGLLIAAA CACAUGU GGELIECU AGAUCCEEAUAGEA AGGAGUE GUABEAGEUABGEG GBACHEU GBUGUC A GEUUGEC GClUGACIEACEULL AUGAACA CRGUEEUEAABUGEGCEIALA UG AARAUAGCEG GEGUELL UGARAUMG ABGACG UCCARGACUCHGUL CAUA
17. L-A-lus SC  Eoasec icAGUE AL UL A GAUCCEGAUACEA ACHEEUG GUAECABUUGABEE 50 ACCHUGEURUC A GEBUGEE GRCUEA Il cBULU AUGAACA CREUGLURA ABUGEGC ALAEABEAAGEUGECEG GEGUIUL UG ABEIIGALGACG UCCAAGABUCAGLECAUA
18, L-A-2 S5C COABGCEAUGEACUGEEUGUGCRAGLCEEULALS CARAUGL GEEUGE UBEABCCEGAUACE: A MEEUG 5UABGAMUU A AMGE GCACGCU ACUBUC A GERUGET GIICUIAC UACGUUEAUGAACA CUGLIIU GAABUGEGOGUABA UGAAG AUAGEAG GUGUELL UGABEUGGALGACS CCARGACUCGGUIC ABA
19, L-A-L1 SC  WsssccaaucEac cEEUE AL UACU AGALUCCL GAUACEA AGGABLIG GLA ERGEE. - Bl Gl CHlU ACUGUC A GERUGEE Gl CEACHULU AUGAACA CUGLGEURAACUGEGCELAUA UGA A I AGCEG GEGUEUL UG ABBUG GALGACE UBCAAGACUCGELIC ABA
B B L L I R
1. L-A-P1.3 AUGGGE AUGACGUCAUGAUC AGCHUGA AUCGAGL AAGLIACU GCUGLGE GG AUAL GEACECA AUGCALA AAALUAACGCUAGE GO AAC CUGCEAAGUGLIAACIUGUUCL CCAUUAG UGAGLUL CUCAGGE UAGAAC AUGGEIALIG AGCGE UGEEGAL GEGUUGE GAGC ACAGUACELA AGCAGGUCHUGCSC AACH
2. L-A-P1.4 AUGEGEE AUGACGUBAUGALC AGCHUGA AUCGAGL AAGUACU GCLGUGE GEALLAL GEACGCA AUGCALIA AAALLAACGCUAGE GCCCAAC CUGCHIAAGUGEAAC CUGLLCU COAUUAG UGAGLUL CUBAGGE UAGAAC AUGGIALG AGCGGBGEUG ABGGEULGE GEGCGCAGUACCUA ASCAGGUCHUGCGE AACE
3, L-A-P1.5 AUGEEE AUGACGUBAUGALC AGCHUGA AUCGAGL AAGUACU BCUGUGE GEALUAL GEACGCA AUGCALIA AAALUAACGCUAGE GCCCAAT CUGCHAAGUGEAACIUGULCU CRAUUAG USAGUUL CUCAGGE UARAAC AUGGGALIG AGCGE UGGEGAU GElUUGE GAGCACAGUACCUA ASCAGGUCHUGCGE AACH
4, L-A-Q AUGEGE AUGACGUBAUGALC AGCHUGA AUCGAGL AAGUACU GCLGUGE GEALLAL GEACGCA AUGCALIA AAALUAACGCUAGE GCCCAAC CUGCHAA AUGEAACIUGULCU COALAG UGAGLUU CUCAGGE UAGAAC AUGGIALIG AGCGE UGGEGAU GEEULAG GAGCACA GUACCUA ASCAGGU CHUGEGC Aacl
5. L-A-P2.4 AUGEGE AUGARGUCAUGALC AGCHUGA ABCGAGUBAGUACU GCUGUGE GEALLAL GEACGCA AUGCALIA AAALILAACGCUAGE GCCCAAT CURCEAABUGLAAC CUGLLCU COAUUAG UGAGUUBCUC AGGE UAGAAC AUGGGALIG AGCGEBGEUGAU GClUUGE GAGCACA GUACCUA AGCAGGU CHUGEGE AACL
6. L-A-P1.6 AUGGGE AUGACGUCAUGALC AGCCUGA AUCGAGLBAGLIACU GCBGUGE GEAUUAL GEACECA AUGC ALAGAALUAABGCUAGE GO AAC CUGCEAA AUGLIAACIUGUUCL CCAUUAG UGAGLUL CUCAGGE UGEAAC AUGGGALIG AGCGE UGEEGAL GElUUAG GAGC ACAGUACELA AGCAGGUCHUGCSCEACE
7. L-A-p2.5 ABGGGE AUGACGUCAUGAUC AGCCUEA ABCGAGL AAGLIACU GCUGLGE GEAUUAL GEACECA AUGC ABA AL ALUAACGCUAGHIGE CCAGE CUGCEAAGUGLIAACEUGUUEL CCAUUAG UGAGUUECUC AGGE UAGAAC AUGGGALIG AGCGE UGEUGAL GElUUGE GAGC ACAGUACCUA AGEAGGUCHUGCGCEACL
8. L-A-P1.2 AUGEGE AUGACGUIAUGALIC AGCCUGA AUCGAGL AAGUACU GCUGUGE GEALEAL GEACGCAUGCALIA AAALUAACGCUAGE GCIICAAC CURCEAAGUGUAACIUGULCU COAUUAG UGAGUUECUCAGIG UGGEAAC AUGGEALIG AGCGE UGGUGAU GCIUUGE GEGCGCAGUACCUA ASCAGRUCHUGCGE AACU
9, L-A-P1.1 ABGGGE AUGABGUCAUGAUC AGCCUGA ARCCEIEU AAGLIACU GCUGLGE GEIAUUAL GEACECA AUGC ALABAAUUAACGCEAGE GOCCAAC CUGCEAA AUGLIAABICUGULCL CCAUEAG UGAGUUECUC AGGE UAGAAC ABGGGALIG ACHIGE UGEUGAL GEGUUAG GAGCECAGUACEUG AGCEGGUCHUGCSC AACH
10. L-A-D1 AUGEEE AUGACGURAUGALEAGCEUGA ALBGAGUBAGUACU GCUGUIMIGG AUUAL GEACECA AUGCALA AAALUAACGCEAGEGCCCAAC CUGCEAA AUGLIAACHUENUCL CCAUUAG UGAGUUECUC AGHG UAGAGE AUGGGALIG AGCGE UGEUGAL GElUUGE GAGC ACA GUANLA AGCAGGUCHUGCSE AACLY
11. L-A-P1.7 ABGOEG ABGACGUCAUGALEAGECUGA AUCGAGUIAGLACU GCUGLGE GEAUUAL GEAC GCIAUGC ALAAGALUAACGCEAGE GECCAAC CHGCGAA AUGEAABCUGUUCL CCALEAG UGARUUL CUBAGGE UAGAGE ABGGGALIG AGCGE UGEUGAL GEEEUAG GEGCEC A GUACCUBACEIAGGUCEUGCGE AACL
12, L-A-P2.2 ABGOGE ARGACGUCAUGALEACECUGA ARCGAGURAGUACUGCUGUEC GEALEA GEARGCHAUGCALA AGALILAACGCRAGE GCCCAAC CHGCEAA AUGEAABCUGUUCU ClALEAG UGARUUL CUGAGHEG UAGAGC ABGGEALG AGCEGEEGEUGAL GEEUIUAG GRGCECAGUACCUEACEAGEU CHUGESC AACU
13. L-A-P26 ABGOGE ARGACGUCAUGALEACECUGA ARCGAGUEAGUACU BCUGUGE GEALEAL GEACGCA AUGCALIA AAALLAARGCRAGE GCCCAAC CHGCEAA AUGEAABCUGUUCU CCALEAG UGARUUEIUGAGEE UAGAGC AUGGEALIG AGCEGE UGGEUGARGCEEUAG GEGCHCABUACCUEACEAGEU CHUGESC AACU
14, L-A-2.1 AUGGEE ABGARGU CaucALllAclcUGA AUCGAGU GAGUACEGCIGUEC GaAL A GEANCEAUGC A EEGHA LS~ B CEAclGolC AGC CEGCEAA ALUGUAAC CLEUUCU CHALUAG UGAG LU CLY ACAUGGGEALIG AGCH | GCAGUACCLA GueCaC@acE
15. L-A-C ABGGGE ARGARGUGAUGALEAGECUGA AUCGAGLEAGUACEGCHSUNC G AU GeARGCEAUGE ABEGEALE: A BECEAcHG B AAC CEECMAA AUGUAAC CLBULCU CRAUUAG UGARUUL CUCAGEG UBGAAC AUGGEALIG AGCGE UGGEG ABGCHMELAG GAGCACAGUACCUA ASCARGUCHUGCGClACE
16, L—.A—pz.:i A@ceGE ARGACGUGAUGALEAGCRUGA ARCGAGURBAGUACU GClGUNC ALY GEANEC A AUGC A EECE- LB A BecusclGolc A6 cEGclAs sUGEA B cLBUUCU CRaUBsGBEAG UL CUCAGEE UE ABGGGEALIG AGT! 2 & GoAEAECLA Buccacliacy
17. L-A-lus SC  =Bcclc AuGalEUCALGAL ~ G AGUEAGLACHE WAL GEACGOEAUGC ALAGAALEAARGCUAGE GCCCAGE CERCHAAGUGLAAC CUGLUCU CRAUEAGESA BUUEEUEEGEG UAGAGC AUGEGALG AGCGERGEUG ARG ERULAG GAGCEC A GUACEUA AclllGeU CRUGCGCEAcE
18, L-A-2 SC  auvccoBcaucaccucaucauc ACEEURs ABCclsU sacBAcE oclUGE GeAUEAL GoARGo A AUGE ABA AL AL ABGCRACEGCRC Aac CHGCEAAGUGUAAC CUEUUCU ClAUEAG UGABUUECU Aca@calaLG AcCaGlGGR e BCARUACCUGAGE Gacl
19, L-A-L1 SC aBscllc sucaBcuBsUcAullaclc UBA ABC G50 GAGEACHGCHGUMEGE AU 6o A GOlAUGE ABEGE AU A B CaBClG I AGC CEGCGAAGUGLAACEUGUUEL CEALEAG UGABUUU CUBAGGE UAGAAC ABGERAUG AGCGGRGGRG A GElEUEG GEGCHCAGUACEUA ACEA GG CHUGEGClACY
3330 3380 3370 3380 e 4000 4010 4020 4030 4040 4050 4080 4070 4080 4050 4100 4110 4120 4130
1. L-A-P1.3 CUGGLUC CAUAGCABAALAGAGUCCAAL GAGCCAC UAUCAGU AGUACGEGUGAUGE AAGCGGANKC AGACC AGGCULAGAGALCU UGCUAAC AGHACGEUBALGCHIEGAGEC AGUGACAG CEALIAUC GEACCAG CLAARAGCGCGAGL GACHAACAUCULUAGUGUUGACGCAG AL GUGEUBACECAGALAACG CGEG
2. L-A-P1.4 CUGGUCCAUAGCARAALAGABUCCAAL GARCCAC LAUCAGUBEUACGEGUGAUGE AAGCGEARC AGACE AGGCULAGAGALCU IGEUAAC AGRACCELGALGCG GEAGGC AGLGACAG CAALIAUC BEACCAGEIAALAGCGCGAGUNACEA ACAUCUUBAGUGLU GACGCAR AL GUAGLUACUCAGALAACE CGEG
3, L-A-P1.5 CUGGUC CAUAGCABAAUAGAGUCCAAL GAGCCABUALCAGUBGEUACGEGUGAUGE AAGCGGARC AGACC AGGCULANAGALCU UGCUAAC AGGACGEUBALGE 6 EGAGGC AGUGANIGE CAALIAUC GEACCAG CLAARAGCGCGAGUMACHAACALIIUUAGUGUUGACGCAG AL GUAGUUACUCAGALAACG CEEG
4, L-A-Q CUGGUC CAUAGT ABAALIAGA GLCC AAL GARCCEE LAUCAGUBGUACGEGUGAUGE AAGCGGARK AGACT AGECULIAGAGALCU IGEUAAC AGEACGEUNALGCG GGAGECAGUIAC AR CAALIAUC BACCAG CLUAAAAGCGCGASY GACHA ACAUCUULAGUGLU GACSCAG AR GUEG LEACUCAGALAACE CGES
5. L-A-P2.4 CUGGUCCAUAGCARAAUAGARUCEAAC GARCCEC UAUCAGUGGUACGEGUGAUGE AAGCGEACCABACE AGGCUBAGAGALCUBGCHAAC AGGACCHUGALGEG GGAGGCAGUGAC AR CAALIALC AGACCAG CUBAAAGCGCGAGY GACHAACAUCUUUAGUGLU GACGCAG AL GUAGLEACUCAGALAACE CGEG
6. L-A-P1.6 CUGGLIC CARAGCARGALAGA GUCCAAL GARKCCAC UGLCAGUBEUACGEGUGRAUGE AARC BGACCAGACC AGGCULAGAGALCU UGCHAAC AGGACEGUBAUGC G 6GARGCGELACAG CAALIAUC AGACCAG CLBAAAGCGCGAGUIACHAACALUCULUAGUGUU GACGCAG AL GUAGUUACUCABALAACG CEEG
7. L-A-p2.5 CUGEUC CARAGCABAALAGA GLICCAAL GARCCAC LAUC GEGLEALGE AAGCGGACCAGACT AGGCULIAGAGALCUBGCEAAC AGGACEEURAUGEG GG ANGCEGUGACAG CAALAUCEIACCAG CLUAAAAGCGCGAGY GACGAACAUCUUUAGUGLU GACGCAG AL GUAG LUACUCAGALAACE CGEG
8, L-A-P1.2 CUGGUC CAUAGCABAALAGABUCCAAL GARCCAC LAUCAGUGGEUACGEGUGAUGE AAGCGEACCABACT AGGCULAGAGAUCUMGCEAAC AGGACHEUNAUGEG 66AGGCEGUIMGEIAG CAALIALC AGACCEE CLIAAAAGCGCGAGY GACGA ACALIUULAGUGLU GACGCAG AL GUAGLUACUCAGALAACE CEAG
a9, L-A-P1.1 CUBGUC CAUAGCAGAAUAGAGUCHAANGAGCCEE UGLCAGU AGUACGEGUGAUGE AARCEGACCANACC ASGCUGAGGEABC UBSCUAAC AGGACEGUBALGE G 6GACCGGUIIC AG CAALIAUC AGACCAG CLAARAGCGCGAGU GACGAANAUCULUAGUGUUGACGCAG AL GUAGUUACECAGALAACGCEAG
10. L-A-D1 CUGGUC CABAGCAGAAUAGAGUCEAANG AR CAC UBUCAGU AGLUACGEGUGAUGE AAGCEEACCARACC ACICULAGAGAUCUBGCUAAEACEACCEUNAUG GG AGGC AGUGAC AR CAALIALC AGACCAG CLUAAAAGCGCGEEUMACUA ACAUCUULAGUGLU GACGCAR AL GUAGLUACUCAGALAACHCGES
11.L-A-P1.7 CUNGUCCAUAGEABBAUAGARUCEAAC GARCCAC UGUCAGU AGLACCHGUIAUGE AGGCEGA CCAGACHACHC UGANAGALCUBGCUAAC AGGACCHSGUICG GG AGGC AGUIACAG CEALIALC AGACCAG CLUGAA ABCECGAGUMACUA ACAUCUUEAGUGUEG ANIMAG A2 GUAGLUUACUCAGALAACE CEAG
12, L-A-P2.2 CUGGUC CABAGEABAAUAGARUCIAAL GAGCCAC LAUCAGU AGLECGEGUBAUGE AGGCHEA CCAGACHACEC URABAGAUCU UGEUAABAGEACISGUGCG GG AGGCAGUIACAG CAALALC AGARCABCUA A GIICECGAGUMACUA ACAUCUUEAGUGUEG ABMGAG A2 GUAGLUACECAGALAACE CEAG
13, L-A-P26 CUNGUECABAGCAGEAUAGARUCIAAL GAGCCAC UAUCAGU AGLUACCHGUIAUGE AGGCHEA CCAGACHAGHC UBAGAGALCU UGCUAAC AGGEACCHISEUGEG GG AGGC AGUGAC AR CAALIALC AGACCAG CLUGAAABCECGAGUMACUA ACAUCUUEAGEGUEG AMIGES A2 GUAGLUACUCAGALAACE CEAG
14, L-A-2.1 CUBGUC CALAGEEGAALAGAGLCGAARGAGCCElLGLC aGUACCRGUE AGECHGACCAGAD UEGCEAAC AG6AC GG EREABGCEGUGACEE Cas LG EEEEC Al Ul LA GEGLEUUGEUGLEGARG - Al A G Al
15, L-A-C cullcuccauaslBGasuacsGUC R BGAGC CHElUGUCESU AcUACCEGUIALGE AGECEGA CoAGACE ACHURA GaGAUCUGECRAAC AGGA CIGCEUICEGE ARG AGUGACES CasLGC EHENC A Hc Ul - - G U S~ GEGUCUU UG EEGUE G ARG - Al ARG UEG LU AC A
16. L—ﬁ-p2.3 CURGUED 1aGAGUCHAAC GAGC CEUALC AGU AGLACGE LK AAGCEGACCAGAC] uaEcEslacEAC ElGEGUECERE ARG ClGUGACEE Cas L BEC IEEH: AlcU s 82 ACEUEUUEGGUGUEG Al - Al A
17. L-A-lus SC  cucsLEcABsGCEGEAUAGAGUCGEAAC GAGCCAC LALC GEEUEK aaGclEsCHABACGEGEC 0] (ERIERS- Bl & R Distle CEREL: BReRlcla [ cBie il SRiEl -DIsN ol N -E IR (R e
18, L-A-2 SC cussuccauas@acssuBc BUclsac ol cBC uaUcAcUAEUACCEGUEALGE Aa G ABlAGACHAGGCUMEREG AU UIECU A AllA GG C BEGEG SEECENE- ~cL @ ClG CGAU A allAc AR A UEs  BEGEEGGS Ul C B A BUUEGGES UG A CHGAEE: GUBG UL BIGEN: GO IE A
10, L-A-L1 SC  CUBGLECAEAGEA GGAUBEA GUCAAD G AR CAC UBUCAEL AGLACCHEUE aaGCEA CCAGED B UGECHAAC ACEACEEGE G MG GoUlACAG CEALA NG AN AN USG - SR G B U G AL UEGGEGU Gl - A
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CECAUAGAGUCUG UGGAGGUALAUCC ACHGACCT AUGGGECACCAGULIG ACAC AAL AAUACAGACAGAC A AUGAAGE AUAUGAA ALIACCAUACGAAAL AGAUGAUCCAUCAL UUUGGCT AGGGEUAAAUGALIL AUGC UUA UAAGGUC UGEC A AAACULIC GEAGAGE GUCUAGA AUURAAMAAGAUUAAGEACGE AGUA

