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Abstract
Sodiomyces alkalinus was first described more than 15 years ago and has been isolated from alkaline
soda-lakes around the world. During subsequent culturing on solid media traces of suspected
bacterial contamination, seen microscopically as small granules, persisted in those isolates. Using
DNA isolation, PCR, selective culturing and staining techniques we have gained insight into the nature
of these granules. We have confirmed their proteinaceous components and their fat-like interior.
Using DAPI and Hoechst stains and DNA-based molecular methods, we could not detect any nucleic
acids inside the granules, effectively dismissing bacteria as the origin of the granules.

Introduction
The fungal kingdom hosts a diverse array of species that are capable of living under an astonishing
set of environmental conditions. Although most fungal species are neutrophiles, showing optimal
growth in conditions that range from pH 5-7 and temperatures between 20-30°C, some are
considered extremophiles. These extremophiles have adapted to harsh conditions where other
organisms would not survive such as the highly alkaline environment of soda lakes that are found in
arid and semi arid areas. The alkalinity of soda lakes can be as high as pH 10-11. This, combined with
the high salinity of these lakes provides an environment where only very few fungal species can
survive (Grant et al. 2004; Sorokin et al., 2004). Fungi that are able to survive and thrive in these
conditions are of great scientific and applied interest. From a fundamental scientific perspective,
organisms that are adapted to extreme environments are useful to study the process of adaptive
evolution. From an industrial perspective they are interesting as they must have specific adaptations
to metabolic pathways that allow them to survive these extreme conditions. These specific
adaptations can be interesting for various industries that use fungal enzymes and products in
manufacturing (van den Burg, 2003).

Suspected bacterial contamination
In 2013, Grum-Grzhimaylo et. al. (A.A. Grum-Grzhimaylo, A.J.M. Debets, A.D. van Diepeningen, M.L.
Georgieva, E.N. Bilanenko, 2013) described the soda lake isolate Sodiomyces alkalinus as a new
holomorphic alkaliphilic ascomycete within the family Plectosphaerellaceae. This fungus was first
isolated from lakes with hyper-saline soda soils (pH around 10) in Russia, Mongolia and Tanzania in
1999 (Bilanenko et al. 2005). After isolation as single spore cultures, strains were propagated on
Alkaline Agar (AA) (see Materials and Methods) for 15 years. After years of propagation on both on
AA and AA supplemented with antibiotics, there were incidental signs of bacterial contamination of
the strains during light microscopic (LM) observations. Specifically, the closed fruiting bodies of the
fungus (cleistothecia) appeared to contain small round particles in a layer of slime, with a pattern of
random movement that suggested Brownian motion. Furthermore, genome analysis revealed the
presence of a gene of bacterial origin in the nuclear genome of S. alkalinus (Grum-Grzhimaylo
personal communication), adding to the suggestion of a tight relation between S. alkalinus and a

bacterium during some stage of the evolution of this fungus.
Although bacterial contamination is not uncommon for recent isolates, signs of bacterial presence in
isolates that are almost 15 years old and have been transferred numerous times through both single
spores and hyphal pieces is striking. Even more so as the suspected bacteria were predominantly
present in the enclosed environment of the cleistotechia. The bacteria like particles (BLPs) were only
observed by light microscopy when cleistotecia were opened by force (e.g. in squash slides). Phase
contrast microscopy suggested proteinaceous structures, adding to the suspicion of a bacterial origin
for the BLPs (M. Figge, personal communication). No outgrowth of BLPs or bacterial colonies was
ever macroscopically observed on solid growth media, suggesting a tight relation between the fungus
and suspected bacteria.
To investigate this relation between Sodiomyces and its suspected bacterial partner we employed
several strategies: first we attempted to isolate either the fungus or the BLPs in pure form by several
classical selective enrichment techniques.
Secondly, we have isolated total DNA from the fungus-BLP complex and have used multiple sets of
primers to amplify DNA from various domains of life (Bacteria, Archea) in PCR a reaction. Thirdly, we
have employed multiple staining and microscopy techniques in order to elucidate the biochemical
nature of the BLP’s.

