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Abstract 

Wild rocket (Diplotaxis tenuifolia (L.) DC) is a species known for its growing 

consumption as “baby leaf” crop. Downy mildew, a disease caused by the pathogen 

Hyaloperonospora sp., is one cause of production losses in D. tenuifolia cultivation. To 

preserve elevated quality standards and sustainable production of wild rocket, the 

characterization of genetic diversity present in a germplasm collection is an important step 

towards the identification of genetic resources, fundamental to plant breeding. The objectives 

of this work encompass the characterization of the genetic diversity within a germplasm 

collection of D. tenuifolia, including a set of E. sativa samples, and the unequivocal 

identification of a group of selected accessions, using molecular markers. Genetic diversity 

analysis, performed using 5 Inter Simple-Sequence Repeats (ISSR) and 7 Random Amplified 

Polymorphic DNA (RAPD) primers, resulted in 110 scorable polymorphisms. Wild rocket 

accessions exhibited intraspecific genetic similarity with values ranging between 0.697 and 

0.994. Tighter clusters aggregate accessions with greater genetic similarity provided by the 

same producing company. The unequivocal identification of 90 accessions was performed 

using Simple-Sequence Repeats (SSR) and Single Nucleotide Polymorphisms (SNP) markers, 

the latter analyzed as Cleaved Amplified Polymorphic Sequences (CAPS). These loci were 

mined from the D. tenuifolia genomic assembly (UAlgDiploT.01), uploaded to the genomic 

databases. Twenty SSR and 19 SNP loci (selected by the presence of a TaqI restriction region 

in the SNP site), were retrieved for analysis. From this, five SSR and nine SNP loci were 

selected, giving rise to 70 SSR alleles analyzed by capillary gel electrophoresis and 36 CAPS 

polymorphisms. The molecular characterization of selected accessions resulted in the 

identification of specific fingerprints for the accessions, excluding 1 trio and 6 pairs of wild 

rocket accessions, exhibiting full similarity (100%). Thus, confirming the presence of duplicate 

accessions provided by different breeding and commercial companies. 

Key words: Diplotaxis tenuifolia, genetic diversity, RAPD, ISSR, microsatellite, 

CAPS. 
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Resumo 

 Rúcula selvagem (Diplotaxis tenuifolia (L.) DC) é uma espécie conhecida pelo seu 

crescente consumo como cultura “baby leaf”. O míldio, doença causada pelo patógeno 

Hyaloperonospora sp., é uma causa para as perdas de produção no cultivo de D. tenuifolia. Para 

preservar elevados padrões de qualidade e produção sustentável de rúcula selvagem, a 

caracterização da diversidade genética presente numa coleção de germoplasma é um passo 

importante na identificação de recursos genéticos, fundamentais para o melhoramento de 

plantas. Os objetivos deste trabalho englobam a caracterização da diversidade genética de uma 

coleção de germoplasma de D. tenuifolia, incluindo amostras de E. sativa e, a identificação 

inequívoca de um grupo de acessos selecionados, utilizando marcadores moleculares. A análise 

da diversidade genética, realizada utilizando 5 primers Inter Simple-Sequence Repeats (ISSR) 

e 7 Random Amplified Polymorphic DNA (RAPD), resultou em 110 polimorfismos 

contabilizados. Os acessos de rúcula selvagem exibiram elevada similaridade genética 

intraespecífica com valores entre 0.697 e 0.994. Grupos mais compactos agregam acessos com 

maior similaridade genética fornecidos pela mesma empresa produtora. A identificação 

inequívoca de acessos foi realizada utilizando marcadores Simple-Sequence Repeats (SSR) e 

Single Nucleotide Polymorphisms (SNP), estes últimos analisados como Cleaved Amplified 

Polymorphic Sequences (CAPS). Estes loci, extraídos do conjunto genómico D. tenuifolia 

(UAlgDiploT.01), foram carregados em bases de dados genómicas. Vinte loci SSR e 19 loci 

SNP (selecionados pela presença de uma região de restrição TaqI no sítio SNP) foram 

recuperados para análise. Destes, cinco loci SSR e nove SNP foram selecionados, dando origem 

a 70 alelos SSR analisados por eletroforese em gel capilar e 36 polimorfismos CAPS 

contabilizados. A caracterização molecular dos acessos selecionados resultou na identificação 

de “fingerprints” específicos para os acessos, excluindo 1 trio e 6 pares de acessos de rúcula 

selvagem, apresentando similaridade total (100%), confirmando a presença de acessos 

duplicados fornecidos por diferentes empresas produtoras. 

 

Palavras-chave: Diplotaxis tenuifolia, diversidade genética, RAPD, ISSR, 

microsatélites, CAPS. 
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Resumo Extenso 

 Diplotaxis tenuifolia (L.) DC., comummente conhecida como rúcula selvagem é uma 

espécie pertencente à família Brassicaceae que engloba uma vasta diversidade de espécies 

economicamente importantes. Nativa da bacia Mediterrânea e de certas regiões da Ásia 

ocidental, a rúcula selvagem encontra-se neste momento dispersa globalmente, sendo 

conhecida pelo seu crescente uso como saladas “baby leaf”. Esta espécie é muitas vezes 

confundida com rúcula cultivada (Eruca sativa (L.) Cav.), com a qual apresenta algumas 

diferenças morfológicas. Em fases mais avançadas do desenvolvimento da planta, podem ser 

observadas claras diferenças, como pétalas amarelas, síliquas septadas e sementes de pequenas 

dimensões (~5000 por grama) na espécie D. tenuifolia vs. pétalas branca, síliquas simples e 

sementes de maiores dimensões (~500 por grama) de E. sativa. 

A crescente popularidade no consumo de rúcula selvagem incitou também a necessidade 

de estabelecimento de uma coleções de germoplasma abrangendo diferentes genótipos de D. 

tenuifolia, permitindo identificação de materiais de interesse para uso em programas de 

melhoramento genético. 

O projeto REMIRucula, em que este trabalho se insere, tem como focos principais: 1) o 

estabelecimento de uma coleção de germoplasma de rúcula selvagem sediada no Instituto 

Nacional de Investigação Agrária e Veterinária (INIAV); 2) aumentar a sustentabilidade na 

produção de D. tenuifolia, procedendo à seleção de genótipos resistentes ao míldio 

(Hyaloperonospora sp.) que podem potenciar, simultaneamente, maior proteção ambiental e, 

altos níveis de qualidade alimentar. 

 O míldio, uma doença causada pelo oomiceta Hyaloperonospora sp. é, atualmente, uma 

das maiores causas de perdas de produtividade na cultura de rúcula selvagem. Sendo, o uso de 

fungicidas sintéticos o método mais frequente na mitigação de Hyaloperonospora sp. a seleção 

de genótipos resistentes ao míldio é imprescindível  para manter elevados padrões de segurança 

ambiental e alimentar. 

A estimativa da diversidade genética através do uso de marcadores moleculares em 

Diplotaxis tenuifolia foi até recentemente limitada à análise de relações inter-específicas. 

Martín & Sánchez-Yélamo (2000) verificaram relações genéticas entre 10 espécies do género 

Diplotaxis, utilizando marcadores Inter Simple-Sequence Repeats (ISSR), salientando a 

proximidade genética de D. tenuifolia com as espécies D. cretacea, D. simplex, D. viminea e 
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D. muralis, todas agrupadas. A relação próxima destas mesmas cinco espécies, foi novamente 

observada por Eschmann-Grupe et al. (2003), através do uso de marcadores Random Amplified 

Polymorphic DNA (RAPD). Mais recentemente, Taranto et al. (2016) relataram o uso de 

marcadores ISSR para completar os dados reunidos a partir de análises fenotípicas. 

Confirmando a discriminação da espécie E. sativa das espécies D. tenuifolia e D. muralis. 

O presente trabalho, tem como objetivos: 1) a avaliação da diversidade genética de um 

grupo representativo de acessos de uma coleção de germoplasma de Diplotaxis tenuifolia, onde 

se encontram incluídas amostras de Eruca sativa, utilizando marcadores moleculares RAPD e 

ISSR. 2) a identificação inequívoca de um grupo de acessos selecionados desta coleção de 

germoplasma, utilizando marcadores Simple-Sequence Repeats (SSR ou microsatélites) e 

Single Nucleotide Polymorphisms (SNP), sendo estes últimos analisados como marcadores 

CAPS (Cleaved Amplified Polymorphic Sequences). 

 Testes prévios num conjunto de 40 primers RAPD e 8 primers ISSR, permitiu a seleção 

de 7 primers RAPD e 5 primers ISSR eficientes na amplificação de bandas claras em 92 acessos 

de D. tenuifolia e 8 acessos de E. sativa. Esta análise permitiu a amplificação 110 

polimorfismos, utilizados para calcular a similaridade genética entre os acessos e a construção 

de um dendrograma representativo desta similaridade. O menor valor de similaridade descrito 

na matriz de similaridade (0.126) ocorreu, como expectado, entre dois acessos de D. tenuifolia 

e E. sativa discriminados em dois aglomerados. Entre acessos de D. tenuifolia, o menor valor 

de similaridade foi observado entre os acessos 23 e 92 (0.697). O maior nível de similaridade 

genética ocorre entre os acessos 44 e 42 (0.994) e os acessos 44 e 43 (0.994), estritamente 

agrupados em conjunto com os acessos 6, 40, 41 45 e 46, todos provenientes da mesma empresa 

de melhoramento. Um mesmo caso ocorre entre os acessos 8, 10, 17 e 19, classificados como 

parcialmente resistentes ao míldio e, originários da mesma empresa. A presença de 

agrupamentos de acessos com resistência parcial ao míldio, indicam a hipótese de existir um 

locus de resistência comum entre acessos provenientes das mesmas empresas. Os resultados 

das análises moleculares realizadas numa coleção de germoplasma de Diplotaxis tenuifolia (e 

alguns acessos de E. sativa) revelaram uma ampla diversidade genética entre os acessos. 

 Dos resultados da “assembly” genómica de D. tenuifolia (UAlgDiploT.01) previamente 

inserida nas bases de dados genómicas do National Center for Biotechnology Information 

(NCBI), foram selecionados 20 de um total de 500 loci SSR. Após a otimização e verificação 

destes 20 loci SSR, foram mantidos 5 loci, sendo posteriormente desenhados primers 
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fluorescentes. A análise de fragmentos por eletroforese em gel de capilaridade levou à 

identificação de 70 alelos contabilizados, permitindo uma identificação primária das relações e 

similaridades genéticas dos 90 acessos analisados. 

 Dos dados da sequenciação, um total de 500 loci SNP foram identificados e introduzidos 

nas bases de dados do NCBI (GenBank OM144979 a OM145478). Destes, foram selecionados 

19 loci, nomeadamente pela presença de uma região de restrição da enzima TaqI no local da 

variante nucleotídica, de modo a originar marcadores Cleaved Amplified Polymorphic 

Sequences (CAPS). A análise em gel de agarose dos marcadores SNP/CAPS com 9 pares de 

primers, levou à identificação de 36 polimorfismos para os acessos de D. tenuifolia e apenas 4 

para E. sativa, discriminando claramente as espécies em dois grupos. Nesta análise, 20 acessos 

de D. tenuifolia foram completamente diferenciados por padrões distintos, sendo os restantes 

67 acessos da mesma espécie, aglomerados em conjuntos de 2 a 14 acessos contendo 

similaridade total (100%). 

Apesar da sua capacidade para estabelecer as relações genéticas entre os acessos a 

utilização de marcadores SSR impossibilita a quantificação das similaridades genéticas, visto 

que, para acessos da mesma espécie são obtidos baixos valores de similaridade genética. Por 

outro lado, os altos valores de similaridade utilizado marcadores SNP/CAPS refletem a 

quantidade reduzida de loci utilizados para esta análise. Com isto, uma alternativa à baixa 

discriminação dos acessos avaliados pelos marcadores SNP/CAPS foi a sua confluência dos 

dados obtidos na análise SSR. 

 Como expectado, o uso agrupado dos dados SSR+SNP/CAPS, permitiu novamente a 

divisão de ambas as espécies D. tenuifolia e E. sativa em dois “clusters” distintos. Para acessos 

de D. tenuifolia os valores de similaridade genética foram superiores a 0.6 em cerca de 96% 

dos casos. Com isto, os padrões moleculares obtidos a partir da confluência dos dados 

SSR+SNP/CAPS permitiu a discriminação inter e intraespecífica dos acessos da coleção de 

germoplasma de D. tenuifolia e de 3 acessos de E. sativa utilizados como “outgroup”. Em 

conjunto, os dados impediram a discriminação em 6 casos de similaridade total entre dois 

acessos e um caso de similaridade total num grupo de 3 acessos, discutidos com mais detalhe. 

Os resultados confirmam, que combinação dos marcadores SSR e SNP/CAPS são adequados 

para a identificação inequívoca dos acessos da coleção de germoplasma de D. tenuifolia. 

Palavras-chave: Diplotaxis tenuifolia, diversidade genética, RAPD, ISSR, 

microsatélites, CAPS. 
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1. Introduction 

Today, a fourth generation of vegetables, commercialized as pre-packed baby leaf and 

ready-to-eat salads are obtaining a crescent popularity based on consistent product quality, 

freshness, and increased shelf-life (Caruso et al., 2018; Luca et al., 2016). The market demand 

shows an increasing global trend for the packaged salad market, with a provisional growth from 

8.6 billion USD in 2020, to 13.7 billion USD by the year 2028 (GlobeNewswire, 2021).  

Accompanying this trend, the market suffered an expansion from pre-packed lettuce 

salads (Lactuca sativa) to products like rocket and other leafy vegetables. Out of the main edible 

rocket species that include (Diplotaxis erucoides and Diplotaxis muralis), only two, Diplotaxis 

tenuifolia and Eruca sativa are large-scale produced and commercialized as salad crops (Coelho 

et al., 2021a; Martín & Sánchez-Yélamo, 2000). 

Diplotaxis tenuifolia (L.) DC., commonly known as “wild rocket”, is an herbaceous 

perennial diploid (2n = 22) plant species whose commercial relevance has been steadily 

increasing throughout recent years. The genus Diplotaxis, belongs to the Brassicaceae family, 

that comprises around 400 genera and 4000 species, including important crops as Brassica 

oleracea (broccoli, cabbage, cauliflower, etc.), Brassica napus (canola), Raphanus sativus 

(radish) or Brassica nigra (black mustard), and the model plant Arabidopsis thaliana (Avato & 

Argentieri, 2015).  

The growing importance of D. tenuifolia as a cultivated crop has been fuelled up by its 

characteristic astringent and bitter taste and freshness (Bell et al., 2020; Caruso et al., 2018; 

eFloras, 2008). Native to the Mediterranean basin and western Asia region, wild rocket has 

disseminated worldwide (Caruso et al., 2018). However, characteristics like the elongated 

taproot system (40 cm in depth), its natural adaptation to considerable ranges of differing 

edaphoclimatic conditions, and its tolerance to salt and alkaline soils, make D. tenuifolia a 

noxious weed in Europe, Australia, and South America (Caruso et al., 2019; de Vos et al., 2013; 

Kleemann et al., 2007; Nicoletti et al., 2007).
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D. tenuifolia exhibits yellow flowers a characteristic used for distinction from some 

other Diplotaxis and other rocket species (Figure 1.1). The wild rocket juvenile leaves tend to 

exhibit different morphological shapes, compared to fully developed basal leaves, with oblong 

and deeply lobed shapes. The fruits are 2 – 5 cm long cylindrical erect siliqua, with two rows 

of multiple seeds separated by a false septum. The ovoid to ellipsoid seeds are very small (1 – 

1.3 mm) and of light weight (~5000 seeds per gram). The basal adventitious buds present in the 

roots of in this perennial species make it particularly suitable for large-scale production and 

commercialization since this trait permits multiple rounds of leaf harvesting (eFloras, 2008; 

Hall et al., 2012a; Pignone & Martínez-Laborde, 2011). 

 

Eruca sativa (L.) Cav. (2n = 22), commonly known as cultivated or annual garden 

rocket, is a species of the Brassicaceae family, long time consumed and widely produced baby 

leaf crop (Hall et al., 2012b). Endemic to the Mediterranean basin and spread throughout 

Western Asia region and India (Hall et al., 2012a), the annual garden rocket is widely 

recognized by its pharmacological properties, anciently used for treatment of digestive 

complications, and as a natural diuretic and aphrodisiac (Taffner et al., 2019). In West Asia and 

Northern India, Eruca sativa seeds are used to manufacture “jamba” oil, mostly used in 

industrial processes, due to high contents of erucic acid (Garg & Sharma, 2014). 

Despite the morphological similarities, white colour of the flowers (Figure 1.1), larger 

seed size (~500 seeds per gram) and simple siliqua structures clearly differentiates E. sativa 

from D. tenuifolia (Coelho et al., 2021a; Hall et al., 2012b). 

Figure 1.1. (A) Wild rocket (Diplotaxis tenuifolia) yellow flowers; (B) Cultivated rocket 

(Eruca sativa) white flowers. 
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1.1. Metabolite Contents and Impacts on Human Health 

Salad rocket leaves, stems, and flowers are edible and harbour a considerable contents 

of fibers, minerals, and other beneficial secondary metabolites (glucosinolates, flavonoids, 

carotenoids, and ascorbic acid). Rocket salads are a beneficial source of non-degraded nutrients, 

consumed raw in salads and garnishes (Cavaiuolo & Ferrante, 2014). 

As in other species, the phytochemical contents are highly linked to the surrounding 

edaphoclimatic conditions during plant development. Disparities in phytonutrient levels were 

evidenced in rocket plants, subjected to differing conditions of growth temperature (Jasper et 

al., 2020), growth season (Bell et al., 2020), light intensity (Jin et al., 2009), soil system (Di 

Gioia et al., 2018), harvesting rounds (Caruso et al., 2018) and postharvest conditions 

(Martínez-Sánchez et al., 2006). 

Glucosinolates are secondary metabolites present in seeds, roots, leaves, stems, and 

flowers of multiple plant species, namely among species of the Brassicaceae family, that assure 

protection against exogenous organisms (Pignone & Martínez-Laborde, 2011; Vig et al., 2009). 

The damage of the plant tissues caused by harvesting and ingestion leads to the hydrolysis of 

glucosinolates, catalyzed by the enzyme myrosinase, originating a large panoply of molecular 

byproducts linked to beneficial effects to human health (Avato & Argentieri, 2015; Bell & 

Wagstaff, 2014). 

In general, the glucosinolate levels are responsible for the overall taste perception and 

consumer preference in rocket species. Hence, moderate levels of both bitterness and pungency 

caused by subtle divergences in these bioactive compounds, are also linked to consumer 

preferences (Bell et al., 2020). 

