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 Cotoneaster is an ornamental shrub valued for showy flowers, berries and 

architecture as well as the ability tolerate adverse conditions under which other taxa 

fail. Cotoneaster is a highly diverse genus of over 400 species, of which few are 

available in the US nursery trade. Some species commercially available have been 

identified as potentially invasive in the state of Oregon and also are susceptible to the 

bacterial disease fire blight. Cotoneaster selections with reduced fertility and disease 

resistance would be desirable characteristics for low input landscape plants. A goal of 

my research was to characterize Cotoneaster spp. to provide information for the 

rationale planning and development of novel clones to meet these horticultural goals.  

 In the first study, genome sizes were estimated using flow cytometery and 

ploidy levels were inferred using holoploid genome size. Observed differences in 

monoploid genome sizes translate to a difference in chromosome size. Differences in 

chromosome size may present a reproductive barrier when they are large. This may 
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pose a challenge in wide crosses, but may be utilized to achieve sterility in the F1 

interspecific hybrid population. Differences in genome size are not related to 

taxonomic ordering, so wide inter sectional and inter subgeneric crosses may be 

possible.  

 In the second study, susceptibility of Cotoneaster to fire blight was measured 

on plants inoculated with Erwinia amylovora strain Ea153.  In greenhouse assays 

conducted over two years, plants were inoculated by cutting leaves with scissors 

lesions were observed.  Seventeen accessions were rated as resistant to fire blight 

This research provides the first report of ploidy, genome sizes, and susceptibility of 

species of Cotoneaster to fire blight. Collectively this research provides a toolbox for 

a breeder to tackle the challenge of creating disease resistant cultivars with reduced 

fertility.  
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General Introduction 

 Cotoneaster (Medikus) L. is both the genus and common name for a large 

group of potential ornamentals. The name originates from the Latin word for quince, 

cotoneum due to its resemblance to the genus Cydonia (Mill.) and the suffix aster for 

incomplete resemblance. Cotoneaster is a member of Rosaceae in the subfamily 

Malodieae and is most closely related to !"#$%$&'($ (M. Roem.) and Heteromeles 

((Lindl.)M.Roem.) (Robertson et. al., 1991). Cotoneaster comprises approximately 

400 species that vary in texture, color and form; ranging from prostrate ground covers 

to full sized trees. As a landscape plant, cotoneasters are valued for rugged ability to 

withstand a broad range of environmental conditions. Cotoneasters appear to thrive on 

poor soils, respond well to pruning, and tolerate pollution; making them ideal for 

urban environments. In addition to being robust plants, cotoneasters are valued as 

ornamentals for multi-season interest with attractive flowers, showy autumn color or 

persistent green foliage, and abundant conspicuous fruits, which often are held through 

winter.   

 The center of origin for the genus is in the mountains of Gansu, Hubei, 

Shaanxi, Sichuan, Yunnan (China), Tibet, and the Himalayas, although species occur 

throughout continental Asia, Europe and north Africa (Bartish et al. 2001, Fryer and 

Hylmö, 2009, Dickore and Kasperk, 2010). Most of the Asian species are subtropical 

and evergreen, while the European species are mostly deciduous, found at high 

latitudes, and are extremely cold hardy shrubs (Fryer and Hylmö, 1999, 2009 ).  The 

base chromosome number of 17 is shared with other members of Maloideae 
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i(Robertson, 1991). About 70 percent of )*'*&+$,'+# species are tetraploid (2n = 4x = 

68), 15 percent are triploid (2n = 3x = 51), and 10 percent are diploid (2n = 2x = 34) 

(Fryer and Hylmö, 2009 ). A few pentaploid (2n = 5x = 85) and aneuploids (2n = 102) 

also have been reported (Fryer and Hylmö, 2009).  Although incredibly diverse and 

most closely related to !"#$%$&'($, all species of )*'*&+$,'+# are unarmed and have 

leaves with entire margins (Robertson et al., 1991). The fruits of the genus are fleshy 

pomes with stony pyrenes that vary in number from one to five and are held tightly 

together in the fruit. Taxonomically, the genus )*'*&+$,'+# is divided into 2 

subgenera: Chaenopetalum (Koehne) and Cotoneaster (Medikus). Subgenus 

Chaenopetalum has fragrant flowers that open simultaneously, are mostly white, and 

hold their petals reflexed. Subgenus Cotoneaster has cuplike pink to red flowers that 

open successively over a couple of weeks (Robertson et al., 1991; Fryer and Hylmö, 

2009; Dickore and Kasperek, 2010). Subgenera may be further divided into 11 

sections and 37 series based on botanical characteristics and geographic origins (Fryer 

and Hylmö, 2009).  

 The fine line between apomictic species and clone complexes has added 

confusion in taxonomy. M any clones, varieties, forms and other lesser taxonomic 

ranks have been recognized as species (Fryer and Hylmö, 2009 ; Dickwore and 

Kasperek 2010). Apomictic clones from interspecific hybridization may further add to 

confusion as interspecific hybrids between other apomictic Maloideae have shown that 

apomixis is heritable (Talent 2009, Campbell and Dickenson, 1990). In Hieracium (L.) 
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and Ranunculus (L.), apomixis appears to be controlled by one or few loci and is 

dominantly inherited (Bicknell and Knoltunow, 2004). The possible speciation that is 

occurring from the hybridization and formation of apomictic populations adds to the 

already complex reproductive biology and abundance of diversity in Cotoneaster, and 

thus to its complexity from a taxonomic standpoint (Dickore and Kasperek, 2010; Sax 

1954). 

 Little has been published on genome size or base pair composition, and ploidy 

levels in many Cotoneaster species (Kew, 2012; Jedrzejcyk and Sliwinska, 2010; 

Nybom and Bartish, 2007). Apomixis is prevalent in the genus and is consistently 

associated with polyploidy. The few diploid species are considered to be sexual and 

outcrossing, while the polyploids are obligate apomicts (Bartish et. al., 2001; Nybom 

and Bartish 2007; Fryer and Hylmö, 2009). Information on holoploid (2C) genome 

size and ploidy of previously unreported species may infer reproductive habits.   

 Generally in the landscape cotoneasters appear relatively trouble free 

compared to other members of Rosaceae, however many are susceptible to fire blight. 

Fire blight is a progressive necrosis disease caused by the bacterium -#./&/$0

$1"2*3*#$ (Burrill) Winslow et al., which is native to the United States and was first 

recorded in )*'*&+$,'+# by Thomas and Thomas (1931). Fire blight susceptibility is 

widespread in Maloideae, which includes many important fruit and ornamental taxa. 

Disease pressure tends to be highest in areas where heat, rain, and humidity favor the 

rapid replication and spread of bacteria, such as the South, East and Midwest of the 
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United States (Van der Zwet and Beer 1999). -#./&/$0$1"2*3*#$ was introduced to 

New Zealand in 1910, England and Egypt in 1957, and other parts of Europe and the 

Middle East since then.  

 In the landscape, the pathogen may be spread by insect vectors, rain splash, or 

mechanically by humans. Fire blight is most commonly managed through sanitation 

by removing infected branches well below the visible lesion to halt pathogen spread 

throughout the plant and to decrease the inoculum source for the following year. 

Chemical controls are limited to preventative applications of expensive copper sprays 

and antibiotics during bloom (Losing, 1992). Integrated pest management systems 

which deploy resistant cultivars for the orchard or landscape will reduce chemical and 

cultural inputs for fire blight control. 

 Screening for fire blight resistance in ornamental taxa have been less 

emphasized than that of fruit crops and generally is less complete. Studies have been 

conducted to screen Cotoneaster for resistance but have only included a fraction of the 

genus. Many disease screenings in Cotoneaster have relied on observations from 

natural infection which may be misleading due to variable disease pressure. Reports 

by Kapusta et. al. (2002) , Zeller and Persiel (1974) focused on interspecific diversity 

of sexual populations. Results from their screening and breeding lead to the release of 

a few resistant cultivars, none of which are readily available in the US nursery 

industry. Screenings on a larger scale which include previously unscreened taxa may 

expose disease resistant species that may be used in the landscape or breeding. In total, 
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the collection of published results on disease screening in Cotoneaster show 

conflicting reports and mostly lack controlled artificial inoculations with replication 

(NJ disease, 1932, Hodgekin and Fletcher, 1965; Davis and Peterson, 1976; Jorgensen 

and Jensen, 1978; Zeller, 1979). A cumulative screening in a greenhouse with artificial 

inoculation may clarify previous reports and provide more complete information on 

resistance in Cotoneaster. This thesis reports on genome sizing and a screening for fire 

blight resistance in )*'*&+$,'+#. Together, these studies add knowledgeto a plant 

hat will be useful for designing crosses and creating improved 

selections for the landscape. 
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Chromosome counts, genome sizing and ploidy estimation in Cotoneaster 
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Abstract 
 
 The genus Cotoneaster (Rosaceae, Maloideae) contains approximately 400 

highly diverse species. Like other Maloids there is a high frequency of naturally 

occuing polyploidy within the genus, with most species being tetraploid and triploid. 