Material and Methods
Selective enrichment
Media
Alkaline Agar (AA) is 24 g Na2CO3, 6 g NaHCO3, 5 g NaCl, 1 g KNO3 and 1 g K2HPO4 dissolved in 500
ml demi water and 17 g malt extract powder, 1 g yeast extract powder and 20 g agar dissolved in
500 ml demi water, autoclaved separately for 20 min at 121°C. After cooling to ~55°C components
were mixed.
Tryptic Soy Broth (TSB) consists of 17 g casein peptone (pancreatic), 2.5 g
dipotassium hydrogen phosphate, 2.5 g/L glucose, 5 g sodium chloride, and 3 g soy peptone (papain
digest.) per 1000 ml demiwater.
Culturing
Culturing was performed at 25°C in the dark for both liquid and solid media. For solid cultures, sterile
cellophane overlays were applied on top of the nutrient agar before inoculation with fungal spores in
order to facilitate harvesting of mycelium. Liquid culturing was done in 50 ml of medium in 100 ml
Erlenmeyer flasks under constant shaking at 150 RPM.
Single spore cultures
Single conidiospore colonies were obtained by making a spore suspension using 0.9 % saline and
0.005 % Tween-80. The spore suspension was plated on a fresh agar plate in several dilutions using a
Drigalski spatula. Single colony initials were isolated and transferred to a fresh medium.
Antibiotics
The antibiotics that were used were: Ampicillin 100 μg/mL, Aureomycin 100 μg/mL, Carbenicillin 50
μg/ml, Cefotaxime 50 μg/ml, Kanamycine 50 μg/ml, Penicillin 50 μg/ml, Rifampicine 100 μg/mL,
Penicillin 50 μg/ml, Streptomycin100 μg/mL, in Alkaline Agar

DNA isolation
DNA isolation from BLPs was performed using various methods to circumvent false negative results
caused by the ineffectiveness of a particular DNA isolation method:

Qiagen plant DNA kit
Approximately 100 mg of total fungal biomass from cellophane cultures was used with the DNeasy
Plant Mini Kit (Qiagen, Germantown, MD USA) kit according to the manufacturers instructions to
isolate both bacterial and fungal DNA.

Direct method
For direct amplification of bacterial DNA, cleistotecia were crushed in 100 ul of sterile demiwater and
heated to 100°C in 2.0 ml Eppendorf tubes for two minutes. 1-10 ul of boiled sample was used in the
PCR amplifications.
SDS-ProtK method
Cleistothecia contained the highest density of BLP and were used for most of the DNA isolations. To
separate BLP from fungal spores, cleistothecia were crushed in 100 ul of sterile demiwater and
centrifuged at low speed to separate the larger fungal spores from the BLPs.
The supernatant containing the BLPs was used for DNA extractions. The pellet was washed with TE
buffer (10T/1E) and dissolved in 400 μl TE. 40 μl 10% SDS and 5μl Proteinase K (20mg/ml) (Thermo
scientific, Waltham, MA, USA) were added and incubated at 56 o C for 45 mins. One volume of
phenol:chloroform:isoamyl alcohol (25:24:1) was added after mixing by vortexing for 15 seconds the
samples were centrifuged at 10,000 rpm for 10 mins. 0.1 volume of 3M sodium acetate and 2 volume
of absolute ethanol (-20o C) were added to the supernatant. The mixture was incubated at -20 o C for
2 hrs, after which the DNA was pelleted by centrifugation at 15,000 rpm for 30 mins at 10-15 o C. The
pellet was washed with 70% ethanol by centrifugation at 10,000 rpm for 15 min and dried at room
temperature. The pellet was finally suspended in 50 μl of TE.
MO BIO UltraClean® Microbial DNA isolation kit
The UltraClean® Microbial DNA isolation kit (MO BIO Laboratoratories Inc. 2746 Loker Ave West,
Carlsbad CA 92010 USA) was used, according to the manufacturer’s instructions in combination with
tissue disruption with the Vortex adapter (MO BIO Catalog #13000-V1)

PCR amplification
Table 1. Primer sequences of the primers used for the detection of bacteria, actinobacteria and
archaea.
Primer
S-C-Act-235-a-S-20

short

Sequence (5' - 3')
Targeting organism Tm Reference
CGCGGCCTATCAGCTTGTTG Actinobacteria
72°C (Stach et
al., 2003)
S-C-Act-878-a-A-19
CCGTACTCCCCAGGCGGGG Actinobacteria
72°C (Stach et
al., 2003)
S-D-Arch-0519-a-S-15 A519F
CAGCMGCCGCGGTAA
Archaea
55°C (Wang and
Qian,
2009)
S-D-Arch-1041-a-A-18 Arch1017R GGCCATGCACCWCCTCTC
Archaea
55°C (Yoshida et
al., 2005)
S-D-Bact-1091-a-A-16 R 1114
GGGTTGCGCTCGTTRC
Bacteria
50°C (Wilmotte
et al.,
1993)
S-D-Bact-0784-a-S-19 F 874
AGGATTAGATACCCTGGTA Bacteria
47°C (Andersson
et al.,
2008)

Touchdown protocol
Touchdown PCR was performed using an adaptation of the ‘touchdown’ protocol by (Roux, 2009),
which consisted of an initial denaturation step at 95°C for 4 min, followed by denaturation at 95°C for
45 s, annealing at 72°C for 45 s and extension at 72 °C for 1 min; 10 cycles in which the annealing
temperature was decreased by 0.5 °C per cycle from the preceding cycle; and then 15 cycles of 95°C
for 45 s, 68 °C for 45 s and 72°C for 1 min, with the last cycle followed by a 5 min extension at 72°C.