1. L-A-P1.3

2. L-A-P1.4 ClCAUAGAGUCL JAUECACU AU ACCAGULIGACA ABACAGAC A AUGAAGE ALALGAAALIACC AL ACGARAL AGALGAL CCALICAL UULGGCT AGREGUA AAUGALIL AUGCLLIA IAAGEUC UGECA AAACLLEC GGAGANC GLCUAGA ALULAAL AAGALLAABEACGE AGLA

3. L-A-P1.5 CICAUAGAGLCUG UGGEAGGUALAUCC A CHGACCE AUGGECACCAGUUG ACACGAA AALACAG ACAGAC A AUGAAGE ALALIGAA ALIACC AU ACGARAL AGAUGAL CCAUCAL UUUGGCT AGGEGUA AAUGALIL AUGCULA UAAGGUIIUGEC A AAACLILC GEAGAGT GLICUIAGA AUUUAABAAGALLA AGRACGE AGLA

4, L-A-Q CBCAUAGAGUCUG UGGAGGU ALALCCA CHGACCT AUGGGCACCAGUEG ACACAAA AAUACAG ACAGANA AUGAAGE ALALGAAALIACC AU ACGAAAL AGAUGAL CCAUCAL LUUGGCE AGGGEGUA AAUGALIL AUGCULIAUAAGEUC UGECAAAACULC GEAGAGE GLCLIAGA AUULAABAAGALUAAGEACGE AGLA