Rocket species, are considered nitrate hyper-accumulator species, reaching levels 

superior to 9.0 g kg-1 FW, depending on the conditions of plant development (Signore et al., 

2020). However, despite the positive cardioprotective effects linked to the daily intake of 

nitrates (Bondonno et al., 2015), the subsisting negative antinutritional effects caused by the 

ingestion of nitrites were previously linked to pathologies like non-Hodgkin Lymphoma (Yu et 

al., 2020), and Methemoglobinemia (McNulty et al., 2022). 
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Increased popularity and higher quota of wild rocket consumption promoted the 

incessant cultivation of this herbaceous plant throughout the full year. The impacts of low 

temperatures and decreased day period significantly impact wild rocket productivity in the 

autumn-winter cycles. Contrarily, optimal temperature values (16-18ºC) and increased day 

lengths impel faster growth rates in the spring-summer cycles. Thus, the year-round production 

in protected greenhouse conditions (Figure 1.2) ensure the optimal temperature requirements 

for wild rocket cultivation (Hall et al., 2012b; Hall et al., 2015). 

Wild rocket can be produced directly under soil or soilless cultivation systems. For baby 

leaf production, seeds are sown in compact densities, ranging from 4 to 6 kg ha-1 (2000 – 3000 

seeds m-2), depending on the sowing season and method (Nicoletti et al., 2007; Pimpini & Enzo, 

1996).  

Wild rocket yields depends on the cropping season, normally ranging from 1.5 to 1.6 kg 

m-2 (Hall et al., 2012b). Similar to the temperature, the number of harvests and the harvesting 

season also condition plant productivity and the nutrient availability (Caruso et al., 2018; Hall 

et al., 2012b). 

1.2. Rocket Germplasm Collection Initiatives 

Until 1994, rocket species were considered as underutilized Mediterranean crops. 

Efforts gathered by the International Plant Genetic Resources Institute (IPGRI) positively 

influenced the crescent importance of the genetic resources of the rocket species.  

Figure 1.2. Diplotaxis tenuifolia cultivation in a polytunnel (Vitacress S.A., Odemira). 
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The first meeting of the Rocket Genetic Resources Network (Lisbon, Portugal, 1994) 

has decisively stimulated the establishment of germplasm collections of rocket species used and 

not used for human consumption (Padulosi, 1995). 

 The more traditional and since long time cultivation and commercialization of the 

cultivated annual rocket (Eruca sativa) and consequent longer germplasm conservation 

activities resulted in around 750 accessions so far gathered and conserved throughout 

worldwide genebanks. Currently, in the worldwide genebanks exist less than 70 D. tenuifolia 

available accessions (Genesys, https://www.genesys-pgr.org/a/v26DkDz6bWZ).  

The main objectives of the REMIRucula project in the frame of which this work was 

performed, are: 1) the establishment of a wild rocket germplasm collection at the Instituto 

Nacional de Investigação Agrária e Veterinária (INIAV); 2) the expansion of production 

sustainability for this leaf crop, by the selection of downy mildew (Hyaloperonospora sp.) 

resistant genotypes, that could assure, simultaneously, high food quality and environmental 

protection. 

The current management of the germplasm accessions, in particular in what concerns 

the identification of the conserved genetic variability, and the unequivocal identification of the 

accessions finds a helpful tool in the use of modern molecular marker technologies. The 

identification of molecular tools for the identification of both rocket species and cultivars is a 

main priority for genebanks, to improve the management of the collection accessions and to 

assist plant breeders and producers. 

1.3. Downy Mildew Disease 

Cultivation under protected conditions, with increased levels of humidity, promotes the 

spreading of fungal pathogens (Caruso et al., 2019). Most of the species within the Brassicaceae 

family are hosts of Hyaloperonospora spp., the oomycete causative of the downy mildew 

disease (Lee et al., 2017). 

Downy mildew causes severe symptoms in young seedlings and adult plants, with 

destructive impact in both, yield and marketable quality of the product (Figure 1.3). Depending 

on the host genotype and environmental conditions, the downy mildew disease may imperil the 

total area of production, causing significant economic losses (Coelho et al., 2012).  

https://www.genesys-pgr.org/a/v26DkDz6bWZ
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Lacking unequivocal identification, the pathogen responsible for downy mildew 

infection of Diplotaxis tenuifolia cultivars is currently classified generically as 

Hyaloperonospora sp. (Coelho et al., 2021b). 

The most common method for mitigation of the downy mildew negative impact 

production is the use of fungicides. However, beyond the increase of the production costs, this 

practice has severe impacts in the environment and human health (Coelho et al., 2021a). 

To avoid the abusive use of control agents, the cultivation of resistant varieties, and the 

implementation of good agricultural practices, can decrease the emergence and propagation of 

this pathogen. Breeding and selection of resistant varieties is the uppermost beneficial option 

towards large-scale production, maintaining lower impacts both, on the environment and on 

human health (Carlier et al., 2011; Coelho et al., 2021a; Farinhó et al., 2004). 

1.4. Objectives 

This work has two main research objectives: 

1) The assessment of the extant genetic variability within a representative group of 

accessions of the Diplotaxis tenuifolia germplasm collection established by the INIAV, using 

two random amplification based molecular markers techniques, Random Amplified 

Polymorphic DNA (RAPD) and Inter Single Sequence Repeats (ISSR). 

2) The unequivocal identification of a selected set of Diplotaxis tenuifolia accessions by 

molecular fingerprinting. This objective will be pursued by the application of two species 

specific molecular marker techniques: Single Sequence Repeats (SSR) and Single Nucleotide 

Polymorphisms (SNPs). These last markers will be analysed as Cleaved Amplified 

Polymorphic Sequences (CAPS). 

Figure 1.3. (A) Fourteen-days-old wild rocket (Diplotaxis tenuifolia) plant 

before pathogen inoculation; (B) A highly susceptible 21-days-old wild 

rocket plant infected with Hyaloperonospora sp. isolate D5. 
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The results of this study are envisaged to complement the phenotypical evaluation of 

the studied germplasm accessions for their plant/downy mildew (Hyaloperonospora sp.) 

relationships and to create establish the starting point for further molecular identification of the 

phenotypically identified downy mildew resistance genes. 

2.  Evaluation of the genetic relationships among a representative set of 

the wild rocket (Diplotaxis tenuifolia L.) germplasm collection 

established at the INIAV 

Studies estimating the genetic diversity in both rocket species were essentially focused 

on E. sativa molecular and phenotypical traits (Egea-Gilabert et al., 2009; Guijarro-Real et al., 

2020). Similar studies including both salad rocket species evaluate the phenotypic diversity 

present in limited groups of D. tenuifolia accessions. Phenotypical diversity is commonly the 

uppermost direct and simple process towards the identification and of further genetic diversity 

in a set of germplasm accessions (Bozokalfa et al., 2011). 

Estimation of genetic relationships through the use of molecular markers in Diplotaxis 

tenuifolia is so far limited to the analysis of species-to-species relationships. Martín & Sánchez-

Yélamo (2000) provided insights towards the genetic relationships of 10 Diplotaxis species, 

using ISSR markers, showing close relationship of D. tenuifolia with D. cretacea, D. simplex, 

D. viminea and D. muralis, all grouped in a cluster. The close relationship of the five species 

was once again observed by Eschmann-Grupe et al. (2003), using RAPD markers, combined 

with isozyme analysis, to compare the species relationships of 19 species within the Diplotaxis 

genus. Recently, Taranto et al. (2016) reported the use of ISSR markers to separate species 

using genetic profiles, further elucidating the data collected from the phenotypic analysis. 

Based on polymorphisms retrieved by the DNA markers, clusters separating E. sativa from D. 

tenuifolia and D. muralis were constructed. 

Despite the scarce number of resources available, studies including D. tenuifolia 

demonstrate wide levels of genetic variability present within this species. Nevertheless, 

thorough molecular analysis to evaluate the genetic diversity within an established germplasm 

collection comprising several Diplotaxis tenuifolia species is one of the main objectives of this 

dissertation. Understanding the genetic diversity available in a large set of accessions is the 

primordial step for the selection and establishment of a plant breeding program. 
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2.1. Material and Methods 

2.1.1. Plant Germplasm Accessions 

A set of 100 wild (D. tenuifolia) and cultivated rocket (Eruca spp.) accessions, evaluated 

for their host-pathogen interaction with the isolate D5 of the downy mildew causal agent 

Hyaloperonospora sp., was selected for analysis of their genetic relationships (Table 2.1).  

 

       Table 2.1. Analyzed Diplotaxis tenuifolia (L.) DC. and Eruca spp. accessions. 

Accession origin Country of origin Number of accessions 

Australian Grains Genebank (AGG) Australia 1 

Leibniz Institute (IPK) Germany 4 

Breeding companies FR, IT, NL, SP, USA, UK 83 

Local trade Portugal 10 

Harvest missions Portugal 2 

Total  100 

 

2.1.2. Plant Growing Conditions 

The seeds were sown in plastic trays (3x3x5cm cells) containing a peat-based compost 

(Gramoflor GmbH & Co. KG, Vechta, Germany), covered with a layer of vermiculite, and 

watered by capillary matting. In the INIAV, the trays were placed in a growth chamber with a 

long-day lighting (19-h light, 5-h dark), 21°C daytime and 19°C night-time temperatures, and 

70±10% relative humidity. The photoperiod was provided by LED lamps (LED ECOT814330F 

14W 4000K, ROBLAN®) at an intensity of 250 µmol m-2s-1. The leaves of at least 5 plants per 

accession were collected and transferred in a refrigerated box to the UAlg. In multiple cases, 

replicates of the accessions were grown at the UAlg, in a glass greenhouse or at the laboratory, 

under environmental temperature and when needed, additional lightning. 

2.1.3. Molecular Characterization of the Accessions 

2.1.3.1. DNA Extraction and Evaluation 

The genomic DNA extraction was performed as described in Farinhó et al. (2004) with 

minor modifications. One leaf from 5 plants of each accession was removed, washed with tap 

water, and wiped up with paper. The central nervures were removed using a scalpel and the 

leaves were ground under liquid nitrogen in a mortar with a pestle. An amount of the obtained 

fine powder was transferred to a microfuge tube containing 500 µl of extraction buffer (250 
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mM Tris-HCL, pH 8.0, 25 mM EDTA, 1% SDS) until the final volume reached approximately 

750 µl. Then, RNase A (20 μg ml-1) was added to the tube, and then transferred to a water bath 

at 65 ºC for 15 minutes. Already at room temperature, 1 volume of phenol: chloroform : isoamyl 

alcohol (25:24:1) was added to the tube, which after successive inversions for 1 minute was 

centrifuged at 13,000 rpm for 3 min. The upper phase was transferred to a new tube and 

extracted with 1 volume of chloroform : isoamyl alcohol (24:1) as described in the previous 

step. This second extraction was repeated once or twice, until de interphase appeared 

completely transparent. The final upper phase was transferred to another tube and precipitated 

with 3 volumes of cold absolute ethanol and kept at -20 oC. After centrifugation at 13,000 rpm 

the DNA pellet was dried and resuspended in TE0.1 (10 mM Tris, 0.1 mM EDTA). The integrity 

of the extracted DNA and eventual contamination with RNA was assessed by agarose gel 

(1.4%) electrophoresis. The DNA concentration was determined by spectrophotometry 

(NanoDrop One, ThermoFisher) after a previous comparison via agarose gel electrophoresis 

with different amounts of DNA extracted from Pisum sativum roots, which do not contain 

chlorophyll or other pigments, that could bias the spectrophotometry results. 

2.1.3.2. RAPD-PCR Analysis 

The RAPD-PCR amplifications were performed as described in Elisiário et al. (1999) 

with minor modifications, in 15 μl final volume reaction mixes containing: 10 ng genomic 

DNA, 1x gel load reaction buffer, 0.16 mM de dNTPs, 0.6 U de NZYTaq DNA Polymerase, 

1.33 μM of each (single) primer. All RAPD primers used in this study were synthesized by 

Operon Technologies Inc. (Qiagen). 

The PCR reactions were carried out in a Biometra UNO II (Thermoblock, Biotron) 

thermocycler according to the protocol: initial denaturation at 94 °C for 1 min and 30 sec, 

followed by 35 cycles of 30 sec at 94 °C, 30 sec at 36 °C and 1 min at 72 °C, and a final cycle 

of 10 min at 72 °C. 

The amplification products are then analyzed by agarose gel (2%) electrophoresis. The 

gels are then immersed into an ethidium bromide solution, transferred to water for the diffusion 

of the stain from the gel and photographed under UV-transillumination with a digital camera 

Canon EOS 1300D. The tested and selected RAPD primers are displayed in Table 2.2. 
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Table 2.2. Tested and selected RAPD primers*. 

Primer Sequence Primer Sequence Primer Sequence 

OPA02 TGCCGAGCTG OPAL05 GACTGCGCCA OPAN05 GGGTGCAGTT 

OPA03 AGTCAGCCAC OPAL07 CCGTCCATCC OPAN14 AGCCGGGTAA 

OPB03 CATCCCCCTG OPAL12 CCCAGGCTAC OPAN16 GTGTCGAGTC 

OPB09 TGGGGGACTC OPAL15 AGGGGACACC OPAN18 TGTCCTGCGT 

OPB20 GGACCCTTAC OPAL17 CCGCAAGTGT OPAN20 GAGTCCTCAC 

OPD14 CTTCCCCAAG OPAL19 TCTGCCAGTG OPAO01 AAGACGACGG 

OPD19 CTGGGGACTT OPAM03 CTTCCCTGTG OPAO02 AATCCGCTGG 

OPE13 CCCGATTCGG OPAM04 GAGGGACCTC OPAO08 ACTGGCTCTC 

OPF15 CCAGTACTCC OPAM08 ACCACGAGTG OPAO10 GACATCGTCC 

OPU01 ACGGACGTCA OPAM13 CACGGCACAA OPAO12 TCCCGGTCTC 

OPAK06 TCACGTCCCT OPAM14 TGGTTGCGGA OPAO13 CCCACAGGTG 

OPAK12 AGTGTAGCCC OPAM16 TGGCGGTTTG OPAO20 GGCTTGCCTG 

OPAK14 CTGTCATGCC OPAM19 CCAGGTCTTC   

OPAK20 TGATGGCGTC OPAM20 ACCAACCAGG   

*The seven primers selected for further collection analysis are in bold.  

 

2.1.3.3. ISSR Analysis 

The ISSR amplifications were performed in the same thermocycler using a protocol 

identical to the used for RAPD markers amplification, except for the annealing temperatures 

that varied from primer to primer depending on the estimated specific melting temperature. 

The sequences of the tested and selected ISSR primers are registered in Table 2.3. All 

primers are degenerated and a combination of two primers. As commonly accepted the 

annotation “R” stands for purines (A and G) and “Y” for pyrimidines (T or C). 

 

Table 2.3 Tested and selected ISSR primers* 

Primer Sequence Tª annealing Primer Sequence Tª annealing 

DiploArb_01 (CA)8RG - DiploArb_05 (GA)8YG 60 °C 

DiploArb_02 (CA)8RY - DiploArb_06 (AG)8YT 58 °C 

DiploArb_03 (GA)8YT 58 °C DiploArb_07 (AG)8YC - 

DiploArb_04 (GA)8YC 60 °C DiploArb_08 (AC)8YT 58 °C 

* The five primers selected for further collection analysis are in bold. 
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2.1.3.4. Data Analysis 

Only clear and distinct amplified bands were scored as ‘1’ for presence and ‘0’ for 

absence in the electrophoresis gels and included in the data binary matrix. 

The NTSYS-pc program (Rohlf, 2009) was used for cluster analysis. The genetic 

similarity between the accessions was reckoned by pairwise comparisons based on the 

percentage of common fragments using the coefficient DICE (Nei & Li, 1979), according to 

the following equation: similarity = 2Nab / (Na+Nb), where Nab is the number of scored 

amplification products simultaneously present in accessions ‘a’ and ‘b’, Na is the number of 

amplification products scored in accession ‘a’, and Nb is the number of scored fragments in 

accession ‘b’. The unweighted pair-group method with arithmetic averages (UPGMA) was used 

to calculate the cophenetic matrix used for the dendrogram construction. The cophenetic 

correlation coefficient (r) was calculated by comparison of the similarity matrix with the 

UPGMA produced cophenetic matrix. 

2.2. Results 

2.2.1. Molecular Diversity 

The previous selection among 40 RAPD and 8 ISSR primers, suitable for amplification 

of a higher number of clear polymorphic markers, resulted in the retaining of 7 RAPD primers 

(OPU01, OPAL07, OPAL17, OPAM13, OPAM20, OPAN05, OPAN16) and 5 ISSR primers 

(DiploArb_03, DiploArb_04, DiploArb_05, DiploArb_06, DiploArb_08) for further molecular 

analysis (Tables 2.2 and 2.3). 

The molecular analysis of the 100 accessions with these 12 primers allowed the 

amplification of clear and easy to score 62 RAPD and 48 ISSR markers. The RAPD primers 

amplified an average number of ~8.9 scored markers per primer, relatively less than the ~9.6 

average markers amplified by the ISSR markers (Figures 2.1 and 2.2). 

Figure 2.1. RAPD amplification of Diplotaxis tenuifolia and Eruca spp. accessions with Operon 

Technologies primers OPU01(A) and OPAN16 (B). Notice the very different amplification pattern 

of the Eruca sp. accession 153. 
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The UPGMA analysis of the genetic similarity data resulted in a cophenetic matrix 

graphically displayed as a dendrogram (Figure 2.3), that exhibits a strong correlation (r=0.996) 

to the initial genetic similarity matrix (Table SM1). The first evident result of these analyses is 

the presence in the dendrogram of two main clusters: a major cluster (A) that gathers all 

Diplotaxis tenuifolia accessions, and a second major cluster (B) that reunites all Eruca spp. 

accessions. 

This main discrimination confirms the rightness of information about the supplied seed 

accessions, while highlighting the rightness of the obtained host-pathogen interaction results 

and the accuracy of the performed DNA-markers analyses. 

As expected, the lowest similarity value (~0.126) was found between a D. tenuifolia 

accession (No. 156) and an E. sativa accession (No. 30). 

The lowest similarity value among the Diplotaxis accessions (0.697) was observed 

between the accessions 23 and 92. Together with the accession 93, these three accessions 

showed the lowest similarities with several accessions of the same species. An additional 

comparative analysis will be soon carried out for a finer morphological and molecular 

characterization of these three accessions. 

The closest similarities among D. tenuifolia accessions were found between accession 44 

and 42 (~0.994) and 44 and 43 (~0.994). These three accessions are gathered in a tight cluster 

that also includes accessions 45 and 46 in a wider cluster (of eleven accessions) that also 

includes accessions 6, 40 and 41. The accessions 40, 44 and 46 are partially resistant. It is worth 

of mention that all these cited accessions were provided by the same breeding company. 