Staining
Lipids
The fat soluble Sudan IV (Sigma Aldrich, Saint Louis, MO, USA) was used to stain lipids, giving lipids a
bright red appearance. Cellophane or liquid cultures were fixed in Carnoy’s fluid: 60 ml ethanol
absolute, 10 ml glacial acetic acid and 30 ml chloroform for 1.5 hours prior to staining. Staining was
done by Sudan IV 0.5% in 1:1 ethanol:acetone; as 0.5% in isoamyl alcohol or as 0.5% 1,2-Propanediol.
Samples were fixed to glass slides using 1% Bovine Serum Albumin (BSA) prior to staining.
Proteins
To selectively visualize the protein components of the BLP’s we stained the fungal material in 1x
Bradford solution (Quick Start™ Bradford Protein Assay, (Bio-Rad Laboratories Hercules, CA, USA).)
for 5 minutes before visualizing under a light microscope.
Acidic Cell components
Samples were incubated in 0.14 mg/ml Neutral red in 0.1M Tris buffer pH= 7.5 for 30 minutes to
stain acidic vacuoles.
DNA
Hoechst 33258: 10 mg of Hoechst 33258 (Life Technologies, Waltham, MA USA) was dissolved in 1 ml

Milli-Q as stock solution. 50 µl aliquots were stored at -20°C for subsequent use. Cellophane or liquid
cultures were rinsed with sterile demiwater and stained for 30 or 60 minutes at room temperature in
the dark.
DAPI and Calcofluor White (CFW):
Mycelium grown in TSB with 10% NaCL was rinsed with sterile demiwater to remove excess salt.
Samples were centrifuged for 10 minutes at 20.000 rpm in Eppendorf tubes prior to incubation in
0.1% Triton X-100 for 10 minutes. CFW (Sigma Aldrich, Saint Louis, MO, USA) and DAPI (Sigma
Aldrich, Saint Louis, MO, USA) were diluted 20 times from 10 mg/ml stock and added to 5 µl
VECTASHIELD (Vector Laboratories) to delay photobleaching. Samples were incubated for 5-10
minutes in the dark prior to imaging on a Zeiss Axioplan 2 microscope (Jena, Germany) using a Zeiss
Axiocam MRc.

Results
Selective enrichment of Sodiomyces
The fungus-BLP complex was a tight association over many years and through many single spore
isolation events. Disentanglement of the fungus-BLP complex might be achieved by selective
enrichment of one of its components. By either selecting for the fungal component or the BLP
component, we might be able to separate the fungus from the BLP’s, even if the BLP’s cannot live
outside the fungus. We therefore first attempted to cure the fungus from BLP’s by making single
spore cultures of Sodiomyces on solid Alkaline Agar containing a single antibiotic or a combination of
antibiotics. None of the antibiotics, either single or in the combinations (Amp/Auro/Kan; Amp/Auro/
Kan/Pen/Strep) was able to reduce the amount of BLPs in any significant number.
Bacteria generally grow faster in liquid media when compared to solid media, therefore we used
liquid media of different compositions under constant shaking to select for BLP’s. Alkaline Medium
(AM) or the richer TSB were used, either with elevated pH or elevated pH and added NaCl. The TSB
medium is richer in proteins, possibly allowing the BLPs to grow to higher densities, independent of
the fungus.
Table 1: selective enrichment for BLPs. A negative result (-) indicates
that no BPLs grew separately from the fungus.

Medium

Selective enrichment for BLP
State Result

AA
AM
TSA
TSB pH= 9
TSB pH= 9 + 10% NaCl
Marine Broth
Marine Broth + 8% NaCl

Solid
liquid
Solid
liquid
liquid
liquid
liquid

-

Addition of NaCl to the liquid medium greatly reduced the growth speed of the fungus, however it
did not lower the amount of BLPs. In general, higher levels of BLPs were seen in high salt cultures.
This
might
indicate
a
role
for
the
BLPs
in
(fungal)
salt
tolerance.

Selective enrichment by glycerol gradient
A 1 ml sample of TSM containing both fungi and BLPs was loaded onto 50 ml of a 0-80% v/v glycerol
gradient in sterile Milli-Q and centrifuged at 2000 g for 20 min. BLP’s would form a visible zone that
could be extracted and observed with LM. This fraction was not cultivatable on solid media and no
sequences could be amplified by PCR (data no shown).

