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ABSTRACT 

 

In this report, results obtained from the experimental study of European mountain ash ringspot-

associated virus (EMARaV) in two potted, side-by-side, virus-infected Sorbus aucuparia trees 

found at the Humboldt Universität zu Berlin Phytomedicine Division Research Garden; are 

presented and discussed. Studied trees were planted and intentionally inoculated with EMARaV 

in 1996 through grafting, a positive infection being confirmed in 2016 in a pooled sample of 

symptomatic leaves. Once fully flushed in the Spring, both trees were sampled and leaves 

showing little to no symptoms, where the presence of the virus would happen to be unclear, 

were selected for study. Using the total RNA extraction method as described by Boom et al. in 

1990, followed by unspecific retrotranscription and fragment-specific detection PCR techniques; 

the presence or absence of infection, spatial distribution and specific genome segments present 

were studied. Viral presence and detectability in asymptomatic leaves was confirmed all over 

the tree, pointing towards a systemic infection. RNA 3, closely followed by RNA 6, was found to 

be present and detectable in almost the totality of the samples, a later sampling additionally 

proving the occasional variation of genome segment presence within sampling spots. Testing for 

only these two segments was confirmed to provide satisfactory results for EMARaV infection 

detection in S. aucuparia. Later sequencing and alignment of selected amplified virus samples 

showed very little genomic variability both within and in between trees.  
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CHAPTER 1. INTRODUCTION 

1.1. Relevance of virus diseases in trees. 

Plant viruses, and especially those affecting forest trees, do not belong to a well, thoroughly 

documented study area. It is indeed known that viruses have a high importance in the health of 

forest trees, since the high level of tissue invasion they cause generally puts their host plant 

under moderate to severe stress, making it more difficult for them to fight other kinds of stresses 

and thus leading to a higher sensitivity (Nienhaus, 1985), a shorter lifespan and an overall 

decreased vitality (Agrios 2005). In some cases, however, virus infections can go unnoticed: host 

plants can just act as a reservoir for the virus while displaying no symptoms and without causing 

serious damage (Nienhaus, 1985). This can also happen only in certain varieties of the same 

species, in which the virus remains latent, while infection manifests in others. Symptoms of 

infection may also greatly vary in between species and even varieties (Büttner et al., 2013).  

This lack of knowledge concerning forest tree viruses, making it seem as if they were "rare and 

not important" (Büttner et al., 2013), comes into contrast with how important the actual 

economic consequences of virus-caused diseases are.  

Plant viruses have no known cure and once a tree is infected it will remain as such until its death. 

Thus, once a virus makes its way into a population, it is usually impractical, if not impossible, to 

prevent the spread of the infection in between trees (Büttner et al., 2013). Subsequently, 

prevention is only possible through an early detection and successful control of its main 

propagation mechanisms, which in turn are only possible when the specific virus is known well 

enough. Additionally, the slow growth, large size and largely inert and woody composition make 

quarantine measures, sampling and overall monitoring of virus infections in forest trees more 

difficult (Willox 2019).  

1.2. Genus Sorbus and the European mountain ash. 

The genus Sorbus belongs to the Rosaceae family and includes more than 250 species distributed 

mainly in temperate regions of the Northern Hemisphere. It is thought that it might have 

originated in East Asia and then migrated to other temperate areas such as Europe, North 

America and North Africa. The main hubs for species diversity are the Himalayas and Western 

China, and secondarily the Caucasus. In the particular case of Europe, Sorbus species are mainly 

concentrated in the central region, comprising (former) Czechoslovakia, Hungary and Germany; 

as well as in Great Britain (Aldasoro et al., 1998), which can be observed in Figure 1. 
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Leaves, inflorescence, pollen and fruit 

morphology, including colour, size and seed 

weight; are all highly variable traits in the 

Sorbus genus, and therefore useful in species 

determination. Several species in the genus 

are capable of agamospermy, i. e. asexual 

reproduction through seeds, resulting in 

clones. Agamospermy, combined with sporadic sexual reproduction, results in plants being very 

homogeneous within populations and very heterogeneous in between populations. This has 

sometimes generated a great number of intermediate forms, which have sometimes even been 

recognised as microspecies, based on slight morphological differences (Aldasoro et al., 1998).  

Some species in the genus are also capable of hybridization. S. torminalis (L.) Crantz, S. aria (L.) 

Crantz, S. aucuparia L., S. chamaemespilus (L.) Crantz and S. domestica L. are the five main 

sexually-reproducing species present in Europe. It is believed that hybridization in between this 

group of species (all but S. domestica) has led in some cases to a group of polyploid intermediate 

species with the occasional ability to reproduce sexually (Aas et al., 1994) and which also happen 

to usually be at least partially agamospermous (Aldasoro et al., 1998)  

One example of this hybridization would be S. Intermedia, commonly known as Swedish 

whitebeam. The tree is a triple hybrid among the European mountain ash (S. aucuparia), wild 

service tree (S. torminalis) and whitebeam (S. aria); and, as its common name suggests, it is 

native to North-Western Europe, but has long been cultivated and is now naturally found in 

other parts of the continent, but not out of it.   

It is normally a small, deciduous tree characterized by the presence of light gray hairs on both 

buds and the underside of leaves, giving them a silver-like appearance. Fruits are bright red in 

colour and round in shape and are often eaten and dispersed by birds. Although the wood has 

no commercial value, the tree is often grown and planted specially in urban areas because of its 

ornamental value and its tolerance to air pollution. Swedish whitebeam grows in a wide range 

of soils as long as they are rich, well-drained and it has access to plenty of light. (Sorbus 

intermedia, EUFORGEN 2019)  

Figure 1: The European distribution of Sorbus 
aucuparia based on information in the literature 
(Hultén & Fries 1986) (Taken from Raspé et al. 
2000). 
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The main species looked into in this report was Sorbus aucuparia L., commonly known as rowan 

or European mountain ash. Five subespecies can be found in Europe (Ssp. Aucuparia, glabrata, 

femenskiana, praemosa and sibirica). Rowan has a lifespan of around 150 years (Raspé et al., 

2000).  

Native to most of continental Europe, North Africa highlands and North Asia Minor, S. aucuparia 

thrives in acidic, well-drained soils. Additionally, although not indispensable for its 

establishment, rowan will display a higher growth rate and abundance if the soil is fertile 

(Hamberg et al., 2009).   

Its distribution is limited by high summer temperatures, which it can withstand given that 

enough water is available (Raspé et al., 2000). Rowan has also a low tolerance to flooding, which 

results in reduced growth (Frye and Grosse, 1992). It has, however, been proven capable of 

enduring a high level of stress caused by mechanical damage, showing a rather fast wound 

regeneration, which helps protect compromised tissues from desiccation and pathogen invasion 

(Woodward and Pocock, 1996). Furthermore, rowan is able to stand the combination of stress 

caused by winter desiccation and a short growing season, given how it can thrive and still 

produce viable seeds at higher altitudes than many other trees (Barclay and Crawford, 1984). 

Its inflorescence is composed by many small, generally pentamerous white flowers (usually 

around 250), which then give way to berry-like fruits, whose colour varies from scarlet to orange 

in the wild (Kovanda, 1961). These berries are often eaten by birds, this being the main 

dispersion method for S. aucuparia (Herrera, 1989). Some varieties produce edible berries 

(Sorbus aucuparia var. edulis), high in vitamins A and C, which are used to infuse tea, flavour 

spirituous drinks or even in the production of jams and jellies (Chalupa, 1992).  

Because of its overall hardiness, resistance to both cold winters and hot summers, resistance to 

pollution (Chalupa 1992) and its ornamental value, S. aucuparia is often used in cities as a 

decorative tree, frequently seen in green urban areas as well as in gardens or alongside roads 

(Benthack et al. 2004, Mielke et al. 2008). For the same reasons, rowan is also suitable for 

reforestation (Mielke et al. 2008) or the palliation of forest decline in Europe due to 

“borealization”, defined as enhanced soil acidification and litter accumulation, retarded nutrient 

cycling and changed forest climate (Emmer et al., 1998).  

1.3. European mountain ash ringspot disease. 

Since the 1960s, severe disease symptoms have been observed in S. aucuparia trees all around 

Europe, including Germany. The name "mountain ash ringspot disease" was suggested in 1960 
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by H. Kegler in his work Das Ringfleckenmosaik der Eberesche (Sorbus aucuparia L.). The 

symptoms include the appearance of chlorotic spots, mottling and, more characteristically, 

chlorotic ringspots on leaves (Figures 2a, 2b and 2c), as well as an overall reduced growth and 

gradual decay over the years (Benthack et al., 2004). 