5. L-A-P2.4 ALIAGAGUCL IALICCACU A ACCAGUUG ACACHIAA AAUACAG ACAGACA AUGAAGE ALALIGAS ALACCAU ACGARAL AGAUGAL CCALCAL UULGGCE AGREEUA AAUGALIL AUGCULA UAAGGUBIUGECA AAACULC GEAGAGE GLUCUAGABLUULAAL AAGALLAAAGACGE AGLA

B, L-A-P1.6 £ CCALIAGAGUCUG UGGEGGUALALCE A CHGARCC AUGGECACCAGUEG ACACAAA AALACAG ACAGAC A ALUGAAGE ALALIGAA ALACCAL ACGAAAL AGALGAL CCALC AU UUUGHCE AGGGEUA AAUGALIL AUGEULIA UARGEUC UGGE A AAACULC BEAGAGE GLILIAGA AULLASEAAGALLA AGEACGE AGLA

7. L-A-p25 COCAUAGAGLCUG UGGEEGEUALAUCC A CHGACCE AUGGECACCAGUUG ACACHAA AALACAG ACAGAC A AUGAAGE ALALIGAA ALIACC AU ACGARAL AGAUGAL CCAUCAL UUUGGCT AGGEGUA AAUGALIL AUGCULIA IAAGEUC UGECA AAACLILC GEAGAGE GLCUAGABLULAAL AAGALLA ABRACGE AGLA

8. L-A-P1.2 COCAUAGAGUCUG UGEHGEU AUAUCHEA CHGACCE AUGGECACCAGUUEAC ACHAS 2 LACANAC AGAC & AUGAAGE AUALIGAA ALACC AL ACGASAL AGAUGAL CCAUC AL UNUGECE AGEEEUS AABGAUL AUGCUUA UAAGEUC UGEC A AASCIUC GGAGAGE GUCLIAGA AUULAAL AAGAULA AARACGE AGLA
L L-A-P1.1 CIEAUAGABLCUG UGEAGGU ALAUCEA CIIGACCC AUGGECACCAGUEG ACACHAA AALACAG ACAGAC A AUGAAGE ALALIGAA ALIACC AL ACGARAL AGALGAL CCALICAL UUUGGCE AGEEGUA AABGALIL AUGCULIA LAAGEUC UGECA AAACLLEC GEAGAGE GLICUAGA AUULAABAAGALLAAAG ARG AGLA

10. L-A-D1 COCABAGAGLCUG UGEAGGUALAUCC A CEGACCC BUGGECACCAGUEG ACACHAA AALACAG ACAGAC A ABGAAGE ALALIGAA ALIACC AU ACGARAL AGAUGAL CCAUCAL UUUGGCT AGREGUA AAUGALIL AUGCULIA IAAGEUC UGECABAACLILC GGAGAGT GLEILIAGA ALULAABAAGALLA AARACGE AGLA

11. L-A-P1.7 CCABEGAGLEL ALALICCACUGACCE GUGGGCHICCEGEULIG ACACAAR AAUACAGACAGACA ABGAAGT ALUAUGAA ALIACCAL ACGAAAL AGALGAL CCALICAU UUUGECE AGGGEUAAALGAUL AUGCUUAUAANGUC UGG AGAABUUC GEAGAGT GECUAGA AUUBAAL AAGAUUAAGGARIGE AGUA

12, L-A-P2.2 CocABEGAGLE ALIALICE A CL G ACACAAAAAUACARIACAGAC A ABGAGGE ALALIGAA AUACCALACGARAL AGALIGAL CCALCAL IULGGET AGGGEUAAAUGALILAUGCULA UAAGGUC UGECAGAARULC GEAGARC GUCLIAGA AULEAAL AAGALLA AAGACGC AGLA

13. L-A-P2.6 ClCABEGAGLEL JAUECACU U ACH ABACAGAC A ABGAAGE ALALIGAAALIACC AL ACGAAAL AGALGAL CCALICAL UULGGCT AGEEGUA AABGALIL AUGCLLIA LAAGEUC UGECAGAALULE GGAGAGT GLICUAGA AUUBAAL AAGALLAABEACGE AGLA

14, L-A-2.1 cecalAGAGLELGEGGEGEEAUAUCEACUGANAUGGECECCAGUNG ACACAAA AAUACARIACAGAC A AUGAAGE ALAUGAAALIACCAL ACGAAAL AGALGAL CCALCAU UUUGECE AGEGEUAAAUGALIL AUGCUUANAAGGUC UGECAAAACULC GElGAGHIGGEUAGA AUURAAL Asla URAAAGARGC AGUA

15. L-A-C CCCARAGAGUILGEGCEGEEALALCG CUG AN AUGGGCACCAGUGE ACACAAA AAUACABIACAGAC A AUGAAGE ALALGAAALACCAU ACGAAAL AGAUGAL CCAUCAL LUUGGCE AGGGEGUA AAUGALIL AUGCULIAEAANGUC UGEC A AAACULC GEGACHIGEEIAG A AUUEAAL ABaURAAAG ARG AGUA

16, L-A-p2.3 CocABAGAGUIUG UGEEGEEALAUCE A CUG ABBAUGGEC ACCAGUNG ACARAAA AALACAACAGAC A ABGAAGE ALALIGAA ALIACCAL ACGARAL AGALGAL CCALICAL UUUGGCE AGEEGUA AAUGALIL AUGCULABAAGEUC UGECA AASCULC GolEACHIGEIUAGA AUUEAAL A B URA G ARG AGLA

17. L-A-lus SC  clcaBacasucusBssaey ALAUCEA CGACCCBUGGECACCAGUUMENACARA A0 LA ACABAC A ABGAAGE ALABGAAALIACCAL ACGAAAL AGALGAL CCALICAL UUUGECE AGEEGUA AABEALIL AUGCULA UAARGUC UGEC AGAABULC 6ol A MIGECUBEAGUULAABAAGALUA AAEACGCIGUE

18. L-A-2 SC  cocausacsGUEUGEGEAGGUALALCC ACEGEACHEUGEGEC AT AnsssUEAEACAGACA ABGAGGT ALAUGAA AUACCALACGARAL AGALGAU CCAUCAL UUUGGCCIGGEGUA AAUGALL AUGCUUARAARGUC UGECAGAARUUC GEAGANC GECUGGA AUUEAAL AAGALLAAGEARGC AGUE

19. L-A-L1 SC  clc+BaG66UGLG UGEEGEU ALBUCE: CUG ABMCBUGGEC A CCEGUUG ARACEAA Ga LA NEAC AGAC A AUGAAGE AUALIGAA ALACC AL ACGASAL AGAUGAL CCAUC AL UUGECE AGREEUS AAUGAUL AUGCUUA UAABEUC UGERA A BUUC GGAGARC GECUEBGA AUULAAL AAGAULA 246 ABGCEGUA

4340 4350 4360 4370 4380 4350 4400 4410 4420 4430 4440 4450 4,480 4470 4430 4500 4510 4520 4530

1. L-A-P1.3 UCEAAAGECAGEA GGAALACCAUARC ACULAAAC GRAAGGE UAAGALIAUCGEEGA A GasllaauccuuuALA-  AREE AU CHCCEE 6o ElG- Bl CHGGEE

2. L-AP1.4 UCBAAAGECAGCAGGAAUACCAUAGCACULAAAC GIAAGGE UARGALIAUCGGEGAA GAAGAALICCULUIAUAC  AC AAAUC CGAAUGGGA GAGAAC ABUGU ACAAGEE AUACAAAGEULIUIG CAGUALIC ALALUAC BEUAA UCUAAGE AABLLILIAUGAGC AU ACCGCCIAUGECCA ABALIAGA ALLILI

3, L-A-P1.5 UCBAAAGECAGCAGGAAUACCAUAGCACULAAAC GAAGEE UAAGALIAUCGEEGAR GAAGAALCCULUIEAUAC  AC AAAUC CGAAUGGEA GAGGAC AAUGUACAAGGE ALIACAAAGGULIIIG CAGUALIC ALALUAC SCIAA UCUAAGE AABLILILIAUGAGC AU ACCGCCIIAUGGECCA ACALIAGA ALLLI

4, -A-Q UCBAAAGGCAGCAGGAALACCAUAGCACULAAAC GEAAGGEE UARGALIAUCGGEGAA GAAGAAUCCULUAUAC  AC AAAUC CGAAUGGEA BAGAAC AAUGUACAAGGE AUACAAAGGEULUGE CAGLALIC AUALLAC GEUAAUBLAAGE AABLILLAUGAGCAU ACCGECIIAUGGECA ACALIAGA AULL

5. L-A-P2.4 UCAAMBGGCAGCAGGAAUACCAUAGCACULAAAC GRAAGGE UAAG

6. L-A-P1.6 UCARAAGECAGCABGAAUACCAUAGCACULARAC GAAGEE UARGALAUCIGCGAR GAAGAALICCULLUAUAC  AC AAAUC CGAAUGGGA GAGAAC AAUGUABAAGEE AUARAAAGEULUIG CAGLIALIC AUALILAC GEUAALICLAAST AABLLLIAUGASIIAL ACCECCAUGECCAACALIAGA ALLL

7. L-A-p2.5 UCAAAAGGCAGCAGGAAUACCAUARCACUUAAAC GLAAEC UAAGALAUCGEE - A ANGAAGA AUCCULUMAUAC - AC AAAUC CGAAUGGGA GAGAAC BAUGUACAAGGE ALACAAAGGULUIEG CAGUALC AUALILAC GEUAAUBUAAGE AAALILLAUGAGE AU ACCGECIAUGGECA ACALIAGA AULL

8. L-A-P1.2 UCAAAAGGCAGCAGGAAUACCAUARCACUUAAAC GEAAGGE UAAGALIAUCGGCEAA GAAGAALICCULUUAUAC  AC AAAUC CGAAUGGGA GAGAAC BAUGU ACAAGGCEUACAAAGGUUUNG CAGUALC AUAUUAC GEUAALUCUAAGE AAALULIAUGAGC AL ACCGECCA AUGGCCAACALIAGA ALUL