Staining of different components
To elucidate the biochemical composition of the BPLs and the associated slime layer we have used
different staining and microscopy techniques. First, light microscopy was used to confirm the
presence of BLPs and their Brownian motion (figure 1A). They were very abundant in squashed
cleistothecia and less prominent in liquid Alkaline medium. The BLPs were visible as dark granules in
phase-contrast microscopy (figure 1B), indicating that the they were likely to contain proteins or
have a proteinaceous membrane. This suspicion was confirmed by staining with Coomassie Brilliant
Blue 250 (results not shown). By staining mycelium and BLPs with Sudan IV, we could show that the
BLPs contained fats (Figure 1 C and D) and that they are more present in the slime layer surrounding
the hyphae. The slime itself does not stain or reacts with fat/protein dyes. Figure 1E shows fat
containing BLPs inside and on top of the hyphae. We could however not visually confirm the hyphae
to be a source of the BLPs.

Sodiomyces is able to thrive in a highly alkaline environment. This requires a physiology that is either
capable of dealing with these extreme conditions, or is sufficiently shielded from the environment to
operate undisturbed. Sodiomyces grown in liquid culture is able to lower the pH of its surrounding
medium to some extent (A. Grum-Grzhimaylo personal communication). This could indicate that the
internal physiology of the fungus is not altered to accommodate the high pH environment but that
the
fungus
modifies
its
surroundings
to
accommodate
its
own
growth.
The acidotropic vital dye Neutral Red was used to elucidate the interior pH of Sodiomyces. The
cytoplasm of most fungal cells is around pH 7.0-7.2 while the vacuoles have a pH of around 6.2 for
Saccharomyces cerevisiae (Preston et al., 1989). Neutral Red stains the slightly acidic vacuoles by
local accumulation (see figure 1F). The red color of the vacuoles on figure 1F is a clear indication that
the pH of the vacuoles is Below 6.8 The surrounding medium and the cytoplasm of the hyphae are
yellow, indicating a higher pH.
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Figure 1: Sodiomyces alkalinus F11. A Ascospores (thin arrow) from a cleistothecium with BLPs (thick arrow) 200X DIC. B BLPs (thin
arrow) and hyphae (thick arrow) in Phase contrast. C granules stained with Sudan IV in EtOH: acetone in a layer of slime from liquid
culture with 10% NaCl. D short staining with Sudan IV in 1,2 propanediol showing individual lipid filled particles. E Mycelium grown
on AA with 7,5% NaCl. Fat filled particles are present inside the hyphae (thin arrow) and outside (thick arrow). F Mycelium stained
with Neutral Red. G Hoechst 33258 stained mycelium. H granules in bright field. I DAPI stained mycelium.

Discussion
We were able to consistently verify the presence of bacteria like particles in Sodiomyces alkalinus in
cleistotechia and around the hyphae in liquid culture. Although phase contrast microscopy and
Coomassie staining gave valuable information about the biochemical composition of the membrane
surrounding the BLPs, the exact nature of the interior remains elusive. The DAPI and Hoechst 33258
staining revealed that the BLP’s contain no DNA or RNA, effectively dismissing any form of bacterial
contamination as the origin of the BLPs, which corresponds with the observation that no DNA
amplification could be achieved, nor curing of BLPs was possible with a plethora of antibiotics.
The staining with Sundan IV revealed that granules consist of fat surrounded by a proteinaceous
membrane. As fat is energetically costly to make and excrete, this adds to the questions surrounding
the granules: why would it be beneficial for the fungus to first make and then excrete such costly
structures? Other fungi are known to posses (internal) fat droplets: Magnaporthe grisea uses fat
droplets to fuel the generation of osmotic solutes in order to attain the large turgor pressures in the
appressorium that are needed to invade rice leaves (Joke C. de Jong, Barbara J. McCormack, 1997).
Here, the lipid bodies never leave the cell and serve a clear purpose.
One option for the role of fat granules outside of the cell might be the removal of fat dissolvable
substances from the mycelium. The high osmotic pressure surrounding the mycelium might interfere
with the removal of solutes through standard diffusion or osmotic channels. Removal of solutes by
fat droplets might circumvent this problem. An interesting observation is that the lipid bodies appear
to concentrate in the cleistothecia. The presence of lipid bodies in ascospores is no rarity in itself as
many fungi harbor lipid droplets in their asci and ascospores during some stage of their development
(Gadoury and Pearson, 1990; Illingworth et al., 1973). Therefore, elucidating the exact mechanism of
ascospore formation might shed light on the lipid granules.
For our further understanding of the role of the lipid droplets in the hyphae and the fat granules
outside the hyphae would be greatly boosted by understanding their interrelation: are the fat bodies
inside the cell the same as the granules outside? And if so, where are they secreted? The role of the
vacuoles is unclear here: they could be responsible for degrading parts of the lipid bodies if they
serve as osmoprotectants. A double live staining of both the fats and acidic vacuoles using Nile Red
and Neutral Red respectively could elucidate their connection.
Quantification of the granules is technical obstacle here, in order to fully study the functional
relationship between the fat granules and environmental factors, it is essential to have a quantitative
measure of the granule density that allows for comparison between experimental treatments.
The slime layer surrounding the hyphae and conidia is hypothesized to regulate the pH directly
around the hyphae. As Sodiomyces occurs on the edges of soda lakes in harsh and arid
circumstances, the slime layer might dampen the effects of high pH as well as providing some
desiccation resistance for the conidiospores. As the slime layer was more prominently visible in high
salt conditions, it may serve a role in osmoprotection of the hyphae. The presence of a slime layer
around the spores would then not be energetically efficient, as spores in general are expected to be
more resistant to outside influences than vegetative parts of the mycelium.
Spores are generally more resistant to desiccation, however they are also hydrophobic in order to be
able to disperse by wind. In Sodiomyces the slime layer surrounding the conidiospores may aid in