Apomixis is also prevalent in the genus and is associated with polyploidy. The 

objective of this study was to estimate genome sizes and infer ploidy levels for species 

that had not previously been investigated. Chromosome counts of seven species 

confirmed ploidy levels calculated from genome sizes via flow cytometery using 4',6-

diamidino-2-phenylindole (DAPI) . Monoploid genome sizes ranged from 0.71 pg to 

0.96 pg and were not related to taxonomy. A comparison between florochromes DAPI 

and propidium iodide (PI) showed suggestive evidence of a difference in DNA 

staining in Cotoneaster, as seen in other taxa. Base pair composition in Cotoneaster 

ranged from 55.70% to 61.50% AT which further indicates that DAPI is not suitable 

for genome sizing.  Differences in ploidy and chromosome size can impact the success 

of interspecific hybridization, so the information presented can be incorporated into a 

breeding program. Genome sizes and ploidy levels presented in this paper are for 

accessions that represent the diversity of Cotoneaster.  
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Introduction 

0 )*'*&+$,'+# is a genus in the family Rosaceae, and subfamily Maloideae. 

Maloideae has a base number of 17. The number 17 is thought to be of allopolyploid 

origin, derived from a hybridization between the other subfamilies within Rosaceae 

followed by a doubling event: Rosoideae (x = 7,8,9), Spiraeoideae (x = 9), and 

Amygaloideae (x = 8) (Dickson et al., 1992; Sax 1954). Several ploidy levels are 

present within Cotoneaster, resulting from further genome duplications or 

hybridization events leading to speciation. About 70% of Cotoneaster species are 

estimated to be tetraploid (2n = 4x = 68), 15% are triploid (2n = 3x = 51), and 10% are 

diploid (2n = 2x = 34) (Fryer and Hylmö, 2009). Also, a limited number of pentaploid 

(2n = 5x = 85) and aneuploids (2n = 102) have been reported (Fryer and Hylmö, 

2009). In Cotoneaster, both pseudogamy (pollination required for endosperm 

development) and apospory (somatic embryogenesis, completely lacking meiosis) 

have been observed (Bartish et al, 2001, Czapik, 1996). The apomixis pathway occurs 

when the primary megaspore mother cell degenerates early in development and 

becomes superceded by unreduced embryo sac initials (Hjelmqvist, 1962). 

Cotoneaster apomicts are mostly considered to be obligate or rarely facultative with 

high levels of apomixis (Nybom and Bartish 2007; Bartish et. al., 2001; Hjelmqvist, 

1962).   

 Genome size information in Cotoneaster has been limited and ploidy levels in 

many species are unknown (Jedrzejczyk and Sliwinska, 2010; Dickson et al, 1992). 
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Information on chromosome counts, ploidy, genome sizing, and base pair composition 

may give insight about evolutionary developments and taxonomic organization within 

Cotoneaster.  Knowledge of ploidy levels will also provide information on 

reproductive biology of species and be useful in breeding programs. 

 Genome sizing via flow cytometry is most accurate using propidium iodide 

nucleic acids to prevent pr

Because PI intercalates nucleic acids, as opposed to only binding with DNA, it is also 

important to also treat with RNase to prevent overestimation of genome size. 4',6-

diamidino-2-phenylindole (DAPI), is another common fluorochrome which binds 

preferentially to AT-rich regions of DNA. DAPI often provides peaks with a low 

coefficient of variance (CV%), is less expensive, and is less toxic than PI, and 

therefore is most often used for quick estimation of ploidy. A combined approach 

using both fluorochromes allows determination of base pair composition. 

Investigations of genome sizes and base pair composition revealed differences 

between taxonomic groups within Magnolia (L.) (Parris et al., 2010) and 

Rhododendron (L.) (Jones et al., 2007). 

 

Materials and Methods   

Chromosome counts.   
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 Chromosome counts were performed for seven species, including 

diploids, triploids and tetraploids. Somatic cells were collected from the tips of 

actively growing roots, which grew freely from the bottom of their containers 

into sand. Roots were treated with 0.003 M 8-hydroxyquinoline for two hours 

glacial acetic acid; by volume) overnight. Then the root tips were stored in 

70% ethanol at 4 ºC until squashed and chromosomes counted as in Contreras 

et al. (2009). Cells were examined by root tip squashes with modified carbol 

fuchsin, at 63! to 100! magnification (Axio imager.A1: Zeiss, Thornnwood, 

NY; AxioCam MRm, Zeiss). A minimum of three unambiguous cells was 

counted for each species.  

Genome sizing 4',6-diamidino-2-phenylindole.  

 Samples of sixty six taxa from across the two subgenera and all eleven 

sections within the genus Cotoneaster. Genome sizing was conducted through 

laser-based flow cytometry (PA-I; Partec, Münster, Germany). Nuclei were 

extracted by simultaneously chopping the sample and standard with a razor 

blade in extraction buffer (CyStain ultraviolet Precise P; Partec, Munster, 

Germany) for approximately 90 seconds and were then stained with DAPI dye 

(CyStain ultraviolet Precise P; Partec,). For the Cotoneaster samples an 

approximately four centimeter long terminal stem of the cotoneaster sample 

with one square centimeter of leaf tissue of the internal standard, Pisum 
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sativum 

nylon mesh filter to remove plant debris and kept on ice in darkness until the 

sample was subjected to analysis by flow cytometry. Three replicates of each 

accession were prepared and a minimum of 3,000 cells was analyzed for each 

sample. Samples were rejected if the CV% was greater than 7.0.  

 DNA content was calculated using the internal standard, Pisum sativum 

genome sizes of Cotoneaster, DAPI was used for all 66 taxa screened.  

Holoploid 2C DNA content was calculated as [DNA content of standard  

(mean fluorescence value of sample / mean fluorescence of standard)]. 2C 

holoploid DNA content was subject to ANOVA and means separation using 

the Waller-Duncan procedure (K = 100)] (Proc GLM, SAS Version 9.2; SAS 

Institute, Cary, NC). Ploidy levels were inferred for all accessions from 2C 

DNA content means, and confirmed by chromosome counts of selected taxa.  

 Mean 1Cx monoploid genome sizes were calculated by dividing the 2C 

genome size by inferred ploidy. Mean monoploid genome sizes were separated 

using the Waller-Duncan procedure and then pooled within taxonomic sections 

-test and Anova to see if differences in monoploid 

values were related to taxonomic divisions (Proc GLM, SAS Version 9.2). 

Genome sizing propiduim iodide.  
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 Twenty taxa of Cotoneaster with the internal standard, were also 

screened using PI. These samples were from across both subgenera and all 11 

sections. After the nuclei were suspended in extraction buffer, the sample was 

filtered and treated with RNAse (CyStain ultraviolet Absolute P; Partec,) and 

dyed with PI (CyStain ultraviolet Absolute P; Partec). The samples were 

incubated in the dark on ice for ~30 min before being run on the flow 

cytometer. Data were examined as a paired T-test between fluorochromes for 

the different species  (P=0.05) (Proc GLM, SAS Version 9.2).  Base pair 

composition was calculated as {AT% = AT% for internal standard  

[(fluorescence internal standard, DAPI/ fluorescence sample, DAPI) / 

(fluorescence internal standard, PI/ fluorescence sample, PI)] (1/binding length)} 

(Godelle et al., 1993). AT% of Pisum sativum 

binding length of about 3.5 base pairs (Meister and Barrow, 2007).  

  

Results and Discussion  

Chromosome counts.  

 Chromosome counts were performed and photomicrographs prepared 

for seven species (Fig. 1.). Cotoneaster henryanus ((C .K. Schneider) Rehder 

& E. H. Wilson) was confirmed as diploid, (2n = 2x = 34), C . buxifolius was 

determined to be triploid (2n=3x=51), and five species were tetraploids 

(2n=4x=68) C . genitanus, C . hebephyllus (Diels), C . lidjiangensis (G. Klotz), 
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C . lomahuensis(G. Klotz), C . vandelarii (J. Fryer & B. Hylmo) . These results 

support the ploidy estimations made with flow cytometery (Table 1).   

Relative genome size and ploidy level (DAPI).  

 Relative genome size and ploidy were determined for all 66 taxa which 

represented both subgenera and all 411 sections of Cotoneaster following the 

treatment of Fryer and Hylmö (2009). The mean separation by 2C genome size 

separated species into groups from which ploidy levels could be inferred. 

Groups were found for diploid, triploid, tetraploid levels. When compared to 

previous ploidy reports, many were in agreement, although some results varied 

(Table 1). The ploidy reports from Sax (1954) were from chromosome counts 

in pollen mother cells and Zelinga (1964) found that several conflicted with 

counts from root tips, speculating that with polyploids the chromosome pairing 

observed in pollen mother cells was crowded and led to confusion in counting. 