0, L-A-P1.1 UCAAAAGGCAGEAGGAAUACHAUAGCACUUAAAC GEAAGGCEAAGAUAUCGGCHAS GEAGAALCCULUUAUA-  AREEANUCHC WG 8 Gl ol EE el

10, L-A-D1 UCAAAAGEIIAGCABGAALACC AUAGCACULAAGE BLUAAGGCIIAAGALIAUCGGE -A AGABGA AUCCULL UAUAC  AC ARAUC COAGUGGGA GAGAAC ABUGUACAAGEE ALACAAAGEULUIG CAGLIALIC AUALILAC 6EUAALCUGASIAABULEA UGASC AL ACCECCAUGECCAACALIAGABLILL
11. L-A-P1.7 ucasssGClAGEA GRAMBACCAUAGC ACUBAAAC GLAARGT UaslaLA UCIGCGA ABGE-GAABCCUILUUGUACE --BARALC CGAALGE-- --GAAC GEEBEEAUGUACAAGGE AUACAAAGGULLGE CAGUIELC AUALUAC GCBAABCUGACEAAGULEA UGAGCAL ACCGCCA ALGECEA ABALAGAGLILL
12, L-A-P2.2 ucasssGEAGEACEAAEACEAUAGC A CUBAAGE GLAMIEC UAAGALAUCEGCGA Al-AGA AUCCULUUGUAD - AC AAAUC CGAAUGGEA EEGAAC BausyU ACAAGCIACAAGGGEUUGE CAGLIBUC AUAUUAC GOEAABCUGACEALAUUUAUGAGC AL ACCECCA AUGGCHEA ABALIAG A AL
13. L-A-P2.6 ucanasGEEAGEACEAAEACIAUAGS ACUGAASC GUAAREC UAAGAUAUCIGCGA ABBG-GA ABCCULU UGUAT  AC AAAUC CGAAUGGGA MEGAAC BAUGUACAAEGC AUACAAGECEUUGE CAGLIBUC AUAUUAC GO@AABCUGAGEAAAUUEA UG AGC AL ACCHCCA AUGGCIIA ACALIAG A ALILL
14, L-A-2.1 UCARABEECAGE caua---col B R A GGG AUGELU- - AUGC R G

15, L-A-C UCasABGEECAGEAGGAAUACCAURGCHCUIAAGE GUAARGC GAAGALEGEGC -4 ABGAARA AUGHEUUBALAC - AC AAGUC GEAGUGGGEA GAGAAC BevcuacasBcciARALAGCERURG CAGUAUC AUALUARGCEAA UBUAAGE AdALUUA UGAGEAU ACCEOCA AUGGCCA ARALEGA AULL
16, L-A-p2.3  UCAAMAGCEAGEAGGALUACCALL- - CCl B B s GG GG AUGELU- - AUGC G

17. L-A-lus SC  ucassBaecaccsclasBacGausccBlGARAC GUAAGECGAAGALMUCEGE -~ GEEAAGA ~BGHEUUEGUE-  ABlAasUC BGAAUGERA GAGAAC BeucuAca G BIACAAAGGULUEG CAGUALCELALUABGC LA BEUBAGE A4 AULEAUGAGC AL ACCHCCBAUGGCIA ACALAGA AULE
18. L-A-2 SC  GrarsBGGCAGEEGEAE.CCAURGCEEMAAAC GLA I CIAAG AU CE - GEEAES - BGNE MUAUE-  ACEAAAUC BEAAUGEGA BAGEAC WAUGUARAAIEC GUAC A4S GGIUUGE CAGUEC AUABUANIGCUAA UBUAAGE A4 ALILLALGAGEAU ACCICCE AUGGCEA ABALAGAGULL
10. L-A-11 SC  GoBsGAceEaclAccAcEscle0aGcHCUGAAAC GUAAGEC UAGEAUANCEMCE: ~ Goscs UGENUEGEN- +EE:sGUC BoAAUGEGA BAGEAC AaUGUACAABGCEUARAAGEGUUUGE CAGLEUC AUARUARGCUAARCUGAGC AaALUBAUGAGEAU ACCECCA AUGGCGAACALEIGA ALUL

T A am@ 450 A 59 age  age 4w 4w 45

1. L-A-P1.3

2 L-A-P14 GEUCAGGCEC G ACGCAAL GCAAGRCGGCCLILGE AUAGUUCIISAUCCU ULAAGGE CAULACA GALLILLIC CUGLIAA

3, L-A-P1.5 GEUCAGGCECEMU ACGEAAL GCAAGCE GECULGE AUAGULCIEAUCCRULIAAGGS CAULACA GALULLUC CLUGLIAA

4,1-A-Q GEUCAGGCECBEUACEEAAL GCAGEEEGCCUUGE AUAGULCIIEAUCCHUUAAGGE CAULACA BAUULUC CUBLIAAUBAGC CCA AACGABA AUGELLIL AUACCCAUALGE

5 L-A-P2.4

6. L-A-P1.6 GEUCAGGCACGE

7. L-A-p2.5 6 OUICAGBCECOEUACGEAAL GEAAGCE GECLUGEAUAGLLE CoARCCRULAAGGE CEULACA GAULLLIC CUGLAAU UAGECCA AACGARA AUGGULIL AUAC

8. L-A-P1.2 GELCAGGCACGGEUACGEAAL GCAAGCHIGECLILGE AUAGLUC CRAUCCU ULAARGE CAULACA GAULLUCELGLIAAL LAGCCOA AACGARA AUGGULILALA

9, L-A-P1.1

10. L-A-D1 GEGUC A I ACGEAAL GCA, WG auscUUCEGABCCUUUAR ULACAGAUULUC CUGUAAUBAGCCCA AACGARA ALGGULIU AUACCCALUAUGE

11. L-A-P1.7 GGECANGCACGGU ACGCEAL GCAAGCIIGCEUUGE ARAGEUC CGARCCU ULIAAGGE CAULACA GALLIULIC CUGLIAAL UAGCCCAAACGABA ALGGEUL

12, L-A-P2.2 GLECAEECACGEL ACGCMAU GCALGCHGCIUUEG ARAGUUC CoARCCU UUAAGGE CHUUACA BAULUUC CURLIAABUAGCCCA AACGAGA ALIGELILIL ALIA

13. L-A-P2.6 GGECANGCACGGU ACGCA

14, L-A-2.1

15, L-A-C G GlCAGGCHGE M GCEAL GCAAGCEGCCUMG AUAGUUE CGARCCIBUAAGGE CABUACA G

16, L-A-p2.3

17, L-A-lus SC collcallso BlGEElGOGAL GO AGECG G0 CUUEG AUAGULC CEAUCC UL AAGEGE CABU A< Ba0E00C BEOG A EGEE G 200G ABGAGEEUUUBIACCCA AIGED

18.L-A-2 SC  oolcmscacscUlinoma oo aasc e cmuls ABacuuc s AucclUUAs Gl CoBUAC A BEUEULCEUGUG G GEGCMC A Aol B8 AGEGULIL AUACCCA LALGE