their dispersal by coating the spores in less hydrophobic material. This would increase the chance
that a spore is dispersed via (tidal) currents in the lakes that are the natural habitat of Sodiomyces.
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Summary
Infection with dsRNA mycoviruses are commonplace in most fungal taxa. Contrary to viral infections
in other taxa these infections occur symptomless (cryptic) and the viruses are generally noninfectious, apart from some notable examples. Here we describe the characterization of a totiviruslike dsRNA virus from the alkaliphilic fungus Sodiomyces alkalinus. We describe two methods to
isolate viral sequences from publically available databases. Additionally we have attempted to clone
the viral genome using a classical molecular biology approach. However, the high degree of
molecular evolution that takes place in dsRNA genomes makes the taxonomical distinction between
viruses difficult.

Introduction
The presence of viruses is common in fungi, and fungal viruses or mycoviruses have been under
study for many years. They are believed to have originated very early in the phylogenetic
diversification of the fungi and to live in tight association with their hosts, usually giving a
symptomless or cryptic infection (Ghabrial, 1998). Typical mycoviruses are isometric particles of 2550 nm in diameter and carry dsRNA genomes (see Box 1), although recent studies have found that
ssRNA mycoviruses now comprise around one third of the total mycovirus species (Pearson &
Beever, 2009). In general mycoviruses are transferred vertically via the spores or horizontally via
anastomosis (Ghabrial & Suzuki, 2009). Viruses with dsRNA genomes, relying on RNA dependent RNA
polymerases for transcription are associated with high mutation rates (Duffy, Shackelton, & Holmes,
2008), which can potentially lead to high rates of molecular evolution. The potential for rapid
evolution and the parasitic nature of the viral lifestyle leads to the assumption that mycovirusses
have the potential to confer negative effects on their hosts. Although the potential for symptomatic
infection is at least theoretically present, examples of negative influence of viruses on their fungal
host remain incidental. One example is the hypovirulence (mycovirus-mediated attenuation of fungal
virulence) of the chestnut blight Cryphonectria parasitica conferred by C. parasitica hypoviruses
(Dawe & Nuss, 2001; Nuss, 2005).
Given that most mycoviral infections are cryptic (Anne D van Diepeningen et al., 2006), a mechanism
must exist that either prevents the virus from being deleterious for the host such as RNA silencing
(Segers et. al. 2007). Effective horizontal transmission of viruses is another way to stably maintain a
mycovirus infection in the population. If the horizontal transmission rate is high enough, it can
counteract deleterious effect of the virus and incidental spontaneous curing (Diepeningen, Hoekstra
& Debets). So although in general the detrimental effects of the virus for the fungal host are mostly
attenuated by the host, the infection remains.
The presence of dsRNA in Sodiomyces was first suspected after the appearance of an additional 6 kb
band in 4 lineages in a total nucleic acid gel (A. Grum-Grzhimaylo personal communication). dsRNA is
far more stable than ssRNA, and depending on the method of isolation, dsRNA will be present in