This study gives the first ploidy estimates for 13 taxa:10 were tetraploids (2n = 

4x) [C . chailaricus (Peschkova), C . fastigiatus (J. Fryer & B. Hylmo), C . 

arbusculus (G. Klotz), C . atrovirens (J. Fryer & B. Hylmo), C . albokerminus 

(J. Fryer & B. Hylmo),  C . cashmeriensis (G. Klotz),  C . lidjiangensis (G. 

Klotz),  C . fangianus (T. T. Yu),  C . commixtus ((C .K. Schneider) Flinck & B. 

Hylmo), C . genitanus (Hurus)], 2 were triploids (2n = 3x)  [C . buxifolius 

(Wallich ex Lindley) , C . adpressus (Bois) n = 

2x)  [C . juratana (Grand.)]. In the means separation, C . buxifolius was between 
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the tetraploid cluster and the triploid cluster; because of evidence from 

chromosome counting C . buxifolius was grouped with triploids withC . niger 

[(Wahlberg) Fries] and C . canescens (Vestergren ex B. Hylmo).  

  The inferred ploidies from means separation were then used to 

calculate the monoploid 1Cx genome size (Table 2). There was a statistical 

difference between monoploid genome sizes between species (P<0.0001). 

When comparison was made between taxonomic sections no differences were 

found to be significant (P=0.20), indicating that differences in genome size are 

not related to taxonomic ordering within the genus.  

Relative genome size and ploidy level PI.  

  This is the first report of genome sizes for 20 species of Cotoneaster 

(Table 3). Previous reports are available for only 7 species; C. dammeri (C. K. 

Schneider) (1.41 pg), C . divarcatus (Rehder & E. H. Wilson) (2.73 pg), C . 

hjelmqvistii (Flinck & B. Hylmo) (2.70 pg) , C . horizontalis (Decaisne) (2.77 

pg) and C . veitchii (Rehder & E. H. Wilson) (2.67 pg) (Jedrzejcyk and 

Sliwinska, 2010), C . scandinavicus 

(Nybom and Bartish, 2007), and C. melanocarpa [(G. Loddiges) Hurusawa] 

(2.25pg) (Kew, 2012). Our results range in genome sizes from 1.44 to 3.02 pg 

which falls across the range of previously reported genome sizes. The addition 

of 20 more species is nearly triples the number for which genome sizes have 

been reported.  
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Comparision of fluorochrome dyes and base pair composition.  

 Comparision of fluorochromes showed a suggestive statistical 

difference in fluorochrome dyes for monoploid genome sizes in the species 

tested (p= 0.069), although differences of holoploid genome sizes ranged from 

1.24% to 21.65% in C . ×suecicus (G. Klotz) 'Coral Bea  to C . sikagensis 

(Flinck and B. Hylmo), respectively. The lack of a strong statistical difference 

indicates that the mean base pair ratio of the samples was not significantly 

different than that of the internal standard (P. sativum = 60.50% AT); although 

the base pair ratios ranged from 55.70% to 61.50% AT. The wide range in base 

pair composition indicates that base pair ratios are species dependent and large 

generalizations within the genus should be avoided. We found that the small 

differences in estimates from the two flourochrome stains, allows either to be 

used to accurately estimate euploid levels. Of the two procedures for genome 

sizing DAPI is less expensive, easier, and uses less toxic compounds than PI, 

which makes it preferable for screening large numbers of samples.  The rigor 

of DAPI for genome sizing in Cotoneaster; however, should be further 

investigated. This comparison of dyes contained relatively small sample of 

species (20 out of 400), and more extensive genome sizing with PI will likely 

yield strong statistical differences..   

 Typically, leaf tissue is used when preparing a sample for flow 

cytometery. However, in these studies terminal stem segments of Cotoneaster 
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were used. Some accessions of Cotoneaster exuded a thick mucilaginous gel 

from chopped leaf tissue that clogged the filter and produced poor peaks with 

high levels of background noise. Jedrzejcyk and Sliwinska (2010) also had 

problems obtaining peaks with low CV% values in Cotoneaster and other 

Rosaceae due to the presence of secondary metabolites in the leaves. The 

secondary metabolites interfered with uniform staining of the nuclei. Use of 

seeds produced good results in Cotoneaster (Jedrzejcyk and Sliwinska, 2010), 

but we were not able to follow this protocol because most plants in the current 

study were juvenile and had yet to flower at the time of evaluation.  Stems 

were easy to collect and yielded acceptable peaks for taxa that failed to 

produce results from leaf tissue. Alternative tissues for sample preparation 

have been used in other taxa when leaves failed to yield data. stem tissue has 

also been used in Betula (L.)(Anamthawat-Jonsson et al., 2010), and samaras 

in Ulmus (L.) ( Loureiro, 2007).  

 Some of the conflicts between our results and ploidy levels found in the 

literature may be from misidentifications of species, varieties and cultivars. 

Plants for this study were obtained as seed from index seminum, a global 

germplasm sharing resource, and from local nurseries. In the nursery trade, it 

was found that species C . thymifolius (Baker) was being sold as C . 

microphyllus C . ×suecicus 'Coral 

Beauty' was being sold as C . dammeri 
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species were obtained under different names as there are several synonyms for 

many taxa such as C . cooperi / griffithii (C. Marquand), C . applanatus/ 

dielsianus (E. Priztel), C . chailaricus/ popovii (Pershkova), C . lomaheunsis / 

poluninii and C . praecox/  adpressus var. praecox/ nanshan ((M. vilmorin) 

Bois & Berthault).  

Implications for taxonomic systematics and breeding.  

 Thus far, taxomic studies in Cotoneaster have failed to incorporate 

molecular data and have relied on morphology and species provenance for 

phylogeny.  Reports by Bartish et al. (2001) using RAPD markers showed 

consistency within subgenera for the clusters they observed, although they only 

observed a limited number of species in two taxonomic sections. Nybom and 

Bartish (2007) used RAPD markers to show close relationships but genetic 

differences within polyploid species proving multiclonal origins of apomictic 

complexes.  Because of the number of species within the genus and the 

difficulty taxonomist have in organizing Cotoneaster, information on genome 

sizing and base pair composition may further give insight to the evolutionary 

development of species; assuming that taxa with similar genetic origins would 

be similar in chromosome size and base pair composition. However, the results 

of this study do not show a relationship of chromosome size to current 

taxonomic organization, as monoploid genome sizes were similar across 

subgenera and sections. 
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 In addition to systematics, cytological studies are useful to breeders 

when predicting success of interspecific hybridization and fertility of F1 

populations. Functional meiosis requires similarities in chromosome structure 

and size to encourage bivalent pairing between genomes. Crosses between 

chromosomally similar species can be expected to be successful and fertile, 

while wider crosses may fail or yield offspring with reduced fertility. In this 

study monoploid genome sizes varied up to 26.8% among species. Pollinations 

utilizing the widest differences may yield plants with reduced fertility, but 

most species fall into a narrower range and are not expected to have problems 

forming hybrids. In Rudbeckia L. a hybrid was recovered when there was a 

difference in genome size over 300% (Palmer et al 2009). The much smaller 

range in Cotoneaster suggests compatibility.     

 Results from this study provide chromosome counts, ploidy and 

genome sizes for many species which were previously unpublished in 

Cotoneaster.  
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Table 1. Relative monoploid genome size and inferred ploidy of Cotoneaster accessions from flow cytometery with DAPI. 

Species (var./cultivar) Accession 

Mean 2Cx 
genome size 

(pg)z 
Assigned 

ploidy levely 

Previous 
reported ploidy 

levelx 
C . kweitschoviensis (G. Klotz) 10-0134 4.27 ±0.41 4 4 
C . lacteus (W. W. Smith) 10-0108 3.78 ±0.42 4 4 
C . shansiensis (J. Fryer & B. Hylmo) 11-0197 3.62 ±0.45 4 3v,4,4w 
C . obscurus (Rehder & E. H. Wilson) 10-0010 3.35 ±0.08 4 4 
C . milkedandaensis (J. Fryer & B. Hylmo) 10-0174 3.34 ±0.07 4 2 
C . preacox (M. Vilmorin ex Mottet) 10-0013 3.32 ±0.07 4 4 
C . sternianus ((Turrill) Boom) 09-0025 3.29 ±0.01 4 4,4w 
C . bosianus (G. Klotz) 09-0074 3.28 ±0.02 4 4 
C . turbinatus (Craib) 10-0096 3.26 ±0.00 4 4 
C . adpressus (Bois) 10-0157 3.24 ±0.05 4 2,2w,3v 
C . sikagensis (Flinck & B. Hylmo) 10-0095 3.21 ±0.05 4 3 
C . chailaricus (Peschkova) 09-0081 3.20 ±0.09 4  
C . hypocarpus (J. Fryer & B. Hylmo) 10-0133 3.19 ±0.02 4 4 
C . simsonii (Baker) 09-0023 3.18 ±0.05 4 4,4w 
C . fastigatus (J. Fryer & B. Hylmo) 10-0136 3.18 ±0.04 4  
C . armenus (Pojarkova) 09-0068 3.17 ±0.20 4 4 
C . apiculatus (Rehder & E. H. Wilson) 10-0006 3.17 ±0.10 4 3v,4 
C . arbusculus (G. Klotz) 09-0068 3.16 ±0.03 4  
C . daliensis (J. Fryer & B. Hylmo) 10-0129 3.15 ±0.01 4 4 
C . atrovirens (J. Fryer & B. Hylmo) 09-0072 3.14 ±0.03 4  
C . cinerascens ((Rehder) J. Fryer & B. Hylmo) 09-0083 3.13 ±0.05 4 3 
C . qungbixiensis (J. Fryer & B. Hylmo) 10-0138 3.12 ±0.01 4 4 
C . ignavus (E. L. Wolf) 10-0010 3.11 ±0.14 4 4 
C . dielsianus (E. Prirtzel) 09-0013 3.11 ±0.02 4 3v,4,4w 
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Table 1. Continued.     