 

 

Figure 2.2. ISSR amplification of Diplotaxis tenuifolia and Eruca spp. accessions with primers 

DiploArb_04 (A) and DiploArb_03 (B). Notice the very different amplification patterns of the Eruca 

spp. accessions 68, 71 and 105. 
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 Figure 2.3. Dendrogram resulting from the UPGMA analysis of the genetic relationships assessed by RAPD and 

ISSR markers and using the coefficient of similarity DICE, of the 100 Diplotaxis tenuifolia and Eruca spp. 

accessions evaluated for their interaction with the pathogenic Hyaloperonospora sp. isolate D5 (HS – Highly 

Susceptible; S – Susceptible; PR – Partially Resistant; R – Resistant;). 
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Another example of closer clustering of accessions provided by the same donor is that of 

accessions 8, 10, 17 and 19 which, contrarily to other two accessions (20 and 57) in the same 

cluster, are partially resistant to downy mildew. 

In the above two cases, aiming at the identification of the downy mildew resistance genes, 

we can establish as a working hypothesizes the eventual sharing of the same resistance locus 

among the partially resistant accessions provided by the same company. 

The Eruca spp. accessions exhibit a wide molecular diversity with genetic similarity 

values that vary from ~0.914 (accessions 30 and 31) to ~0.605 (accessions 31 and 68). The low 

genetic similarity among some Eruca accessions, needs to be further scrutinized in more detail. 

However, this is out of the scope of the present study. 

In general terms, the molecular analyses revealed a wide genetic diversity within both 

kinds (Diplotaxis and Eruca) of accessions, and the absence of repeated genotypes. The genetic 

diversity was accompanied by a wide diversity of interactions with the Hyaloperonospora spp. 

isolate D5, which showed to be non-pathogenic to the Eruca spp. accessions. 

2.3. Discussion 

The RAPD and ISSR markers analyses have evidenced a wide genetic variability among 

the germplasm accessions of D. tenuifolia and Eruca spp. tested for plant-pathogen 

(Hyaloperonospora sp.) interaction. 

The main obvious result is the clear separation between the two species (DICE coefficient 

~0.25) and the closer genetic relationships within each species: DICE coefficient ~0.8 for D. 

tenuifolia and ~0.68 for the accessions of Eruca spp.  

The accessions 42, 43 and 44 were found the most similar and very closely gathered to 

accessions 45 and 46, and slightly more apart from accessions 40 and 41. The fact that these 

accessions were provided by the same company attest for the accuracy of the performed 

molecular analyses. Although most of these accessions exhibited a susceptible phenotypic 

interaction with the Hyaloperonospora sp. isolate D5, the accessions 40, 44 and 46 displayed a 

partially resistant phenotype. 

The accessions 8, 10, 17 and 19 constitute a second case of close clustered partially 

resistant accessions that are provided by the same breeding company. 

These two cases of close clustering of partially resistant accessions provided by the same 

donor suggests that these partial resistances could be conferred by the same genetic features, a 
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hypothesis that will be taken into consideration in our further attempt of mapping the 

responsible genes. 

The lowest similarity value (0.697) among the Diplotaxis accessions was observed 

between accessions 23 and 92. Together with the accession 93, the three accessions showed the 

lowest similarity with several Diplotaxis accessions. An additional comparative analysis 

focusing on these three accessions needs to be carried out for a finer morphological and 

molecular characterization, in the last case using different types of Sequence Tagged Site (STS) 

markers and genotyping by sequencing. 

The Eruca spp. accessions exhibit a wide diversity with genetic similarity values that vary 

from ~0.914 (accessions 30 vs. 31) to ~0.605 (accessions 31 vs. 68). The low genetic similarity 

among some Eruca spp. accessions, particularly the low similarity showed by the accession 68 

to the remaining accessions of the same genus, needs to be further scrutinized in more detail. 

 

3. Unequivocal identification of germplasm accessions of wild rocket 

(Diplotaxis tenuifolia (L.) DC.) by specific SSR and single SNP markers 

identified by previous genome NGS 

The genomic and transcriptomic data of Diplotaxis tenuifolia available at the NCBI 

database that could be used for the present work consisted of 83 gene and partial gene and 

Internal Transcribed Spacer (ITS) sequences, 500 microsatellite loci, the data of one RNAseq 

project, and of three genome sequencing projects with accession codes: PRJEB28010, 

PRJNA380551, and PRJNA624903. 

The last genome project was implemented and uploaded to the NCBI by  the Laboratory of 

Genomics and Genetic Improvement, MED, FCT, Universidade do Algarve in the frame of the 

project REMIRucula (Figure 3.1). 

Termed  “UALgDiploT.01” this genome assembly (scaffold), comprehends a total sequence 

length of ~ 424 Mbp assembled in ~170,000 contigs (N50 = 4,686; L50 = 23,088). 

https://www.ncbi.nlm.nih.gov/assembly/GCA_014822095.1/
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The above mentioned 500 microsatellite loci (accessions MT317453 to MT317952) were 

retrieved from the contigs of this genome assembly project and subsequently imported to the 

NCBI database. A set of 500 SNP loci was also retrieved from the “UALgDiploT.01” whole-

genome sequencing project data, and uploaded to the NCBI (GenBank OM144979 to 

OM145478). 

The SSR and SNP loci used for the genetic analysis of the D. tenuifolia, and E. sativa 

accessions were selected among these two sets of 500 genomic sequences.  

To the best of our knowledge, no prior studies using SSR, and SNP molecular markers have 

been performed in Diplotaxis tenuifolia. 

 

 

 

 

Figure 3.1. Diplotaxis tenuifolia whole genome sequence assembly report. 



 

17 

 

3.1. Materials and Methods 

3.1.1. Plant Germplasm Accessions 

A set of 87 D. tenuifolia and 3  E. sativa accessions of  the germplasm collection (INIAV), 

previously tested for their interaction with the isolate D5 of Hyaloperonospora sp., the causing 

agent of downy mildew disease (Coelho et al., 2022), were selected for unequivocal molecular 

characterization and identification by specific SSR and SNP patterns. 

3.1.2. Plant Growing Conditions 

The seeds were quickly washed with tap water and common detergent, and immersed during 

1 min into a disinfection containing 0.5% of SDS and 10% of commonly commercialized 

bleach. After thorough washing with distilled water until the total removal of the disinfection 

solution, the seeds were transferred to petri dishes containing three layers of filter paper 

saturated with tap water. During the following days the consecutively germinated seedlings 

were transferred in groups of  3 to small 9 cm diameter pots containing a mix of 50% peat and 

50% perlite. Five pots per accession were transferred to a glass greenhouse, and 3 weeks later 

only one well succeeded plant was left to grow per pot. 

3.1.3. DNA Extraction Accessions Analysis 

The extraction, quantification, quality evaluation and amplifiability of the genomic DNA  

samples extracted for molecular identification of the analyzed accessions was carried out as 

described in Chapter 2.   

3.1.4. Primers Design and Synthesis 

All primers were designed, their parameters calculated and their eventual self- or pair-

annealing assessed, using the FastPCR 6.7 Software (Kalendar et al., 2017). Common, non-

labeled, primers were synthesized by the company Eurofins Genomics (Germany). The 

fluorescent labeled primers were ordered from the company STABVida. 

3.1.5. Single Sequence Repeats (SSR) Marker Analysis 

The amplification of the SSR (microsatellite) markers was performed in 30 µl reactions, 

starting with an initial denaturation at 94ºC for 1 min and 30 sec, followed by 35 cycles of 30 

sec denaturation at 94ºC; 30 sec annealing, at different temperatures depending on the specific 

primer pair, and 1 min extension at 72ºC, followed by a period of final extension at 72ºC for 10 

min. 
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The PCR products were analyzed in 3% agarose gel electrophoresis and the better amplified 

markers were selected for further, more accurate, analysis among the studied accessions. The 

amplifications were repeated with the same pair of primers with the forward primer labelled 

with a fluorochrome. Half of the amount of the amplified products were analyzed by agarose 

gel electrophoresis and the second half of the approved amplified samples was sent to the 

company STABVida for fragment analysis by capillary polyacrylamide gel electrophoresis.  

The fragment analysis of the amplified by fluorescent SSR markers was performed in a 

3730XL Genetic Analyzer platform using GeneScan™ 500 LIZ™ as the dye size standard. The 

resulting data were analyzed using the Peak Scanner™ Software v. 1.0 (Applied Biosystems, 

USA). 

3.1.6. Single Nucleotide Polymorphisms (SNP) Markers Analysis 

Five hundred SNP loci were identified using the Geneious Prime v.2021.2.5 software. 

Seven nucleotide sequences, 3 nucleotides from each side of the identified SNP, were analyzed 

by the  NEBcutter V2.0 (http://nc2.neb.com/NEBcutter2/) software (Vincze et al., 2003) for 

identification of restriction enzymes that differentially recognized the alternative SNP alleles. 

Nineteen SNP markers harboring a TaqI restriction site encompassing the polymorphic 

nucleotide were selected for further work and amplified using the same protocol used for SSR 

markers. Fifteen microliters of the amplified products were analyzed by 3% agarose gel 

electrophoresis. The remaining 15 µl of well amplified samples were then cut with the TaqI 

restriction enzyme, and the samples analyzed as CAPS (Cleaved Amplified Polymorphic 

Sequences) markers in 3% agarose gels. 

3.1.7. Data Analysis  

The NTSYS-pc program (Rohlf, 2009) was used for cluster analysis. The genetic similarity 

between the accessions was reckoned using the coefficient DICE (Nei & Li, 1979) by pairwise 

comparisons based on the percentage of common fragments, according to the following 

equation: similarity = 2Nab / (Na+Nb), where Nab is the number of scored amplification products 

simultaneously present in accessions ‘a’ and ‘b’, Na is the number of amplification products 

scored in accession ‘a’, and Nb is the number of scored fragments in accession ‘b’. The 

unweighted pair-group method with arithmetic averages (UPGMA) was used to calculate the 

cophenetic matrix used for dendrogram construction. The cophenetic correlation coefficient (r) 

http://nc2.neb.com/NEBcutter2/
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was calculated by comparison of the similarity matrix with the UPGMA produced cophenetic 

matrix graphically represented as a dendrogram. 

3.2. Results 

3.2.1. SSR Markers Analysis 

Five hundred SSR loci were previously identified among the new NGS-established genome 

assembly contigs and uploaded to the NCBI database (accessions: MT317952 to MT317453). 

Primer pairs were designed for 20 (Table SM2 and SM3) out of the 500 SSR loci and, after 

preliminary amplification tests (Figure 3.2), 5 out of the 20 SSR loci were selected for the 

unequivocal identification of 90 (87 wild rocket and 3 garden rocket) accessions of the rocket 

germplasm collection (Table 3.1). 

The forward primer of each pair of the 5 SSR loci retained for further analysis was 

labelled with a fluorophore (Table 3.1) and, after a previous quality test in agarose gels, the 

amplified products were sent for fragment analysis by capillary polyacrylamide gel 

electrophoresis to the company STABVida (Lisbon, Portugal). 

Table 3.1. SSR primers used for accessions identification. 

Locus  Primers T (Cº)** Fluorophore 

MT317577 FW CGGATAAACATATCCGCTT* 
57 Atto 565 

RV GGTTAACATCACTAACGGT 

MT317610 FW GTCTATTGATCTGATGCCG* 
57 Atto 550 

RV GCGAGAACCGATCTATGA 

MT317823 FW CCAACATAGAAAGGTGCG* 
57 Atto 550 

RV GAGTTCCTCCAAAAGCTG 

MT317527 FW ACTTTGACGAAACGAAGC* 
58 HEX 

RV CTCAGAACCAAAGAGAAGC 

MT317537 FW CAGCTTTCTGTTAGTGGTC* 
59 HEX 

RV CCAACCAAAAACGTCAGA 
*  Fluorophore labelled; ** Annealing temperature 

 

Figure 3.2. Agarose gel electrophoresis of the preliminary amplification of 

the SSR locus MT317527 among 10 D. tenuifolia accessions. 

250bp –

200bp –

150bp –

100bp –

M        35       39        45        52        58      100      102     103      104      165
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The results of the fragment analysis were visualized graphically using the Peak Scanner™ 

Software v. 1.0 and the right alleles peaks were identified among the secondary peaks that result 

from the “band stuttering” (Cardoso et al., 2017), commonly associated to the SSR technique 

(Figure 3.3). 

 

The fragment analysis allowed the identification of 70 different alleles for the 5 SSR loci 

that permitted to carry out the first assessment of the genetic similarities and genetic 

relationships between the analyzed accessions (Table SM4) and the establishment of specific 

SSR markers patterns (Table SM5) for identification of most of the D. tenuifolia accessions. 

Nevertheless, as it can be observed in the respective dendrogram (Figure 3.4A), 1 cluster of 8 

accessions, 3 clusters of 3 accessions and 8 clusters of 2 accessions of this species shared 

identical SSR patterns, an issue that will be discussed below.  

Although the primers were designed for the specific amplification of SSR loci identified in 

D. tenuifolia genome, the E. sativa accessions amplified for 3 out of the 5 microsatellite 

markers, that discriminated among the 3 accessions of this species and contributed for their 

drastic discrimination from the wild rocket accessions.  

The SSR marker MT317577 did not amplify in the 3 E. sativa samples, and also not in six 

D. tenuifolia accessions: 56, 91, 92, 97, 134 and 146 (Table SM5). This is an interesting result, 

since, except for the samples 91 and 134, the other four accessions were previously found by 

RAPD and ISSR analyses to be relatively distanced genetically from the bulk of the accessions 

Figure 3.3. Capillary polyacrylamide gel electropherograms of the locus MT317577 (A) 

Homozygous pattern of accession 15; (B) Heterozygous pattern of accession 37.  X axis - 

Fragment size (bp); Y axis - Relative Fluorescence Unit (RFU). Notice the associated smaller 

“stutter” peaks. 
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of the same species and closer, although very apart, to the then analyzed E. sativa accessions 

(Coelho et al., 2022). 

3.2.2. SNP/CAPS Markers Analysis 

The D. tenuifolia genome assembly “UALgDiploT.01” was additionally mined using the 

software Geneious Prime v.2021.2.5, for the identification of sequences harbouring single 

nucleotide polymorphisms (SNP) (Table SM6). 

The genomic sequences, of approximately 500 nucleotides, surrounding the first 

identified 500 SNPs (GenBank OM144979 to OM145478) were retrieved for further analysis 

(Table SM6). Then, the identified SNP loci were analyzed using  the software NEBcutter V2.0 

for identification of restriction enzymes that differently digested the alternative SNP alleles, 

allowing these markers to be assessed as CAPS (Cleaved Amplified Polymorphic Sequences) 

markers. Reflecting the method of analysis, the SNP markers are further on referred to as 

SNP/CAPS. 

Nineteen out of the selected 500 SNP loci were identified as harbouring the polymorphic 

nucleotide within the sequence 5’-TCGA-3’ differentially recognized by the restriction enzyme 

TaqI, allowing the use of this enzyme for allele discrimination within these loci. Primers were 

designed for 9 loci (Table 3.2; Table SM3) which, after amplification and analysis by agarose 

gel electrophoresis (Figure 3.5), showed to be suitable for molecular discrimination and were 

used to assess the 90 germplasm accessions. 

The SNP marker loci, the specifically designed primers, amplification annealing 

conditions, and the respective resulting fragments after TaqI digestion are displayed in Table 

3.2. The results of the molecular analysis of the accessions by SNP/CAPS markers can be fully 

consulted in Table SM5 and are summarized in Table 3.3. 

The three Eruca spp. accessions were amplified uniquely for the locus OM145023 

which, as for the large majority of the Diplotaxis accessions showed to be homozygous for the 

restriction by TaqI. Nevertheless, this circumstance did not hamper the Eruca spp. accessions 

(29, 68, 105) to cluster clearly apart from the Diplotaxis accessions (Figure 3.4B). 
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Figure 3.4. (A) Dendrogram depicting the genetic relationships among the 90 germplasm accessions 

established based on SSR markers. The E. sativa accessions (Nos. 29, 68 and 105 at the bottom) are clustered 

clearly apart from all other (D. tenuifolia) accessions. (B) Dendrogram displaying the genetic relationships 

among the 90 germplasm accessions established based on SNP/CAPS markers. 
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The analyzed SNP/CAPS markers were not enough for the full discrimination of the D. 

tenuifolia accessions, since only 20 accessions were characterized by individual patterns. The 

remaining 67 accessions remained gathered in clusters of full identity (DICE coefficient = 

1.000) comprehending from 2 or 3 accessions to larger groups of 9 or 14 accessions (Table 

SM7; Figure 3.4B). 

3.2.3. Combined results of SSR and SNP-CAPS markers 

The combination of the results of the analyses performed with both types of markers 

allowed the analysis of the genetic similarities and genetic relationships between the 90 

accessions to be refined (Table SM8; Figure 3.6).  

Individual specific molecular fingerprints were identified for almost all accessions, 

except for 1 trio and 6 pairs of wild rocket accessions that exhibited full similarity, an issue that 

Table 3.2. SNP-CAPS primers used for accessions identification. 

Locus  Primers T° (°C)* SNP Restriction 

Fragments 

OM145023 FW GTCCCATGATTAGATATGGT 
58 G/T 143/80 

RV AGTCTTTAAGTGACAAGCG 

OM145040 FW GCGTTTGAATGGTTTCTG 
56 T/C 205/75 

RV CTTTGCTCATCCGTCAA 

OM145068 FW CATCTGTGCCTGATCTC 
58 G/T 191/54 

RV CATGTCAAGTCGTGATTCA 

OM145116 FW GAGCCTTGTAACAGATCC 
59 T/G 194/94 

RV CTGGGTTTGTGACTGTTG 

OM145191 FW TGGCATCCTACTCTTTCTC 
60 C/T 170/61 

RV CCGTGTGTTCATGATATGG 

OM145198 FW TCTACGATGCCAAGAGTT 
58 T/C 144/94 

RV TGTACTGGAAAGGTATCCC 

OM145248 FW CTAATGAGTTCGTCGTTCG 
60 A/G 216/108 

RV AGCTTATCTCTTCCTGGTG 

OM145268 FW CGAAAGAGATGCTATCGG 
59 C/T 167/76 

RV TACGTCCTCAGTTCTAACC 

OM145426 FW GGCTGGATATGTGTCAGA 
59 A/C 155/127 

RV GTCATGTTCCTTCTGGAAC 
* Annealing temperature 
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will be discussed below. The immediately below high genetic similarity (0.964) was exhibited 

by 17 pairs of accessions of this species. 