 

Figure 2: Symptomatic leaf showing chlorotic mosaic spots and chlorotic ringspots (a and b), fungi-induced necrotic 
spots (b) and mottling (c) taken from the potted, infected S. aucuparia L. trees at the HUB Phytomedicine Division 

Research Garden 

The disease was proven to be graft-transmissible (Führling and Büttner, 1995) not only between 

S. aucuparia trees, but also within other woody hosts from the same family such as species 

belonging to the Sorbus, Sorbaronia, Aronia or Amelanchier genera among others; symptoms 

appearing the subsequent year after grafting (Grimová et al, 2015). No vertical transmission (via 

seeds or pollen) neither vector-mediated transmission have yet been identified, although the 

eriophyid mite Phytoptus pyri has been deemed a candidate vector (Mielke et al., 2010; Mielke 

et al., 2012; Büttner et al., 2013).  

The causative agent for the disease remained unclear for several years. Several factors pointed 

towards the virus hypothesis, including the transmission by grafting (Führling and Büttner, 

1995), the detection through electron microscopy of virus-like enveloped particles in 

symptomatic leaves (Ebrahim-Nesbat and Izadpanah, 1992) and the actual symptoms 

accompanying the disease. This hypothesis was finally confirmed in 2006 (Mielke and Mühlbach, 

2007). The new virus, shown to share similarities with members of the Bunyaviridae family 

concerning the encoding of one of its proteins, was denominated as European mountain ash 

ringspot-associated virus, or EMARaV. 

1.4. Emaraviruses. 

Similarities to genera Tospovirus and Orthobunyavirus from the Bunyaviridae family, although 

suggesting a common origin, were insufficient for EMARaV to be classified alongside them and 

thus a new virus genus (Emaravirus) was established (Mielke and Mühlbach, 2012). Since then, 

a b c 
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several other viruses have also been classified inside this new genus, including the rose rosette 

emaravirus (RRV), the Fig mosaic emaravirus (FMV) and the raspberry leaf blotch emaravirus 

(RLBV). As of today, nine viruses are included under the Emaravirus genus (Genus: Emaravirus, 

ICTV 2019).  

Emaraviruses are negative, single-strand RNA viruses, thus falling under the group V of the 

Baltimore virus classification. Their genomes are split in segments, whose numbers vary from 

one species to the other but always stay between 4 and 8, each one of the segments encoding 

a specific protein (von Bargen et al., 2019). Several of the viral diseases inside the genus 

including RRV, FMV and EMARaV; were shown to be associated with double membrane 

structures ranging from 80 to 200 nm diameter (Figure 3). These double-membrane-bodies 

(DMBs) are considered to be the putative virions (Mielke and Mühlbach, 2012). 

 

Figure 3: Double-membrane-bound bodies (DMBs) 
purified from EMARaV infected mountain ash leaves. 
Bar represents 100 nm. (Mielke and Mühlbach, 2012). 

 

Although their discoveries are quite recent 

and their study is subsequently not yet as 

deep as other plant viruses, it should be noted 

how several emaraviruses affect 

economically important crops such as figs (FMV), kiwis (Actinidia chlorotic ringspot-associated 

virus), maize and wheat (High Plains wheat mosaic emaravirus) or commercial roses (RRV) 

(Genus: Emaravirus, ICTV 2019).  

1.5. EMARaV. 

In the particular case of EMARaV, previously thought to only possess 4 segments (Mielke and 

Mühlbach, 2008) and which was recently proven to feature 6 different RNA fragments (von 

Bargen et al., 2019), the genome is organised as follows (Figure 4):  

• RNA 1 (7040 nt) encodes the RNA-dependent RNA Polymerase protein (p1, 266 kDa)  
• RNA 2 (2335 nt) encodes a viral glycoprotein precursor (P2, 75 kDa) 
• RNA 3 (1560 nt) encodes the nucleocapsid protein (P3, 35 kDa) 
• RNA 5 (1629 nt), with sequence identity to the MP-encoding RNA 4 in other 

emaraviruses, encodes the putative movement protein (MP, 42.4 kDa)  
• RNA 4 (1347 nt) and RNA 6 (1362 nt), encoding P4 and P27 respectively, both carry 

genes for proteins of unknown biological function so far 
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Figure 4: Schematic representation of the complete genome organization of EMARaV identified in S. intermedia 
(Von Bargen et al. 2019). 

Once the presence of EMARaV was observed to be correlated with the mountain ash ringspot 

disease, two specific methods for its detection were developed. Although not proven to be the 

direct causative agent of the damage, it was theorized that the infection by EMARaV could 

nevertheless be of importance since it would allow other pathogens such as fungi or bacteria to 

easily take over a weakened tree, thus bringing death upon it (Mielke et al., 2008). On the one 

hand, a polyclonal antiserum was developed against a recombinant fragment belonging to the 

virus' P3 (nucleocapsid) protein, which is then used in either Western blot or ELISA analysis using 

total protein extracts of plant tissue. On the other hand, a more sensitive method based on 

reverse transcription polymerase chain reaction amplification (RT-PCR) using specific primers 

for each of the viral genome fragments (Mielke et al., 2008). This allowed for confirmation of 

the virus presence in many of the suspected areas, as well as making its study and detection a 

lot easier. 

As previously stated, chlorotic ringspots are one of, if not the main, symptoms of EMARaV 

infection, nowadays taken as the putative causative agent of the disease. They are easily 

detectable in S. aucuparia and other Sorbus species such as S. intermedia (Von Bargen et al., 

2019), which additionally exhibits distinct leaf deformation; and other members of the subfamily 

Maloideae (Grimová et al., 2015). The exact reason behind the appearance of this pattern 

remains a mystery. Some theorize that the ring-like spots are caused by a certain signal being 

received only by the closest cells surrounding an infection site, leaving outer cells prone to 

chlorosis. Another hypothesis states that the different colour pattern might serve to attract the 

putative virus vectors (mites, in this case) to the infected plant (Willox, 2019).  
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1.6. Objectives. 

The focus of the experiment was therefore initially set on studying the spatial distribution of 

EMARaV in infected Sorbus aucuparia, in some way continuing a previous study carried away 

by Nigel Willox during the 2018-2019 winter on dormant buds belonging to the very same 

experiment subjects. This time, however, the trees had already flushed, and thus viral infection 

symptoms could be appreciated on the leaves, allowing for a more complex work taking 

symptomatology into account. It is safe to say that studying virus distribution within its host 

trees and the correspondent symptomatology could aid in the premature detection of infection 

and avoidance of its consequences. However, in the particular case of EMARaV and Sorbus 

aucuparia it could be argued that research on the topic might seem to be of more academic than 

economic importance since the virus only affects the host to a mild extent, it does not kill it and 

this same host is a non-threatened, non-crop producing tree (Willox 2019). Moreover, losses 

from virus diseases in forest trees are difficult to assess unless trees are visibly damaged or 

deficiencies in either crop production or wood quality become noticeable (Büttner et al. 2013), 

which is not the case in S. aucuparia. Rowan however has, as it was earlier stated, a rather high 

importance as an ornamental tree in Europe, as well as being a sturdy option for reforestation. 

It is therefore of both economic and ecological interest to prevent its uncontrolled spread. 

While studying EMARaV distribution, an additional, subjacent, overall goal was to test and 

further optimise the PCR-based detection method for EMARaV in Sorbus trees (i.e. viral 

segment offering the best amplification, optimal PCR conditions, etc.) initially established by 

Mielke et al in 2008. Initial testing of S. intermedia dormant buds also pursued this objective.  

Additionally, as it was mentioned before, other viruses belonging to the Emaravirus family affect 

other more economically important crops. Results obtained through the study of EMARaV about 

its behaviour and diagnoses methods could possibly aid and be extrapolated to the study of 

these other emaraviruses. 

Further into the experiment, the additional goal of studying sequence variability within and in 

between the trees was added. As any other RNA virus, EMARaV has no proofreading activity in 

its RNA polymerase, prompting a high mutation rate. Combined with its rapid replication and 

generation of large populations, this mutation rate gives the virus potential for high genetic 

variability, leading to an increased adaptability to new conditions and rapid evolution. Gathering 

information on the genetic variation of any virus can shed light on its epidemiology and 

evolution tendencies, as well as provide support for the design of reliable and efficient diagnose 

and disease control methods (Rubio et al., 2013).  
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CHAPTER 2. MATERIALS AND METHODS 

2.1. Sampling of plant material. 

2.1.1. Sampling of dormant Sorbus intermedia buds. 

The plant material used came from a Sorbus intermedia tree in Västerås Botanical Garden in 

Sweden (Figure 5), whose EMARaV infection had already been confirmed both visually and 

experimentally (von Bargen et al., 2019). Six twigs, as the one shown on Figure 6. were randomly 

picked from the lower part of the tree while on a dormant state (end of February 2019), so no 

visible symptoms could be observed at the time of harvesting. The twigs contained a total of 32 

buds of different sizes. While conducting the experiment, plant material was stored in the fridge 

at 5-7°C degrees. It was labelled E57676. Twigs were labelled A to F in increasing size order, i.e. 

twig A was the shortest and twig F the longest. Buds were labelled numerically starting from the 

base of the twig. 

 

Figure 5: Picture of the S. intermedia tree at Västerås 
Botanical Garden taken at the time of sampling 

(February 2019), showing no leaves and therefore no 
observable symptoms of EMARaV infection. 