Species (var./cultivar) cdefgh Accession 

Mean 2Cx 
genome size 

(pg)z 
Assigned 

ploidy levely 

Previous 
reported ploidy 

levelx 
C . rubens (W. W. Smith) 10-0016 3.10 ±0.06 4 3v 
C . procumbens (G. Klotz) 10-0137 3.09 ±0.06 4 2s,4 
C . albokerminus (J. Fryer & B. Hylmo) 09-0055 3.08 ±0.04 4  
C . horizontalis (Decaisne) 10-0104 3.07 ±0.03 4 4,4t,4v,4w 
C . pannosus (Franchet) 10-0102 3.06 ±0.05 4 4 
C . cashmeriensis (G. Klotz) 09-0080 3.06 ±0.02 4  
C . nitens (Rehder & E. H. Wilson) 09-0052 3.06 ±0.05 4 3v,4 
C . vandelaarii (J. Fryer & B. Hylmo) 10-0139 3.06 ±0.02 4y 4 
C . lidjiangensis (G. Klotz) 10-0135 3.06 ±0.02 4y  
C . divarcatus (Rehder & E. H. Wilson) 10-0089 3.05 ±0.02 4 3v,4t,4w 
C . braydi (E. C. Nelson & J. Fryer) 09-0076 3.05 ±0.02 4 4 
C . ganghobaensis (J. Fryer & B. Hylmo) 10-0131 3.04 ±0.07 4 3 
C . chungtinensis ((T. T. Yu) J. Fryer & B. Hylmo) 09-0082 3.04 ±0.03 4 3 
C . applanatus  (E. Prirtzel) 09-0067 3.03 ±0.07 4 4 
C . integeriminus (Medikus) 10-0011 3.03 ±0.03 4 4 
C . splendens (Flinck & B. Hylmo) 09-0024 3.03 ±0.06 4 4 
C . roseus (Edgeworth) 10-0015 3.01 ±0.04 4 3v,4 
C . cochleatus ((Franchet) G. Klotz) 09-0085 3.01 ±0.02 4 4 
C . fangianus (T. T. Yu) 10-0008 3.00 ±0.02 4  
C . lucidus (Schlechtendal) 09-0018 2.99 ±0.05 4 3v,4,4w 
C . commixtus ((C .K. Schneider) Flinck & B. Hylmo) 09-0084 2.99 ±0.03 4  
C . melanocarpus ((G. Loddiges) Hurusawa) 10-0012 2.95 ±0.05 4 4, 4v 
C . astrophoros (J. Fryer & B. Hylmo) 11-0034 2.93 ±0.02 4 3,4,5 
C . genitanus (Hurus) 10-0132 2.92 ±0.07 4  
C . zabelii (C. K. Schneider) 09-0027 2.90 ±0.02 4y 3v,4,4w 
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Table 1. Continued.     

Species (var./cultivar) Accession 

Mean 2Cx 
genome size 

(pg) 
Assigned 

ploidy levelz 
Reported ploidy 

levelx 
C . niger ((Wahlberg) Fries) 09-0051 2.90 ±0.02 3 4u 
C . buxifolius (Wallich ex Lindley) 09-0077 2.88 ±0.07 3y  
C . canescens (Vestergren ex B. Hylmo) 09-0079 2.83 ±0.04 3 4 
C . ×watereri  (Excell) 10-0106 2.58 ±0.01 3 2 
C . adpressus (Bois)  'Tom Thumb' 10-0124 2.44 ±0.04 3  
C . bacillaris (Wallich ex Lindley) 09-0073 2.41 ±0.02 3 2,3,3v,5 
C . congestus (Baker) 10-0088 2.28 ±0.02 3 2,3s 
C . acutifolius (Turczaninov) 10-0126 2.14 ±0.05 3 2v,3v 
C . acuminatus (Lindley) 10-0125 1.72 ±0.03 2 2,2v 
C . dammeri (C. K. Schneider) 11-0039 1.70 ±0.02 2 2,2t,2v, 2w 
C .cooperi(C. Marquand) 11-0064 1.64 ±0.01 2 2 
C . salicifolius (Franchet) var. floccosus 09-0022 1.59 ±0.05 2 2,2w,3v 
C . henryanus ((C .K. Schneider) Rehder & E. H. Wilson) 09-0017 1.57 ±0.01 2y 2, 2v 
C . thymifolius (Wallich ex Lindley, Baker) 10-0122 1.55 ±0.02 2 2,4 
C . × suecicus (C .K. Schneider, G. Klotz)  'Coral Beauty'  10-0166 1.53 ±0.02 2 2 
C . juratana (Grand.)  10-0171 1.53 ±0.05 2  
zPloidy assigned based on means separation by Waller Duncan procedure (Proc GLM, SAS Version 9.2), chromosome count 
verification and estimates from screening using PI; ± Standard error of the mean, 3 samples per species.     
yEstimated ploidy reflects that produced by chromosome counting.     
xReported ploidies from Fryer and Hylmø (2009) unless otherwise noted.      
wReported ploidy in Zelinga (1964).         
vReported  ploidy in Sax (1964).         
uReported ploidy in Nybom and Bartish (2007).         
tReported ploidy in Jedrzejczyk and Sliwinska (2010).        
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Table. 2. Monoploid genome sizes of Cotoneaster by taxonomic rank.  
Taxonomic 

rank Species Accession 1Cx genome size (pg)z  
Subgenus Chaenopetalum     
 Section Alpigeni     
   C . cochleatus 09-0085 0.75 hijklm   
  C . congestus 10-0088 0.76 ghijklm   
  C . lidjiangensis 10-0135 0.76 fghijklm   
  C . cashmeriensis 09-0080 0.77 fghijklm   
  C . × suecicus  10-0166 0.77 fghijklm   
  C . procumbens 10-0137 0.77 defghijklm  
  C . thymifolius 10-0122 0.78 defghijklm  
  C . dammeri 11-0039 0.85 cdefg   
  C . buxifolius 09-0077 0.96 a   
 Section Chaenopetalum     
  C . bacillaris 09-0073 0.8 defghijklm  
  C . ×watereri 10-0106 0.86 bcde   
 Section Densiflori     
  C . pannosus 10-0102 0.77 fghijklm   
  C . henryanus 09-0017 0.78 defghijklm  
  C . salicifolius 09-0022 0.79 defghijklm  
  C . turbinatus 10-0096 0.81 cdefghijkl  
  C . lacteus 10-0108 0.95 ab   
 Section Mulitiflori      
  C . astrophoros 11-0034 0.73 jklm   
  C . chungtinensis 09-0082 0.76 ghijklm   
  C . arbusculus 09-0068 0.79 defghijklm  
  C . albokerminus 09-0055 0.77 defghijklm  
  C . cooperi 11-0064 0.82 cdefgij   
 Section Chaenopetalum     
  C . frigidus 09-0045 0.76 ghijklm   
        