 

The lowest genetic similarity reckoned between D. tenuifolia accessions were 0.464, 

between the accession 58 and accessions 18 and 165, and 0.481 between the accessions 56 and 

accessions 16, 18 and 165. However, the calculated genetic similarity values between two 

accessions of this species were over 0.6 in ~96% of the cases. As expected, the lowest 

coefficient of similarity (0.111) was registered between accessions of both species.  

The established molecular fingerprints (Table SM5) allowed the clear discrimination 

between the two rocket species and between the accessions within each species, except for the 

below discussed cases of identical molecular patterns of some D. tenuifolia accessions. 

 

 

 

 

 

 

 

Table 3.3. Main results of the SNP/CAPS analyses 

Locus 
Homozygous 

restricted 
Heterozygous 

Homozygous 

unrestricted 

 

OM145023 86 4 0  

OM145040* 87 0 0  

OM145068* 58 29 0  

OM145116* 66 18 3  

OM145191* 49 34 4  

OM145198* 55 29 3  

OM145248* 0 5 82  

OM145268* 7 44 36  

OM145426* 0 14 73  

* The 3 Eruca sp. accessions did not amplify.  

Figure 3.5. Molecular patterns of 5 accessions for the OM145268 

locus. Accessions 1 and 4 (Heterozygous Y/N); Accession 3 

(Homozygous Y/Y) ; Accessions 6 and 9 (Homozygous N/N); M – 

DNA ladder VI (NZYTech). Y - one allele restricted;  N – one allele 

not restricted. 
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The tested and validated set of SSR and SNP/CAPS markers constitute a useful tool for the 

unequivocal identification of all present and future accessions of the D. tenuifolia germplasm 

collection and for multiple other intraspecific and interspecific discrimination studies. 

3.3. Discussion 

In a previous assessment of the genetic relationships among a large set of accessions of the 

same germplasm collection using RAPD and ISSR markers, only in one case the genetic 

similarity (DICE coefficient) between two Diplotaxis accessions fallen below 0.7, and in 95% 

of the cases this parameter was over 0.8. 

This level of genetic similarity agrees with the obtained in our lab during the last decades 

whenever randomly amplified DNA markers (RAPD, ISSR, AFLP) were used to the assess the 

genetic similarity and genetic relationships within multiple plant species, e.g., pear (Monte-

Corvo et al., 2000), apple (Goulão et al., 2001), fig (Cabrita et al., 2001) or common beans 

(Svetleva et al., 2006). 

In the present study, as expected, the calculated genetic similarity values based on SSR 

markers were relatively low, a consequence of their hyper-polymorphism, a feature that make 

these markers highly useful for molecular identification of individuals and establishment of 

genetic relationships, but not the most suitable markers for quantification of the genetic 

similarities, since these can be zero between two individuals of the same species, a result that 

is, obviously, absurd. This circumstance is also clear in the present study (Table SM4) as the 

reckoned genetic similarity between accessions often fallen drastically below 0.8, reaching 

values as low as 0.3 (e.g., accessions 12 and 16 of D. tenuifolia). 

On the other hand, the intraspecific (D. tenuifolia) genetic similarity values calculated based on 

of the SNP/CAPS markers were clearly higher, with the lowest value (0.556) registered in 8 

cases (Table SM7). 

Apparently, in accordance with the results found in our lab using randomly amplified markers 

(Coelho et al., 2022), the present results of SNP/CAPS markers analysis are, in fact, a 

consequence of the low number of analyzed loci. This situation could be improved by the 

assessment of a larger number of SNP loci or by complementation with results of other 

molecular markers analyses. We chose the second option and the combination of the results of 

the SNP/CAPS and SSR markers analyses allowed the identification of specific molecular 

fingerprints for most of the accessions (Table SM5; Figure 3.6). 
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Figure 3.6. Dendrogram depicting the genetic relationships among the 90 germplasm accessions established based 

on SSR and SNP/CAPS markers. The Eruca spp. accessions (Nos. 29, 68 and 105 at the bottom), used as outgroup, 

are clustered clearly apart from all the other (D. tenuifolia) accessions. 
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The 7 cases of non-discrimination among D. tenuifolia accessions deserve a detailed analysis 

and discussion, as the identification of specific fingerprints for all accessions of the germplasm 

collection is one of the main objectives of this work.  

The accession 1 was provided in 2015 identified as a commercial variety by a wild rocket 

producer, while the accession 98 was provided in 2019 as the same cultivar by the breeding 

company.  

The accessions 160 and 161 appeared as identical in our analysis. However, they were supposed 

to correspond to two different cultivars provided by two different companies. For that reason, 

an accurate comparative analysis of multiple phenotypic traits of these two accessions will be 

performed, new samples will be requested from the original providers and new molecular 

analysis will be carried out. Then the needed correction will be introduced in the germplasm 

collection data. 

The accessions 17 and 24 were provided in different years by the same donor, under the same 

name. These accessions were assumed as an internal control of the performed analyses. 

The accessions 10 and 19 were provided, respectively, by a wild rocket producer and a breeding 

company as the same, relatively resistant to downy mildew cultivar. 

The accessions 18 and 165 were provided by two different wild rocket producers, one in 

Portugal and the other in USA, as the same downy mildew resistant cultivar . 

The accession 39 was registered (in 2019) in the germplasm collection as a trial sample of a 

new cultivar provided by a breeding company. The accession 164 was received later (in 2020) 

identified as a commercially available downy mildew resistant cultivar. Both accessions are 

among the very few that, in our studies (Coelho et al., 2022) have exhibited strong resistance 

to the used Hyaloperonospora isolate. 

The accessions 23, 38 and 158 were provided by three different donors. The first from a wild 

rocket leaf producer. The second as a new cultivar under assay (identified by a company code). 

The third accession is a very well identified, highly resistant to downy mildew, cultivar. In fact, 

the three accessions were also among the very few D. tenuifolia accessions that exhibited 

downy mildew resistance in our previous studies (Coelho et al., 2022). This relative rare 

phenotypic trait shared by the three accessions, also contributes to confirm these three 

accessions as the same cultivar, despite the different providers. 
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Except for the case of the molecular identity of samples 160 and 161, that need further 

explanation, the other cases of accessions that exhibit the same molecular pattern reinforces our 

assumption that the set of molecular markers used in this study can be further utilized for 

unequivocal identification and register of all accessions of the germplasm collection. 
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4. Further prospects 

The  work carried in the frame of this dissertation opens the way to a further line of study: 

the genome mapping and further identification of the genetic features that confer downy mildew 

resistance to D. tenuifolia. 

Based on the previous experience of the Laboratory of Genomics and Genetic 

Improvement (UAlg), in collaboration with the INIAV and the Instituto Superior de Agronomia 

(ISA) in the genome localization of a downy mildew resistance gene in Brassica oleracea 

(Carlier et al., 2011; Carlier et al., 2012; Carlier et al., 2016; Farinhó et al., 2004; Farinhó et 

al., 2007), the first crosses between highly resistant and highly susceptible wild rocket 

accessions have been already performed to obtain the necessary mapping populations.  

The F1 plants have been already characterized for their interaction with the 

Hyaloperonospora sp. isolate D5 and self-pollinated to generate the F2 progenies. Since the 

accessions selected for initial progenitors are relatively heterozygous, both generations (F1 and 

F2) can be used for the identification of markers linked to the molecular features, most likely 

QTLs, that determine the exhibited resistances. 
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1_PR 1.000

3_PR 0.951 1.000

4_S 0.964 0.965 1.000

5_PR 0.963 0.951 0.952 1.000

6_S 0.940 0.953 0.966 0.952 1.000

7_PR 0.957 0.957 0.946 0.969 0.946 1.000

8_PR 0.920 0.945 0.935 0.919 0.947 0.951 1.000

9_S 0.897 0.911 0.901 0.896 0.877 0.903 0.879 1.000

10_PR 0.928 0.952 0.942 0.927 0.953 0.958 0.970 0.888 1.000
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17_PR 0.933 0.946 0.947 0.933 0.959 0.951 0.952 0.893 0.959 0.933 0.897 0.952 1.000

18_R 0.917 0.941 0.954 0.916 0.966 0.934 0.947 0.877 0.965 0.917 0.917 0.959 0.959 1.000

19_PR 0.920 0.933 0.935 0.919 0.947 0.938 0.939 0.879 0.958 0.933 0.896 0.951 0.988 0.970 1.000

20_HS 0.926 0.939 0.940 0.938 0.952 0.944 0.945 0.885 0.964 0.926 0.901 0.945 0.970 0.952 0.969 1.000

21_PR 0.870 0.883 0.910 0.893 0.898 0.888 0.889 0.877 0.885 0.870 0.894 0.914 0.890 0.898 0.877 0.894 1.000

22_PR 0.879 0.881 0.896 0.877 0.896 0.872 0.899 0.861 0.882 0.866 0.879 0.861 0.888 0.883 0.873 0.892 0.910 1.000

23_PR 0.824 0.827 0.844 0.836 0.844 0.816 0.832 0.761 0.816 0.797 0.811 0.805 0.821 0.818 0.805 0.824 0.844 0.909 1.000
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30_R 0.193 0.207 0.200 0.196 0.217 0.212 0.226 0.222 0.254 0.211 0.211 0.228 0.205 0.233 0.191 0.193 0.250 0.202 0.160 0.214 0.200 0.190 0.788 1.000

31_R 0.254 0.250 0.274 0.241 0.258 0.256 0.269 0.232 0.295 0.237 0.254 0.254 0.264 0.274 0.252 0.254 0.310 0.283 0.250 0.276 0.263 0.267 0.743 0.914 1.000

32_PR 0.970 0.970 0.983 0.945 0.960 0.940 0.940 0.894 0.947 0.946 0.934 0.929 0.953 0.948 0.940 0.946 0.904 0.914 0.863 0.933 0.920 0.970 0.235 0.202 0.276 1.000

33_S 0.938 0.939 0.952 0.925 0.917 0.919 0.908 0.885 0.904 0.901 0.938 0.908 0.909 0.917 0.896 0.914 0.894 0.904 0.865 0.913 0.911 0.927 0.246 0.175 0.237 0.958 1.000

35_S 0.931 0.932 0.933 0.917 0.909 0.924 0.950 0.889 0.933 0.931 0.918 0.888 0.926 0.921 0.925 0.918 0.873 0.909 0.841 0.930 0.890 0.919 0.234 0.180 0.261 0.951 0.918 1.000

36_PR 0.957 0.945 0.958 0.956 0.934 0.938 0.914 0.903 0.921 0.919 0.957 0.889 0.927 0.922 0.926 0.932 0.888 0.885 0.830 0.906 0.904 0.945 0.195 0.142 0.205 0.952 0.944 0.937 1.000

37_S 0.957 0.945 0.946 0.943 0.946 0.950 0.914 0.890 0.921 0.919 0.932 0.901 0.927 0.934 0.926 0.919 0.875 0.885 0.830 0.931 0.904 0.945 0.230 0.177 0.222 0.952 0.932 0.911 0.950 1.000

38_R 0.907 0.920 0.934 0.918 0.934 0.913 0.926 0.852 0.921 0.882 0.894 0.901 0.927 0.922 0.914 0.932 0.925 0.936 0.884 0.931 0.930 0.945 0.248 0.212 0.291 0.940 0.894 0.924 0.913 0.900 1.000

39_R 0.908 0.909 0.935 0.919 0.935 0.901 0.890 0.854 0.898 0.883 0.883 0.878 0.904 0.899 0.890 0.908 0.901 0.911 0.859 0.894 0.893 0.933 0.261 0.226 0.303 0.929 0.883 0.888 0.914 0.914 0.926 1.000

40_PR 0.941 0.965 0.977 0.940 0.977 0.947 0.947 0.890 0.954 0.929 0.918 0.959 0.971 0.977 0.959 0.953 0.911 0.897 0.846 0.929 0.916 0.953 0.262 0.230 0.286 0.971 0.941 0.922 0.935 0.947 0.935 0.924 1.000

41_S 0.958 0.934 0.959 0.933 0.947 0.939 0.928 0.881 0.947 0.921 0.921 0.916 0.940 0.936 0.940 0.958 0.878 0.888 0.834 0.920 0.907 0.946 0.239 0.205 0.281 0.965 0.933 0.926 0.951 0.939 0.915 0.916 0.948 1.000

42_S 0.958 0.959 0.971 0.945 0.960 0.952 0.952 0.882 0.971 0.934 0.922 0.940 0.965 0.960 0.964 0.970 0.904 0.901 0.850 0.933 0.908 0.959 0.252 0.218 0.293 0.977 0.934 0.939 0.952 0.940 0.940 0.929 0.971 0.976 1.000

43_S 0.959 0.959 0.983 0.946 0.960 0.952 0.953 0.896 0.960 0.935 0.935 0.941 0.965 0.960 0.953 0.959 0.917 0.902 0.852 0.934 0.921 0.959 0.264 0.231 0.304 0.977 0.947 0.940 0.952 0.940 0.940 0.929 0.983 0.965 0.989 1.000

44_PR 0.964 0.965 0.977 0.952 0.966 0.958 0.959 0.889 0.965 0.940 0.929 0.935 0.971 0.954 0.959 0.964 0.910 0.908 0.857 0.940 0.915 0.965 0.250 0.217 0.290 0.983 0.940 0.945 0.958 0.946 0.946 0.935 0.977 0.971 0.994 0.994 1.000

45_S 0.946 0.947 0.971 0.945 0.948 0.940 0.940 0.907 0.947 0.922 0.946 0.929 0.953 0.948 0.940 0.946 0.928 0.914 0.863 0.933 0.920 0.947 0.269 0.218 0.293 0.965 0.946 0.939 0.964 0.940 0.940 0.929 0.971 0.953 0.977 0.989 0.983 1.000

46_PR 0.952 0.965 0.977 0.940 0.966 0.946 0.947 0.889 0.953 0.929 0.929 0.935 0.959 0.954 0.947 0.952 0.922 0.920 0.870 0.940 0.915 0.965 0.250 0.200 0.274 0.983 0.952 0.933 0.958 0.958 0.946 0.935 0.977 0.959 0.983 0.983 0.989 0.983 1.000

47_S 0.951 0.952 0.965 0.951 0.953 0.933 0.933 0.886 0.952 0.927 0.927 0.921 0.946 0.941 0.945 0.963 0.908 0.906 0.853 0.938 0.888 0.964 0.241 0.190 0.267 0.970 0.939 0.932 0.957 0.933 0.933 0.921 0.953 0.958 0.982 0.971 0.976 0.970 0.976 1.000

48_S 0.907 0.920 0.922 0.931 0.946 0.925 0.926 0.852 0.933 0.894 0.894 0.926 0.927 0.934 0.926 0.944 0.888 0.885 0.857 0.931 0.866 0.933 0.265 0.212 0.256 0.928 0.907 0.886 0.900 0.925 0.913 0.889 0.935 0.915 0.940 0.929 0.934 0.928 0.946 0.945 1.000

49_S 0.907 0.933 0.922 0.918 0.946 0.925 0.951 0.890 0.945 0.907 0.894 0.926 0.951 0.934 0.938 0.957 0.900 0.885 0.816 0.931 0.879 0.920 0.265 0.212 0.256 0.928 0.894 0.899 0.913 0.913 0.913 0.889 0.935 0.915 0.940 0.940 0.946 0.940 0.946 0.945 0.938 1.000

50_S 0.910 0.924 0.914 0.909 0.914 0.903 0.917 0.893 0.925 0.923 0.897 0.917 0.931 0.926 0.943 0.962 0.865 0.874 0.789 0.909 0.895 0.911 0.222 0.167 0.232 0.932 0.897 0.915 0.916 0.903 0.890 0.866 0.915 0.931 0.932 0.920 0.926 0.907 0.914 0.937 0.903 0.942 1.000

51_S 0.926 0.963 0.952 0.938 0.952 0.932 0.933 0.897 0.940 0.963 0.901 0.933 0.945 0.940 0.945 0.951 0.882 0.879 0.824 0.913 0.886 0.951 0.228 0.175 0.220 0.958 0.914 0.931 0.932 0.932 0.919 0.908 0.953 0.921 0.946 0.947 0.952 0.934 0.952 0.951 0.932 0.932 0.936 1.000

52_S 0.933 0.958 0.947 0.944 0.959 0.938 0.927 0.892 0.934 0.933 0.908 0.927 0.952 0.935 0.939 0.945 0.889 0.886 0.832 0.932 0.881 0.958 0.243 0.174 0.235 0.952 0.920 0.913 0.926 0.938 0.914 0.902 0.959 0.916 0.940 0.941 0.947 0.940 0.959 0.958 0.951 0.938 0.917 0.969 1.000

54_S 0.951 0.951 0.940 0.963 0.940 0.981 0.945 0.897 0.952 0.926 0.914 0.945 0.970 0.940 0.957 0.963 0.894 0.879 0.824 0.938 0.911 0.939 0.263 0.211 0.254 0.946 0.926 0.918 0.932 0.944 0.919 0.896 0.953 0.933 0.958 0.959 0.964 0.946 0.952 0.939 0.944 0.944 0.923 0.938 0.945 1.000

55_HS 0.897 0.899 0.889 0.896 0.889 0.916 0.879 0.880 0.888 0.885 0.897 0.892 0.906 0.901 0.904 0.910 0.877 0.887 0.817 0.909 0.921 0.886 0.241 0.167 0.214 0.907 0.910 0.876 0.903 0.929 0.890 0.866 0.902 0.893 0.894 0.896 0.901 0.894 0.914 0.886 0.903 0.890 0.907 0.897 0.904 0.936 1.000

56_R 0.861 0.863 0.879 0.859 0.866 0.853 0.855 0.869 0.852 0.861 0.874 0.855 0.883 0.866 0.882 0.887 0.867 0.836 0.774 0.859 0.871 0.876 0.233 0.155 0.224 0.872 0.861 0.851 0.880 0.867 0.867 0.829 0.868 0.870 0.859 0.873 0.866 0.872 0.866 0.876 0.853 0.893 0.924 0.874 0.868 0.861 0.869 1.000

57_S 0.934 0.947 0.948 0.933 0.960 0.952 0.964 0.894 0.971 0.934 0.934 0.929 0.965 0.960 0.952 0.970 0.904 0.901 0.824 0.945 0.908 0.935 0.252 0.235 0.276 0.953 0.922 0.927 0.940 0.928 0.928 0.917 0.960 0.953 0.965 0.966 0.971 0.953 0.960 0.947 0.928 0.952 0.932 0.934 0.929 0.958 0.907 0.872 1.000