 

 

 

Figure 6: Twig D from sampled S. intermedia, containing 
5 of the dormant buds studied.  

 

 

2.1.2. Sampling of Sorbus aucuparia leaves showing little to no symptoms of EMARaV 

infection. 

Leaf samples were taken from two potted Sorbus aucuparia trees found side to side at the 

Phytomedicine Division Research Garden at the Dahlem campus of the Albrecht-Daniel Thaer 

Institut für Agrarwissenschaft der Humboldt Universität zu Berlin (Lentzeallee 55, 14195 Berlin). 
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Both trees were purposefully inoculated with EMARaV back in 1996 through grafting with 

symptomatic infected scions. Infection was confirmed 20 years later through RT-PCR testing of 

symptomatic plant material. Trees were tagged 0407683 and 0407685 (Figures 7a and 7b 

respectively). 

 

Figure 7: Potted, infected S. aucuparia trees, labelled 0407683 (a) and 0407685 (b), at the HUB Phytomedicine 
Division Research Garden. 

 

Sampling was carried out thoroughly throughout both trees during the first week of May 2019, 

once full flushing of the leaves was observed, and the first symptoms of infection started to 

manifest.  

 During a first session, the presence of symptoms on leaves on all branches was checked and 

documented with a digital camera device. The presence and abundance of simple chlorotic 

spots, mottle, deformation and chlorotic ringspots was assessed on leaves at the tip of the twigs; 

as well as at the middle and bottom on longer branches. Unrelated symptoms to EMARaV 

infection were also checked for, mainly necrotic spots caused by fungi or signs of mechanical 

damage, so as to avoid these leaflets when sampling. In total, 101 leaves were checked on both 

trees, 61 on 0407683 and 40 on 0407685.  

Thirty-eight of the 101 potential sampling spots, 17 on 0407683 and 21 on 0407685, were 

selected based on either the absence or dim presence of symptoms on the leaves. Strongly 

symptomatic leaves were not further investigated since the presence of the virus was regarded 

as certain and not much more light could be shed upon the subject. Sampling of both trees was 

a 

b 

b 
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carried out on 06/05/2019. Approximately 100 mg of leaf material were taken for each sample 

(equivalent to two to three smaller leaflets or one bigger one) and sealed in tagged zip lock 

plastic bags. Samples were kept in the fridge at 5-7°C for the duration of the experiment. 

After the first round of experiments, two months later, on 04/07/2019, leaves were checked for 

signs of infection again. As it was expected, symptoms were more prominent and extended than 

they were before. In some cases, however, symptoms were yet to appear. Seven leaves were 

once again sampled and stored in zip lock bags; this time kept in the freezer at -20°C. 

2.1.3. Controls. 

As a positive control for the dormant buds (i.e. a sample known to contain the virus from which 

we are to expect a positive detection result), infected plant (leaf) material E57464, gathered on 

2018 from the previously mentioned Sorbus intermedia tree and frozen at -20°C, was used.  

As a negative control (i.e. a sample known to be virus-free from which we are to expect no 

detection of EMARaV) for both the dormant buds and the leaf sampling, plant material from 

potted, healthy S. aucuparia L. tree 0407656, found in the Dahlem campus of the Albrecht-

Daniel Thaer Institut, Humboldt Universität zu Berlin (Lentzeallee 55, 14195 Berlin) and situated 

at a safe distance from infected plants; was used.   

2.2. Total RNA extraction from plant material. 

The RNA extraction followed the protocol developed and published by Boom et al. (1990), with 

some slight modifications. 

Plant tissue was first homogenized using a hand-held mechanical homogeniser in a grinding-

buffer, 2.5% PVP (polyvinylpyrrolidine) solution inside Bioreba plastic bags specially designed for 

this purpose. When processing the S. intermedia buds, given their harder and somewhat 

woodier nature; additional, gentle use of a hammer for better homogenization of the tissue was 

required. Grinding homogenate was then diluted into 10% SDS (sodium dodecyl sulphate) and 

incubated for 10 minutes. After a short centrifugation and in order to separate it from plant 

debris, the supernatant containing the dissolved RNA was transferred to a reaction tube 

containing 300 μL Na-Iodine solution, 150 μL 96% (v/v) ethanol and 25 μL silica solution. 

Negatively charged RNA molecules were bound to the positively charged silica particles.  

The solution was then mixed and centrifuged and the resulting pellet, containing RNA bound to 

the silica particles, was washed twice with an ethanol-based washing buffer. Liquid phase was 

in every case discarded. Finally, the pellet containing RNA was resuspended in water through 
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mixing and heated incubation. The solution was once again centrifugated and 100 μL from the 

supernatant from each sample�s two repetitions (i. e. 200 μL total per sample), now containing 

the solubilized RNA, were added to another Eppendorf containing 8 μL LiCl (8M) and 500 μL 96% 

(v/v) ethanol. Pellet was discarded. Samples were left overnight in the freezer at -20°C for RNA 

to precipitate.  

The following day, Eppendorf tubes underwent a 20-minute centrifugation to help complete 

RNA precipitation, and the resulting supernatant was discarded. The pellet was washed with 

cold 70% (v/v) ethanol and again centrifugated. Supernatant was carefully discarded, and the 

pellet resuspended in DEPC-treated (diethyl pyrocarbonate, RNAse inactivation agent) 30 μL 

Milli-Q water, i.e. ultrapure, nuclease-free water obtained from a Millipore Corporation filtering 

device; obtaining what would be the final state of the RNA samples. RNA was stored at -20°C for 

the rest of the experiment. 

2.2.1. Nucleic acid concentration measurement. 

Nucleic acid concentration, RNA in this case, from all samples was checked through a 

ThermoFischer NanoDrop™ One UV-spectrophotometer using 1,5 μL of each sample. Samples 

with an RNA concentration larger than 1000 ng/µL were diluted 1:2 with Milli Q water to make 

pipetting for both gel-loading and later cDNA easier.  

2.3. Electrophoresis of total RNA extraction results. 

Before anything else, all tools were soaked in a 0.1% SDS solution for at least 30 minutes in order 

to deactivate present RNAases and prevent the degradation of the RNA samples. Total RNA 

extracted from each sample was first loaded on a lane in a freshly made 1% (w/v) agarose, 1x 

TBE (90 mM Tris-Borat, 2mM EDTA (disodium salt), pH 8.3) gel. 

1 μg of RNA was mixed with 2 μL of 5x Loading Buffer (50% v/v glycerol, 100mM EDTA, 0.025% 

w/v xylene cyanol, 0.025% w/v bromophenol blue) and loaded onto each lane in the gel. 

Maximum RNA solution volume loaded was set on 5.5 μL. Even for samples in which RNA 

concentration was very low and theoretically required a volume greater than 5.5 μL to amount 

to 1 μg of nucleic acid; the maximum volume rule was still followed, good results being obtained 

nevertheless, in order to preserve enough template RNA for the later cDNA synthesis. 3 μL of 

Thermo Fisher™ GeneRuler 1 kb DNA Ladder were loaded onto a separate lane to be used as a 

size reference marker for the obtained bands. Electrophoresis was run in a 1x TBE buffer-filled 

bed at 80 V for around 45 minutes. 

Results were visualized under UV light (see: UV spectroscopy of electrophoresis gels). 
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2.4. Total cDNA synthesis.  

Copy DNA (cDNA), complimentary to RNA sequence, was synthesized using ThermoScientific™ 

Maxima H Minus Reverse Transcriptase following the protocol provided by the company.  

Starting with 1.5 μg total RNA per sample (calculated using the RNA concentrations previously 

measured), both random hexamer primers (2 μL of 50μM stock solution per sample) and dNTP 

mix (1 μL of 10mM stock solution per sample) were added from a previously prepared master 

mix1. Each Eppendorf tube was brought to a final 14.5 μL with Milli Q water, adding more or less 

depending on the amount of RNA solution initially used. Samples were incubated for 5 minutes 

at 65°C and then stored in ice. 

5.5 μL of a transcription master mix were then added to each one of the samples. Said mix 

contained, per sample, 0.5 of nuclease-free Milli Q water, 4 μL of 5x RT-Buffer (Thermo 

Scientific) solution, 0.5 μL of RiboLock RNAse inhibitor and 0.5 μL of the actual reverse 

transcriptase enzyme. Samples were then incubated 10 minutes at 25°C for the binding of 

primers to the RNA; then 30 minutes at 50°C for the cDNA synthesis to take place and finally 5 

minutes at 85°C for the inactivation of the enzyme and subsequent stopping of the reaction.  

cDNA was stored in the freezer at -20°C until further use. 

2.5. Control PCR of Nad5 gene. 

In order to assess the success of the retro-transcription process, a control PCR targeting a 

fragment of the Nad5 gene (coding for a mitochondrial NAD-hydrogenase, a protein of 

constitutive presence) was carried out for each sample. A positive result in all samples was 

certified before continuing the experiment to prevent the wasting of time and resources on 

unsuccessfully transcribed cDNA. The protocol for PCR detection of transcript of plant Nad5 

gene through the amplification of a 181bp fragment, as described by Menzel et al. (2002), was 

used. 