Subgenus Cotoneaster      
 Section Acutifolii      
  C . acutifolius 10-0126 0.71 m   
  C . lucidus 09-0018 0.75 hijklm   
  C . cinerascens 09-0083 0.78 defghijklm  
  C . daliensis 10-0129 0.79 defghijklm  
  C . sikagensis 10-0095 0.8 defghijklm  
  C . bosianus 09-0074 0.82 cdefghijk  
  C . obscurus 10-0010 0.84 cdefgh   
 Section Adpressi      
  C . ganghobaensis 10-0131 0.76 ghijklm   
  C . divarcatus 10-0089 0.76 fghijklm   
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Table. 2. Continued.   
Taxonomic 

rank Species Accession 
1Cx genome size 

(pg)z   
  C . nitens 09-0052 0.77 fghijklm   
  C . horizontalis 10-0104 0.77 efghijklm  
  C . atrovirens 09-0072 0.79 defghijklm  
  C . apiculatus 10-0006 0.79 defghijklm  
  C . simsonii 09-0023 0.8 defghijklm  
  C . adpressus 10-0157 0.81 defghijkl  
  C . TomThumb 10-0124 0.81 cdefghijkl  
  C . preacox 10-0013 0.83 cdefghi   
  C . milkedandaensis 10-0174 0.84 cdefgh   
 Section Cotoneaster     
  C . zabelii 09-0027 0.73 lm   
  C . genitanus 10-0132 0.73 klm   
  C . melanocarpus 10-0012 0.74 ijklm   
  C . commixtus 09-0084 0.75 hijklm   
  C . fangianus 10-0008 0.75 hijklm   
  C . integeriminus 10-0011 0.76 ghijklm   
  C . ignavus 10-0010 0.78 defghijklm  
  C . armenus 09-0068 0.79 defghijklm  
  C . popovii 09-0081 0.8 defghijklm  
  C . shansiensis 11-0197 0.9 abc   
  C . canescens 09-0079 0.94 ab   
  C . niger 09-0051 0.97 a   
 Section Franchetioides     
  C . splendens 09-0024 0.76 ghijklm   
  C . applanatus 09-0067 0.76 ghijklm   
  C . braydi 09-0076 0.76 ghijklm   
  C . dielsianus 09-0013 0.78 defghijklm  
  C . qungbixiensis 10-0138 0.78 defghijklm  
  C . fastigatus 10-0136 0.8 defghijklm  
  C . hypocarpus 10-0133 0.8 defghijklm  
  C . sternianus 09-0025 0.82 cdefghijk  
 Section Megalocarpi     
  C . roseus 10-0015 0.75 hijklm   
 Section Rokujodaisanense     
  C . vandelaarii 10-0139 0.76 fghijklm   
  C . Kweitschoviensis 10-0134 0.85 bcdef   
 Section Sanguinei      
  C . rubens 10-0016 0.77 defghijklm  
  C . acuminatus 10-0125 0.86 bcd  
Subgenus unknown      
 Section unknown      
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Table. 2. Continued.   
Taxonomic 

rank Species Accession 
1Cx genome size 

(pg)z   
  C . juratana 10-0171 0.77 fghijklm   
z1Cx genome sizes calculated by dividing 2Cx holoploid genome sizes by   
inferred ploidy level, subjected to means separation by Waller-Duncan procedure (K=100). 
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Table 3. Comparison of fluorochomes for genome sizing and calculation of base pair ratio. 

    Mean 2Cx Genome size (pg)z     

Species Accession PIy DAPIy AT%x !
C . acuminatus 10-0125 1.47 "#$#% 1.70 ±0.03 58.85 !
C . adpressus 10-0157 3.02 ±0.01 3.24 ±0.05 60.25 !
C . applanatus 09-0067 2.73 ±0.01 3.03 ±0.07 59.69 !
C . arbusculus 09-0068 2.85 ±0.01 3.16 ±0.03 59.74 !
C . bacillaris 09-0073 2.08 ±0.06 2.41 ±0.03 58.92 !
C . bosianus 09-0074 2.57 ±0.11 3.26 ±0.02 57.3 !
C . canescens 09-0079 2.56 ±0.01 2.83 ±0.04 59.75 !
C . chungtinensis 09-0082 2.95 ±0.09 3.04 ±0.03 60.98 !
C . cinerascens 09-0083 2.71 ±0.01 3.13 ±0.05 59.03 !
C . cochleatus 09-0085 2.74 ±0.05 3.01 ±0.02 59.85 !
C . × suecicus 'Coral Beauty' 10-0166 1.54 ±0.07 1.53 ±0.02 61.5 !
C . Kweitschoviensis 10-0134 2.93 ±0.02 4.27 ±0.32 55.7 !
C . milkedandi 10-0174 2.95 ±0.01 3.34 ±0.02 59.33 !
C . niger 09-0051 2.69±0.03 2.90 ±0.07 60.16 !
C . panosus 10-0102 2.84 ±0.04 3.06 ±0.02 60.23 !
C . roseus 10-0015 2.80 ±0.02 3.01 ±0.05 60.23 !
C . sikagensis 10-0095 2.78 ±0.05 3.21 ±0.04 59.04 !
C . splendens 09-0024 2.76 ±0.01 3.03 ±0.05 59.89 !
C . thymifolius 10-0122 1.44 ±0.02 1.55 ±0.06 60.2 !
C . zabelii 09-0027 2.58 ±0.01 2.9 ±0.02 59.47 !
zMean genome size calculated by flow cytometry using an internal standard. 
y±Standard error of the mean, from 3 samples.   
xBase pair ratio. ! ! ! ! ! ! !
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Fig.1. Micrographs of mitotic Cotoneaster cells; C . henryanus diploid (2n = 2x = 34) (A), C . buxifolius triploid 
(2n = 3x = 51) (B), and tetraploids  (2n = 4x = 68) C . genitanus (C), C . hebephyllus (D) 
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  Fig.1. Continued. C . lidjiangensis (E), C . lomahuensis  (F) and C . vandelarii (G).
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Screening Cotoneaster for resistance to fire blight  
by artificial inoculation 
 
Additional index words: Erwinia amylovora, Rosaceae, Maloideae, 
ornamental, foliar assay, evaluation 
 
Abstract 
 
 Cotoneaster contains several commonly cultivated ornamental shrubs. Many of 

these are susceptible to fire blight (Erwinia amylovora (Burrill) Winslow et al.) to 

varying degrees. Previous reports of resistance vary between studies and often are 

from observations of plants in the landscape. In this study, artificial inoculation using 

E . amylovora strain Ea153 were conducted by foliar assay to identify resistance to fire 

blight in the 52 taxa screened, and to expand the knowledge of resistance and clarify 

previous reports. Disease was scored by percent shoot infection (lesion length/ total 

shoot length). Disease screenings were conducted over two years and repeated 

resistance was observed in several species. Resistance was also observed in additional 

species screened only in year two and should be confirmed. Some taxa were very 

susceptible to fire blight and were killed to the ground, while other taxa showed 

intermediate tolerance to the disease. Taxa with levels of resistance to artificial 

inoculation are expected to show high levels of resistance in the field under natural 

conditions.  
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Introduction 

 Cotoneaster is a genus in the family Rosaceae, sub family Maloideae. 

Cotoneaster are commonly found in landscapes as durable, low maintenance 

ornamental shrubs. Although generally easy to cultivate, many taxa are susceptible to 

fire blight. Disease susceptibility limit the full potential of the genus to landscape 

applications. 

 Cotoneaster is made up of approximately 400 species with a wide range of 

diversity. The center of diversity for the genus is mountains around Tibet and the 

Himalayas, but species are native across continental Asia, through North Africa and 

Euroupe  (Dickore and Kasperk, 2010; Fryer and Hylmö; 2009, Bartish et al. 2001).  

Several species can be found in European landscapes. However, in the United States 

fewer have made it into the commercial nursery industry despite their highly 

ornamental flowers, fruits, architecture and foliage.  

 Fire blight is a destructive bacterial disease caused by the pathogen Erwinia 

amylovora. E . amylovora is native to the United States and has a limited host range  

within many members in the family Rosaceae. The disease can especially be 

problematic in areas where heat, rain, and humidity favors disease development, such 

as the South, East and Midwest of the United States. The pathogen overwinters in 

woody host tissues, where it replicates through the spring and summer producing 

bacterial exudates and expanding the range of infection. The bacteria are dispersed 

primarily through rain, wind, and insects.. Erwinia enters the plant through wounds or 
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natural openings, flowers are particularly vulnerable and pollinators may quickly 

spread the disease. Infected shoots first appear water soaked and then develop a 

scorched appearance with a characteristic shepherds crook (Fig. 2). If the bark is 

removed discolored vascular tissue can be seen. In the landscape, fire blight may 

quickly kill entire plants if the disease progresses to the crown. In addition to 

threatening the health of the plant, the damage is unsightly and devalues plants in the 

landscape. Fire blight is currently managed through labor-intensive sanitation or 

prophylactic applications of copper or the antibiotic streptomycin. Host resistance, as a 

first line of defense in an integrated pest management plan, can greatly reduce system 

inputs. Screening for fire blight resistance has been conducted in ornamentals, apple, 

pear, pyracantha, and flowering quince and results have shown a wide range of 

susceptibility (Bell et al., 2004, Lespinasse 2000; Van der Zewt and Beer 1999; 

Bouma, 1990). Screening for fire blight resistance in )*'*&+$,'+# has been relatively 

limited with only a portion of the genus screened to date. Identification of resistant 

)*'*&+$,'+# germplasm has resulted in the release of some resistant cultivars, 

including C . salicifolius C . henryanus 

and Hylmö, 2009), C . dammeri  -

there was varying resistance in sexual populations. Most of the reports on fire blight 

resistance in Cotoneaster have been observational studies in the landscape (NJ 

disease, 1932; Hodgekin and Fletcher, 1965; Davis and Peterson, 1976; Jorgensen and 
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Jensen, 1978; Zeller, 1979). Examination of Cotoneaster under controlled artificial 

inoculation may result in an expanded list of resistant taxa and clarify previous 

reports. Therefore, the objective of this study was to compare disease susceptibility 

under controlled conditions of several species in Cotoneaster.  