19, L-A-L1 SC  GoecacaoElcEy <BGEcHlaU 6o Ao GOlEC CEUEG AUscUUClEAUCCIBUBEAGE CAULACA 66U EE ECUGUAAL L - GECRA A5 ABA UGG G ACCoA LALGE
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Gag and Pol fusion protein sequence alignment of all L-A dsRNA in S. cerevisiae and S. paradoxus.
The first 16 sequences are from S. paradoxus and the three last sequences belong to S. cerevisiae. SC
is abbreviation of S. cerevisiae.
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MLRFVTKNSODKSSDLF S | CSDRGTFVAHNRYRTD FKFDN LVFNRVYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLDGGLA | DNI LNELKSTCG | PGNAVTSHAYN | TSWRWYDNHV A L LMNML RAYHL
MLRFVTKNSODKSSOLFS | CSDRGTFYAHNRYRTOFKFDONLVFNRYYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLDGGLA DN I LNELKSTCG | PGMNAVT SHAYM I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLFS I CSDRGTFVYAHNMRYVRTODFKF DN LVFNRVYGYSOKFTLVGNPTVCFNEGSSY LEG IAKKY LTLDGGLAIDNI LNELKSTCG ] PGNAVT SHAYN I TSWRWYDMNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLF S I CSDRGTFYAHNMRVRTD FKF DN LVFNRVYGYSOKFTLVGNPTYVCFNEGSSY LEG IAKKY LTLDGGLA I DN I LNELKSTCG | PGNAVTSHAYN I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLF S| CSDRGTFYAHNRYRTD FKFDNLVFNRYVYGY SOKFTLVGNPTYCFNEGSSY LEG IAKKY LTLDGGLAIDNI LMNELKSTCG | PGMNAVT SHAYN I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLFS I CSDRGTFYAHNMRVRTD FKFDNLVFNRVYGYSOKFTLVGNPTYCFNEGSSY LEG IAKKY LTLDGGLAIDNI LNELKSTCG | PGMNAVTSHAYN I TSWRWYDNHVA L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDRGTFVYAHNRVRTD FKFDNLVFNRVYGYSOKFTLVGNPTYCFNEGSSY LEG IAKKY LTLDGGLAIDN I LMELKSTCG | PGNAVTSHAYN I TSWRWYDNHVA L LMNML RAYHL
MLRFVTKNSODKSSDLFS I CSORGTFWAHNRVRTOD FKFONLVFNRYYGYSOKFTLVGNPTYCFNEGSSY LEG I AKKY LTLODGGLAIDN I LNELKSTCG | PGMNAVTSHAYN I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSOLFS | CSDRGTFYAHNRYRTOFKFDONLVFNRVYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLOGGLA DN I LNELKSTCG | PGMAVT SHAYM I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSOLFS | CSDRGTFYAHNRYRTOFKFDONLVFNRVYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLOGGLA I DN I LNELKSTCG | PGMNAVT SHAYM I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSOLFS | CSDRGTFYAHNRYRTOFKFDONLVFNRVYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLOGGLA DN I LNELKSTCG | PGMAVT SHAYM I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSORGTFVAHNRYRTOFKFON LVFNRVYGVSOKFTLYGNPTVCFNEGSSY LEG IAKKY LTLDGGLAIDNI LNELKSTCG | PGNAVEISHAYN I TSWRWYDNHWVA L LMNML RAYHL
MLRFVTKNSODKSSOLFS | CSDRGTFYAHNRYRTOFKFDONLVFNRYYGYSOK FTLVGNPTVCFNEGSSY LEG IAKKY LTLDGGLAIDNI LNELKSTCG | PGMNAVT SHAYM I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSODRGT FIIAHNRVRTOFKFDONLVFNRVYGYSOKFTLYGNPEVCFNEGSSY LEG IAKKY LTLDGGLA | DNELNELKSTCG | PGNAVTSHAYN I TSWRWYDMHV A L LIMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDRGTFEBAHNRVRTODFKF DN LVFNRVYGYSOKFTLVGN CFMEGSSYLEGIAKKYLTLDGGLA | DNEILNELKSTCG | PGNAVTSHAYN I TSWRWYDNHWA L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDRGT FEBAHNRVRTODFKFDNLVFNRVYGYSOKFTLYGNPEAVCFNEGSSY LEG I AKKY LTLDGGLA | DNEILNELKSTCG | PGNAVT SHAYN I TSWRWYDMHW A L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDRGTFVAHNRVRTD FKFDNLVFNRVYGYSOKFTLYGNPTVCFNEGSSY LEG I AKKY LTLDGGLA | DNELNELBSTCG | PGNAVEISHAYN I TSWRWYDMNHW A L LIMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDRGTFVYAHNRVRTD FKFDNLVFNRVYGYSOKFTLVGNPTYCFNEGSSY LEG IAKKY LTLDGGLAIDN I LMELKSTCG | PGNAVTSHAYN I TSWRWYDNHWVA L LMNML RAYHL
MLRFVTKNSODKSSDLFS | CSDAGTFVAHNRVRTDFKFDN LVFNRVYGYSOKFTLVGNPEVCFNEGSSY LEG IAKKY LTLDGGLAIDNI LNELKSTCG | PGNAVEISHAYN I TSWRWYDNHVA L LMNML RAYHL
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OVLTEQGOYSAGEYPMYHDGHVK | K LDVAVEDD S APEMGFKWPGDRTSDSFPEWAOFSESFPS IDVPY IDVRPLTVTEVNFVLMVMSENHRRTN LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRTDDOFK P
OV LTEQGOYSAGEYPMYHDGHVE | K LDVAVEDD SAPEGFKWPGDRTSDSFPEWACFSESFPS IDVPY IDVRPLTYVTEVNFVLMMVMSEBNHRRTN LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRTODOFKP
OV LTEOGOYSAGEYPMYHDGHVE | K LDVAVEDD SAPMIGFKWPGDRTSDSFPEWACFSESFPS IDVPY IDVRPLTYVTEVNFVLMMVMSENHRRTN LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRTODOFKP
OV LTEQGOYSAGEYPMYHDGHVE | K LDVAVEDD S AP KWPGDRTSDSFPEWAOFSESFPS IDVPY IDVRPLTYTEVNFYLMMVMSEAHRRTH LA IDYEAPYVLADKFAY RHA | TVODADEW | EGDRTODDOFKP
OV LTEQGOY SAGEYPMYHDGHVE | K LDVAVEIDD SAPEGFKWPGDRBSDSFPEWAOFSESFPS IDVPY IDVRPLTYVTEVNFVLMMMSKWHRRTN LA | DYEAPVLADKF AYRHA | TVODADEW | EGDRTODOFKP
OVLTEQGOYSAGEYPMYHDGHVE | K LDVIIVSDOD SAPRBFKWPGODRBASDS FPEWACFSESFPS IDVPY IDVRPLTYVTEVNFYVLMVMSKWHRRTH LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRTODOFKP
OV LTEQGOYSAGEYPMYHDGHVE | KLDVAVSDD SAPRIGFKWPGDRTSDS FPEWACFSESFPS IDVPY IDVRPLTVTEVNFVLMVMSENHRRTH LA IDYEAPVLADKFAY RHA | TVODADEW | EGDRTODOFKP
OV LTEOGOY SAGEYPMYHDGHVE SAPEGFKWPGDREISDS FPEWACFSESFPS IDVPY IDVRPLTYVTEVNFYLMMMS KWHRRTN LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRTODDOFKP
OV LTEOGOY SAGEY PMYHDGHVE SAPRIGFKWPGDRTSDSFPEWAOFSESFPS IDVPY IDVRPLTVTEVNFYLMMASKWHRRTN LA IDYEAPYLADKF AYRHA | TVODADEW | EGDRTODDOFKP
OV LTEQGOYSAGEYPMYHDGHIEK | K LDVARRIDD S A PRIGFEWPGODRBAASDS FPEWACFSESFPS IDVPY IDVRPLTVTEVNFVLMVVMSKWHRRTH LA IDYEAPVLADKF AYRHA | TVODADEW | EGDRTDDOFKP
OV LTEQGOYSAGEYPMYHDGHIEK | K LDVAMEDD SEPEGFKWPGDREASDS FPEWAOFSESFPS IDVPY IDVRPLTVTEVNFVLMVMSKWHRRTH LA IDYEAPVLADKF AYRHA | TVODADEW | EGDRTDDOFKP
OVLTEQGOYSAGEYPMYHDGHIEK | K LDVARRIDD S A PBGFEWPGDRESDS FPEWAOFSESFPS IDVPY IDVRPLTVTEVNFYVLMVMSKWHRRTHN LA IDYEAPVLADKF AYRHA | TVODADEW | EGDRTODOFKP
OV LTEOGOYSAGEYPMYHDGHVE | K LDVEIVSDDSAPMGFKWPGDRTSDSFPEWAOFSESFPS IDVPY IDVRPLTYVTEVNFVLMMVMSEANHRRTN LA IDYEAPVLADKFAYRHA | TVODADEW | EGDRBDDOFKP