Firstly, a PCR master mix was prepared. Said mix contained, per sample, 17.5 μL of nuclease-free 

Milli Q water (autoclaved and aliquoted in sterile conditions inside a laminar flow cabinet), 2.5 

μL 10x PCR buffer without MgCl2 (prepared at the Phytomedicine Lab), 2 μL of 25mM MgCl2 

solution, 0.5 μL of 10mM dNTPs solution, 0.25 μL of 50μM forward primer solution, 0.25 μL of 

                                                           

1 All master mixes were prepared for the desired number of samples +1 or +2 as a measure of caution 
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50μM reverse primer solution and 1 μL of 1:20 pTaq Polymerase solution (prepared at the 

Phytomedicine Lab). 

Primers were suitable for both S. intermedia and S. aucuparia. The primers demarcated a 181 

bp sequence contained in the Nad5 gene, and went as follows: 

Forward (sense) primer: GATGCTTCTTGGGGCTTCTTGTT 

Reverse (antisense) primer: CTCCAGTCACCAACATTGGCATAA 

Mini Eppendorf stripes of 8 recipients each were labelled and each well filled with 24 μL of 

master mix solution. 1 μL of the correspondent cDNA solution was added to each well. An 

additional negative control was prepared for each round using 1 μL Milli Q water instead of 

cDNA. 

The PCR was carried out in a T personal Thermocycler with the specified program, as follows: 

Initial denaturation: 2 min, 94°C 

Denaturation: 20 sec, 94°C 

Annealing: 20 sec, 52°C 

Elongation: 20 sec, 72°C 

Final elongation: 5 min, 72°C 

Hold: 10°C 

PCR results were stored in the fridge at 5-7°C until and after the electrophoresis 

2.6. Detection PCR of viral genome segments. 

In order to detect the presence of the virus with enough exactitude, up to four different 

detection PCRs were carried out for each sample, each one of them targeting one of the four 

different EMARaV genome segments chosen for the experiment: RNA 2, RNA 3, RNA 4 and RNA 

6. RNA 1 and RNA 5 were not tested for in order to save time and resources, since the previous 

segments had already been proven enough to successfully detect the virus presence, and the 

infection in both trees had already been confirmed (i.e. all segments, needed for a fully 

functional and infective virus, were present). 

The master mix composition and preparation procedure was identical to that of the control PCR 

but using the correspondent primers for the specific region of each RNA segment each time. 

Primer sequences were as follows: 

35x 
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o RNA 2: 300 bp amplified fragment size 

§ EMARaV2-FP (sense): AATCAATGTGTGGCAACTGT 
§ EMARaV2-RP (antisense): TTAGAGACACATTCACACAT 

o RNA 3: 204 bp amplified fragment size (3’ UTR) 

§ EMARaV-107-1-1 (sense): GTCATTAATTGCTTTGAGATGT 
§ EMARaV-107-1-2 (antisense): GCTTACTATTCGGAATTTATGTA 

o RNA 4: 699 bp fragment size (complete p4 coding region) 

§ EMARaV p4 For (sense): ATGGAGTCCAACAAGATGAAG 
§ EMARaV p4 Rev (antisense): TCATTCCATTTGGTCTGATGAT 

o RNA 6: 409 bp fragment size 

§ S231-135 Forward (sense): CAATGAAAGTACTAAGCACAAGC 
§ S231-544 Reverse (antisense): ATATGCTGGGATAATTCTGCG 

The PCRs were carried out in both T Personal and T Gradient thermocyclers, depending on 

availability and desired number of simultaneous PCR running. An overall similar program was 

used in every case, with a slightly modified value regarding elongation time for RNA 4 (longer, 

due to the particular, larger length of the amplified fragment) and annealing temperature for 

RNA 6 (higher, due to the need for a higher binding specificity). 

Initial denaturation: 2 min, 94°C 

    Denaturation: 30 sec, 94°C 

    Annealing: 30 sec, 52°C (55°C for RNA 6) 

    Elongation: 30 sec (45 sec for RNA 4), 72°C 

  Final elongation: 5 min, 72°C 

  Indefinite wait for recollection: 10°C 

PCR results were stored in the fridge at 5-7°C until and after the electrophoresis. 

2.7. Analytical electrophoresis of PCR results. 

Both products from the control Nad5 amplification PCR and the genomic-segment-specific 

detection PCRs were evaluated through analytical gel electrophoresis and later visualization of 

results under UV light (312 nm). 

For gel preparation, powder agarose was weighted, required quantity mixed with the 

appropriate tampon (1x TBE) and solution heated up in a microwave until its boiling point to 

allow for a full dissolution of the agarose. Solution was then cooled under running water. 

Agarose gels were re-used several times except for RNA electrophoresis. 

35x 
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Fluorescent dye Serva DNAstain Clear G was added to every agarose gel solution during the time 

window after temperature had decreased enough (solution around 60ºC) but before the agarose 

solidification. This dye would later bind specifically to nucleic acids and allow for observation of 

the RNA or DNA bands once the gels were exposed to UV light in the transilluminator. 

Approximately 1 μL of dye was added per 10 mL agarose solution.  

2.7.1. Electrophoresis of larger DNA fragments (>250 bp). 

PCR products from RNA 2, RNA 4 and RNA 6 amplification were loaded onto a 1% agarose, 1x 

TBE gel and their electrophoresis run in a 1x TBE tampon-filled bed at 80 V for approximately 45 

minutes. Samples were charged with the help of 5x Loading Buffer. 1kb DNA Ladder was used 

as a reference (3 μL loaded onto a separate lane). 

2.7.2. Electrophoresis of smaller DNA fragments (<250 bp). 

Due to the smaller size of the amplified fragment, both Nad5 and RNA 3 PCR products were 

loaded on a 1.5% agarose 1x TBE gel instead; samples again loaded mixed with 5x Loading Buffer. 

50 bp DNA Ladder was used as a reference marker (3 μL loaded onto a separate lane). 

Electrophoresis was run in a 1x TBE tampon-filled bed at 70 V for approximately 45 minutes. 

2.7.3. UV spectroscopy of electrophoresis gels. 

After running for the required amount of time, electrophoresis gels were removed from the 

buffer beds, dried and placed in a transilluminator. Parameters such as brightness and zoom 

were adjusted to obtain a clear image showing both the marker(s) and samples. Picture was 

saved in .TIFF format and printed for record keeping.  

2.8. PCR product purification. 

Protocol 1 for Purification and concentration of DNA fragments from enzymatic reactions, e.g. 

PCR-products from PCR reactions, cDNA synthesis, enzyme restriction digestions was followed, 

valid for the MSB®Spin PCRapace kitSince the sample used was the remaining PCR products after 

the electrophoresis were carried out, which amounted to approximately 20 μL, the instructions 

for PCR-mixtures up to 50 μL were followed. 250 μL of Binding Buffer were added to each 

sample, followed by a thorough vortex mix. Mixture was then transferred onto a Spin Filter and 

incubated at room temperature for 5 minutes. Eppendorfs were then centrifugated 4 minutes 

at 11.000xg. 

Once centrifugation was done, Spin Filter was moved onto a new 1.5 mL Receiver Tube. 

Following the guidelines of the manufacturer, 20 μL Elution Buffer were added directly onto the 
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centre of the Spin Filter. Tubes were incubated for at least 5 minutes at room temperature and 

finally centrifugated for 1 minute at 11000xg. 

DNA concentration was measured using the ThermoFischer NanoDrop™ One UV-

spectrophotometer (see: Nucleic acid concentration measurement) to certify standards set by 

the sequencing company were met with all samples, said standards being a minimum 20 ng/µL 

for RNA 3 and 40 ng/µL for RNA 6. 

Furthermore, an analytical electrophoresis was run on a 1.5% agarose 1x TBE gel (see: Analytical 

electrophoresis of PCR results). 3 µL sequencing-ready, purified PCR product solution was loaded 

alongside a 50 bp marker to certify everything was in order. 

2.9. Sequencing. 

In order to again confirm the virus being dealt with was EMARaV and compare its genetic 

diversity both within a single tree and in between two trees, a sequencing of the PCR products 

obtained was carried out.  

Previously-purified, selected PCR-product samples were sent to the company Macrogen to be 

sequenced using the Sanger method. Two PCR-fragment specific primers (forward and reverse) 

were included per sample for two separate sequencing reactions to be carried out (sense and 

antisense chains). 

Results were obtained in .ab1 file format, including the nucleotide sequence of each fragment 

and the corresponding electropherogram (Figure 8). Sequences would then be manually edited, 

corrected and aligned using the freeware tool BioEdit Sequence Alignment Editor for Windows. 