58_S 0.918 0.932 0.933 0.917 0.921 0.924 0.938 0.876 0.933 0.906 0.893 0.900 0.951 0.921 0.938 0.931 0.873 0.909 0.841 0.943 0.877 0.919 0.252 0.198 0.261 0.939 0.918 0.923 0.924 0.911 0.924 0.875 0.934 0.914 0.939 0.940 0.945 0.939 0.945 0.944 0.911 0.924 0.902 0.918 0.925 0.931 0.889 0.865 0.939 1.000

59_S 0.914 0.939 0.940 0.938 0.952 0.919 0.933 0.897 0.940 0.914 0.926 0.920 0.945 0.940 0.933 0.951 0.919 0.904 0.838 0.925 0.911 0.951 0.246 0.193 0.237 0.946 0.914 0.918 0.932 0.919 0.944 0.908 0.941 0.909 0.934 0.935 0.940 0.946 0.952 0.951 0.944 0.957 0.923 0.951 0.957 0.938 0.897 0.887 0.946 0.931 1.000

60_PR 0.892 0.918 0.908 0.929 0.920 0.923 0.924 0.887 0.932 0.904 0.904 0.899 0.925 0.908 0.911 0.930 0.910 0.882 0.825 0.903 0.876 0.906 0.220 0.183 0.212 0.914 0.904 0.909 0.923 0.885 0.910 0.886 0.909 0.900 0.914 0.915 0.920 0.926 0.920 0.931 0.910 0.923 0.901 0.917 0.924 0.917 0.887 0.877 0.938 0.922 0.943 1.000

61_S 0.925 0.938 0.940 0.962 0.940 0.943 0.919 0.909 0.927 0.913 0.913 0.907 0.933 0.916 0.919 0.950 0.906 0.890 0.822 0.924 0.885 0.938 0.232 0.196 0.259 0.933 0.913 0.917 0.943 0.906 0.918 0.919 0.929 0.933 0.933 0.934 0.940 0.933 0.928 0.938 0.906 0.931 0.935 0.925 0.919 0.938 0.883 0.886 0.958 0.917 0.938 0.942 1.000

62_S 0.897 0.911 0.914 0.922 0.914 0.890 0.892 0.867 0.888 0.885 0.910 0.892 0.918 0.889 0.904 0.923 0.890 0.887 0.817 0.909 0.908 0.937 0.241 0.167 0.232 0.919 0.897 0.876 0.916 0.903 0.916 0.879 0.915 0.893 0.907 0.908 0.914 0.919 0.926 0.924 0.916 0.916 0.920 0.923 0.943 0.910 0.907 0.897 0.907 0.915 0.949 0.914 0.909 1.000

63_S 0.933 0.933 0.947 0.932 0.935 0.914 0.927 0.892 0.922 0.933 0.920 0.915 0.940 0.911 0.927 0.945 0.914 0.899 0.832 0.932 0.881 0.945 0.261 0.191 0.269 0.952 0.920 0.913 0.938 0.914 0.914 0.915 0.936 0.928 0.952 0.953 0.959 0.952 0.959 0.970 0.926 0.951 0.930 0.945 0.951 0.933 0.879 0.882 0.940 0.925 0.945 0.911 0.932 0.930 1.000

64_S 0.876 0.903 0.893 0.901 0.893 0.908 0.896 0.912 0.892 0.863 0.863 0.883 0.910 0.881 0.896 0.902 0.868 0.865 0.777 0.874 0.872 0.877 0.286 0.210 0.239 0.873 0.876 0.867 0.895 0.882 0.868 0.857 0.894 0.872 0.886 0.900 0.893 0.911 0.893 0.890 0.868 0.921 0.898 0.889 0.896 0.902 0.857 0.887 0.886 0.893 0.902 0.892 0.901 0.898 0.896 1.000

65_HS 0.836 0.824 0.829 0.861 0.816 0.841 0.816 0.843 0.813 0.822 0.863 0.830 0.832 0.829 0.830 0.849 0.841 0.837 0.773 0.847 0.859 0.824 0.265 0.184 0.216 0.834 0.863 0.825 0.855 0.841 0.828 0.803 0.831 0.819 0.821 0.837 0.829 0.848 0.829 0.838 0.841 0.841 0.871 0.836 0.844 0.863 0.914 0.859 0.834 0.853 0.849 0.851 0.847 0.871 0.844 0.861 1.000

68_R 0.283 0.279 0.286 0.271 0.302 0.269 0.298 0.316 0.306 0.333 0.350 0.300 0.309 0.333 0.314 0.300 0.271 0.296 0.208 0.322 0.276 0.279 0.667 0.667 0.605 0.288 0.300 0.308 0.286 0.269 0.286 0.264 0.313 0.293 0.288 0.299 0.286 0.304 0.286 0.295 0.286 0.286 0.281 0.300 0.314 0.283 0.281 0.275 0.320 0.308 0.317 0.296 0.271 0.298 0.298 0.288 0.288 1.000

69_S 0.928 0.940 0.953 0.927 0.977 0.921 0.922 0.888 0.929 0.904 0.892 0.922 0.947 0.942 0.934 0.940 0.897 0.882 0.829 0.902 0.889 0.952 0.237 0.203 0.262 0.947 0.904 0.896 0.921 0.921 0.921 0.922 0.954 0.935 0.947 0.948 0.953 0.936 0.953 0.940 0.933 0.945 0.913 0.940 0.946 0.928 0.888 0.865 0.936 0.896 0.940 0.894 0.927 0.900 0.934 0.892 0.813 0.274 1.000

71_R 0.256 0.269 0.276 0.278 0.260 0.259 0.254 0.270 0.281 0.274 0.291 0.274 0.250 0.276 0.237 0.274 0.278 0.286 0.252 0.296 0.265 0.269 0.696 0.783 0.740 0.279 0.291 0.263 0.241 0.224 0.276 0.271 0.288 0.283 0.279 0.290 0.276 0.279 0.260 0.269 0.259 0.241 0.252 0.239 0.237 0.274 0.234 0.226 0.295 0.263 0.256 0.232 0.296 0.234 0.254 0.222 0.257 0.720 0.231 1.000

72_HS 0.939 0.928 0.941 0.938 0.953 0.945 0.945 0.873 0.952 0.915 0.915 0.921 0.958 0.941 0.945 0.963 0.896 0.906 0.840 0.951 0.913 0.952 0.259 0.224 0.283 0.947 0.902 0.919 0.920 0.920 0.945 0.909 0.942 0.934 0.959 0.959 0.965 0.947 0.953 0.952 0.945 0.957 0.924 0.939 0.945 0.963 0.911 0.863 0.959 0.932 0.951 0.918 0.926 0.924 0.945 0.890 0.851 0.311 0.952 0.269 1.000

73_S 0.928 0.940 0.953 0.927 0.953 0.921 0.922 0.888 0.929 0.940 0.916 0.922 0.947 0.942 0.946 0.952 0.921 0.907 0.842 0.927 0.901 0.952 0.254 0.203 0.279 0.959 0.916 0.920 0.933 0.933 0.933 0.934 0.954 0.935 0.959 0.960 0.965 0.947 0.965 0.952 0.933 0.933 0.925 0.964 0.946 0.940 0.913 0.865 0.947 0.908 0.940 0.894 0.927 0.913 0.958 0.879 0.840 0.290 0.965 0.248 0.952 1.000

74_HS 0.920 0.933 0.947 0.944 0.935 0.926 0.915 0.904 0.922 0.933 0.920 0.927 0.940 0.923 0.927 0.945 0.926 0.873 0.819 0.919 0.893 0.945 0.278 0.226 0.286 0.940 0.920 0.900 0.914 0.901 0.914 0.902 0.947 0.916 0.940 0.953 0.947 0.940 0.935 0.945 0.926 0.926 0.917 0.945 0.939 0.945 0.892 0.882 0.940 0.913 0.945 0.911 0.944 0.917 0.951 0.883 0.857 0.298 0.934 0.288 0.933 0.958 1.000

81_PR 0.933 0.946 0.947 0.957 0.959 0.951 0.940 0.893 0.947 0.933 0.909 0.928 0.952 0.936 0.940 0.958 0.927 0.900 0.848 0.945 0.882 0.946 0.274 0.239 0.298 0.953 0.921 0.914 0.927 0.927 0.927 0.928 0.960 0.940 0.965 0.965 0.971 0.953 0.959 0.958 0.939 0.939 0.918 0.945 0.940 0.958 0.906 0.857 0.965 0.926 0.933 0.925 0.957 0.906 0.952 0.885 0.846 0.276 0.947 0.283 0.946 0.970 0.976 1.000

84_PR 0.921 0.946 0.947 0.945 0.959 0.927 0.928 0.893 0.935 0.921 0.909 0.916 0.952 0.936 0.940 0.945 0.927 0.913 0.848 0.933 0.894 0.946 0.274 0.239 0.298 0.953 0.909 0.914 0.927 0.927 0.939 0.940 0.960 0.929 0.953 0.953 0.959 0.953 0.959 0.946 0.927 0.927 0.906 0.945 0.940 0.933 0.893 0.857 0.953 0.926 0.945 0.925 0.945 0.931 0.940 0.897 0.832 0.293 0.947 0.267 0.934 0.970 0.952 0.976 1.000

91_PR 0.928 0.877 0.906 0.901 0.881 0.895 0.883 0.871 0.879 0.876 0.902 0.857 0.897 0.868 0.883 0.902 0.855 0.892 0.820 0.901 0.926 0.916 0.171 0.152 0.239 0.911 0.876 0.907 0.908 0.882 0.921 0.870 0.882 0.910 0.899 0.900 0.906 0.899 0.893 0.890 0.868 0.868 0.898 0.876 0.883 0.902 0.898 0.873 0.899 0.893 0.902 0.878 0.901 0.912 0.883 0.847 0.847 0.288 0.879 0.222 0.916 0.879 0.883 0.872 0.872 1.000

92_R 0.783 0.772 0.779 0.780 0.765 0.775 0.764 0.774 0.789 0.755 0.783 0.778 0.781 0.779 0.778 0.797 0.803 0.783 0.698 0.794 0.791 0.786 0.253 0.274 0.303 0.784 0.797 0.771 0.761 0.775 0.775 0.750 0.781 0.781 0.784 0.787 0.779 0.784 0.779 0.800 0.789 0.775 0.803 0.769 0.778 0.783 0.788 0.803 0.784 0.800 0.783 0.797 0.794 0.788 0.764 0.791 0.772 0.277 0.762 0.306 0.772 0.762 0.806 0.795 0.781 0.791 1.000

93_PR 0.814 0.789 0.795 0.797 0.781 0.806 0.795 0.777 0.805 0.759 0.800 0.795 0.811 0.808 0.808 0.800 0.778 0.800 0.718 0.811 0.809 0.776 0.227 0.227 0.257 0.800 0.841 0.789 0.792 0.806 0.764 0.767 0.810 0.797 0.800 0.803 0.795 0.800 0.795 0.803 0.792 0.764 0.791 0.759 0.795 0.814 0.835 0.776 0.800 0.817 0.772 0.800 0.783 0.777 0.767 0.794 0.806 0.291 0.765 0.280 0.776 0.765 0.795 0.797 0.784 0.794 0.889 1.000

97_PR 0.903 0.866 0.894 0.889 0.857 0.896 0.846 0.846 0.881 0.852 0.877 0.859 0.873 0.882 0.885 0.865 0.870 0.827 0.752 0.850 0.848 0.879 0.204 0.241 0.304 0.875 0.865 0.855 0.883 0.870 0.844 0.846 0.871 0.873 0.888 0.889 0.882 0.875 0.870 0.879 0.844 0.831 0.846 0.852 0.846 0.890 0.859 0.819 0.875 0.855 0.839 0.853 0.876 0.819 0.859 0.836 0.806 0.263 0.855 0.270 0.866 0.881 0.885 0.886 0.873 0.849 0.832 0.863 1.000

98_S 0.932 0.945 0.946 0.956 0.946 0.925 0.926 0.903 0.933 0.932 0.919 0.914 0.951 0.922 0.938 0.957 0.900 0.897 0.844 0.931 0.892 0.945 0.248 0.177 0.239 0.952 0.919 0.924 0.950 0.925 0.925 0.914 0.947 0.927 0.952 0.952 0.958 0.964 0.958 0.969 0.938 0.950 0.929 0.957 0.963 0.944 0.890 0.880 0.940 0.937 0.969 0.936 0.943 0.942 0.963 0.908 0.855 0.303 0.933 0.259 0.945 0.945 0.951 0.951 0.951 0.895 0.775 0.778 0.844 1.000

99_PR 0.951 0.952 0.965 0.938 0.941 0.957 0.958 0.899 0.952 0.927 0.902 0.921 0.946 0.929 0.933 0.939 0.896 0.881 0.813 0.914 0.888 0.952 0.241 0.207 0.283 0.959 0.915 0.944 0.945 0.920 0.920 0.921 0.942 0.946 0.959 0.959 0.965 0.947 0.953 0.952 0.896 0.933 0.924 0.939 0.933 0.939 0.886 0.876 0.947 0.932 0.927 0.918 0.938 0.899 0.945 0.903 0.838 0.279 0.929 0.252 0.940 0.929 0.921 0.934 0.922 0.903 0.759 0.789 0.879 0.933 1.000

100_S 0.957 0.945 0.946 0.956 0.922 0.938 0.914 0.890 0.921 0.919 0.969 0.889 0.927 0.922 0.926 0.932 0.888 0.885 0.830 0.918 0.904 0.945 0.212 0.159 0.222 0.952 0.944 0.937 0.988 0.950 0.913 0.901 0.935 0.939 0.952 0.952 0.958 0.964 0.958 0.957 0.913 0.913 0.916 0.932 0.938 0.944 0.916 0.867 0.940 0.924 0.932 0.923 0.931 0.929 0.938 0.882 0.869 0.303 0.909 0.259 0.933 0.933 0.914 0.927 0.927 0.908 0.775 0.806 0.883 0.950 0.933 1.000

101_S 0.950 0.951 0.940 0.949 0.940 0.943 0.907 0.896 0.915 0.938 0.913 0.894 0.920 0.916 0.919 0.925 0.855 0.865 0.808 0.911 0.885 0.951 0.232 0.161 0.207 0.945 0.913 0.917 0.931 0.956 0.893 0.894 0.929 0.920 0.921 0.922 0.928 0.909 0.928 0.926 0.918 0.906 0.922 0.963 0.957 0.938 0.909 0.872 0.909 0.892 0.925 0.890 0.911 0.909 0.919 0.887 0.847 0.305 0.927 0.226 0.926 0.939 0.919 0.920 0.920 0.887 0.752 0.769 0.863 0.931 0.926 0.931 1.000

102_PR 0.944 0.945 0.934 0.956 0.946 0.963 0.938 0.890 0.945 0.932 0.919 0.926 0.963 0.946 0.963 0.969 0.888 0.885 0.816 0.943 0.904 0.945 0.248 0.195 0.239 0.940 0.907 0.924 0.938 0.950 0.925 0.901 0.947 0.927 0.952 0.952 0.958 0.940 0.946 0.945 0.938 0.950 0.942 0.957 0.951 0.981 0.929 0.880 0.952 0.924 0.944 0.910 0.931 0.916 0.938 0.908 0.869 0.303 0.933 0.259 0.969 0.958 0.938 0.951 0.939 0.895 0.775 0.792 0.883 0.950 0.933 0.950 0.956 1.000

103_PR 0.918 0.932 0.933 0.943 0.933 0.911 0.913 0.889 0.920 0.918 0.918 0.900 0.938 0.909 0.925 0.956 0.899 0.909 0.855 0.930 0.916 0.932 0.216 0.144 0.209 0.939 0.918 0.910 0.949 0.911 0.937 0.913 0.934 0.926 0.939 0.940 0.945 0.951 0.945 0.957 0.924 0.937 0.928 0.943 0.950 0.931 0.915 0.892 0.939 0.936 0.956 0.948 0.943 0.954 0.950 0.893 0.881 0.291 0.920 0.246 0.944 0.933 0.938 0.938 0.938 0.920 0.786 0.789 0.842 0.975 0.919 0.949 0.917 0.937 1.000

104_PR 0.938 0.951 0.952 0.963 0.952 0.944 0.945 0.897 0.952 0.926 0.914 0.920 0.958 0.940 0.945 0.963 0.907 0.917 0.851 0.950 0.911 0.951 0.246 0.211 0.271 0.958 0.914 0.943 0.944 0.919 0.957 0.920 0.953 0.933 0.958 0.959 0.964 0.958 0.952 0.963 0.919 0.944 0.936 0.951 0.945 0.951 0.897 0.874 0.958 0.956 0.963 0.943 0.963 0.936 0.945 0.902 0.863 0.300 0.928 0.291 0.963 0.940 0.945 0.958 0.958 0.915 0.783 0.786 0.865 0.969 0.951 0.944 0.925 0.957 0.969 1.000

105_R 0.232 0.263 0.237 0.200 0.237 0.252 0.283 0.226 0.276 0.286 0.250 0.250 0.261 0.271 0.265 0.250 0.218 0.224 0.143 0.273 0.241 0.228 0.667 0.730 0.687 0.256 0.232 0.257 0.216 0.252 0.234 0.212 0.267 0.278 0.274 0.269 0.271 0.239 0.254 0.228 0.216 0.234 0.245 0.232 0.212 0.250 0.226 0.218 0.291 0.257 0.196 0.187 0.218 0.208 0.230 0.214 0.188 0.638 0.207 0.727 0.246 0.241 0.212 0.243 0.243 0.175 0.215 0.232 0.226 0.198 0.263 0.234 0.218 0.252 0.183 0.232 1.000

106_R 0.241 0.271 0.262 0.228 0.262 0.261 0.291 0.255 0.300 0.293 0.276 0.276 0.269 0.295 0.274 0.276 0.281 0.270 0.176 0.298 0.232 0.254 0.735 0.794 0.750 0.264 0.259 0.265 0.226 0.243 0.261 0.239 0.290 0.286 0.281 0.293 0.279 0.264 0.262 0.254 0.243 0.261 0.273 0.259 0.239 0.259 0.255 0.267 0.298 0.265 0.224 0.216 0.246 0.236 0.256 0.262 0.260 0.730 0.250 0.789 0.271 0.283 0.274 0.286 0.286 0.187 0.289 0.263 0.273 0.226 0.271 0.243 0.246 0.278 0.212 0.259 0.831 1.000