. IDVPY IDVRPLTVTEVNFYLMMMSKWHRRTN LA | O YEEPILADKF AY RHAIRTVODADEW | EGDRTODOFKP
IDVPY IDVRPLTVTEVNFYLMMMSKWHRRTN LA | OYEAPIILADKF AY RHAIRTVODADEW | EGDRTODOFKP
|k LOilE S EE PIEFR PECRTIICERIF@VACF SESFPS IDVPY IDVRPLTVTEVNFVLMVMS KWHRRTN LA | DYEAPILADKF AY RHAIRTVODADEW | EGDRTODDOFKP
| K LEVINECIES FIE Y PECREEIC SEPEVACF SESFPS IDVPYMDVRP LTYTEVNFYV LMVMSKWHRRTH LA IDYEAPBLADKF AY RHAIMTYVODADEW | EGDRTODOF@P
@~ PEREFEWPECREEICIRFBVACF SESFPS IDVPYMDVRP LTYVTEVNFYVLMVMSKWHRRTH LA 1 DYEAPBLADKF AY RHA | TVODADEW | EGDRTODOF@P
KWPHDRTHDIREFBWACFSESFPS IDVPYIDVRP LTVTEVNFY LMMMS KWHRRTHN LA | DYEAPBLADKF AYRHA | TVODADEW | EGDRTODOF@P
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PSSKVMLSALRKYWVNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN I PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
P55KVMLSALREYVNHMRLYNOFYTAAQL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFLLAGDAAL |OATALEDWSA IMAKPEL I FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
P5SKVMLSALRKYVNHMNRLYNOFYTAACGL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFLLAGDAAL | OATALEDWSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMMLSALREYWVNHMRLYNOFYTAACGL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFLLAGDAAL |OATALEDWSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALREYVNHMRLYNOFYTAACL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFL LAGDAAL |OATALEDWSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAACL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYWVNHNRLYNOFYTAACL LSO IMMKPVPNCAEGY AWLMHDALYN IPKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLY LRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVHNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVHNHNRLYNOFYTAADL LSO IMME PV PNCAEGYAWLMHDALYN | PKFGS IRGRYPFL LAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVHNHNRLYNOFYTAACGL LSO IMMKPVPNCAEGYAWLMHDALYN I PKFGS IRGRYPFLLAGDAAL | OATALEDWSA IMAKPEL | FTYAMOVAVALNTGLYERRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYVNHNRLYNOFYTAACGL LSO IMMEPVPNCAEGYAWLMHDALYN I PKFGS |RGRYPFLLAGDAAL | OATALEDWSA IMAKPEL | FTYAMOVAVALNTGLYERRVKKTGFGTT IDDSYEDGAF
PSSKVMLSALRKYWVNHNRLYNOFYTAACL LSO IMMKPVPNCAEGYAWLMHDALYN I PKFGS |RGRYPFLLAGDAAL | OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYERRVKKTGFGTT IDDSYEDGAF
PSSKWVMLSALRKYVNHNRLYNOFYTAACL LEO | MMKPVPNCAEGYAWLMHDALYN | PKFGS | RGRYPFLLBGDAAL | OATALEDWSA | MAKPE LIFTYAMOVEWVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PEEKWVMLSALRKYVHNHNR LYNOFYTAACL LEO | MMK PVPNCAEGYAWLMHDALYN | PKFGS | RGRYPFLLAGDAAL | OATALEDWSA | MAK PE LIBFTYAMOVAVALNTGLYLRRVKKTGFGTT IDDSYEDGAF
PSSKVMESALRKYVNHNRLYNOFYTAACL LEO | MMKPVPNCAEGYAWLMHDALYVNEPKFGSBRGRYPFLLAGDAAL |OATALEDNSA IMAKPEL | FTYAMOVAVALNTGLYLRRVKKTGFGTTEDDSY EDGAF
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LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPYTV I EPAGYN IVDGAL EVI]GVP IACSPYT I FPVAAFDKANPYSGNFV IOPALKY LRKGALYDK LEAWK LAWAMR IAGVDTSF.U‘YGDVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVTV I EPAGYN IVDGALEVIIGVP |ACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFEVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVYTV I EPAGYN IVDGALEVIIGVP |ACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFRVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVYTV I EPAGYN IVDGALEVIIGVP |ACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFRVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVYTV I EPAGYN IVDGALEVEGVP IACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFKVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDLLELDALTRVPYTV IEPAGYN IVDGALEVTGVP IACSPYT I FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFEVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDLLELDALTRYPYTV IEPAGYN IVDGALEVTGVP IACSPYT I FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFRVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPFDL LELDALTRVPVTVY I EPAGYN IVDGALEVTGYP TACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFKVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVTY | EPAGYN IVDGALEVTGYP TACSPYT | FPVAAFDKANPYSGNFY IOPALKY LREGALYDKLEAWK LAWAMR | AGYDTSFKVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDLLELDALTRVPYTV IEPAGYN IVDGALEVTGVP IACSPYR I F PYAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMREAGYDTS F KVEGHRH
LOPETFVOAALACCTGODAPLNGMSDVYVYTYPDLLELDALTRVPVYTVIEPAGYN IVDGALEVTGVP IACSPYR I FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFKVYGDWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDLLELDALTRVPVYTYIEPAGYN IVDGALEVTGVP IACSPYR I FPYAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFKVYGOWVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LELDALTRVPVYTV I EPAGYN IVDGALEVTGVP IACSPYT | FPVAAFDKANPYSGNFY IOPALKY LRKGALYDKLEAWK LAWAMR | AGYDTSFEVYGDVH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LE@DAITRYVPYTV I EPAGYN INDGALEVEAGYP IACSPYM I FPVARIFOKANPYEGNFY IJPALKY LRKGALYDKLEAWK LAWAMR | AGYDTHEF K'Y GEEIH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LE@DAITRYVPYTV I EPAGYN INDGALEVEAGYP IACSPYI I FPVARIFOKANPYEGNFY IJPALKY LRKGALYDKLEAWK LAWAMR | AGYDTHEF K'Y GEEIH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LE@DABTRYVPYTV IEPAGYN INDGALEVEAGYP IACSPYM I FPVARFOKANPYEGNFY IJPALKY LRKGALYDKLEAWK LAWAMR | AGYDTHEF K VY GEEIH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LEEDABTEYPIITV | EPAGYN |VDERELEVEGY PEACS PYE | F PVAAFDIANP YEGNFY | @K Y LRK GAEY DK LEAWK LAWAMREAGYDTREF KV GDIH
LOPETFVOAALACCTGODAPLNGMSDVYVTYPDL LERDEITRY PVTVIE PEIGYN IVDGALEVTGYP 1ACSPY[l I F PVAAF NPYSGEFY IBPALKY LREGALY DK LBAWK LAWAMREAGYDTHEF K VEBIGDVH
LOPETFYOAAACCTGODAPLNGMSDVYVTY PO L LEEDIITRYPYTVME PAGYN IBDGALEVTGVP I ACSPYI I F PYAAFDEANPYSGEFY IBPALKY LRKGALYEK LEAWK LAWAMR | AGYDTHF K EEGREH
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GLTKFYADNSDSWTH IPEFVTDED IMEVYVTA | ERRARHFWVELPRLNSPAFFKSVEVSTTIYDTYVOAGSFSYYHASR INLDYVKPVSAGI OV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTHIPEFVTDGD IMEVYWVTA | ERRARHFVELPRLMSPAFFKSVEVSTTIYDTYVOAGS FSVYHASR INLDYWVKPVSAG IOV I NAGE LRNYWGSWVRRTOOGF RSGREYDASRNAYRRTY SWH
GLTKFYADNSDSWTHIPEFVTDGD IMEVYWVTA | ERRARHFVELPRLMNSPAFFKSVEVSTTIYDTYVOAGS FSVYHASR INLDYWVKPVSAGI OV I NAGE LRNYWGSWVRRTOOGFREGREYDASRNAYRRTY SWH
GLTKFYADNSODSWTHIPEFVTDGD IMEVYWVTA | ERRARHFVELPRLNSPAFFKSVEVSTTIYDTYVOAGS FSYYHASR INLDYWVKPVSAGI OV I NAGE LRNYWGSWVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTH IPEFVBIDGD IMEVYVTA| ERRARHFVELPRLNSPAFFKSVEVSTTIYDTYVOAGS FSVYHASR INLDYVKPVSAGI OV | NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWE
GLTKFYADNSODSWTHIPEFVTDGD IMEVYVTA | ERRARHFVELPRLNSPAFFRKSVEVSTT IYDTYVOAGS FSVYHASR INLDYVKPVSAGIOV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSODSWTHIPEFVTDGD IMEVYVTA | ERRARHFVELPRLNSPAFFRKSVEVSTT IYDTYVOAGS FSVYHASR INLDYVKPVSAGIOV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTH IPEFVTDBED IMEVYVTA| ERRARHFVELPRLNSPAFFKSVEVSTTIYDTYIOAGS FSVYHASR INLDYVKPVSAG| OV | NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWE
GLTKFYADNSDSWTHIPEFVTDGD IMEVYVTA | ERRARHFVELPRLNSPAFFKSVEVSTTIYDTYVOAGSFSVYHASR INLDYVKPVSAGI OV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWE
GLTKFYADNSDSWTHIPEFVTDGD IMEVYVTA | ERRARHFVELPRLNSPAFFKSVEVEITT IYDTYVOAGSFSVYHASR INLDYVKPVSAGI OV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTH IPEFVEDGD IMEVYVTA| ERRARHFWVELPRLNSPAFFKSVEVSTTIYDTYVOAGSFSVYHASR INLDYVKPVSAGI OV I NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTHIPEFVTDGD IMEVYWVTA | ERRARHFVELPRLNSPAFFKSVEYSTTIYDTYVOAGS FSYYHASR INLDYWVKPVSAGI OV I NAGE LRNYWGSWVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLTKFYADNSDSWTHIPEFVTDGD IMEVYVTA | ERRARHFVELPRLNSPAFFKSVEVSTTIYDTYVOAGS FSVYHASR INLDYVKPVSAG] OV I NAGE LRNYWGSVRRTOOGF RBIGR S YDASRNAYRRTY SWH
GLTKFYADNSDSWTH IPEFVTDGH I MEVYINTE | IRRARHFVELPRLNSPAFFKEVEVSTE I YDTYVOAGIRFSVYHASR INLDYVKPVSAG | OV | NAGE LRNYWGSVRRTOOGF REGR S YDASRNAYRRTY SwWlE
GLTKFYADNSDSWTH IPEFVEDGHE | MEVYVTE I IRRARHFVELPRLNSPAF FKEIVEVSTE I YDTYVOAGIRFSVYHASR INLDYVK PVSAG | OV | NAGE LRNYWGSVRRTOOGF RBIGR S YDASRNAYRRTY SwWl
GLTKFYADNSDSWTH IPEFVEIDGHE | MEVYVTE | IRRIARHFVELPRLNSPAF FKEVEVSTRIYDTYVOAGIEFSVYHASR INLDYVKPVSAG | OV | NAGE LRNYWGSVRRTOOGF RBIGRS YDASRNAYRRTY SWHE
GLTKFYADNEDDIWTH I PEFVTDGDEME VEVTA | ERRARHFVELPRLNSPAF FESVEVSTT IYDTREVOA WVYHASR INLDYVKPVSIEG | OV | NAGE LEANYWGSVRRTOOGFRSGRS YDA SENAYRRTY SWE
GLTKFYADNSDSWTH | PEFVEIDGEEVE VY VTR | ERRARHFVELPRLNSPAF FKEVERNEEE | vOTYVOAGIEFSVYHASR INLDYVKPVSAG | OVEINAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
GLEKFYADNSDSWTH | P EF VEID EERIE VY VTR | ERRARHFVELPRLNSPAFFKEIVEVSTRIYDTYVOAGIEFSVYHASR INLDYVKPVSAGI OV | NAGE LRNYWGSVRRTOOGFRSGRSYDASRNAYRRTY SWH
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17. L A L15C
18.L-A-2 5C
19, L-A-lus 5C

670 680 €30 700 7o 70 730 40 750 760 70 780 750
CPRRADRTSGRGFSRYMN | | EPSHGSKPERF I LTOBDTF PAW | RFRNR | OAVSROKATHF LFD IVPATKLSDY T TSEEIACF SYKSHTYATNVTA I RFSOMYGLYVEVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGRGFSRYMN | | EPSHGSKPERF ILTRPDTF PAW | RFRNR | OAVSROKATHF LFD IVPATE LEEY T TSOMAOF SYKSHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVIEGF CY
CPRRADRTSGRGFSRYN | | EPEHGSKPERF | LTAPOTF PAW I RFRNR | OAVSROKATHF LFD IVPARKLSDYTTSEMACE SYKSHTYATHNVTA IBFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGRGFSRYMN | | EPSHGSKPERF ILTOPDTF PAW | RFRNR | OAVSROKATHF LFD IVPATKLSDY T TSEEIACF SYKSHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRREDRTEGRBAFSRVN | | EP@HGSKPORF [ LTHPDTF PAW | RFRNR | OAVSROKATHF LFD IVPATKLSDY T TSOMAOF SYKSHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVIEGF CY
CPRRADRTEGRBFSRYN | | EPSHGSEPORF I LTRPDTF PAWERFRNR | OAVSROKATHF LFD IVPATKLSDY TRASOMACF SY KBHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRODRTEGRGFSRYMN | | EPSHGSKPORF | LEBAPOTF PAWNEIRFRNR | OAVSROKATHF LFD IVPATK LAIDY T TSOMAOF SYKSHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGREFSRVYN | | EPSHGSKPORF | LEBAPOTF PAWEIRFRNR | OAVSROKATHF LFD IVPATKLSDYT TSOMAOF SYKSHTYATNVTAIRFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGRBFSRYN | | EPSHGSKPORF | LEMAPDTF PAWEIRFRNR | OAVSROKATHF LFD IVPATKLSDY T TSOMAOF SYKSHTYATNVTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGRGFSRYN | | EPSHGSKPORE I LAADPETF PAW | RFRNRECAYSROKATHF LFD IVPARKLSDYTTSEMARIF S Y KSHTYARINVTA I RFSOMYG LYVOVEANMT | LSPAARROASATY SOVEIEGF CY
CPRREDRTSGRGFSRYMN I I EPSHGSKPORE LADPETF PAW | RFRNR | OAVSROKATHF LFD IVPATKLSDY T TSEMIARF S Y KSHTYABINYVTA | MFBIDMYG LYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTSGRGFSRYMN | | EPSHGSKPORE LACPETF PAW | RFRNR | OAVSROKATHF LFD IVPATKLSDY T TSEMIARF S Y KSHTYABINYVTA | @F SOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRRADRTEGRGFSRYN | | EPSHGSKPDRF | LTRPDTF PAWERFRMNR [ OAVSROKATHF LFD IVPATKLSDYTTSOMAOF SYKSHTYATNYTA I RFSOMYGLYVOVEANMT | LSPAARROASATY SOVAGFCY
CPRREDRTSGREES RV IEEPSHGEK PHRE | LTOP BEREP AW | RFRBER | OAVSROKATHF LFD IVPABEIL S DY T TEDIEREF S Y KSHTYATNYTARRFECEYB LY VEYVEANMT | LSPAARROASATY SOVEGF CY
CPRREDRTSGREEES RV IE@EPSHGEK PHRE | LTOP BEREP AW | RFRMR | OAVSROKATHF LFD 1VPABEILRDY TEEDIEREF S Y KSHTYATNYTARRFECEYB LY VEYVEANMT | LSPAARROASATY SOVEGF CY
CPRREDRTSGREESRVN IEEPSHGEK PHRE | LTDP HERIF AW | RFRNR | OAVSROKATHF LFD |VPABRILSDY T TECIERF S Y KSHTYATNYTARR Y G LYVIEVEANMT | LSPAARROASATY SOVEIGFCY
CPRREDRTEGEEF SRVNE | EPSHG PETHPAW | RFRNREOAVSROKATHE LFD 1V P ARNGEIS DIETT S DEEEEFEY KSHT Y ANV TABRF S DEIYEL Y VOIEEINNT | LSPAARROASATY SOVAGFCY
CPRREDRI IF SRVMN IEEPEHG] GLYVOVEANMTELSPAARROASATY SOVEGFCHE
CPRRMADRTEGEEF SRYMN | | EPSHG PRITEF AW | RFRMNRECAVSROBATHF LFD IVPABRKIEADY T T SERAIFEYESHT v ARV TABRR FECEYG LY VOVEANMTELS P AARROASATY SOVEGF CI
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10 A P1.7
11, L-A-P2.2
12, L-A-P2.6
13, L-A-P2.4
14, L-A-2.1
15 L-A-C