 

Materials and Methods 

Plant Material.  

 Plants were inoculated in two trials. In the first year, the trial contained 33 taxa 

and the second year contained a total of 35 taxa, including resistant and susceptible 

checks based on year one data as well as previous studies. A total of 52 different taxa 

were screened between the two years. The plant germplasm was mostly obtained as 

seed from Index Seminum but a limited number of commercially available accessions 

were obtained from local nurseries. All plant material for the study was clonally 

propagated as stem cuttings and grown in 1.65 liter containers (Gage Dura-Pot, Lake 

Oswego, Ore.) with a custom substrate composed of 1 part pumice, 2 parts peat, and 7 

parts Douglas fir bark with standard nursery amendments (Rexius, Eugene, Ore.) and 

liquid-fed weekly with Ja

(J.R. Peters Laboratory, Allentown, PA), and watered by hand as needed. Aphids and 

other greenhouse pests were managed with M-pede® (Gowan Company, Yuma, AZ).  

Plants were maintained in a greenhouse (16-29°c)to encourage growth and then 

inoculated when average plant length was approximately 30 cm. 
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Bacteria culture and inoculum preparation.  

 E . amylovora 

flask with 2 mL overnight culture and 198 mL Kings medium B broth. After 48 h, 

cells were pelleted by centrifugation (3,220 X g,  10 min). The cell pellet was mixed 

with powdered skim milk (38% (w/w)) and frozen at -80!" C. . The bacteria 

preparation was lyophilized and ground to a fine powder. Titer was calculated by 

dilution plating and the bacteria stored at -

rehydrated using sterile deionized water. 

Bacteria were re-isolated from diseased material by soaking bark shavings at the 

lesion margin in 10 mM phosphate buffer.  Buffer was spread onto Kings medium B 

(Sigma-Aldrich, St. Louis,MO) to discourage 

growth of fungi and yeasts and incubated at room temperature for 48 to 72 h. 

Inoculation and measurements.  

 Plants were inoculated with Ea153 at a concentration of 109 CFU/ml in 2011 

and at 107 CFU/ml in 2012. Taxa were arranged in a randomized complete block 

design with 3 blocks with 3 sub samples per block. Each block also contained a 

control plant of each species treated with sterile water to visualize wounding response 

from the inoculation procedure. Plants were inoculated bisecting the two youngest 

leaves on one shoot of each plant with scissors dipped in the inoculum (Figure 3.). A 

leaf bisection assay was selected over a stem puncture method where a needle is 

dipped in inoculum and passed through the terminal stem in the youngest node, 
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because both gave similar results and the bisection assay was easier to perform and 

monitor the inoculation site. The lesion length was measured in centimeters weekly for 

eight weeks post-inoculation. The severity of infection was calculated by the length of 

the lesion divided by the entire shoot length and expressed as a percentage. After eight 

weeks the bacteria was reisolated on Kings-B media from several lesions to confirm 

(Figure 4.). Lateral-flow immunoassay strips specific to E . amylovora were used to 

confirm the identity of the pathogen (Braun-Kiewnick et al 2011, BIOREBA, Reinach, 

Switzerland). 

 Data were analyzed within year by ANOVA and means were separated using 

significant difference (P<0.05). The full model in ANOVA was 

used to test for species by year interaction and investigate disease ratings of checks 

between years  (Proc GLM, SAS Version 9.2). 

 

Results 

 In both years, disease severity on Cotoneaster ranged from no symptoms to 

complete mortality (Table 4.). In 2011, species which were statistically resistant had a 

mean disease severity that ranged from 0 to 23% of the shoot diseased, however a 

range this wide was too wide to be applicable for a selection program so a tolerance 

threshold was assigned as 5% to identify highly resistant plants. Of the 31 taxa 

screened in the first year, six species showed no symptoms of infection including C . 
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splendens, C . delsianus, C . sikagensis, C . atropurpureus, C . arbusculus, and C . 

franchetii. In addition, three other species, C . chungtinensis, C . simsonii and C . 

atrovirens, had fire blight lesions that extended over less than 5% of their shoot 

length. Species which fell under a 5% disease severity threshold set for our breeding 

program were screened again in the second year to confirm disease resistance, except 

C . atropurpureus and C . franchetii which failed to produce enough propagues to be 

 

In 2012, disease severity was lower, likely due to the reduced inoculum dose.  

In the second year (Table 5.), species identified as resistant by the mean separation 

statistic had severities ranging from 0 to 12% of the shoot diseased. All of the species 

also were resistant to fire blight in 

2012.  Additional species tested only in the second year, that also appeared to be 

highly resistant to fire blight included: C . acutifolius, C . lidjiangensis, C . ×suecicus 

, C . sternianus, C . daliensis, C . pannosus, C .bullatus, C . milkedandai, 

C . bosianus, C . fastigiatus and C . hypocarpus.  

 

Discussion 

 This study is the first to report resistance in eleven taxa, which previously had 

not been screened. Six of these species showed consistent resistance and had less than 

5% shoot infection in both years of the study. The other five species, scored as 

resistant, were only screened in one year and should be evaluated again to confirm 
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results. Our results were in agreement with previous reports in some species and and 

conflicted with some others, which may be due to differences in intraspecific disease 

susceptibility. Both sexual species and apomictic complexes exhibit a great deal of 

heterogenetity (Persiel and Zeller., 1978;1981;1990; Nybom and Bartish, 2007). Taxa 

may have also been misidentified or mislabeled in previous reports as many species 

have synonymous names, which may have complicated reporting. In our study the 

accession C . ×suecicus C . dammeri 

and C . thymifolius had been aquired as C . microphyllus  

 The tolerance threshold of 5% was selected for the breeding program, because 

these plants are highly resistant and the low levels of damage would be acceptable in 

the landscape. Because differences in disease pressure may be seen between years 

accessions that exhibited <5% shoot infection in the second year of testing should be 

evaluated again to confirm resistance. Taxa that were included in our study and 

previous reports were compared to determine if results agree (Table 6). In many cases 

our studies support previous work, and when reports were in conflict give some 

clarification. Because many authors used different scales to evaluate susceptibility, a 

common rating was assigned. Disease reports were assigned a score on a three point 

scale, zero for plants which expressed no symptoms, one for plants which the author 

pointed out as having some form of resistance which may allow the plants to tolerate 

the disease below a disease threshold, and two for plants which showed to be 

susceptible. Average scores were also calculated to incorporate all reports. It should be 
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conditions, where inoculum, vectors, and environmental conditions may all greatly 

influence disease severity. Fluctuations in disease severity were also observed between 

years on plants which were artificially inoculated as in this study and by Persiel and 

Zeller (1978). Resistance of taxa in our greenhouse disease screenings should also be 

verified in the landscape, where the environment may influence plant-pathogen 

interactions.  

 The second year had less disease pressure than the first year. Some species had 

a much reduced percent shoot infection in year two compared to year one. In the case 

of C . salicifolius and C . frigidus, there were no symptoms the second year. To 

determine the probable cause for the difference in disease pressure, a dilution plating 

was performed using the frozen inoculum. Dilution plating revealed that the titer was 

at 107 CFU/ml, which was a two-log decrease in inoculum titer from the first year. 

Although this may have contributed to the difference in disease severity, it is not 

believed to be the only factor. In fire blight disease screenings by other researchers, 

inoculation titers have ranged from 106 to 109 CFU (Persiel and Zeller 1978; Bouma, 

1990; Bellenot-Kapusta 2002). Other environmental factors such as temperature, light, 

and relative humidity may have also caused differences. Although year had a 

significant interaction with disease response and data could not be pooled, trends were 

observed between years.  None of the species that were under the 5% disease threshold 
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the first year exceeded this level in the second year, which supports the assumption 

that they are highly resistant.  

 Mechanisms of resistance were not studied. Although, we observed that some 

species exhibited a hypersensitive response in inoculated leaves. Those leaves 

shriveled and abscised before necrosis progressed into the stem. Nonetheless, leaf 

abscission was not observed with all resistant spp, as many rated as resistant 

maintained healthy green leaves following inoculation.  It has been suggested that 

under natural pressure that small or hairy-leaved species experience less disease, 

possibly because they make less hospitable hosts for vectors (Geesteranus et al., 

1978). This observation did not hold true in these studies as resistance was seen in 

large fleshy leaved species as well as susceptibility in small hairy leaved species. 

Resistance by vector avoidance would only provide low levels of security in nursery 

production, as the plants are regularly handled, sheared and kept under overhead 

irrigation, which may all contribute to an outbreak of fire blight.  

  This study found a varying range of susceptibility in Cotoneaster to fire 

blight and identified several taxa that showed consistent resistance to the disease. This 

study used artificial inoculation in a greenhouse, which offers an effective means to 

evaluate resistance to fire blight.