134_PR 0.919 0.920 0.934 0.918 0.934 0.913 0.901 0.865 0.909 0.907 0.919 0.914 0.927 0.910 0.914 0.944 0.913 0.885 0.844 0.918 0.904 0.957 0.248 0.177 0.239 0.940 0.919 0.886 0.925 0.925 0.925 0.901 0.935 0.927 0.940 0.940 0.946 0.940 0.958 0.945 0.938 0.925 0.903 0.932 0.951 0.932 0.903 0.867 0.928 0.899 0.944 0.910 0.906 0.942 0.938 0.868 0.828 0.286 0.933 0.259 0.945 0.945 0.926 0.927 0.927 0.895 0.775 0.764 0.831 0.938 0.908 0.938 0.918 0.938 0.937 0.919 0.234 0.243 1.000

146_HS 0.819 0.821 0.826 0.816 0.813 0.824 0.800 0.825 0.837 0.819 0.832 0.840 0.842 0.852 0.853 0.832 0.811 0.806 0.726 0.830 0.841 0.808 0.238 0.218 0.248 0.831 0.846 0.808 0.824 0.838 0.797 0.800 0.841 0.829 0.831 0.833 0.826 0.831 0.826 0.834 0.811 0.811 0.853 0.805 0.827 0.832 0.881 0.826 0.831 0.849 0.805 0.847 0.830 0.825 0.800 0.829 0.857 0.280 0.810 0.269 0.821 0.810 0.827 0.829 0.816 0.814 0.877 0.909 0.859 0.811 0.821 0.838 0.803 0.824 0.836 0.832 0.242 0.272 0.811 1.000

151_PR 0.911 0.900 0.915 0.910 0.902 0.917 0.893 0.895 0.914 0.911 0.873 0.924 0.919 0.902 0.918 0.924 0.859 0.850 0.778 0.910 0.857 0.913 0.255 0.200 0.228 0.908 0.873 0.877 0.904 0.904 0.879 0.868 0.904 0.907 0.920 0.909 0.915 0.908 0.915 0.925 0.904 0.917 0.895 0.911 0.918 0.924 0.895 0.844 0.908 0.916 0.911 0.889 0.897 0.895 0.906 0.859 0.831 0.328 0.889 0.283 0.925 0.889 0.893 0.894 0.882 0.886 0.763 0.780 0.848 0.917 0.925 0.904 0.897 0.917 0.916 0.924 0.259 0.268 0.904 0.841 1.000

152_S 0.963 0.952 0.965 0.963 0.941 0.957 0.945 0.899 0.952 0.927 0.939 0.921 0.958 0.941 0.945 0.951 0.908 0.906 0.840 0.938 0.913 0.964 0.241 0.207 0.283 0.970 0.927 0.957 0.957 0.933 0.945 0.921 0.953 0.946 0.970 0.971 0.976 0.970 0.965 0.964 0.920 0.933 0.924 0.939 0.945 0.963 0.899 0.863 0.959 0.944 0.951 0.931 0.951 0.924 0.945 0.890 0.851 0.295 0.929 0.286 0.964 0.940 0.933 0.946 0.946 0.929 0.786 0.803 0.892 0.957 0.964 0.969 0.926 0.957 0.944 0.976 0.246 0.254 0.933 0.834 0.925 1.000

153_R 0.256 0.303 0.293 0.278 0.309 0.293 0.322 0.270 0.314 0.291 0.308 0.308 0.283 0.341 0.288 0.291 0.313 0.268 0.252 0.296 0.230 0.286 0.647 0.706 0.667 0.279 0.291 0.281 0.259 0.241 0.276 0.271 0.320 0.283 0.295 0.306 0.293 0.279 0.276 0.286 0.293 0.293 0.288 0.274 0.288 0.291 0.270 0.245 0.328 0.281 0.274 0.268 0.296 0.252 0.288 0.259 0.297 0.730 0.298 0.761 0.303 0.298 0.322 0.317 0.283 0.222 0.245 0.260 0.288 0.259 0.303 0.276 0.261 0.293 0.246 0.291 0.677 0.743 0.276 0.288 0.283 0.286 1.000

154_PR 0.919 0.908 0.922 0.931 0.910 0.900 0.901 0.865 0.897 0.894 0.907 0.882 0.902 0.886 0.889 0.907 0.893 0.897 0.844 0.918 0.854 0.933 0.265 0.195 0.256 0.928 0.919 0.924 0.925 0.900 0.900 0.889 0.911 0.902 0.928 0.929 0.934 0.940 0.934 0.945 0.900 0.900 0.877 0.907 0.926 0.907 0.852 0.827 0.904 0.911 0.919 0.910 0.906 0.903 0.926 0.868 0.828 0.336 0.897 0.293 0.920 0.909 0.901 0.915 0.915 0.868 0.775 0.778 0.831 0.938 0.908 0.938 0.906 0.913 0.924 0.932 0.234 0.261 0.925 0.811 0.904 0.945 0.293 1.000

155_S 0.938 0.938 0.952 0.949 0.952 0.931 0.919 0.896 0.939 0.925 0.900 0.919 0.945 0.928 0.944 0.963 0.881 0.877 0.822 0.924 0.872 0.951 0.232 0.161 0.224 0.945 0.913 0.917 0.943 0.931 0.906 0.907 0.940 0.945 0.958 0.946 0.952 0.945 0.952 0.975 0.943 0.943 0.935 0.950 0.957 0.938 0.883 0.886 0.933 0.930 0.950 0.916 0.937 0.922 0.957 0.901 0.833 0.288 0.939 0.243 0.938 0.939 0.944 0.945 0.933 0.887 0.794 0.783 0.863 0.969 0.938 0.931 0.937 0.943 0.955 0.950 0.200 0.228 0.931 0.816 0.936 0.938 0.261 0.931 1.000

156_HS 0.918 0.932 0.945 0.930 0.945 0.911 0.900 0.889 0.920 0.918 0.906 0.913 0.926 0.933 0.938 0.956 0.873 0.883 0.814 0.904 0.890 0.944 0.198 0.126 0.191 0.939 0.918 0.897 0.949 0.937 0.899 0.900 0.934 0.938 0.939 0.928 0.933 0.927 0.945 0.957 0.937 0.924 0.954 0.956 0.950 0.918 0.915 0.905 0.927 0.910 0.943 0.909 0.930 0.941 0.938 0.893 0.853 0.291 0.933 0.228 0.919 0.945 0.925 0.926 0.926 0.893 0.786 0.789 0.855 0.949 0.919 0.937 0.943 0.937 0.949 0.931 0.202 0.230 0.937 0.836 0.916 0.919 0.263 0.899 0.968 1.000

157_PR 0.957 0.958 0.959 0.969 0.959 0.951 0.939 0.892 0.946 0.945 0.920 0.927 0.964 0.935 0.951 0.969 0.889 0.886 0.832 0.944 0.893 0.970 0.243 0.191 0.252 0.964 0.920 0.925 0.938 0.938 0.926 0.915 0.959 0.940 0.964 0.965 0.970 0.952 0.959 0.970 0.951 0.951 0.943 0.969 0.976 0.969 0.904 0.882 0.952 0.938 0.957 0.924 0.944 0.943 0.963 0.896 0.857 0.298 0.946 0.271 0.970 0.958 0.963 0.964 0.952 0.909 0.792 0.795 0.872 0.975 0.945 0.951 0.957 0.975 0.963 0.969 0.230 0.256 0.951 0.827 0.931 0.970 0.288 0.938 0.969 0.950 1.000

158_R 0.865 0.892 0.907 0.889 0.894 0.870 0.897 0.886 0.868 0.865 0.865 0.897 0.873 0.882 0.859 0.877 0.909 0.893 0.823 0.902 0.874 0.904 0.262 0.187 0.216 0.888 0.877 0.882 0.883 0.870 0.922 0.872 0.896 0.861 0.875 0.889 0.882 0.900 0.894 0.892 0.870 0.896 0.872 0.890 0.885 0.865 0.846 0.875 0.875 0.895 0.916 0.893 0.902 0.899 0.885 0.877 0.820 0.283 0.881 0.273 0.879 0.868 0.885 0.873 0.886 0.877 0.779 0.754 0.811 0.896 0.892 0.870 0.863 0.870 0.908 0.916 0.210 0.257 0.883 0.803 0.887 0.892 0.273 0.883 0.889 0.882 0.885 1.000

159_S 0.917 0.943 0.920 0.929 0.920 0.910 0.899 0.887 0.907 0.917 0.904 0.899 0.925 0.896 0.911 0.943 0.872 0.855 0.797 0.903 0.902 0.931 0.239 0.183 0.212 0.926 0.904 0.896 0.923 0.897 0.910 0.873 0.921 0.913 0.926 0.927 0.933 0.914 0.920 0.931 0.897 0.923 0.927 0.930 0.924 0.930 0.887 0.877 0.926 0.909 0.930 0.908 0.929 0.927 0.924 0.878 0.837 0.296 0.919 0.286 0.931 0.919 0.937 0.925 0.913 0.892 0.783 0.757 0.827 0.936 0.906 0.923 0.916 0.936 0.948 0.943 0.243 0.270 0.936 0.819 0.902 0.918 0.304 0.910 0.942 0.922 0.949 0.893 1.000

160_PR 0.956 0.957 0.945 0.981 0.951 0.955 0.931 0.902 0.938 0.931 0.931 0.918 0.957 0.927 0.943 0.962 0.892 0.889 0.833 0.936 0.909 0.957 0.252 0.198 0.243 0.951 0.918 0.923 0.949 0.943 0.930 0.918 0.952 0.932 0.957 0.958 0.963 0.957 0.951 0.957 0.943 0.943 0.928 0.956 0.963 0.975 0.908 0.865 0.945 0.923 0.956 0.922 0.943 0.941 0.950 0.913 0.867 0.305 0.938 0.278 0.963 0.951 0.950 0.957 0.957 0.907 0.771 0.789 0.868 0.975 0.932 0.962 0.955 0.981 0.962 0.969 0.220 0.248 0.943 0.808 0.916 0.969 0.278 0.937 0.955 0.936 0.988 0.882 0.948 1.000

161_S 0.937 0.938 0.927 0.962 0.927 0.930 0.906 0.882 0.914 0.924 0.937 0.893 0.932 0.915 0.931 0.949 0.866 0.863 0.806 0.910 0.896 0.938 0.218 0.164 0.211 0.933 0.911 0.916 0.955 0.930 0.904 0.893 0.928 0.919 0.933 0.933 0.939 0.933 0.927 0.938 0.917 0.917 0.934 0.949 0.943 0.949 0.908 0.871 0.933 0.903 0.937 0.915 0.936 0.934 0.931 0.886 0.873 0.310 0.914 0.265 0.938 0.938 0.931 0.932 0.932 0.899 0.763 0.780 0.861 0.968 0.913 0.968 0.949 0.968 0.955 0.949 0.222 0.250 0.930 0.814 0.896 0.950 0.283 0.917 0.936 0.942 0.969 0.861 0.941 0.981 1.000

162_R 0.913 0.926 0.940 0.924 0.952 0.931 0.919 0.883 0.927 0.913 0.875 0.932 0.945 0.928 0.932 0.963 0.893 0.877 0.808 0.911 0.897 0.938 0.232 0.179 0.224 0.933 0.900 0.892 0.918 0.918 0.918 0.907 0.940 0.933 0.933 0.934 0.940 0.921 0.940 0.926 0.918 0.931 0.922 0.938 0.932 0.938 0.896 0.872 0.945 0.904 0.938 0.916 0.937 0.909 0.919 0.887 0.819 0.288 0.939 0.261 0.938 0.939 0.919 0.933 0.933 0.887 0.766 0.769 0.844 0.943 0.926 0.906 0.924 0.943 0.930 0.938 0.236 0.263 0.943 0.803 0.910 0.926 0.278 0.893 0.937 0.943 0.944 0.889 0.929 0.936 0.936 1.000

163_R 0.867 0.868 0.885 0.878 0.885 0.872 0.874 0.833 0.870 0.880 0.840 0.887 0.889 0.885 0.901 0.907 0.832 0.841 0.794 0.878 0.836 0.882 0.216 0.137 0.170 0.890 0.880 0.884 0.872 0.872 0.859 0.848 0.873 0.889 0.877 0.866 0.872 0.852 0.872 0.882 0.886 0.859 0.903 0.893 0.874 0.880 0.861 0.849 0.877 0.871 0.880 0.883 0.892 0.861 0.861 0.837 0.806 0.278 0.870 0.248 0.868 0.883 0.874 0.876 0.876 0.851 0.794 0.797 0.825 0.872 0.868 0.859 0.892 0.886 0.871 0.880 0.220 0.231 0.886 0.832 0.863 0.868 0.267 0.846 0.892 0.912 0.887 0.853 0.869 0.871 0.877 0.905 1.000

164_R 0.893 0.907 0.921 0.904 0.909 0.886 0.875 0.902 0.883 0.881 0.881 0.875 0.889 0.885 0.875 0.893 0.937 0.896 0.800 0.879 0.890 0.932 0.252 0.216 0.278 0.915 0.868 0.897 0.899 0.873 0.924 0.913 0.898 0.889 0.902 0.904 0.909 0.902 0.909 0.907 0.861 0.886 0.889 0.893 0.888 0.881 0.863 0.878 0.902 0.872 0.918 0.896 0.930 0.889 0.900 0.867 0.811 0.274 0.920 0.281 0.894 0.920 0.913 0.914 0.926 0.893 0.800 0.746 0.855 0.899 0.907 0.886 0.879 0.886 0.897 0.918 0.220 0.265 0.899 0.808 0.865 0.919 0.298 0.899 0.904 0.897 0.900 0.908 0.909 0.897 0.877 0.904 0.844 1.000

165_R 0.915 0.940 0.941 0.914 0.941 0.920 0.933 0.911 0.940 0.927 0.902 0.945 0.970 0.953 0.958 0.939 0.883 0.855 0.787 0.901 0.888 0.916 0.259 0.224 0.250 0.935 0.902 0.907 0.908 0.896 0.896 0.873 0.953 0.910 0.935 0.947 0.941 0.935 0.929 0.928 0.908 0.945 0.924 0.927 0.933 0.939 0.873 0.889 0.947 0.932 0.939 0.931 0.926 0.899 0.921 0.903 0.824 0.328 0.940 0.269 0.940 0.917 0.933 0.922 0.922 0.877 0.786 0.803 0.866 0.933 0.928 0.908 0.901 0.933 0.919 0.939 0.246 0.271 0.908 0.861 0.913 0.940 0.319 0.896 0.926 0.907 0.945 0.892 0.931 0.932 0.913 0.926 0.882 0.894 1.000

166_S 0.932 0.945 0.946 0.943 0.946 0.925 0.926 0.852 0.921 0.919 0.907 0.901 0.927 0.934 0.926 0.932 0.875 0.885 0.830 0.931 0.866 0.957 0.230 0.177 0.222 0.952 0.919 0.924 0.925 0.938 0.913 0.914 0.947 0.915 0.940 0.940 0.946 0.928 0.946 0.945 0.925 0.913 0.916 0.957 0.951 0.932 0.890 0.853 0.928 0.911 0.932 0.897 0.918 0.916 0.926 0.868 0.841 0.303 0.921 0.276 0.933 0.945 0.926 0.939 0.939 0.868 0.789 0.806 0.857 0.938 0.920 0.938 0.943 0.950 0.924 0.944 0.252 0.278 0.925 0.838 0.892 0.945 0.310 0.925 0.931 0.937 0.963 0.883 0.910 0.949 0.943 0.918 0.913 0.886 0.908 1.000

167_PR 0.943 0.906 0.920 0.942 0.933 0.923 0.899 0.874 0.907 0.892 0.904 0.873 0.913 0.896 0.899 0.930 0.872 0.908 0.839 0.929 0.915 0.931 0.202 0.183 0.248 0.926 0.892 0.896 0.923 0.923 0.923 0.911 0.921 0.938 0.926 0.927 0.933 0.926 0.920 0.918 0.897 0.897 0.914 0.904 0.911 0.917 0.914 0.877 0.926 0.896 0.904 0.908 0.929 0.927 0.899 0.878 0.865 0.278 0.907 0.250 0.931 0.907 0.899 0.925 0.925 0.946 0.797 0.800 0.853 0.923 0.906 0.923 0.916 0.923 0.948 0.943 0.206 0.234 0.910 0.833 0.889 0.931 0.232 0.897 0.916 0.922 0.937 0.880 0.908 0.941 0.928 0.916 0.855 0.896 0.881 0.910 1.000

168_PR 0.933 0.958 0.959 0.944 0.947 0.938 0.939 0.904 0.946 0.920 0.920 0.927 0.952 0.947 0.939 0.969 0.901 0.886 0.819 0.932 0.906 0.945 0.243 0.209 0.269 0.952 0.933 0.925 0.938 0.914 0.926 0.902 0.959 0.940 0.952 0.965 0.959 0.952 0.947 0.958 0.914 0.951 0.955 0.945 0.939 0.945 0.892 0.908 0.964 0.938 0.945 0.937 0.969 0.917 0.939 0.909 0.857 0.298 0.934 0.305 0.945 0.934 0.951 0.952 0.940 0.896 0.819 0.808 0.872 0.951 0.945 0.938 0.919 0.951 0.950 0.969 0.248 0.291 0.926 0.853 0.906 0.958 0.322 0.914 0.944 0.938 0.963 0.910 0.949 0.950 0.943 0.944 0.887 0.913 0.958 0.938 0.924 1.000

169_S 0.932 0.945 0.958 0.956 0.946 0.938 0.926 0.903 0.933 0.932 0.919 0.901 0.927 0.934 0.926 0.932 0.888 0.872 0.816 0.906 0.879 0.945 0.230 0.195 0.256 0.940 0.907 0.949 0.950 0.925 0.913 0.914 0.947 0.927 0.940 0.952 0.946 0.952 0.934 0.945 0.900 0.913 0.916 0.957 0.938 0.919 0.865 0.880 0.928 0.911 0.932 0.923 0.943 0.903 0.926 0.908 0.841 0.303 0.921 0.259 0.920 0.933 0.938 0.939 0.939 0.882 0.775 0.764 0.870 0.950 0.945 0.938 0.943 0.938 0.937 0.957 0.216 0.261 0.900 0.811 0.892 0.945 0.293 0.925 0.956 0.937 0.951 0.896 0.923 0.949 0.943 0.918 0.872 0.911 0.920 0.938 0.923 0.951 1.000

170_R 0.902 0.928 0.929 0.914 0.941 0.908 0.909 0.899 0.917 0.902 0.902 0.921 0.934 0.941 0.921 0.927 0.896 0.868 0.787 0.914 0.875 0.928 0.276 0.241 0.283 0.923 0.890 0.894 0.883 0.896 0.896 0.885 0.942 0.886 0.911 0.924 0.918 0.911 0.918 0.916 0.920 0.933 0.911 0.927 0.945 0.927 0.886 0.863 0.935 0.894 0.939 0.893 0.926 0.899 0.921 0.877 0.838 0.328 0.952 0.286 0.940 0.940 0.945 0.934 0.934 0.865 0.800 0.789 0.866 0.920 0.904 0.896 0.914 0.933 0.907 0.927 0.228 0.288 0.908 0.834 0.888 0.928 0.353 0.896 0.926 0.907 0.945 0.879 0.918 0.932 0.913 0.914 0.855 0.919 0.952 0.920 0.881 0.945 0.920 1.000
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Table SM2. Twenty tested SSR loci. 