 

Figure 8: Example of a file in .ab1 format obtained from the sequencing company Macrogen, including the 
nucleotide sequence and the electropherogram for the sample C5B (0407683) 
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CHAPTER 3. RESULTS 

3.1. Detection of EMARaV in buds of EMARaV-infected S. intermedia. 

3.1.1. Total RNA extraction from S. intermedia buds. 

In order to confirm the successful extraction of the RNA before continuing with the experiment, 

an electrophoresis of the total RNA was carried out. In some cases, absorbance quotient 

A260/A280 values came under the ideal value 2.0 for RNA samples, especially when RNA 

concentrations were low; indicating a possible contamination with proteins. Experiments were 

nevertheless carried out and acceptable results obtained.  

Extracted total RNA from the dormant S. intermedia buds was loaded onto an electrophoresis 

gel and then results visualised through UV-spectroscopy as explained in Electrophoresis of total 

RNA extraction results and UV-spectroscopy of electrophoresis gels respectively. An example gel 

can be seen below on Figure 9. 

 

Figure 9: Example of RNA gel electrophoresis carried out with RNA extracted from S. intermedia buds E5, E6 (twig E) 
and buds F1-F8 (twig F). Two main bands, belonging to plant ribosomal RNA subunits 28S (upper) and 18S (lower), 

can be observed. 

3.1.2. Control of cDNA synthesis from S. intermedia buds’ extracted RNA 

In order to assess the correct cDNA synthesis from extracted total RNA, a fragment of the 

constitutive gene Nad5 was targeted and amplified through a PCR, as described in Control PCR 

of Nad5 gene. Results were later loaded onto an electrophoresis gel (see: Electrophoresis of 
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smaller DNA fragments) visualised through UV-spectroscopy in the same way as RNA gels (see: 

UV-spectroscopy of electrophoresis gels). 

2 μL 5x loading dye was mixed with 6 μL of each PCR result. Given the smaller size of the 

amplified fragment, ThermoScientific™ GeneRuler 50 bp DNA Ladder was used as a marker for 

reference (3 μL loaded on a separate lane). 

Electrophoresis was run through a highly concentrated, 1.5% agarose, 1x TBE gel in a 1x TBE 

tampon-filled bed at 70-80 V for 30-45 minutes. 

3.1.3. Detection RT-PCR of EMARaV genome fragments. 

All four studied EMARaV genome fragments (RNAs 2, 3, 4 and 6) were tested on the dormant 

buds. Portions of each fragment were amplified in separate PCRs starting from the cDNA 

synthesized from the total RNA extracted, as described in Detection PCR of viral genome 

segments. RNAs 2, 4 and 6 were loaded onto 1% agarose, 1x TBE gels (see: Electrophoresis of 

larger DNA fragments); while a 1.5% agarose gel was used for RNA 3 due to its shorter size (see: 

Electrophoresis of smaller DNA fragments). All 31 tested dormant buds gave a negative result 

for the four RNAs i.e. no EMARaV genome segment was detected in any of the twigs. 

3.2. Virus presence in Sorbus aucuparia leaves. 

3.2.1. Symptom distribution in S. aucuparia trees. 

Before the sampling was carried out, symptoms were assessed on both trees. Chlorosis, 

mottling, (leaf) deformation and chlorotic ringspot presence were all checked for in every 

primary and secondary branch at least once. An overview on symptoms observed is displayed in 

Figures 10 and 11 below 

Other observable characteristics such as fungi-induced necrotic spots, mechanical damage or 

aphid-induced deformations were also checked for but are not shown on the schematic 

representation. For this additional information, as well as a more detailed overview on the 

symptoms (i.e. intensity of said symptoms), see Appendix A. 

The first letter for each sample makes reference to the main tree branch the sample was taken 

from, the numbers being then used to specify the secondary branch(es), increasing from the 

bottom towards the tip of the branch i.e. sample A1 would have been taken from the first 

secondary branch sprouting from main shoot A. The second letter states the position of the 

sampling within the branch, B standing for bottom, M for middle and T for top. 
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Figure 10: Schematic representation of the symptom distribution on the 0407683 S. aucuparia tree. Red circle 
indicates chlorosis, green square indicates mottle, blue rhombus indicates deformation and fuchsia pentagon 

indicates chlorotic ringspot. 

 

Figure 11: Schematic representation of the symptom distribution on the 0407685 S. aucuparia tree. Red circle 
indicates chlorosis, green square indicates mottle, blue rhombus indicates deformation and fuchsia pentagon 

indicates chlorotic ringspot. 
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3.2.2. RT-PCR detection of EMARaV. 

Correct total RNA extraction and cDNA synthesis were tested through the same methods as for 

the dormant S. intermedia buds (see: Total RNA extraction from S. intermedia buds and Control 

of cDNA synthesis from S. intermedia buds’ extracted RNA). An example gel of the second case 

can be observed in Figure 12. 

 
Figure 12: Example of control Nad5 PCR result electrophoresis carried out with samples from tree 0407683. A single 

band at 181 bp (in between 150 and 200 bp bands from the 50bp GeneRuler DNA Ladder), corresponding to the 
amplified Nad5 fragment, can be observed in all samples except for W, the water negative control.  

Regarding virus detection, procedure was slightly altered. Even though it was proved that RNA 

2 was generally the most abundant of the segments in EMARaV-infected S. aucuparia L. 

(Schlatermund, 2008), the more recent study carried out by N. Willox (2019) on the same trees 

studied showed that mainly RNA 3, but also RNA 6, were the most commonly detected segments 

in virus-positive samples. In order to reduce workload, these two segments were therefore 

prioritized. Their presence alone was deemed enough to prove the infection of the virus in the 

tested leaflet, thus a detection PCR for RNAs 2 and 4 was only carried out when a negative result 

was obtained for the first other two. 

Detection RT-PCR, electrophoresis and latter gel visualization through UV-spectroscopy was also 

carried in a similar way as done for the S. intermedia buds (see: Detection PCR of viral genome 

sequences, Analytical electrophoresis of PCR results). An example gel can be observed in Figure 

13. 
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Figure 13: Example of detection RNA 6 PCR result electrophoresis carried out with samples from tree 0407683. A 
single band at 409 bp (in between 500 and 250 bp bands from the 1kb GeneRuler DNA Ladder) can be observed in 

most samples except for A1T and A41T, indicating absence of said viral genome segment in the samples; and W, the 
water negative control. 

3.2.3. Virus presence in sampled leaves. 

Results obtained from the evaluation of the presence of different viral segments are presented 

in a schematic drawing (Figures 13 and 14) and summarized in Tables 1 and 2.  

Table 1: Results for every PCR carried out for each of the S. aucuparia leaf samples from tree 0407683, including 
control Nad5 PCR and the different viral genome segments. Samples in light yellow were later used for sequencing. 
Cells in a darker colour indicate spot in the tree was sampled twice, the second result being displayed in brackets. 
“+” indicates a positive result i.e. successful fragment amplification. “–“ indicates a negative result i.e. absence of 

the targeted fragment for amplification. 

Sample Nad5 RNA 3 RNA 6 RNA 2 RNA 4 

A1B + + +     

A1T + - - - - 

A3T + + +     

A31B + + +     

A31T + + +     

A41T + - (+) - (-) - - 

A42T + + +     

A432B + + +     

A432T + + +     

A52B + + +     

A52T + + +     

A62T + + +     

B1B + + +     

B1T + + (+) + (+)     

C1T + + +     

C5B + + +     

DT + + +     
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Table 2: Results for every PCR carried out for each of the S. aucuparia leaf samples from tree 0407685, including 
control Nad5 PCR and the different viral genome segments. Samples in light yellow were later used for sequencing. 
Cells in a darker colour indicate spot in the tree was sampled twice, the second result being displayed in brackets. 
“+” indicates a positive result i.e. successful fragment amplification. “–“ indicates a negative result i.e. absence of 

the targeted fragment for amplification. 

Sample Nad5 RNA 3 RNA 6 RNA 2 RNA 4 

AB + - (+) - (-) - - 

AT + + +     

A1B + + +     

A1M + + (+) - (-) - - 

A1T + + +     

A2M + + +     

A2T + + +     

A2/31T + + (+) - (+) - - 

A2/33T + + (+) + (-)     

A3T + + +     

A32B + + +     

A32T + + +     

A5T + + +     

BB + + +     

BM + + +     

BT + + +     

B1T + + (+) + (-)     

B3B + + +     

B3T + + +     

C1/2T + + +     

C3T + + +     

 

The second sampling was carried out on a limited number of asymptomatic leaves which not 

only had either shown weak symptoms to no symptoms at all on the previous assessment either, 

but also remained asymptomatic two months later. 
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Figure 14: Schematic representation of 0407683 tree, split into main branches for easier visualisation. Samples in 
red indicate the presence of both RNA segments tested (RNA 3 and 6), samples in green indicate absence of viral 

genome segments. A coloured asterisks indicates results obtained during the second sampling, yellow standing for 
only RNA 3 and red for both RNA 3 and RNA 6 detected. 
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Figure 15: Schematic representation of 0407685 tree, split into main branches for easier visualisation. Samples in 
red indicate the presence of both RNA segments tested (RNA 3 and 6), samples in yellow indicate only RNA 3 

presence, samples in green indicate absence of viral genome segments. A coloured asterisk indicates the result 
obtained in the second sampling, following the same colour scheme.  