samples of total nucleic acids from fungal material, depending on the isolation method that was
used. The double stranded identity of the RNA was confirmed by DNase I and RNase A treatment
under various salt conditions, as at high salt concentrations, RNase A selectively digests only ssRNA
while at low salt concentrations it is able to digest both RNA types. The double stranded nature of
the RNA band was a strong indicator of its viral origin. This viral origin was later confirmed by the
observation of virus like particles with cryo-SEM (A. Grum-Grzhimaylo, personal communication).
Double-stranded RNA viruses are a diverse group that shows little amino acid and nucleotide
sequence similarity and are present in a wide range of host species. The level of similarity between
viral genera can approach that of random comparisons and even conserved regions of RNA
polymerases can share as little as 10-20% amino acid identity (Mertens, 2004). There is high
variability in viral dsRNA genomes and presumably a tight association of mycoviruses with their hosts
in nature. In the lab however, various examples of efficient transfer of dsRNA mycovirus between
fungal strains and even between species exist (Van Diepeningen et al., 1998; Van Diepeningen et al.,
2000). The tight association leads to the expectation that viral strains co-evolve with the host,
making a comparison of viruses over host genera and even host species difficult, thereby greatly
impeding the design of primers for cloning.
Therefore, two strategies were adopted to elucidate parts of the viral dsRNA sequence before
directly attempting to clone the virus from fungal material. We first investigated the possibility of
using the publically available sequences at the Joint Genome Institute (JGI) for in silico analysis.,
aiming to assemble the viral genome from this information. In the second strategy we attempted to
clone the RNA genome by the classical method of Reverse Transcriptase PCR, vector library
construction and sequencing.
Box 1: The mycoviral genome
Most of the currently known mycoviruses have a genome that is composed of dsRNA. They are
classified into the Totiviridae, Partitiviridae, Reoviridae and Chrysoviridae based on the
number and size of their genomic segments: the Totiviridae contain a single linear genome,
Partitiviridae contain two genome segments, Reoviridae can contain up to 12 segments while
Chrysoviridae only have four.
The Totiviridae family contains four genera:
Genus Totivirus
Genus Victorivirus
Genus Giardiavirus
Genus Leishmaniavirus
The Totiviridae are characterized by their single linear dsRNA genome of around 4.6-6.7 kb. The
genome contains two overlapping open reading frames, named GAG and POL, encoding the coat
protein and RNA dependent RNA polymerase respectively. The virion itself is non enveloped,
icosahedral and composed of a single capsid protein.
Figure 1: Totiviral genome. The GAG gene encodes the
Capsid protein, the POL gene the RNA dependent RNA
polymerase. A ribosomal frameshift allows for the correct
transcription of the partially overlapping genes. Adapted
from:
http://viralzone.expasy.org/all_by_species/161.html

Material and methods
Virus from publically available data
We retrieved all raw sequence reads that did not map to the final genome assembly from the
publically available Sodiomyces genome at JGI. Most of these reads are expected to be mitochondrial
sequences, however if (viral) RNA is present in the original sample it is expected to be sequenced,
but to be excluded from the final assembly. We conducted an automated batch BLAST search
(BLASTN 2.2.29 against the nucleotide collection) at the National Centre for Biotechnology
Information (NCBI) web portal on 1332 unmapped sequences, resulting in a total of 99 significant
alignments. We used the MEGAN5 - MEtaGenome Analyzer (Huson, 2011) to analyze the result of
the BLAST search.
Consensus sequence
Viral sequences were obtained from the NCBI database (http://www.ncbi.nlm.nih.gov/). Consensus
sequences for viral genes were predicted using PRALINE multiple sequence alignment
(http://www.ibi.vu.nl/programs/pralinewww/) with the output color coded for sequence
conservation.

RNA isolation
Total RNA was isolated with a modified TRIzol protocol. (A. Patyshakuliyeva, personal
communication) 100 mg of fungal biomass was collected from cellophane cultures and flash frozen
in
liquid
nitrogen
using
2.0
ml
Safelock
tubes
(Eppendorf
Hamburg
Germany).
The biomass was ground by a Tissue Lyser II
(Qiagen, Venlo The
Netherlands) with 0.5 mm glass beads for 25 s followed by 15 s, both at a frequency of 25 s-1. After
disruption 1 ml of TRIzol (Life Technologies, Waltham, MA USA) was added per sample and mixed by
vortexing. The homogenized samples were incubated for 5 minutes at room temperature. Per 1 ml of
TRIzol reagent 0.2 ml of chloroform was added and tubes were shaken vigorously to mix the TRIzol.
After 2 minutes of incubation the samples were centrifuged for 10 min. at 20.000 g. Following
centrifugation the RNA remains exclusively in the (upper) aqueous phase of around 60% of the
volume of TRIzol reagent used for homogenization. The aqueous phase was transferred to a fresh
tube and one volume of 70% EtOH was added to aqueous phase after which it was transferred to a
column from the Nucleospin RNA II kit (Macherey-Nagel, Düren Germany) and centrifuged for 30 sec.
at 10.000 g. Flow through was discarded and 700 μl of buffer RA3 was added and the column was
centrifuged 30 sec at 10.000 g, followed by 350 μl RA3, centrifuged for 2 minutes at 20.000 g. RNA
was eluted from the filter in 50 μl RNase-free H2O using a 5 minute centrifuge step at RT at 20.000 g.
The dsRNA was treated with 30 units S1 nuclease (Fermentas, Life Technologies, Waltham, MA USA)
as recommended by the supplier with a 10 min heat inactivation at 70°C. A sample of 40 µl of S1
treated dsRNA was loaded on a 0.8% agarose gel containing 6x loadingbuffer with GelRED (Biotium,
Hayward, CA, USA) and run in 1x TAE buffer for 45 minutes at 100 volts. The viral dsRNA was visible
as a band of around 6 kb and purified from the gel by a QIAquick Gel Extraction Kit (Qiagen, Venlo
The Netherlands) as specified by the producer.