%!"
"
 

 
 

 
 

Table 4. % Shoot diseased of Cotoneaster accessions inoculated with Erwinia 
amylovora in 2011 by foliar bisection assay 

Species Accession % Shoot diseasedz 
C . splendens 09-0024 0.00 l 

C . delsianus var. delsianus 09-0013 0.00 l 

C . sikagensis 10-0095 0.00 l 

C . atropurpureus 09-0071 0.00 l 

C . arbusculus 09-0068 0.00 l 

C . franchetii 09-0015 0.42 l 
C . chungtinensis 09-0082 0.46 l 

C . simsonii 09-0023 2.12 ly 

C . atrovirens 09-0072 8.98 l 
C . congestus 10-0088 13.26 kl 
C . hebephyllus 10-0091 14.08 jkl 

C . cochleatus 09-0085 18.69 jkl 

C . sternianus 09-0025 21.53 jkl 

C . bacillaris 09-0073 22.83 ijkl 

C . zabellii 09-0027 30.25 ijkl 
C . divarcatus 10-0089 35.55 ghijk 
C . buxifolius 09-0077 42.85 fghi 

C . henryanus 09-0017 46.74 efgh 

C . amenous 09-0066 50.18 defgh 
C . frigidus 09-0045 54.58 cdefg 

C . cashmeriensis 09-0080 60.20 cdef 
C . cinerascens 09-0083 63.39 bcdef 
C . nitens 09-0052 68.85 bcde 
C . applanatus 09-0067 72.93 bcd 

C . glabratus 09-0016 77.39 bc 
C . salificolius var. floccosus 09-0022 84.37 ab 
C . braydii 09-0076 86.46 ab 

C . rugosus 09-0021 101.84 ax 

C . wardii 09-0026 102.00 ax 

C . rhytidophyllus 09-0020 106.73 ax 



%#"
"
 

 
 

 
 

 

 

 

 

 

 

 
Table.4. Continued. 
   
zMean % shoot necrosis from fire blight from 9 plants,  different letters following 
numbers indicate a significant difference according 
(P<0.05). 
yTaxa above this line express < 5% necrosis and rated highly resistant. 
xShoot necrosis >100% signifies that the fire blight killed the entire plant. 
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Table.5. % Shoot diseased of Cotoneaster accessions inoculated with Erwinia amylovora 
in 2012 by foliar bisection assay 

Species Accession 
% Shoot 
diseasedz 

C . milkdanensis 10-0174 0.00 g 

C . chungtinensisx
 09-0082 0.00 g 

C . frigidusw
 09-0045 0.00 g 

C . splendensx
 09-0024 0.00 g 

C . atrovirensw
 09-0072 0.00 g 

C . sikagensisx
 10-0095 0.00 g 

C . daliensis 10-0129 0.00 g 

C . salicifolius var. floccosusw
 09-0022 0.00 g 

C . bullatus 09-0012 0.00 g 
C . pannosus 09-0046 0.00 g 

C . arbusculusx
 09-0068 0.00 g 

C . fastigiatus 10-0013 0.00 g 
C . bosianus 09-0047 0.00 g 

C . simsonii
x
 09-0023 0.69 fg 

C . divarcatusw
 10-0089 0.77 fg 

C . sternianusw
 09-0025 1.36 efg 

C . delsianus var. delsianusx
 09-0013 1.51 efg 

C . × suecicus 'Coral Beauty'  10-0166 1.68 efg 
C . lidgiangensis 10-0135 1.75 efg 

C . congestusw
 10-0088 3.47 efg 

C . henryanusw
 09-0017 3.86 efg 

C . acutifolius 10-0126 4.66 defgy 
C . procumbens 10-0137 6.22 defg 
C . lomaheunensis 10-0136 7.07 cdefg 

C . cochleatusw
 09-0085 12.47 bcdefg 

C . astrophorus 10-0127 14.82 bcdef 
C . genitanus 10-0132 15.26 bcde 

C . vanelarii 10-0139 18.79 bc 

C . racemiflorus 10-0154 20.92 bc 
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Table.5. Continued. 

Species Accession 
% shoot 
infectionz 

C . vilmorianus 11-0010 23.64 b 
C . thymifolius 10-0122 23.79 b 

C . horizontalis 'Variegatus' 10-0123 53.53 a 

C . shansiensis 10-0017 54.15 a 

C . rubens 10-0016 62.20 a 
   
zMean % shoot necrosis from fire blight, different letters following numbers indicate a 

P<0.05). 
yTaxa above this line express < 5% necrosis and rated highly resistant in 2012. 
xTaxa screened in 2011 and rated highly resistant in 2012. 
wTaxa screened as sensitive checks in both years. 
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Table 6. Comparison of Cotoneaster resistance to fire blight ratings from these studies and previous reports 

 
Average 
scorez 

OSU 
2012

y 

OSU 
2011

y 

Lecomte 
and 

Cadic 
1993xy 

Zeller 
1979x 

Jorgensen 
and 

Jensen 
1978x 

Davis 
and 

Peterson 
1976x 

Hodgkin 
and 

Fletcher 
1965x 

Thomas 
and Ark 
1934y 

NJ 
disease 
1932x 

Thomas 
and 

Thomas 
1931xy 

Smith 
1930y 

C . amenous 2  2 2         
C . acutifolius 1.5 1   2  2  1    
C . applanatus 2  2          
C . arbusculus 0 0 0          
C . astrophorous 1 1           
C . atropurpureus 0  0          
C . atrovirens 0.5 0 1          
C . bacillaris 1  1          
C . bosianus 0 0           
C . braydi 1  1          
C . bullatus 1.25 0  1 2    2    
C . buxifolius 2  2      2    
C . cashmeriensis 2  2          
C . chungtinensis 0.5 0 1          
C . cinerascens 2  2          
C . cochleatus 2 2 2          
C . congestus 1.33 1 2 1         
C . daliensis 0 0           
C . dielsianus 0.67 1 0 2 2 0 0  1 0 0  
C . divarcatus 1.6 1 2 2  1 2      
C . fastigiatus 0 0           
C . franchetii 0.4  0 2   0   0 0  
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Table.6. Continued.  

 

Average 
scorez 

OSU 
2012

y 

OSU 
2011

y 

Lecomte 
and 

Cadic 
1993xy 

Zeller 
1979x 

Jorgensen 
and 

Jensen 
1978x 

Davis 
and 

Peterson 
1976x 

Hodgkin 
and 

Fletcher 
1965x 

Thomas 
and Ark 
1934y 

NJ 
disease 
1932x 

Thomas 
and 

Thomas 
1931xy 

Smith 
1930y 

C . frigidus 1.2 0 2 2 2      0  
C . genitanus 0 0           
C . glabratus 1.67  2 2     1    
C . hebephyllus 2  2 2         
C . henryanus 1.67 1 2  2        
C . horizontalis 1.67 2  2 2 0 2    2  
C . hypocarpus 0 0           
C . lidjiangensis 1 1           
C . lomahuensis 2 2           
C . milkdandai 0 0           
C . nitens 1.75  2 2   1  2    
C . pannosa 1.5 0        2 2 2 
C . procumbens 2 2           
C . racemiflorus 2 2  2         
C . rhytidophyllus 2  2  2        
C . rubens 2 2           
C . rugosus 2  2          
C . salicifolius 1.75 0 2 2 2 2  2  2 2  
C . shansiensis 2 2           
C . sikagensis 0.67 0 0 2         
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Table.6. Continued.  

 

Average 
scorez 

OSU 
2012

y 

OSU 
2011

y 

Lecomte 
and 

Cadic 
1993xy 

Zeller 
1979x 

Jorgensen 
and 

Jensen 
1978x 

Davis 
and 

Peterson 
1976x 

Hodgkin 
and 

Fletcher 
1965x 

Thomas 
and Ark 
1934y 

NJ 
disease 
1932x 

Thomas 
and 

Thomas 
1931xy 

Smith 
1930y 

C . simonsii 1 1 1 2 2     0 0  
C . splendens 0 0 0          
C . sternianus 1.67 1 2 2         
C . thymifolius 2 2  2         
C . turbinatus 2  2          
C . vandelarii 2 2           
C . vilimorianus 2 2           
C . wardii 2  2   2       
C . × suecicus  

'Coral Beauty' 1.5 1  2         
C . zabelii 1.5  2 2   0  2    
zAverage disease score from these studies and literature review.  
yArtificially inoculated.  
xSusceptibility from observational studies.  
wDisease score, 2 being susceptible, 1 being noted for showing some form of resistance, 0 resistant showing no infection. 
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 Figure. 2. Fire blight symptoms on Cotoneaster spp., (A) C . buxifolius showing necrosis of stems below inoculation 
 site (marked by yellow tape), (B) necrosis of vascular tissue in the lesion border in C . turbinatus, and (C) lack of fire 
 blight symptoms on inoculated leaves or shoots of C . splendens which was rated as resistant in the assays.