 

3.3. Genetic variability of EMARaV in Sorbus aucuparia trees. 

3.3.1. DNA sequence. 

As done for the detection PCRs, and aiming to reduce costs, time and workload; RNAs 3 and 6 

were estimated enough for the study and were the only ones processed. Samples were selected 

by thickness of the band observed in the electrophoresis gels, taking care of choosing two 

samples per main branch per tree so as to keep a good level of representativeness. Chosen 

samples were A432T, A62T, B1B, B1T, C1T and C5B for 0407683; and A1B, A2M, BB, B3B, C1/2T 

and C3T for 0407685. 
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Sequencing and PCR mistakes were manually edited and corrected with the aid of the 

electropherogram and through comparison between the reverse complementary sequences in 

every case (i.e. sense sequence was aligned with the reverse complimentary of the antisense 

sequence, and vice versa). Later, corrected sequences were aligned with both the primers and 

the standard EMARaV genome sequence, obtained from the National Centre for Biotechnology 

Information (RNA 3, accession number: DQ831831) and the European Nucleotide Archive (RNA 

6, sequences: LR536383.1 and LR536380.1 for isolates E51609 and E53006 respectively); in 

order to certify correct amplification and study variability. 

Lastly, a consensus sequence was generated from the combination of both sequences (i.e. 

forward and reverse) for each sample, using the in-built function on BioEdit. For this purpose, 

primer-binding regions were discarded, since little to none genetic variability would be taking 

place in them, and only the smaller, inner region of the amplified fragment remained (159 bp 

for RNA 3, 366-369 bp for RNA 6). Alignments were graphically displayed for easier visualization 

and a sequence identity matrix was generated for each of the RNAs using the in-built function 

on the program (Tables 3 and 4). On these matrices, increasing values up to 1 show the sequence 

identity between compared samples i.e. on Table 3, B1B and B1T have a maximum sequence 

identity (1), meaning their sequences are identical, while C1/2T and the standard EMARaV 

genome sequence present a lower value, indicating more differences between their sequences. 

Table 3: Colour-coded sequence identity matrix generated by BioEdit from the samples’ RNA 3 consensus sequences 
and the NCBI standard EMARaV genome sequence (“RNA3”, in a darker shade of blue).  

Seq-> RNA3 A432T A62T B1B B1T C1T C5B A1B A2M BB B3B C1/2T C3T 

RNA3 ID 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,987 0,993 

A432T 0,993 ID 1 1 1 1 1 1 1 1 1 0,993 1 

A62T 0,993 1 ID 1 1 1 1 1 1 1 1 0,993 1 

B1B 0,993 1 1 ID 1 1 1 1 1 1 1 0,993 1 

B1T 0,993 1 1 1 ID 1 1 1 1 1 1 0,993 1 

C1T 0,993 1 1 1 1 ID 1 1 1 1 1 0,993 1 

C5B 0,993 1 1 1 1 1 ID 1 1 1 1 0,993 1 

A1B 0,993 1 1 1 1 1 1 ID 1 1 1 0,993 1 

A2M 0,993 1 1 1 1 1 1 1 ID 1 1 0,993 1 

BB 0,993 1 1 1 1 1 1 1 1 ID 1 0,993 1 

B3B 0,993 1 1 1 1 1 1 1 1 1 ID 0,993 1 

C1/2T 0,987 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 0,993 ID 0,993 

C3T 0,993 1 1 1 1 1 1 1 1 1 1 0,993 ID 
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Table 4: Colour-coded sequence identity matrix generated by BioEdit from the samples’ RNA 6 consensus sequences 
and the two European Nucleotide Archive standard EMARaV genome sequences (“E53006” and “E51609”, in a 

darker shade of blue).  

Two variation spots in between the trees were found in the amplified RNA 6 sequence at 

positions 938 and 1013 (Figure 16).  

 

Figure 16: Graphic view generated with BioEdit showing the alignment of the consensus RNA 6 amplified fragments 
alongside the two European Nucleotide Archive standard EMARaV genome sequences (“E53006” and “E51609”). 
Samples A432T to C5B belong to 0407683, samples A1B to C3T belong to 0407685. Variation in between trees is 
observable at positions 935 and 1010, variation compared with E53006 at positions991 and 1039 (positions not 

adjusting to the ruler because of gaps in the sequences). 

All samples differed from the E53006 isolate in nucleotide position 991 and 1039 having an A 

and a G instead of a G and an A respectively.  

Seq-> E53006 E51609 A432T A62T B1B B1T C1T C5B A1B A2M BB B3B C1/2T C3T 

E53006 ID 0,989 0,989 0,978 0,98 0,989 0,989 0,989 0,983 0,972 0,983 0,983 0,983 0,983 

E51609 0,989 ID 0,989 0,978 0,98 0,989 0,989 0,989 0,994 0,983 0,994 0,994 0,994 0,994 

A432T 0,989 0,989 ID 0,989 0,991 1 1 1 0,994 0,983 0,994 0,994 0,994 0,994 

A62T 0,978 0,978 0,989 ID 0,997 0,989 0,989 0,989 0,983 0,994 0,983 0,983 0,983 0,983 

B1B 0,98 0,98 0,991 0,997 ID 0,991 0,991 0,991 0,986 0,991 0,986 0,986 0,986 0,986 

B1T 0,989 0,989 1 0,989 0,991 ID 1 1 0,994 0,983 0,994 0,994 0,994 0,994 

C1T 0,989 0,989 1 0,989 0,991 1 ID 1 0,994 0,983 0,994 0,994 0,994 0,994 

C5B 0,989 0,989 1 0,989 0,991 1 1 ID 0,994 0,983 0,994 0,994 0,994 0,994 

A1B 0,983 0,994 0,994 0,983 0,986 0,994 0,994 0,994 ID 0,989 1 1 1 1 

A2M 0,972 0,983 0,983 0,994 0,991 0,983 0,983 0,983 0,989 ID 0,989 0,989 0,989 0,989 

BB 0,983 0,994 0,994 0,983 0,986 0,994 0,994 0,994 1 0,989 ID 1 1 1 

B3B 0,983 0,994 0,994 0,983 0,986 0,994 0,994 0,994 1 0,989 1 ID 1 1 

C1/2T 0,983 0,994 0,994 0,983 0,986 0,994 0,994 0,994 1 0,989 1 1 ID 1 

C3T 0,983 0,994 0,994 0,983 0,986 0,994 0,994 0,994 1 0,989 1 1 1 ID 
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Additionally, 0407683 isolates had a G at 935 and a U at 1010, identical to the E53006 EMARaV 

isolate (Sequence: LR536380.1, ENA, 2019); whereas 0407685 isolates had a U at 938 and a C at 

1010, identical to the E51609 isolate (Sequence: LR536383.1, ENA, 2019).  

3.3.2. Aminoacid sequence. 

In order to further study the variability between EMARaV within and in between the two trees, 

a translation of the sequence and subsequent alignment, was performed for RNA 6 with aid of 

the program BioEdit (Figure 17). All samples differed from both isolate sequences used at the 

111th position, where the standard translated sequences showed a glutamate while the virus 

sequences showed an “unknown” amino acid since the consensus sequence codon in question 

code was “RRA” (“R” standing for “an A or a G”) which could be translated into three very 

different amino acids: a Glu (GAA), an Arg (AGA) or a Lys (AAA). The two Asn present at position 

113 for samples A62T and A2M was due to additional nucleotides present in these two samples’ 

consensus sequences, most likely because of a sequencing error. 

 

Figure 17: Graphic view generated by BioEdit showing the alignment of the translated consensus sequence of the 
RNA 6 amplified fragments alongside the two European Nucleotide Archive standard EMARaV (translated) genome 

sequences (“E53006” and “E51609”). “X” stands for “unknown” or “unimportant” amino acid. 

 

This analysis was not possible for RNA 3 since the amplified fragment did not belong in the 

coding region, but in the 3’UTR.  
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CHAPTER 4. DISCUSSION 

4.1. Distribution of EMARaV in infected Sorbus aucuparia. 

Results were fairly similar to those obtained by N. Willox in his previous study of the dormant 

buds of the trees and shed no light on a possible pattern on EMARaV distribution, but rather 

pointed to a systemic infection, which would be expected since the trees were inoculated while 

still very young and over 10 years have passed since. No noticeable difference exists either in 

the proportion of positive results for either of the two trees. This leads to the assumption that 

said distribution pattern is, in fact, non-existent and does not follow any rules regarding 

distance from the ground, distance from the main shoot or position within the branch. However, 

further study of other infected trees would always be advisable, since there is no way to know 

if the behaviour of the virus within a recently infected, fully grown S. aucuparia tree would also 

result in a fully systemic distribution of viral genome segments like in the two grafted trees 

studied.   