Cloning of the virus by random PCR
Cloning was done using the iScript Select cDNA synthesis kit (Bio-Rad Laboratories Hercules, CA,
USA).
Purified dsRNA was mixed with the primer-dN6 (5’-CCTGAATTCGATCCTCNNNNNN-3’) and incubated
for 2 minutes at 99°C in a iCyler (Bio-Rad Laboratories Hercules, CA, USA) and put on ice for 5 min.
The reaction was incubated for 90 minutes to allow efficient generation of long fragments. The
second cDNA strand was synthesized using the Klenow fragment (Thermo scientific, Waltham, MA,
USA). Formed cDNA was heated to 99°C in a BIO-RAD iCyler for 2 min and quenched on ice for 5 min.
Ten units of the Klenow fragment were added to the cDNA in 50 mM Tris-HCl (pH 8.0 at 25°C), 5 mM
MgCl2 1 mM DTT, 1 mM DNTP’s in a final volume of 50 µl to make dscDNA.
Amplification of dscDNA was achieved by adding 1 µl cDNA from the Klenow reaction to 1.5 units of
Taq polymerase, 0.25 mM DNTP’s and 1 µM of the primer (5’-CCTGAATTCGATCCTCC-3’). Thermal
cycling was performed in a BIO-RAD iCycler initial denaturation: 94°C for 2 min, 65°C for 1 min, 72°C
for 1 min, 35 cycles of 94°C for 40 sec, 52°C for 30 sec, 72°C for 3 min, followed by an extension step
of 72°C for 8 min.

Results
Viral sequences from the JGI database
After retrieving the unmapped sequences from JGI and conducting the BLAST search (see Material
and Methods) we used MEGAN5 to cluster the large quantities of DNA sequence data that were
obtained. Clusters were constructed based on the individual species tag that the BLAST output
provides for each query. These nested clusters of data are arranged on a pre-installed phylogenetic
tree, thus allowing for quick browsing through selected parts of the data.

Figure 2: MEGAN output showing the result of a BLAST search for 1332 unmapped sequences from the Sodiomyces sequencing
effort.

As shown in figure 1, the BLAST search resulted in hits in 11 distinct taxa, none of which were viral.
An additional 529 sequences were Low complexity, indicating that they could not be confidently
assigned to one of the taxa. The Low complexity hits also contained no viral sequences.

By changing the BLAST parameters to search only for viral sequences we obtained a dataset that
contained a wide variety of viral sequences. The BLAST algorithm is very useful for identifying (highly)
similar sequences in an (online) database. However, the NCBI database contains many sequences
that are poorly annotated leading to false positive matches when the algorithm is forced to search
only for viral sequences. Furthermore, the large expected differences between sequences of dsRNA
viruses might impede a correct match between the query and database sequences.
The BLAST approach as used here can be seen as a top-down approach: it matches acquired
sequences to an annotated database.

Consensus sequence
To circumvent the issues described above, an alternative to finding viral sequences using BLAST is to
identify consensus sequences and probing the unmapped reads for these sequences. This can be
seen as bottom-up: first identify a predicted sequence and then search the available data for that
sequence. We generated consensus sequences for the coat proteins of the totiviridae that were
available in the NCBI database (see figure 3). To identify these consensus sequences in the dataset
we used a custom made PERL script (PERL5, www.perl.org) that takes a user defined amino acid
sequence as input and identifies the DNA sequence for this amino acid sequence in a FASTA file,
taking into account the degenerate nature of the DNA code. Using several combinations of amino
acid sequences with different lengths and different levels of consensus, we were unable to identify
any viral consensus sequences in the unmapped reads for Sodiomyces.
Table 1: list of Totiviridae that were used for the consensus sequence

Viruses for coat alignment
Organism
Tag (UniProt)
A4FRF5
A9UIB3
A9ZNC8
E7BBP6
G3C8V3
O57043
O57043.2
Q02358.1
Q1M2S1
Q60GI3
Q6GYC1
Q6Q425
Q76L28
Q83072
Q83100_9VIRU
Q98XW9
Q99AT4
Q9YXE5_9VIRU
Q9YXE7