16, L-A-P2.3
17, L-A-L1 5C
18.L-A-2 5C
18, L-A-lus 5C

,_

800 &0 80 3 &0 80 1 &0 880 &0 0 0 20 30
NSPTWMDTLYN ILDVDRS |RPKHFKGLREYERSKVTAOHHTHLRPDEY LEAABRVSPRRKYY LLCWVEL LATCEVT IEAAVAT IMAFVLTLODEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTWMDTLYN ILDVDRSERPKHFKGLROYERSKVTAOHHTHLRPDEY LEAABRVSPRRKYY LLCWVEL LABCEVR I EAAVATEMAFVLTLODEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTWMDTLYN ILDVDRSERPKHFKGLROYERSKVTAOHHTHLRPODEY LEAABRVSPRRKYY LLCWVEL LATCEVT IEAAVAT IMAFVLTLODEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTYMDTLYN ILDVDRS | RPKHFKGLROYERSKVTAOHHTHLRPDEY LEAABRYVSPRRKYY LLCWVEL LATCEVT IEAAVAT IMAFVLTLDEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTWMDTLYN I LDVDREMIRPKHFKGLROYERSKVTAOHHTHLRPDEY LEAAERVSPRRKYY LLCWVEL LATCEVT IEAAVAT IMAFVLTLODEKFVTLFLDSRE I WEGPKGPDALTGRLKOASAD | KSVHTAD
NSPTVYMOTLVN | LDVDREERPKHFKGLROYERSKVTACHHTHLRPDEV LEAAAEBYSPRREYY LACYVEL LATCEVT IEAAVAT IMAFVLTLDEKFVTLF LDSREIWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTYMDOTLVN ILDVDRS | RPKHFKGLROYERSKVTACHHTHLRPODEV LEAAAEBYSPRREYY LLCWVEL LATCEVT IEAAVAT IMAFVLTLDEKFVTLF LDSREAIWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTYMOTLVN | LDVDREIERPKHFKGLROYERSKVTACHHTHLRPDEV LEAAAERVSPRREYY LLCEAVEL LATCEVTHE AAVAT IMAFVLTLDEKFVTLF LDSREAIWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTYMOTLVN ILDVDRS | RPKHFKGLROYERSKVTACHHTHLRPDEV LEAAEBYSPRREYY LLCWYVEL LAIICEVT IEAAVAT IMAFVLTLDEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTYMDTLVN ILDVDRS | RPKHFKGLROYERSKVTACHHTHLRPDEVLEAAERVSPRREYY LLCWYVEL LAMCEVT IEAAVATEMAFVLTLDEKFVTLFLDSRS IWSGPKGPDALTGRLKOASAD | KSVHTAD
NSPTVMOTLVMN I LDVDRSHRPKHFKGLROYERSKVTACHHTHLRPODEV LEAAAE@MYSPRREYY LLCWVEL LABCEVT IEAAVAT IMAFVLTLDEKFYTLFLDSRS IWSGPKGPDALTGRLEKODASAD | KSVHTAD
NSPTVMDTLVM ILDVDRS | RPKHFKGLROYERSKVTACHHTHLRPDEV LEAAAERVSPRREYY LLCWYVEL LABCEVT IEAAVAT IMAFVLTLDEKFVTLFLDSRS IWSGPKGPDALTGRLEKDASAD | KSVHTAD
NSPTVYMOTLVN ILDVDRE I RPKHFKGLROYERSKVTACHHTHLRPDEV LEAAAEBYSPRREYY LLCWVEL LABCEVT IEAAVAT IMAFVLTLDEKFVTLF LOSREAIWSGPKGPDALTGRLKDASAD | KSVHTAD
NIAPTVMOTLEN I LDVDRE I RPKHFKGLROYERSKVTAOHHTH LRPREV LEAAEMYVSPRREYYLLCVVEL LA IEIME 200 AT IMABY LT LOE K FIEF LOSRE ) WBGEKGPDALTGRLKEASEO | KSYHTAD
NEPTVMOTLEN | LDVDRE | RPKHFKGLREAYERSKVTAOHHTH LRPEEV LEAAEMYSPRREYYLLCVVEL LA IEINE o0 AT IMABY LT LOEK FIEEF LOSRE | WBGEKGPDALTGRLKEAASED | KSYHTAD
NEPTYMDTLEN I LDVDRE I RPEHFKGLREYERS KVTAOHHTHLRPOEY LBAAERVSPRRE i [ISIE o0 AT IMABV LTLDEKF LOSRE I WEHCEKGPDALTGRLKEASED | KSYHTAD
NP TVMOELEN | LDVDRE I RPKHFKGLRAYBRSKVTACHHTHLRPDE AAAVSPRREYY LECVVE L LoARINE EanyvAaT IIAEY LT LEE K FVEEIF LOSRE I WlICERGPD A L TRRLKEESED | KSIAHTAD
NEPTVMOT LN | LDWVDES | RPKHFKGLRIYERSKVTACHHTHLRPDEV ABRVSPRREY Y LLCWVEL LARCEVEN I EAaYAT (VY LTLRAEKFVELF LOSRIN WECEEGPEA L TRRLKEASEO | KSYHTAD
NEPTYMOTLEN | LDVDRE I RPKHFKGLRIAYERSKVTACHHTHLRPODEV LEAARRYSPRREYY LLCWYVEL LARCEVREIEAAYVAT MRV LTLOEKFIELF LOSRIN | WEIGEK GPEEL TRRLKEASED | KSVHTAD
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16. L-A-P2.3