%*"
"
 

 
 

 
 

 
 
 
        A 
 
 
 
 
 
 
 
 
 
   
 
 
        B 
 
 
 
 
 
 
 
 
 
   
 
 
Figure.3. Vascular inoculation methods, (A) foliar assay, where two terminal leaves 
were bisected with scissors dipped in a suspension of Erwinia amylovora, and (B) 
stem puncture with a 20 gauge needle dipped in a suspension of the pathogen. 
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Erwinia amylovora from an 

inoculated Cotoneaster buxifolius, , (B) culture of E . amylovora from the inoculum, and (C) 
identification of recovered bacteria as E . amylovora with lateral-flow immunoassay strips; the 
top strip was placed in a suspension of E. amylovora ×109, the middle strip in a suspension of 
the pathogen recovered from Cotoneaster lesions, and the bottom strip in asymptomatic plant 
material from the inoculation site.  The reddish line on the right side of the strip is an internal 
positive control for function of the strip and the reddish line to the left of the internal control 
is specific for E . amylovora and was visible only on strips exposed to the inoculum and 
isolates from lesions, not in negative controls. 
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Conclusion; Breeding for Sterility and Resistance 

Cotoneasters as potential invaders 

 Several species of Cotoneaster have escaped cultivation and are potentially 

invasive. The movement of plants is facilitated by wildlife that feed on the fruits and 

distribute the seed. Of particular concern are red fruiting forms that are believed to be 

more attractive to wildlife (Native Plant Society of Oregon, 2008). It is a growing 

concern that these garden escapes may naturalize and pose a threat to native plant 

diversity. In the British Isles, as many as 70 species of Cotoneaster have escaped 

gardens and in the United States 36 species have been recorded as escapes (Fryer and 

Hylmo, 2009). Currently C . 2$%'+4,,0)506#$&%(+'//,0and0)507$&&*,4, are listed as 

invasive in California but )50%*#/$%+4, has also colonized in some areas (California 

Invasive Plant Council, 2007; Invasive Plant Atlas, 2010).  The emerald chapter of the 

Native Plant Society of Oregon warns about planting cotoneasters in general but with 

a specific concern for )*'*&+$,'+#02$%'+4,80)506#$&%(+'//80)50(*#/9*&'$2/,, and C. 

7$#&+"/ (Native Plant Society of Oregon, 2008).  Wholesale Cotoneaster production in 

Oregon is valued at over $2.5 million (USDA, 2010); therefore imposing legislation 

limiting the sale of cotoneasters would have serious economic impact. Creating sterile 

forms of cotoneasters would prevent escapes and allow growers to market a viable 

crop that will be free from legislation. 
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 Sterile cultivars have been selected in some taxa to prevent garden escapes and 

make some plants less messy in the landscape, Work by Egoff at the National 

Arboretum was one of the first to manipulate landscape plant fertility, releasing a 

series of sterile Hibiscus syriacus  

(Egolff 1970; 1981; 1986; 1988). Interspecific- interploid crosses in :4;;2+/$ have 

(Laere et al., 2009). Landscape plants with reduced fertility pose less threat to native 

flora, because reductions in viable seed will decrease opportunity for escape and 

establishment in natural systems.  

Breeding Cotoneaster 

 The long-term objectives of the breeding program for Cotoneaster at Oregon 

State University is to produce fire blight resistant cultivars that have reduced fertility. 

To achieve these goals, information on the reproductive behavior and relative genome 

sizes in Cotoneaster were needed., In addition, little was known about the sensitivity 

of several taxa to fire blight. For the development of sterile fire blight-resistant 

cultivars, crosses will be made using resistant parents based on data from the disease 

screenings as described earlier. An emphasis will be made on interploid crosses that 

are widely different in genome size, because these are the most likely to yield F1 

hybrids with reduced fertility.  

It is expected that there will not be a triploid block in Cotoneaster, as triploid 

cotoneasters exist naturally in Cotoneaster and other Maloideae (Talent, 2009). If 
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sterility is achieved, it is hoped that the ornamental fruit will develop 

parthenocarpically, as parthenocarpy has been observed in related Maloideae genera 

such as Crataegus (Tourn. ex L), Sorbus (L.), and Amelanchier (Medik.) 

(Muniyamma and Phipps, 1979, Campbell et al.,1987).  

When planning a breeding scheme for apomictic taxa such as Cotoneaster, 

precaution has to be taken with the direction of crosses. Seed produced via apomixis 

resembles sexual seed. Therefore, only sexual outcrossing plants should be used as the 

female in the crosses. Apomictic taxa may be used as the pollen parents, but reciprocal 

crosses should not be conducted due to the uncertainty about the origin of the resulting 

seed. The heritability of apomixis has not been studied in )*'*&+$,'+#, so it remains to 

be seen if apomixis will be transmitted as it has been in some other members of 

Maloideae (Talent 2009, Campbell and Dickenson, 1990). In </+#$%/41 and 

=$&4&%424,, apomixis appears to be controlled by one or few loci and is dominantly 

inherited (Bicknell and Knoltunow, 2004), so it is expected that apomixis may 

segregate in the progeny.  

Preliminary crosses have been performed in a greenhouse, to exclude potential 

pollinators. Flowers were emasculated and hand pollinated in spring of 2011 using the 

diploid (2n = 2x = 34) C . ×suecicus 

tetraploid (2n = 4x = 68) species as the pollen parent (Table  7). Seed were cleaned, 

scarified in concentrated H2SO4, and put into cold stratification for 90 d. After 90 d, 

they were moved to a greenhouse and allowed to germinate. After ~120 days, the 
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emerged seedlings were removed. The remaining seed that did not germinate was 

returned to cold stratification for an additional 60 days and returned to the greenhouse 

to encourage germination.  

Seedlings were obtained from crosses of C . ×suecicus x) with 

4 pollen parents: C . splendens (4x), C . thymifolius (2x), C . divarcatus (4x), and C . 

simonsii (4x). These seedlings will be confirmed as hybrids by both morphological 

traits and ploidy analysis using flow cytometery. The cross of C . ×suecicus  

C . thymifolius have the same ploidy level and similar genome sizes, thus 

confirmation via flow cytometery may not be possible. Cuttings from hybrid seedlings 

will be evaluated for susceptibility to fire blight as well as ornamental traits such as 

habit, flowering, fruiting, and fertility. These crosses provide a proof in concept of the 

results and ideas presented in this thesis.  
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Table 7. Pollination, fruit set, seed set and current germination of interspecific crosses of Cotoneaster made in 2011. 

Female (2x) Accession Male Accession Flowers 
pollinated Fruit set Seed 

collected 
Seed 

germinationz 
C . × suecicus   
'Coral Beauty' 10-0166 C . thymifolius (2x) 10-0122 229 55 143 36 
C . × suecicus  

 'Coral Beauty' 10-0166 C . splendensy (4x) 09-0024 231 39 124 5 
C . × suecicus   
'Coral Beauty' 10-0166 C . divarcatusy (4x) 10-0098 165 47 130 17 
C . × suecicus   
'Coral Beauty' 10-0166 C . simonsii

y (4x) 09-0023 149 5 13 2 
z Germination as of May 31, 2012, seeds continuing to germinate. 
yMale is from a different subgenus than the female in the cross. 
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Appendix  

Anova tables and statistical output. 

Monoploid genome size by species. 

Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
Species                     65      0.57428250      0.00883512       3.04    <.0001 
 

Monoploid genome size by taxonomic section. 

Brown and Forsythe's Test for Homogeneity of Cx1 Variance 
                       ANOVA of Absolute Deviations from Group Medians 
 
                                       Sum of        Mean 
                Source         DF     Squares      Square    F Value    Pr > F 
 
                Section        11      0.0590     0.00536       1.54    0.1193 
                Error         186      0.6464     0.00348 
 
Welch's ANOVA for Cx1 
 
                           Source           DF    F Value    Pr > F 
 
                           Section     11.0000       1.46    0.2013 
                           Error       28.2633 
 

DAPI vs. PI paired T-test 

The TTEST Procedure 
 
                                    Difference:  PI - DAPI 
 
                  N        Mean     Std Dev     Std Err     Minimum     Maximum 
 
                 20     -0.0384      0.0892      0.0199     -0.1237      0.2165 
 
                    Mean       95% CL Mean        Std Dev      95% CL Std Dev 
 
                 -0.0384     -0.0801  0.00333      0.0892      0.0678   0.1302 
 
                                     DF    t Value    Pr > |t| 



'$"
"
 

 
 

 
 

 
                                     19      -1.93      0.0692 
Interaction effect of year on fire blight data (2011-2012). 

Source                      DF        Anova SS     Mean Square    F Value    Pr > F 
 
Species                     12      1.35817830      0.11318152      13.73    <.0001 
Species*Year                13      1.97138556      0.15164504      18.40    <.0001 
 

</,'*>#$1,06#*1062*.%"'*1+'#"0*60)*'*&+$,'+#0,77500

 

 

 

 

 

 

 

Hisograms from flowcytometry of Cotoneaster salicifolius (2x) (Left) and C. nitens (4x) 
(Right) with Zea mays (5.43 pg) as an internal standard.
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