Botryotinia fuckeliana totivirus 1
Aspergillus mycovirus 178
Magnaporthe oryzae virus 2
Tolypocladium cylindrosporum virus 1
Beauveria bassiana RNA virus 1
Helminthosporium victoriae virus 190S
Helminthosporium victoriae virus 190S
Leishmania RNA virus 1 - 1
Epichloe festucae virus 1
Magnaporthe oryzae virus 1
Gremmeniella abietina RNA virus L2
Chalara elegans RNA Virus 1
Helicobasidium mompa totivirus 1-17
Leishmania RNA virus 2 - 1
Leishmania RNA virus 1 - 4
Eimeria brunetti RNA virus 1
Gremmeniella abietina RNA virus L1
Sphaeropsis sapinea RNA virus 2
Sphaeropsis sapinea RNA virus 1

Taxonomy

Totivirus.
unclassified Totivirus.
Victorivirus.
unclassified Victorivirus
Victorivirus
Victorivirus.
Victorivirus.
Leishmaniavirus.
Victorivirus.
Victorivirus.
Totivirus.
Victorivirus.
Victorivirus.
Leishmaniavirus.
Leishmaniavirus.
unclassified Totivirus.
Victorivirus.
Victorivirus.
Victorivirus.

Figure 3: Partial heatmap of the consensus sequence for the
Totivirus coat protein showing high consensus as red. Positions
501 to 524 are shown. The PERL script would accept
combinations of various lengths e.g. PYFW (position 513-516) or
FWIEP (position 515-519).

Cloning of the dsRNA genome
As we were unable to identify any viral sequences in the genome data from JGI we proceeded to
clone the virus. dsRNA was isolated from 20 samples of Sodiomyces and pooled into 4 fractions.
Fraction 4 was stored at -80°C, fractions 1-3 were cut with S1 nuclease to partially remove ssRNA. 40
µl per pooled fraction was separated on 0.8% agarose gel and bands containing the dsRNA were cut,
purified and concentrated by EtOH precipitation before the Reverse Transcriptase reaction.

Figure 4: RNA bands after digestion with S1 nuclease.
Marker is Lambda x E,B,H.

Figure 5: RNA bands after purification from gel.
Marker is poorly visible due to low GelRed
concentration in loading dye.

The quantity of the RNA was estimated by Nanodrop 2000 (Thermo Scientific, Waltham, MA, USA) as
10.0, 11.2, and 11.8 ng/µl respectively with 260/230 ratios of 0.16, 0.23, and 0.22. These high ratios
can be due to isothiocyanate carryover from the gel extraction kit, however this was not expected to
be detrimental for cDNA synthesis.

Discussion
Based on the size of the single dsRNA fragment, the S. alkalinus MV1 mycovirus is probably a
member of the totiviridae. This type of dsRNA mycovirus is not uncommon in fungi. They are
characterized by a genome consisting of the partially overlapping GAG and POL genes, appearing as
one distinct dsRNA band during gel electrophoresis. No suggestion on the potentially deleterious
nature of the mycovirus to its host could be observed in the host’s growth characteristics, and our
attempts to further characterize the virus failed, as we were unable to successfully isolate viral
sequences from existing databases or clone the virus using a RT-PCR approach. Therefore, as we
were yet unable to conclusively identify the genome organization of the virus, its place in the
mycoviral taxonomy is unclear. (Partial) sequencing of the viral genome, amplifying parts of the GAG
and POL genes can elucidate this position, thereby adding to the current knowledge on mycoviruses.
Viral dsRNA could be isolated and purified by gel electrophoresis and subsequent isolation of desired
fragments. However, we were unable to obtain (amplified) cDNA from the isolated dsRNA. Creating a
cDNA library with enough coverage of the dsRNA sequences is the critical step in this process.
Correct primer annealing and sufficient extension by Reverse Transcriptase (RT) are essential. In
contrast to the generation of cDNA from ssRNA, generating cDNA from dsRNA is more contingent on
correct annealing of the random primer. dsRNA first needs to be converted into ssRNA before the
primers can anneal. This was done by heating the reaction mixture to 99°C and subsequent rapid
cooling prior to addition of the RT. However, after multiple attempts we were still unable to obtain
any significant amount of cDNA. The duration of the heating step and the speed of cooling require
further optimization to achieve a better result.
The BLAST approach and the consensus sequence approach are both useful techniques to extract
sequence data from large datasets. Conducting a batch BLAST on unassigned sequence reads
obtained via the total sequencing of an organism can be a high-throughput method to provide
additional sequences of associated organisms such as viruses. Another related application would be
the sequencing of total DNA extracts from e.g. soil (environmental DNA). This method however, is
highly contingent on the data that is available and on the exact method that is used for sequencing. If
the sequence dataset is biased by the selection of poly-A sequences before the actual sequencing,
this kind of analysis would not work. As proved to be the case in the RNAseq data for Sodiomyces
alkalinus, which explains our negative results.
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