4.2. Testing and optimisation of the RT-PCR-based detection method. 

Considering results obtained from the study of dormant S. intermedia and both dormant buds 

(Willox, 2019) and leaves from S. aucuparia, is safe to state that dormant buds offer lower virus 

content and overall infection detectability, leaf sampling being therefore preferable for the 

study of EMARaV in Sorbus spp. trees (when available). It has also been proven that viral genome 

segments are indeed present and easily detectable in asymptomatic and weakly symptomatic 

leaves, proving them as fitting as symptomatic ones for potential sampling spots for the 

detection of EMARaV infection in Sorbus aucuparia trees. 

As it was expected given the conclusions drawn by Nigel Willox in his previous study of the trees 

(2019), both RNAs 3 and 6 were the most abundant viral genome segments: RNA 3 was present 

in 35 of the 38 samples studied, whereas RNA 6 was found in 33 of the 38. It is worth noticing, 

however, that although in samples A1M and A2/31T RNA 6 gave a negative result while RNA 3 

gave a positive one, it was never the other way round, i. e. RNA 3 was always present alongside 

any other genome segments (100% of virus-positive samples). Fairly abundant as well, RNA 6 

was found in 86% of virus-positive samples. This also concurs with results obtained by N. Willox 

(2019). 
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Also attention worthy is the fact that a quite higher number of positive results was obtained 

when compared to results obtained by sampling the dormant buds of the same trees: 92.11% 

(35 out of 38) leaf samples had at least one viral genome segment versus 13.24% (9 out of 68) 

bud samples. Taking also into account the complete absence of positive results obtained for the 

31 S. intermedia buds, the most plausible inferred conclusion is that virus content is a lot lower 

in buds2. The absence of positive results could also very well be due to a virus content so low it 

escapes detectability by the methods used in this experiment. Previous studies on other viruses 

such as Prunus Necrotic Ringspot Virus (PNRSV) also show an increased virus concentration 

during summer followed by a decrease during winter (Dal Zotto et al., 1999), offering an 

additional explanation for the lower amount of positive results obtained for buds sampled 

during dormant stages of the tree for both S. intermedia and S. aucuparia (Willox, 2019).  

The abundance of RNA 3, which codifies for the EMARaV nucleocapsid protein, indicates the 

importance of said protein concerning the colonisation of the host tree. It has been proven 

that most enveloped viruses, such as Tomato spotted wilt virus (TSWV), another member of the 

Bunyaviridae family to which emaraviruses are related (Fimoviridae, ICTV 2019), require their 

respective nucleocapsid protein for a successful systemic infection, since it often helps with both 

cell-to-cell movement and long-distance travel (Zhang et al., 2011), as well as mitigating plant 

defence (Agrios, 2005). Nucleocapsid proteins were also proven to play an essential role in the 

viral cycle of TSWV and other Bunyaviruses since only the ribonucleoprotein complexes (RNPs) 

they form when combining with the genomic RNA segments, and not said segments alone, can 

be used as a template for both viral genome replication and gene transcription (Li et al. 2014). 

It is therefore logical to assume the virus would prioritise the replication of said protein, and 

thus the transcription of said RNA segment, before any other. This assumption is backed up by 

the fact that all four RNA segments studied (RNAs 2, 3, 4 and 6) were indeed found present 

together in some of the dormant buds studied by N. Willox (2019) (See Appendix B). 

Although less abundant than RNA 3, RNA 6, coding for the 229 aa, 26.8 kDa P27 protein, was 

still present in almost the totality of virus-positive samples. This abundance could possibly be 

pointing out its importance in the viral cycle. A noticeable amino acid identity of 54.7% with 

the P4 protein coded by RNA 4, of also unknown function in EMARaV but involved in cell-to-cell 

movement in other emaraviruses like Fig mosaic emaravirus (Ishikawa et al., 2013) or Raspberry 

                                                           

2 Although unlikely, these results being due to chance was also possible, since sampling of the tree was 
carried out randomly and without any visual help of symptoms. Additionally, said symptoms did not 
manifest in the totality of the tree, but only on around a third of its canopy (von Bargen et al., 2019). 
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leaf blotch emaravirus (Yu et al., 2013); is the only current lead for the importance of this 

segment (von Bargen et al., 2019). Further study would once again be required.  

Incidentally, no positive RNA 2, coding for the EMARaV putative glycoprotein precursor, or RNA 

4, coding for the yet-to-be-determined function P4; results were obtained for leaves tested. 

This did not come as a surprise, since selected samples had already given negative results to the 

previously proven most abundant viral segments. Given the fairly early time of sampling, it is 

logical to assume the virus would have not yet started replication of the rest of the segments. 

Additionally, another possible explanation for the absence of these two segments could arise 

from their PCR amplification not being sensitive enough to successfully detect them, which 

however does not concord with the positive results obtained during the establishment of the 

PCR method (Mielke et al., 2008) and the previous study of the trees (Willox, 2019) where 

positive results were obtained. Absence of PCR amplification could also be due to the primers 

failing to anneal to the template cDNA because of mutations in the target sequences decreasing 

their specificity, which would however not be very expected given the results obtained when 

studying the genetic variation of the other two segments (see: Genetic variability within and in 

between the trees).  In any case, further study and detection PCRs later in the year for these two 

RNAs, and perhaps additional segments 1 and 5, would be required to confirm this hypothesis 

The second sampling and study of asymptomatic leaves proved viral content and/or 

detectability fluctuated over time. Some samples gave a positive result where there previously 

was none for both RNA 3 (sample A41T from 0407683 and sample AB from 0407685) and RNA6 

(sample A2/31T from 0407685), which would be an expected consequence of the infection 

spreading throughout the tree. However, in two occasions previously detected RNA 6 in two 

samples (A2/33T and B1T from 0407685) was not found the second time. On the one hand, this 

could be due to an irregular distribution of the viral RNA segments within the pinnately 

compound leaves of European mountain ash, further testing being required to explore the 

hypothesis. On the other hand, it could also mean the viral presence and/or concentration 

within the detectability ranges varies over time. 

Another possible explanation to these results, first suggested by N. Willox (2019), starts by 

considering mites as the most likely vector for EMARaV, in a similar way to other emaraviruses 

(Mielke-Ehret and Mühlbach, 2012), such as Rose rosette disease (Amrine et al., 1988). 

Dispersed even by the wind, the microscopic size of said mites makes them invisible to the 

naked, unaware eye. It would therefore be possible that mites containing the virus were 

gathered alongside leaf samples and processed alongside them, positive results being obtained 
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from the genome segments contained in the mites and not from the leaves. This hypothesis, 

however, should be discarded for the time being given the lack of galls observed on the studied 

trees’ leaves, the most obvious sign of mite presence and infection.  

4.3. Genetic variability within and in between the trees. 

Genetic variability both within and in between the trees proved not to be very high at all in the 

two experiment subjects. Barely to none noteworthy variations were found for neither RNA 3 

nor RNA 6 either nucleotide or translated-amino-acid-sequence wise (in the case of RNA 6). This 

genetic conservation, which may be due to a negative selection taking place against mutated 

strains of the virus, backs up the previously stated hypothesis of the P27 encoded by RNA 6 

playing an important function in the vital cycle of EMARaV, likely during the first stages. 

These results however may not shed a lot of light on the subject since the studied sequences 

were very limited in comparison to the whole viral genome and were not even in the coding 

region in the case of the RNA 3 amplified fragment. The results also clash with the ones obtained 

in a similar study carried out on a Prunus persica tree infected with Plum pox virus (PPV), in which 

several populations of the virus were found to have been isolated and evolving independently 

within the same single host for years (Jridi et al., 2007). Since only two segments were tested 

for, only one of which included (part of) the coding region, there is no way to safely rule out 

genetic variation, which may very well be taken place in the untested segments and/or regions. 

Further study of the additional segments would be advised. 
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CHAPTER 5. CONCLUSION. 

Several conclusions can be drawn from this experiment.  

Firstly, the EMARaV infection on both studied S. aucuparia trees seems to be systemic, the virus 

segments studied being detected all over both trees indistinctively. No clear distribution pattern 

can be deduced from the sampling results, which also concurs with the previous study of the 

trees’ dormant buds (Willox, 2019). 

Secondly, regarding genomic variation, low to inexistent sequence variability was found for the 

studied amplified fragments of these two segments both within and in between trees, said 

variability being additionally of little relevance when it comes to the resulting translated protein 

for RNA 6. 

Lastly, concerning the establishment of a protocol for the detection of EMARaV, it is safe to 

affirm that dormant buds offer lower virus content and overall infection detectability, leaf 

sampling being therefore preferable for the study of EMARaV in Sorbus spp. trees when 

available. It has also been proven that viral genome segments are present and easily detectable 

in asymptomatic and weakly symptomatic leaves, proving them fitting as potential sampling 

spots for the detection of EMARaV infection in Sorbus aucuparia trees. As previously concluded 

by N. Willox in his study of the trees, checking only for RNA 3, and additionally RNA 6, offers 

satisfactory and reliable results when it comes to EMARaV infection detection, although viral 

genome presence and/or detectability may vary over time.  