17. L-A-L1 5C
18.L-A-2 5C
19, L-A-lus 5C

40 950 80 70 0 0 1.000 100 1.020 1.030 1.040 1.050 1.080
YEPLTELFE LAVLMNRGVGHY SWKTEREHREHP DVANVDOTR LYSCVROMF EGSKETYDY PYMTWDDYTS SRWEWVPGGSVHSOYSEDDEY | FPGOF TRNKF I TVNKMPKHK | ARMIASTP EVRAWTSTK Y EW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVANVDOTR LY SCVRDOMF EGSKETYDY PYMTWDD Y TS SRWEWVPGGSVHSOYSEDDEY | FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVANVDOTR LY SCVRDOMF EGSKETYDY PYMTWDD Y TS SRWEWVPGGSVHSOYSEDDEY [ FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVARVOOTR LY SCYROMF EBSKETYDY PYMTWDD Y TS SRWEWVPGGSVHSOYSEDDEY | FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVANYVOOTHEALY SCYRDMF EGSKETYDY PYMTWDDY TS SRWEWVPGGSVHSOYSEDDEY | FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVANYVOOTHEALY SCYRDMF EGSKETYDY PYMTWDDY TS SRWEWVPGGSVHSOYSEDDEY | FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGVGHVSWKTEREHREHPDVANYVOOTHALY SCYRDMF EGSKETYDY PYMTWDD Y TS SRWEWVPGGSVHSOYSEDDEY | FPGOFTRNKF I TVNKMPKHE | ARMIASTPEVRAWTSTKYEW
YEPLTELFELAVLMNRGYGHVSWKTEREHREHPDVANYVDOTELY SCVRDMF EGSKETYDY PYMTWDDY TS SRWEWWPGGSVHSOYSEDDEY | FPGOFTRNKF ITVNKMPKHEK | ARMIASTP EVRAWTSTKYEW
YEPLTELFELAVLMNRGYGHVSWKTEREHRERAPODVARYVDOTELY SCVRDMF EGSKETYDY PYMTWDDY TS SRWEWWPGGSVHSOYSEDDEY | FPGOFTRNKF ITVNKMPKHEK | ARMIASTP EVRAWTSTKYEW
YEPLTELFELAVLMNRGYGHVSWKTEREHREHPDVANYVDOTELYICVROMF EGSKETYDY PYMTWDDY TS SRWEWWVPGGSVHSOYSEDDEY | FPGOFTRNKF ITVNKMPKHEK | ARMIASTP EVRAWTSTKYEW
YEPLTELFELAVLMNRGYGHVSWKTEREHREHPDVARYVDOTR LYBCVROMF EGSKETYDY PYMTWDDY TS SRWEWWVPGGSVHSOYSEDDEY | FPGOFTRNKF ITVNKMPKHK | ARMIASTP EVRAWTSTKYEW
YEPLTELFELAVLMNRGYGHVSWKTEREHREHPDVANVDOTR LYICVRDOMF EGSKETYDY PYMTWODY TS SRWEWWPGGSVHSOYSEDDEY | FPGOF TRNKF I TVNKMPKHEK | ARM I ASTP EVRAWTSTK Y EW
YEPLTELFELAVLMNRGYGHVSWKTEREHREHPDVANVDOTELY SCYRDMF EGSKEITYDY PYMTWDDY TS SRWEWWPGGSVHSOYSEDDEY | FPGOF TRNKF I TVNKMPKHK | ARM I ASTPEVRAWTSTK Y EW
YEPLTELFEEAVLMNRGYGHV SWEIEREHREHP DV ARVDOMR LY SCVRDMF EGS KET PYNMTWED Y TRISRWEWYPGGSVHS OYEED ITVNENMP KHE | BRM IBSEP EVRAWTSTE Y EW
YEPLTELFEEAVLMNRGYGHV SWEIEREHREHP DV ARVDOMR LY SCVRDMF EGS KET PYNMTWED Y TRISRWEWYPGGSVHSOYEEDEEY | FPGOF TRNKF I TVNKMPKHE | BIRM IBISEP EVRAWTSTK Y EW
YEPLTELFEEAVLMNRGYGHV SWEIEREHREHP DVARVDOMR LY SCVRDMF EGS KET PYNMTWHED Y TRISRWEWYPGGSVHSOYEEDEEY | FPGOF TRNKF I TVNKMPKHEK | BIRM | ASEIP EVRAWTSTK Y EW
YEPLTELFE LAVLMNRGYGHY 5 WEIE[EEH RMAF OV ARV OOMR LY SCYRDOMF EGS KEIT Y@y PRVTWOD Y TERIRWEWY PGGSVHS OYEECEEY | HP GOBTRNKF I TVNKMP KHE | BIRM | ASEP EVRAWTSTK Y EW
YEPLTELFELAVLMNRGYGHVSWETEREHRENFPDVARYOCRER LYBCYROMF EGEKET Y@y PYNMTWODY TRSRWEWYPGGSVHSOYEEDHEE Y IEP GOF TRNKF I TVNKMPKHE | lIRM IBIS TP EVRAWTSTK Y EW
YEPLTELFE LAVLMNRGYGHVSWKTEREHRERP DV ANVECER L YBCYROMF ECEKETYDY PYNMTWDDY TS SRWEWWPGGSVHSOYSEDDEY | FPGORTRNKF I TVNKMPKHEK | ARM I ASTP EVRAWTSTK Y EW

WO =
0

10?0 10&0 1090 1100 1110 1120 1130 1140 1150 1160 1170 11&0 1190
GKORA I YGTDLRSTL | TNF AMFRCE DVLTHK F PVGDOAEASKVHK RVNMMLDGASS FCFDYDOFNSOHS | ASMYTVLVAF RDAFHRNMS AQOK E AMDWVCE S\.I'EHI\.'IWVLD POTKEWYOLRGTLLSGNR LTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDY LTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTVLVAF RDAFHRNMS AQOK EAMDWYCE SVKHMWYLDPDTKEWYOLRGTLLSGWRLTTFM
GKORA IYGTDLRSTL ITNFAMFRCEDYLTHKFPVGDOAEASKYVHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTWYLIRAF RDAFHRNMS AQOK EAMDWVCE SYKHMWY LD POTKEWYOLRGTLLSGWR LTTFM
GKORA IYGTDLRSTL ITNFAMFRCEDYLTHK FPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTWLVAFRDAFHRNMS AQOK EAMDWVCE SVEHMWYLDPOTKEWYOLRGTLLSGWR LTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDY LTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTVLVAF RDAFHRNMS AQOK EAMDWYCE SVKHMWYLDPDTKEWYOLRGTLLSGWRLTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKVHK RVNMMLDGASSFCFOYDDFNSOHS | ASMYTVLVAFRDAFHRNMS AQODK EAMDWYCE SVKHMWYLDPDTKEWYOLRGTLLSGWRLTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKVHK RVNMMLDGASSFCFOYDDFNSOHS | ASMYTVLVAFRDAFHRNMS AQODK EAMDWYCE SVKHMWYLDPDTKEWYOLRGTLLSGWRLTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKVHK RVNMMLDGASSFCFOYDDFNSOHS | ASMYTVLVAFRDAFHRNMS AQDK EAMDWYCE SVKHMWVLDPDTKEWYOLRGTLLSGWRLTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKVHK RVNMMLDOGASSFCFDYDDFNSOHS | ASMYTWLVAF RDAFHRNMS AQOK EAMDWYCE SVEHMWYLDPOTKEWYOLRGTLLSGWRLTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDYLTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTVLIAF RDAFERNMS AQOK E AMDWYCE SWKHMWYLDPDTKEWYOLRGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDYLTHKFPVGDOAEASKYVHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTVLIRAF RDAFERNMS AQOK E AMDWYCE SWKHMWY LD PDTKEWYOLRGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDYLTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTWLVAFRDAFERNMS AQOK EAMDWYCE SYKHMWYLDPOTKEWYOLRGTLLSGWR LTTFM
GKORAIYGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKVHK RVINMMLDGASSFCFDYDDFNSOHS | ASMYTVLVAF RDAFHRNMS AQOK EAMDWYCE SVKHMWVLDPDTKEWYOLRGTLLSGWRLTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTYLEAF RDAFIIRNMSIIEORE AMDWYCE SWKHMWY LD POBIKEWYIALRGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTYLEAFEDA FIIRNMSIIEORE AMDWYCE SWYKHMWY LD POBIKEWYIALRGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCEDVLTHKFPVGDOAEASKYHK RVNMMLDGASSFCFDYDDFNSOHSIRASMY T LEAF RDAFIIRNMSIIEORE AMDWYCE SWYKHMWY LD POBIKEWYIALRGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCE DV LTHK F PVGDOA EARK VHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTYLEAF ROIFERNM S EECRE AVEWYCE SWVEHMWY LD POTKEWYRALEGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCE DV LTHK F PVGDOA EARK VHK RVNMMLDGASSFCFDYDDFNSOHS | ASMYTYLEAF ROIFERNMS ABORE AMDWYCE SWKHMWY LD POTKBWYELEGTLLSGWR LTTFM
GKORA I YGTDLRSTL ITNFAMFRCE DV LTHK F PVGDOA EARK VHK RVNMMLDGASSFCFDYDDFNSOHS | BSMY TV LEAF RDAFIIRNMSIECORE AMDWYCE SWYKHMWY LD POTKIBAVY OLEAGTLLSGWR LTTFM

o
il

oD

==

o

)
T

S S
=patnin Lnlais

e e
PEPE PR

o]
=

n=in=ln =)

ST
O~

S s s oma O R =
FERERE

nhwMn=o
PR

h&

16. L A-P2.3

17. L-A-L1 5C
18.L-A-2 5C
19,1 -A-lus SC

1200 1210 1220 1230 1240 1250 1260 1270 1.280 1230 1300 1310 1320 1330
NTWVLNWAYME | AGVFD | DDVODSVHNGDDVM | S LNRVSTAVR | MDAMHK INARAOPAKCNLF S | SEF LRVEHGMSGGDGLGAGYL SRSCATLVHSR | ESNEP LSVVRVMEADOTRLRDLANRTVIVEEAVTA | §
MNTYLNWAYME | AGVFD | DDVODSVHNGDDWM | 5 LMRVSTAVR | MODAMHK | NARAOPAKCNLFS | SEFLRVEHGMSGGDGLGAOYLSRSCATLVHSR I ESNEP LSVVRVMEADOTRLRDLANRTYMREAVTA IS
NTV LNWAYME | AGVFD | DDVODSVHNGDOWVM I S LNRVSTAVR | MDAMHK | NARAGPAKCNLF S| SEFLRVEHGMSGGDGL GAQYLSRSCATLVHSR I ESNEPLSVVRVMEADOTRLAD LANRTVYMREAVEA | S
MNTYLNWAYME | AGVFD | DDVODSVHNGDDWM | 5 LMRVSTAVR | MODAMHK INARAOPAKCNLFS | SEFLRVEHGMSGGDGLGAOYLSRSCATLVHSR I ESNEP LSVVRVMEADOTRLRDLANRTYMREAVTA IS
NTV LNWAYME | AGVFD | DDVODSVHNGDOWVM I S LNRVSTAVR | MDAMHE | NARAGPAKCNLF S| SEF LRVEHGMSGGDGL GAQYLSRSCATLVHSR I ESNEPLSVVRVMEADOTRLRODLANRTWMREAVTA IS
MNTYLNWAYME | AGVFD | DDVODSVHNGDDWM | 5 LMRVSTAVR | MODAMHK | NARAOPAKCNLFS | SEFLRVEHGMSGGDGLGAOYLSRSCATLVHSR I ESNEP LSVVRVMEADOTRLRDLANRTYMREAVTA IS
NTV LNWAYME | AGVFD | DDVODSVHNGDOVM I S LNRVSTAVR | MDAMHK |NARAGPAKCNLF S| SEFLRVEHGMSGGDGL GAQYLSRSCATLVHSR I ESNEPLSVVRVMEADOTRLRDLANRTYMREAVEA | S
NTV LNWAYME | AGVFD | DDVODSYHNGDOWVM I S LNRVSTAVR | MDAMHE | NARAGPAKCNLF S | SEF LRVEHGMSGGDGL GAQYLSRSCATLVHSR I ESNEPLSVVRVMEADOTRLRDLANRTYMRERVEA | S
MNTYLNWAYME | AGVFD | DDVODSVHNGDDWM | 5 LMRVSTAVR | MODAMHK | NARAOPAKCNLFS | SEFLRVEHGMSGGDGLGAOYLSRSCATLVHSR I ESNEP LSVVRVMEADOTRLRDLANRTYMREAVTA IS
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