Additionally, the fact RNA 6 was present in an almost equal proportion as RNA 6 in the putative 

early stages of the virus cycle combined to the high genetic conservation of the sequence 

observed both between and within the trees leads to the hypothesis that, although still 

unknown, the function of the P27 protein encoded in the segment is just as important for the 

early stages of viral infection and replication cycle as the P3 encoded by RNA 3. More 

investigation on the subject would nevertheless be required. 
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Appendix A: Detailed information on observed viral symptoms 

Here the results obtained after symptom assessment on both potted Sorbus aucuparia trees are 

presented in further detail, mainly displaying additional information on magnitude of symptom 

presence. Additionally, fungal-induced necrotic spots were also taken into account (displayed 

on the tables under “Fungi” in a darker shade of blue), as well as other observations (displayed 

on the tables under “Other). 

A.1. Tree 0407683 

Table 5: Observed symptoms on tree 0407683. “+++” indicates very abundant presence, “++” indicates moderate 
presence, “+” indicates presence and “-“ indicates absence. Samples in bold and with a light blue cell background 

were the ones later used for virus study. 

Twig Sample Symptoms 
Chlorosis Mottle Deformation Ringspots Fungi Other 

A AB - - - - - - 
  AT - - - - - - 
A1 A1B - - - - - - 
  A1M - - - - - - 
  A1T + - + - - - 
A2 A2M + - - - - - 
  A2T + - - - + - 
A2/3 
1 A2/3 1T - - - - - - 
A2/3 
2 A2/3 2T + - + + - - 
A2/3 
3 A2/3 3T - - + - ++ - 
A3 A3T + - + - - - 
A31 A31T + + - + + - 
A32 A32B - - - - - - 

  A32T + + ++ - ++ 

Aphid-
induced 
deformation 

A4 A4M - - - - - - 
  A4T + + + + ++ - 
A5 A5T + - - - - - 

A51 A51T + + +++ - - 

Severe 
deformation/
mechanical 
damage 

A52 A52T ++ + + + +++ - 
A53 A53B + - - - - - 
  A53M ++ ++ - ++ ++ - 
  A53T + + + - + - 
B BB - - - - - - 
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  BM - - + - - - 

  BT - - - - - - 
B1 B1T - - - - - - 
B2 B2B + - + - + - 
  B2T + - ++ - - - 
B3 B3B + - - - - - 
  B3T + - + - - - 
B4 B4B + - - + - - 
  B4M + - ++ + + - 
  B4T + + - + + - 
C CT ++ + - + ++ - 

C1 C1T + - ++ - - 
severe 
deformation 

C1/2 C1/2T + - - - - - 
C2 C2           - 
C3 C3T + - - - + - 
C4 C4M + - + - - - 
  C4T ++ ++ - - + - 

 

A.2. Tree 0407685 

Table 6: Observed symptoms on tree 0407685. “+++” indicates very abundant presence, “++” indicates moderate 
presence, “+” indicates presence and “-“ indicates absence. Samples in bold and with a light blue cell background 

were the ones later used for virus study. 

Twig Sample Symptoms 
Chlorosis Mottle Deformation Ringspots Fungi Other 

A1 A1B + - - - + - 
  A1T + - - - - - 
A21 A21B +++ +++ - + - - 
  A21M +++ +++ - + - - 
  A21T +++ +++ + + ++ - 
A22 A22T + + ++ - - - 
A23 A23B ++ ++ + + - - 
  A23M +++ +++ + + - - 
  A23T +++ +++ - + - - 
A3 A3B + + + - - - 
  A3T ++ ++ - ++ - - 
A31 A31B + - - - - - 
  A31T + - + - - - 
A41 A41T + - + - - - 
A42 A42T + - + - - - 
A431 A431B ++ + + + - - 
  A431T ++ ++ + + - - 
A432 A432B + - - + - - 
  A432T +++ +++ ++ +   - 
A433 A433B ++ + - + - - 
  A433T ++ + - - + - 
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A44 A44             
A511 A511B ++ ++ - + - - 
  A511T +++ ++ - - + - 
A512 A512B +++ ++ - ++ - - 
  A512B +++ ++ - + + - 
A513 A513B ++ ++ - + - - 
  A513T +++ ++ - - - - 
A514 A514B ++ + ++ - - - 
  A514T +++ ++ + - - - 
A52 A52B - - - - - - 
  A52T ++ ++ ++ - - - 
A53 A53M + + - - - - 
A54 A54B + + - - - - 
  A54T + + + + + - 
A61 A61B - - - - - - 
  A61M + - - + + - 
  A61T ++ ++ - - - - 
A611 A611B ++ ++ + - - - 
  A611T ++ ++ - - - - 
A62 A62B + - - - - - 
  A62T + - - - - - 
B1 B1B + - - ++ - - 
  B1T + + - - - - 
B2 B2B + - + - - - 
  B2M ++ ++ - - - - 
  B2T + - - - + - 
B21 B21B + + - - - - 
  B21T ++ + - + + - 
B3 B3B ++ + + - - damaged leaves 
  B3T ++ + - + + - 
C1 C1T + - + - - - 
C2 C2B - - + - - - 
  C2T ++ ++ - - + damaged leaves 
C3 C3T ++ ++ + ++ - - 
C4 C4B ++ + - - - - 
  C4T + - + - - - 
C5 C5B - - + - - - 
C6 C6B + + - - - - 
  C6T + + + - - - 
D DT + - + - - - 
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Appendix B: Summary of results obtained by Nigel Willox  

Here the results obtained by N. Willox during his study Spatial distribution of EMARaV genome 

segments within buds of two infected Sorbus aucuparia trees (2019) are summarized and 

presented. 

 N. Willox researched, in a similar way as it was done in this experiment, the EMARaV viral 

presence in dormant buds during the winter semester of the 2018-2019 school year, the buds 

belonging to the same 0407683 and 0407685 Sorbus aucuparia trees. Methodology regarding 

RNA extraction, cDNA synthesis, PCR, gel electrophoresis and UV-spectroscopy visualization was 

identical to the one mentioned previously in this report. His results are therefore 

complementary and a helpful addition to those obtained in the sampling of the leaves. 

B.1. Tree 0407683 

 

 

Figure 18: Spatial representation of tree 0407683 with indication marking locations where buds sampling took place. 
Green, negative; yellow, trace amounts (1 viral genome segment present); red, positive (i.e. 2 or more genome 

segments) (Willox, 2019). 
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Table 7: Results for every PCR carried out for each of the S. aucuparia dormant buds samples from tree 0407683 
tested by N. Willox (2019), including control nad5 PCR and the different viral genome segments 

Sample nad5 RNA 3 RNA 6 RNA 2 RNA 4 
A1.1 + - - - - 
A1.2 + - - - - 
A1.3 + - - - - 
A2.1 + - - - - 
A2.2 + - - - - 
A3.1 + - - - - 
A3.2 + + + + + 
A3.3 + - - - - 
A4.1 + - - - - 
A4.2 + - - - - 
A5.1 + + + - - 
A5.2 + - - - - 
A5.3 + + + - - 
A5.4 + - - - - 
B1.1 + - - - - 
B2.1 + - - - - 
B2.2 + - - - - 
B3.1 + - - - - 
B4.1 + - - - - 
B4.2 + - - - - 
C1.1 + - - - - 
C2.1 + - - - - 
C3.1 + - - - - 
C4.1 + - - - - 

 

B.2. Tree 0407685 

 

Figure 19: Spatial representation of tree 0407685 with indication marking locations where buds sampling took 
place. Green, negative; red, positive (i.e. 2 or more genome segments) (Willox, 2019). 
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Table 8: Results for every PCR carried out for each of the S. aucuparia dormant buds samples from tree 0407685 
tested by N. Willox (2019), including control nad5 PCR and the different viral genome segments. 

Sample nad5 RNA 3 RNA 6 RNA 2 RNA 4 
A1.1 + - - - - 
A1.2 + - - - - 
A2.1.1 + - - - - 
A2.1.2 (B) + - - - - 
A2.1.2 (T) + + + - - 
A2.2 + - + - - 
A2.3 + - - - - 
A3.1 + - - - - 
A3.2 + + - - + 
A4.1 + - - - - 
A4.2.1 + - - - - 
A4.2.2 + - - - - 
A4.3.1 + - - - - 
A4.3.2 + - - - - 
A4.4 + - - - - 
A5.1.1 + - - - - 
A5.1.2 + - - - - 
A5.1.3 + - - - - 
A5.2.2 + - - - - 
A5.3 + - - - - 
A5.4 + - - - - 
A6.1.1 + - - - - 
A6.1.2 + - - - - 
A6.1.3 + - - - - 
A6.2 + - - - - 
B0 + + - - - 
B1.1 + - - - - 
B1.2 + - - - - 
B1.3 + - - - - 
B2.1 + + - - - 
B2.2 + - - - - 
B2.3 + - - - - 
B3.1 + - - - - 
B3.2 + - - - - 
B3.3 + - - - - 
C0 + + + + + 
C1 + - - - - 
C2.1 + - - - - 
C2.2 + - - - - 
C3.1 + - - - - 
C3.2 + - - - - 
C4 + - - - - 
C6 + - - - - 
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