Locus Sequence    Locus                            Sequence 

MT317459 
FW CCTTTGATCTCACCAGTC 

MT317571 
FW CTTGCTGTTTGAAGTTTGC 

RV AGCAGCAGTAATAGTGGA RV CGTAGCAATGACTTGCC 

MT317469 

FW GCGTATGTCACCAAAGAT 

MT317762 

FW CACAAGAGGCAACAGAA 

RV CTGTGAGTAGCTGGGAA RV GCCTCATTCATGTTACCTC 

MT317471 
FW CATTGATTGTCCCTAAGCT 

MT317541 
FW GTGTGGGAGCATTTCAC 

RV ATGCTAGGGCTCATAAGT RV CCTGGTGTTCTTTGCAG 

MT317520 

FW CCTTAATAGCCACCTGC 

MT317527 

FW ACTTTGACGAAACGAAGC 

RV TTCTCTGCAACATCTGTG RV CTCAGAACCAAAGAGAAGC 

MT317482 

FW CACCACGCAGACAATATG 

MT317537 

FW CAGCTTTCTGTTAGTGGTC 

RV CATATCCGTGGGTAAGGA RV CCAACCAAAAACGTCAGA 

MT317461 
FW TGAACCTGTTAAGACTCCA 

MT317610 
FW GTCTATTGATCTGATGCCG 

RV CTCCAAAACATACCTAGACC RV GCGAGAACCGATCTATGA 

MT317478 
FW CGATGTCTTATCCATGAGC 

MT317613 
FW GTAATAAAGCGACCCTGC 

RV TTGCAGAGTGATGGGAA RV CTGGTGGGAAGGTATCA 

MT317577 
FW CGGATAAACATATCCGCTT 

MT317734 
FW GACTAACTCTGTGTGTGC 

RV GGTTAACATCACTAACGGT RV TTAATTCAGTTCCAGGCG 

MT317578 
FW GCTGAACAAACCATACGA 

MT317741 
FW CAAGTAATTCAGTCTCGGG 

RV TCTAACTACGATCAGGACAG RV GGTAAAGCAGGGTCTTG 

MT317582 
FW GCAAACAAAGCCAATCC 

MT317823 
FW CCAACATAGAAAGGTGCG 

RV CTTCTCGTCTTCTTCAGGA RV GAGTTCCTCCAAAAGCTG 
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Table SM3. (A) Twenty microsatellite loci retrieved from D. tenuifolia genomic data. The 5 loci 

selected and used for unequivocal analysis have their title in bold and underlined. Primer loci are 

in bold and underlined. The SSR loci highlighted in green. Grey highlight represents the PCR 

fragment amplifications. (B) Nineteen SNP loci containing a TaqI restriction site, retrieved from 

the genomic data. The 9 loci selected and used for unequivocal analysis have their title in bold 

and underlined. Primer loci are in bold and underlined. The SNP variations are highlighted in 

yellow. Grey highlight represents the putative PCR fragment amplifications. 
 

 

(A) SSR Loci 
 

MT317577 

AAAAAAGTTATTCTAGTTTGGTTTTGGTTCAGTTATTTCAAGTAATTTAGAAAAAAAATAACGA

TATTTTAGATAAAATATTGAGTATTTTGAAAATTATCAAATTGTTAGAATGATTTAGATAAAAA  

GAGTTCAGATAGATAGGATTGTTTTGGATATTTCGGATAAACATATCCGCTTACTTTCAGGATT

GATGATTGATAATTTTTTTAAAATATTTTCGAAGACTTTTAATAGATTTTTAAATTATATATAT

ATATATATATATATATTTGGCTATGCTATGTATATAATTAATATTTGGGTTTTTAGTGATTTAA

ACTCCCAACTATTTTTAAATCGGAAGAAAAACCTCCAACTAAAATTTTATGTTTTTAAACCTTG

AACTATTAAACCGTTAGTGATGTTAACCTTCCGTTAAAAAATTCGTTTTTCCTAAACAGACATC

CGTTAAATTGAAACGCGGTGTTTCATATAATCACATAAAGGACACGCAATGTTTATAATCAACA

AATATTTTAGTGATTTAAACCTCTAACTATTTTTAAATAGGATGAAAAACC  

 
MT317527 

TGATGAACAAAAAAAATTCACCATAATTTTTTTCGTAAACATGGTGTAGCAGTCGTTGTTAATT

GCCTTTACGAAAGATACTTTATTTCCACGGTTTATGAAATGACCAGATAAGTCCGATATATATA

GTCGGATCAAACATTTTAGAATATTTCTATTTACATGATCTGTACAACATAGTCAGGAATGGAG

AAGGAAAATGAGAATAAATCCCAACTGCTATTATCTGATATGAGATAATTAGTCACTAAGATCA

TATCAGAGGGTCAACCCGCGTGACTTTGACGAAACGAAGCCCGTGTGTGTGTGTGTGTGTGTGT

GTGAGTGAAGCTGGTTAGGGTTTTGTCAGAAGGCTCGACAGAGTGTATTAGTCGTGGTCAAGTT

AGAAGAGTGTTGCTGTTCAATGGGGCTGCTGCTTGTGGGACTACAGATTCTGCTTCTCTTTGGT

TCTGAGATCCTCACGTTGGAGATTGCAACCACTAGCACATCTACCACACCGCTCTCATCTTCTT

CTTCCTCCTCTGTGTTGGAGAATGAATCAGATGTTGGTTTCT 

 
MT317537 
GATGAAGGTTCCGAGAACTAACCAGCTTGGTGTCAAAACCAAAGATGGGTTATACTATAAATTC

ACTGGCTTTCGTGACCAGGTTTGTGTTTTGCAGACAAGATTCCTTTGTCTTTGCTTGAAGCTTA

TGTGTGTGTTCTTTTGGTGGTGTAATAGGATGTTGCGAGCCTGACAAGTTTTTTCCAAAGTGCG

TTTGGGAAAACACCTGAAGAGAAACAGCTTTCTGTTAGTGGTCGGAATTGGGGAGAAGTGGATT

TGAATGGTGTGTGTGTGTGTGTGTGTGTTGTCCTTCGCATTTAAGCTTCTTATGTGGATAAAGG

TCTTAGCTTTATTTCTTTTTTGTTTGTGTGTGTGTGAAGGGAATAATCTGACGTTTTTGGTTGG

GGGAAAGCAAGCTTTTGAGGTGTCTCTGGCTGATGTTTCACAGACTCAGCTTCAAGGGAAAAAT

GATGTTTTGTTGGAGTTTCATGTTGATGACACTGCTGGTGCCAATGAGGTATGATATTGTATGT

AAGTGTGTGTTATGTTAGCTGAGTTGCTGATTCTGTTGTTTA  

 
MT317610 

TTAGTGATTATGCTAGGTTGAAACGGTTTTAAAAGTAAATTGCAGGTTTGTGAGAAATGGTAAT

TTGCTCGATTGAATCGGTTTTGGTATTAAACAATAAGGAAAGGTAGTTAGATTTAAGATTACTA

TTCAGATAATCAGGATTATAATGCTATATATGCCTAATAAGTTGCATGCATGATATTAAAAAGA

TTGAAATATGCTAATATGTCCTCGCGTTTTAGACTCGTCTATTGATCTGATGCCGAAAATATCG

ATCGATGTTTTGACAGCGATATCGATATATATATATATATATATATATTTGTCGTCGATCGGTT

ACTCTATACGAGTATCGATCGATATAGCTCAGATCGAGTTGATGTGGATGCTCACCAAGATCAT

AGATCGGTTCTCGCGTATCCCTAGAGGATCTTAGCGTATGCAAGATGATGTTAGGATGATGATT

AACGAGTTAATTCATTCCAAGATCATATTCTAGTTTGCTACTCTAGGATAAACATTAGAGTTCA

TCATGATAATGAATATCACAACTCAACAATCTATAGTTGGGGCT  
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MT317823 

CTCTTATTGCACCTTTCACGCCCTGAATATTAACACAATGATGTTAAAGATCCTTCCACTTATC

ACTCAGATGAAAACAAAATGCTAAAACATAACCTTAAGTGGAAATCCCAAGCATATTACAGCTG

AGACTCTGATATCTTCACTCACGGCTACCATGCAACTTACTCTGCAGAAGCATAAGATCACATC

CAACATAGAAAGGTGCGTAACAGAACAACGTGCGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG

ATCTACCTGGAACCCATTGATTTGCCAGCCAGTATCAAAGGATGACCAGGGAATCTAGCAGCAG

TTTCTTTCACAAAATCCAGATGAAATTCAGTAAGTTTTTCAGCTTTTGGAGGAACTCTTCTTTT

CCCTCCAACAATATCTACCCACCCAGAAATTTCCACAAATTAAATTGAATCCCCAATAAGTTTC

TATCAAGAACACGAATATTATTATTAAAAAAAAATCTAGAATTTTCACAGACATGGGTAATCAA

ATGTGATAACGTCAACAGCTGCTAAGCTCTTCTTTAGCCTATC  

 
MT317459 

AGGCTAACATATCATATGAGGCTCGCGTTCAAGTTTAAGAACTCTACTGAAGTTGGATTCCTGT

TGACACAAAGAAGCAAGGAAAGCACCTAGTAAATTATAAGATTTGTGGAGAGAGCTAATTAAAC

CATTTGCAAGTTATTATAACGAACCTTGTATTGGTGAATCTTGTGACAACAACAACCCTTCCTG

CTGGCCCTTTGATCTCACCAGTCGTTTCACTCGGCTCAGACGTAGCCCACTTGACATTGCACCT

ATTCAACACACACACACACACACACACACACACACACACATCTAATCAAAATCTCTCTTAAGTA

TATGTGAGAGTTAGCTAGAGCATAATTACGCCTTGTCATTGCGTTTGTTGCTCCACTATTACTG

CTGCTTGCCTCTGCACCATTAGTAGTACTCCATTTTCTTAGTGTCCTCGCCAGATGTTTCACTC

GGCTAAGCCGTATCGTCCCCACCAGTTTACCCAACTCCTCCACTGGTATTATTCCCACACCTAC

AACCCACATATAGACACACTTTTCACAACCTATACAAATCCAATTAGT 

  
MT317469 

GCTCCCCAAACGACGCAGACGCTCAATGCGAAAGATAATATTTAATTTGGGGTTATCAAACAAA

CAAACAAAAAAGGACAGGCTACGTTGATTCATCACCATCTCAGCATTGTTTTTTCAACAGGTTT

ATCCAAGGGATATACATGCATTCGGACTCATAGCCTGGACAGGGAACGACGTGTTGAACAGAAG

GTATGAACATAATAATCCATTATGCGTATGTCACCAAAGATTGTTTTTAAATTAAGAACAAACA

CACACACACACACACACACACACACACAATCCATATATATATTTGATAATGCAATGGAAATTGC

AGGCTGAGATTGCTAGCAGAATCCAAGGGATATAGACTTGATGACACTGGGCTGTTCCCAGCTA

CTCACAGCTCAAGTGGTAACCGGGTAAGGGCAACAATGTGAATGATTAAAAGGGAATGAATGAA

TGATTTTATTTTATGTTTGAGCATGTGATCATGTTTCTTTTTGTCAGGGTGGTAGAGCAAGTGC

CAGCATGAAACTCTCCACAGAGCAAGAAGTTTTCGATTTCT 

 
MT317471 

TAATCCTATCAACTCATATTATATAATTATTAGAAACAAGCCATTAACTCTTCAGGTCTAGAAG

GTTGAGATTATTAGCCATTTTCTTATAAAGCATCTGCCCACATAACGGCTCAGAGGAACACATT

CTCTATAAATGTCTCAGTGATCAGCATAAAGTTACTGAAGACTAGAAATGTCGGGCCATTGATT

GTCCCTAAGCTCAATTGGTAACAGAAAGAAACCAACAAATACACCAAAACACACACACACACAC

ACACACACACACACACACACACTTAAATGTGATAAAAAAACACTATATCTAACCTTCAATTTAC

TCAAGACTGGCAAAACTTATGAGCCCTAGCATAATACGACAACCTTCTAGAGTAGATTGGAATT

ACCTTTCCTTGGAACTCAACGAGCGCTGCATCGGCCATTTTCTTGGTTTTGAAAGAAACAAACC

CGTAACCACTCGACCTCCTTGGATTTTCACGGAATATAACTTCAGTGGACACAACGTTCCCAGT

GTCTGCATCAAAGAACTCCTTAAGATGCTTGGCCCTTGCTTCAA  
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MT317520 

TCAAGACGCTCTTCTAGAAAAAGTGCGTATGTTCTAATCCATGCAGAGCAATCCCAAGCTGAAA

ACACCATGCAAGTGATCAAGAAATGTTTCATTAACATACCAAAGATTCATTACTATCATACCTA

GAGGACTTGTGTCGTCTTTGAAGTTAGATATACGTAGAATATGTCCTCTGTGTGAATAATTGAG

AAGCTCATCTTTGAATGTTGGATCACCTTCTCTTAGTGTTCTGTGAATGACTATTAAAACCTTA

ATAGCCACCTGCATGTTGATAAAAGCAATTTAATTAGAGCAGAGTTCATGTAACTAAAGAAAGT

GTGTGTGTGTGTGTGTGTGTTTAAGTGACTCACAATCCAATTGTGAGTTCTAGATAATCTCTTG

GCTAGTGCATGAATGCAGTAAGCAACATCTGCTCGTGGTCGTGCCACAGATGTTGCAGAGAATA

TTTCTGTATTAAAGATTAAAAAACTCTGACCGAATCAGAAACTCTTCATAATCATCATAAACCA

ATTCAGAAGAGAGAAACTATTACTGCGAATATGTCGTTCTTTGGG  

 
MT317482 

ACGGTCAAAATAAGAAAACTCAACATTATGGTGTTTGTGTCCCTGGAACCAATGATACCGACTA

CTATGGAATTATTCAGGAGATCATGATGGTAGAGTATCATGGTGTTGTTGGCTTGAAAATCATT

GTTTTCAAATATTCGTGGTTGATACCACGGAAAACCGCGGTATGAGAAGACATGTGTCTGGTCT

AGTTGATTTCTCACCACGCAGACAATATGTAAAATATGATCCTTTTGTATTACCAAATAAGTAA

AATACACACACACACACACACACACACACACACACATATATATATTATATATATATATATAATT

TATAAAGATATAAAATTATGATGTTATTGTATAATAAACAGATAACTGTGATCAAGCATATTTT

ATTCCTTACCCACGGATATGTCGACATTCAACCGAAGATTGGTAGGCAAGTGCAAATATTTTTC

CCCGGGGAATCCGAGAAACAGCAAAAATTGCTTTGACTGCATGGCAAGATGATAGACGTGACCA

AGTTGCTGAAAGTTCATTGTTATGGGTGGAGACACATGTTGT  

 
MT317461 

TGTCTTGCAAAATAGGAGACTTCTAGGTAAATCTTGTAATTTTTGAAAATGATCATTAGAC4TT

GTGGGTATAAGAGCGATCGATCGATGCACAAGGTGAGACATCGATCGACGGTGTGTGTGAAATC

CAACTCTGACTTGAGTCTTCAGGATGAGAATTCACAATGCTCTAAAATGGTCCAAAAGCTCTAA

TTGCCTCAAACAAGTACATGAACCTGTTAAGACTCCATAACAACTCCAAATGCATAGAGAATGT

CATAAAACACACACACACACACACACACACACACACACACACACACACACACACATATATATAT

ATATATATATATATATATATATATCATGGGTGAAAATTTGTAAATTCCATGACATATCATGTGT

CTAAACTATGTTTTAGAGTATTTATAGGTCTAGGTATGTTTTGGAGTTATTTGGAACATTTAGA

GCTTTTTGGATGACAAAACTCATAGCTAACAAGAATCAGCTAAGTTAGAGTCGACATATGAGAT

TGGAATCGATCGACAATGCAACATTGGCGTCAATCAATGATT  

 
MT317478 

GAGTTTCAGCATTTTGCTCAGAGAAGCAAGAACAAGGAGGGAGAGAGCCTTACTCTTCCTCTGG

GAGAAACGGCCCGCCATCGAAATAATCACCTAAGAACAAAACAACGTCTGGTTTGAAAGGCAAG

ATAGACTGAAAAAACGATCTCCGCATGTTTACATCAGTGTAGAACTGTGCAACCTCCAAAGCAA

GCGTCTTTGATGACAAACGAAACGATGTCTTATCCATGAGCTGCGACAACAACACATTCAGATG

ATTGGCTCTCTACTAACACACACACACACACACACACACACACACACAACAGTACTGAAAAAAG

CATTCAACCTGTGGATCAGTGACAATGGCTACTTTAGTAAACTTCCCATCACTCTGCAAGACAA

AAGAAGAAGAAGCTAGCAGATATGACCAATCACGTCTTCAAGAACAAAGACTCGTACTTTCGGA

ACAGAACAAGCAAACACAAAATTGGAAATGTCATTGTCCTAAAAAACATTCTCATACTTTCGGA

CAGAACAAGCAACTACAAGATCGAAGTGTCTCATTGCAT 

MT317578 

CTTTTTTGAATATTTCATAATATTTTGAAATAAAGATTTCTTCAGTGCTAGGTAACATTATTTC

TATATTTATTATTTGCAGCTCCAATGATAGTATACTTGGGTCAACCATATAAAAGCCAAACCCG

CTCAAGTGTATCCTTCATGCTATAATTTATTAGCTGAACAAACCATACGAAATTTATTTTAAAG

AATTTGTAAATATCTACTTGTTTTTATTAACTTGTATATATATATATATATATATATATATATA

TATATTGCAACATAATGGTTTAGAGTATTTATCCAAAAAAGTAGTAGTTAGTTAATCTGTTTAC

TGTCCTGATCGTAGTTAGAAAATAATTATATCTGACGTTCTTAGAGATTCCTAGTCGATTCTTA

TTATACTATAATCAAAGTTTATTTGTCAAGCTACATCGATTCAGTTTTCTTTTGTGTATAACCT

ACTAATAGGCAAATTCAAATTGCATGTAGCTTCGGATAAGTGCCTTTTGTTATTGGTTATCGAA

TTCATGATAACTAATTGAAAAAATAAATTTCTTCTTAAACTAAATATCGATCTCA  
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MT317582 

TTAAAATGAGCATACAAGAACCAAGAAAAAAGTAGCTAAAATTGACTCGTGTAAACTTCAACGT

ACCAAAACAAAAACCCTTTTGTTTATATTCCCCAAATCCTCCTCTCCTTTTCTCATCTTCTCAC

TTCAAACTCTCTCTATCTCTCTCTCTCGCCTCATATCAAGAGCTAAATATTTCTCTGAAAGCTG

ACTTCAAAGCTTTTTCTAAAGCAAACAAAGCCAATCCTTCTCTAATTGAGATTTTATTTATATA

TATATATATATATATATAAATTAAAAAGATGGGGAGACATTCATGCTGTTACAAACAGAAGCTG

AGAAAAGGACTTTGGTCTCCTGAAGAAGACGAGAAGCTTCTTAGGTACATCACTAAGTACGGCC

ATGGTTGCTGGAGCTCTGTCCCTAAACAAGCTGGTAATATAATTTTCTTCTATTTATCCGTTTA

TTATAGCTTTATTGTGTTAGATTAATCCTCCTTCCTAATTCCTGAATTATCATTTAAAAATATT

TGTAGGTTTGCAGAGGTGTGGAAAGAGCTGTAGATTAAGATGGATAAACTA  
 

MT317571  

ATATGATTTATGTGGCTAGCTGGTTCATGCAGTTTTTAGCCAACTATCTATTGATTATTGCATC

AATCTTATTGTTTAAGCAAAGTCCTTACAAATTGCACAACAAAAAAATAGTCATATTGCAAGAA

TGATATATTGTTGCAATATGCTCATATATTTTTGCAAATATGAAACTGCAATAGAATTGTAACA

AATTTTAGTTTCTTGCTGTTTGAATGTTGCAAATTCATATTTGTTGCATAGACGTAGTAAAATT

AGCAACAAATTGAAATGCTGTTATATATATATATATATATATATATCATATTTTTGCAACCATT

TTTAATAGTGATTTTGTTGTATATTTACAACGTATTTTCTAACGATAAATGGTGGCAAGTCATT

GCTACGTAAAATATATAGTAAAACACATTGCAAACTGGTAATTATAGTTTTTTTAATTAAATAA

TTTTATTGCAAAAAATATTTATATATAATTTTTTCCGTACGATTGCAACGTATTGTTGCATTTT

TGAAGTTATTACAAAATTTGCTATATAAAATATATAGCAAATGTTGTTGCAAA  
 

MT317762  

CATATTAGAATTTTTAAGAGGGAAAACAGCAAACCATTTATTTTAGTCAGTGAGCTTCCGATGT

TATGTATGATTTATGAGGCCTATGATAACTGAAATATCAATTGATATGACTCGTTTTGCTACTG

GCATCATAAATCTCTAGTTCTACTACAATAGAGAGAACACAAGAGGCAACAGAAAAACTTAAAA

CCAACTCTATGCCAAGAGAAAACATAAAGGAAAGCCAGAGAGAGAGAGAGAGAGAGAGAGAGAG

AGAAACCTTTCTGGCTTCATCTTCTTTCAACTTAGCAGCATGGATCTTCTCAGTACAGACTTCA

ATTCTCTTTCTCAAGTGTTCCAGTGCTTACAATATTTTCAACAAAAGAAGAGAGGTAACATGAA

TGAGGCGTTCCCTGAGTAAAAAAAAGTGAGACACTTGCTTGCTAATACTGTACCTGCTTTCTTA

GGACCAGCAGTGAGTTTCATTTCCATGGTGAGGTTACCAAAACATGCTTTCTTAGGACCAGCAG

TGAGTTTCATTTCCATGGTGAGGTTACCAAAACACCCCTTA  

 

MT317541 

TAATCTTATCTGTAAAGCTTTACGTATGCTCTATTGTTTTCCCTCTTTCTATCACGCATGCTAT

ATTGTTTTCAATCTCATCTGTGAAGCTAATAATATCTTTTTTTACTCTTGCAGATGGCATCCTC

TGCTTTCGATAACGAACAAAACGATATTGATATGCATTGTGAAGACCAAGAGTACCAAGAGACA

AGTGCTAATGTGAATGCAACATCCAGAGCATCCTCTCAGGCGAGTAAGGTGAAGAAGTTGGTTG

TGCCAAGGTCTCGTGTGTGGGAGCATTTCACAAGAACCAAAGCGACCCGAGACAAGTGTGTGTG

TGTGTGTGTGTGTGTGTGTGTCACCATTGCCACAATATCTTTTCATGCGCATCTAAGTCAGGGA

CTTCGAACCTGAAGCAGCATGCAAATCTGCAAAGAACACCAGGCGTTCTTAATTGGTCAGAAAA

CGGATCAACAACAGCTTGATAATGAAGGAAAGCTGAAGCCATCTAGAGTTTCCGAGTCTCTTTT

CAAAGAAGCGTGTAATGAATTGATGGTGTTAGCAGAGTTGTC  
 

MT317613  

AAAATAAAATCTAAACTCTTCACCAACAAAAGGTAACTTCAGGTAATTTGATAAGCTAATGTGT

AATCCACCATTAAGATTTTCATTTTTTATCTTTAGGTGAAGAAATTACGAAAAAGCATGAGACC

GTACATAATACTTATGGAGCTTCTATTTCATTTAATCTATATTAGTACCTTAGCAGTTGCTCAA

AACCAGGATTACATGACATGCAGTACATGTTAGTAATAAAGCGACCCTGCATGCACCAAGTATA

ATAATCTTAATTTTACATATATATATATATATATATATAACTAATAAATTGTGCAAAAAAAACT

TCTCAAATAAATAAATCTTTAAATTTGGATAGCAAAACAATGATACCTTCCCACCAGTTTCCTC

TTGATGCGCTTTTGGAATCGCCTTCCTCTCCATCTTTCTTGTACTGCATAAGTTAAAGATAAAG

AAGAAAAGCAGAATAATTTTGAAATTAATAATACATATAGGGACTACACGTACATGTAAAGTAT

ATAAGTTTTGTTACGTTACTCACATAGGTGTTATGGGTATGATAGGTAC  
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MT317734  

TCTTGCTTCAGTTCATGAGATACAAAATGATTTGGGGAATCCATCATATATTATCAACGGTTTC

TCTCAAGTTCTCCAGATATGCGGATATGAGGTTGTTCTGTTGATAGTAAGGTCAAAGCTCACAC

AGAAGGTGCTCTACATGATTCTGTAATGTTGATGTGGTAGGGATTTAGAGCAAGAATTGACTAA

CTCTGTGTGTGCACCTTCTGTGCATATATATCTTTTTACTATCTCAGCAAGAAGAAGATATATA

TATATATATATATATATATATATCTTGTTACTTCCGCTGATCATATTGCTCTGTTTCAGAGATT

ACAAAGCAACAACTCTTTTAATTCTTCCACGCCTGGAACTGAATTAAAACTGAAGCATGCTGAG

ATGTTTTGTTCACCAAAGCGGGGGCTTGTACCGACTGTTTCCTGACTTTTCTAATTATAAAAGA

TGCGCATAAATGCATCGAACTTGATGATACTTCTCAAAACATAGTAAAAAGTTTTTACTATAAA

TAAAGTGAATAGTGAAAGATGAAGCTATCACCAATCAATTCTCAG  
 

MT317741  

AGCACCAAAGACTTCGAGGGGAGAGAGTTCAGCCCAGTAGCACAAGCTTGCTGAATATTATACT

GATGGTGAGGAAAAAGCACTTGATTGTAAGCCTTAACTGCTGCATCCTTTAGAGAGTCATCACC

TCTGTGAATCATATTAAAACACGATTTAAACCCCGATAAAATTACAACAAGCCACGGTCAAACT

TATACAAGTAATTCAGTCTCGGGTATCTTGTATGGCTATATAATATATATATATATATATATAT

ATATATATCTCTGCTTGTGTGTGTTAACATTTTTCGAGAGAGTCTATATAAGAAAACTTACTCA

GTAGCCAATAACTCTTCGCACAGAACCTTGATCATTTCAAGACCCTGCTTTACCTTCAACAGGT

TTCTTGTATGGCTACCAAATTTCTTTACACAGCCTACCTCAATGTCTTTGTCAATCATTGCCTC

CAATGTCGATATTGAACGCGATGCCACGGCCAGATCATTGAGCTGGAAAAATAAGTTTGTTTCT

CAACGCTTGATATATAAACAAACACTCAATTTATAAATCGTCATGAT 

 

 

(B) SNP Loci 
 

OM145023 

GAAAAAAATTCTAAACCGTTCAATATTTTCTTTTTGATAATCCTTTCGGCCCATGTCATTCCTCTTTTCA

CTCGAGAATGATCCATTTGTTAGTAGACTTTCTATTAACCATTATAAATATTGTATATAATGTCTTCTTT

TGAGCACAGTCCCATGATTAGATATGGTTGTATATGTCTAATTAATTTTTCTTCTCCATCGTCTCAGTGT

AATAGATATGCTTGCCTTACTTGGTGGAAATATGAATGGACTATGGTTCCTGAATGTTCATTTCCGAGCC

TACAAACTTTC(G/T)AAAGGAAGTTATACTTTGGAGAACCAAAAGAAAGAGATCTCGTGGTTTATATCT

TGGAAAACGCTTGTCACTTAAAGACTGTAACAATCTCGGTGAGAGACTGTAATGATGTTCAAAAACTTAA

GATGATCAAAGAGTTGGCACTTTCTTCTCGAACTTCAACTGCATGTCAACTCATATTCGAATAATCTTAT

GTTTATATTTTTATGATTTGAACTTTGCTTCTATATGTATCCGA 
 

 

OM145040 

AGCTCAGAATCCTATCTGTGACATGCCTTGCCACCATGCTTGTGTCTGATACTTTATCAAAAACAGAAAA

TGTTTGGGAAAATACATGTGAGTTTTTTCGAAAGACATTCAATATAAGGAAACATTATAATAGACCATGT

AACTTATCTCAAATTTTTTTTCTTTGGTTCTATATGCGTTTGAATGGTTTCTGGAAATTTTAGGTATAAC

CATGACTATGTTGGTTTATAGGATTATGTCTAAGTGATG(T/C)CGAAAAAAGAAGGAGCCTTACTGAAA

ATCAAATAATTTTTGAGAAGTAATGGAACTTCATTAGATAATTGGACATCAATGCTTAAAGCCTTCTGCA

ACTTTAATGACTCTAAAAATGTTTTGATCATGAATGAGCTGAGTTATAACCAAAAAGAGTTTAGGGAAGA

AAATGATAGAGACATCTTAAAATTGACGGATGAGCAAAGGAAGATATACAAAGAAATTATTGATGATGTT

TTAGAAAAAGAAGGGTGTTATTTTCGTTTAT 
 

 

OM145068 

GTTTATTACAAGTTTAGTTATTAGAATAATATGGTTTAAGAGGCTTGATGAATGATCAAAACGTATTTTA

TTGAGAGAAGTAACATACAAACATGCGTATAGAACTGACTCTTAACGAAGACTATCATCTGTACGTGTTC

CTGGGACATCTTTCATGTCACTGTCACGGTGCATCTGTGCCTGATCTCCAGTGATTTCAGACACTGCCTG

TTCCTTGCCCTTTTC(G/T)ATACCTTGAGCGCTTGAGAAGAGCTCTACAGGCTCAGACTCTGCGATCTT

GCCTCCTTCAAGTGGTGTCCCATGTTTGTATCTCACTCGTATAGCCTCGTCTTCAGACTGCTTCGCTTGA

GCTGTTGCGTAGTTTATGTCGTCTTTGTTCTTTGCCATCTTTAGGGTTTAATGAATCACGACTTGACATG

GGACCGTATATAAACAGAGTTAGGTTCTTCGTGTCACGCTCTGGACTCTCGTGTTGTGCTTACTTCTCTT

TGTTGTGTGTTCTCTTTTGTTGACAC 
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OM145116 

ATCCACAATAACTTCTCAAATATGTGATTCTTCTGTTTATAGAAATAGCATTTACTCTCTTTAACCTAGT

ACCTTCGATGTACACATTATATAAATACTAGTTGTATTGTCTTCTTCAATAATAAGAAACACATTACATT

TACATGGTATCAAGAGCCTTGTAACAGATCCAAAATTTTCTTTCTCTCCTTTCTTCTCACTACACACCAA

CTCCATTCATCATGTCTACGACCTCTGCTGAAACAG(T/G)CGACACAAATCCACAAACCCTCCTCAATC

TGAACATGACAAACGTCACGAAACTAACCTCCAGCAACTACATGATGTGGAGCCTCCAAGTTCAAGCTCT

CCTTGACGGCTATGATCTCAGCAGCCACCTTGACAACTCCACTCCACCACCGCCACCAACCATAACCACT

GACGGAACAACAGTCACAAACCCAGAGTTCGCCCTCTGGAAACGTCAAGACCGGCTAATCTTTAGCGGTC

TCATCGGAGCCATCTCAGTTCCCA 

 

OM145191 

GAATCCCCTACTGTCTAAGCACCGTCTACTTCTCATTTCCATTTGAACAGCAAATTGGACAATACTTAAC

CTGAATTCACCGCGAGATGGCATCCTACTCTTTCTCGGCCTACCTGGTGGGCGGCGTGTTGCTGGCGGGA

AGAGCAACCCATTGTCTCCTTCCACACCCATCTTAATTGATGTTATGTTGGTGTGGTCAACGGGATTGAT

GCTTCCACTGTAAGCCATTGCCCAGTATGCGGTGCTGTAAACTGGGT(C/T)GACCTTACTCTCCACAGA

CTCTTTAGCATAAATGCCCGCAGCCATATCATGAACACACGGTATGGCTAGCGCTTCAAACTCCTTGCAA

GACCATTTTTTGTTCACCAGATCGACTCTTGAATACATTCCATTTTCATCCACAACCTCGTACTCTCCCT

CTATGATGTGGTGGACACCATATTCTGAACCCTCGCTAAAGTTTTTTGCCAAGATCTCATTCACCTTTGG

TGTTAGCTTTCCAACGTTTTGTGCTACCGCCTCATGTCTT 

 
 

OM145198 

AAATGTACGCCGTGCAATGCAAGATATTGATCTTGGTAGCAATGATGCTCCTTTTGTGCTACCTGTTGAT

GTGGTGAATCGGGCTGCTGAAGAAAATATATTCATTCTGGTGGGGAGTCCAACGATGCCACGGAAACAGA

ATCTCAGAGGCATCATCTCTACGATGCCAAGAGTTTGGGGGTTAGAAGGGATTGTTCGTGGGCAAATTAT

GGAAGGAAGAAGATTCCAATTCATCTTTCCAAGTGAGGAAT(T/C)GATGGACAACGTACTCAGACGTGG

TCCGTGGGCTTATGCAGATAGGATGATCACGCTTCAGAAGTGGACTCCGTTGATGGATTTGGCTTTGTTG

AACTTCATTCCTTTTTGGATTCAAGTTCGTGGGATACCTTTCCAGTACATGAATCGTTAAGTGGTGATCA

ATATTGCAAGATTGATGGGGCAATACATCCAAGTGGATTACAATGAAGAACTTGTAGGGCGTTTGGAGTT

TGTTCGTATCAGACTTAATTGGGACATCACTCAACC 
 

 

OM145248 

AGAAGTGTTAAAAATCGTGTAATAAGAGGTGGACCAATAAATGTAAAAGTAACGGATGTGTCAGGCCACA

AAATAGGTGGCTTATCAGTTTTTCACACTCCACTTGTGTCAGGCACACATTATAAGCATCGAGTCACATG

CCCTGACTCAGTTCTAATGAGTTCGTCGTTCGCCATTAGCTTTTTACATCTATAAATATATTAAGTGACA

TCTCAATGTTTATTGCAAACCTAGTTTTTTTTTTCATAAGGCTTCTTTTC(A/G)AGTAGTTTGCACAAA

GTAGAGAGTGAATAAAATATAATAGAATGTATGCATTAGTAGAATTTGACTTGGTTCTCCATTACAATGG

CCACGCTGCATGTGCAATATCTTTCAAGAACGAAGGTGATGATGACGATGATGTAGTCTATGATTACGCT

CCAGCTGCATGAGTCAATCATCTTTAGTTATGACGTCTTCACCACCAGGAAGAGATAAGCTTTTCTAGCT

AGCTAGATACAACCCTAATTAGCAATATATGTATTTTTAGCAATATATGTAT 

 
 

 

OM145268 

CCACCTTAATGTGTGCTGAGCTGGATTAGTGTAAAGATGAGTGATATATCAAAATTAACTAGTGAAAATG

TGCGAAAGAGATGCTATCGGCTTTCATGAACCTTATTGTGTAATCAATCATAAAAGGCTTTACTGCACAA

TGTATACAAATTAGAAAGCTGATGAGAAGTAAACAATTTGCAATACAAACTAAAGAAACTGGTAAAGAAA

AATAGTGGTCTTTGATATAGGAATCTACG(C/T)CGATTATGTGCCCATCATATCCCCATCTGTTAATAA

CTTCAACACATCAGCTCATCGGTTAGAACTGAGGACGTACCATCCTCGTCTTTTTTTATCATTTGCAATT

GCATTGTTACCGGCACATCAGCTCATCGGTTGTTCACTGATCCGAAATTATTATATACTGTACTACTTTT

TTAAAATGTCGGCAAGGAAATAGTCATCTGAATTATTTTATGGTTCAGAACTGGGGAGAAGCTATTAGAC

AATGATTGGAGGAAAATAGATGAGTGTGTGGCTACCTTGTT 
 

 

OM145426 

CAGCAGATTTAGTCGGTTGTTGTATGTGTCGGTTTCTCTATAGTGCGGAGGGGTTTTGGATGGTTGCTCG

ACCTCATGAAATGCCGATCTGGAGGTTGATCTGGTTCTCGAGTTTGGCTGGATATGTGTCAGATCTACTT

CGGAGAGTTTTCCAAAATGTCAAAGTGTCACTTCCTTTTCATTTCTGGATAGCTACACTGCATCCTCTTG

TCTCCATCTCTCTCATTTTTCGGTTTTTTCGT(A/C)GAGGTTTGAGGCTTTCATCAGGAACATCTTTGC

TTATCATTCTTGCAATAATTTAGCATGACGATTCTGCATGATTGGACTTCCTTTCAACTACCTCGGCTGT

TTTTGGAGCTTTTGCCTCCTCTAATTTTTATAGTTCCAGAAGGAACATGACTGATGTTTTACTTTGCATT

TTTCTATTTTCTGAAGCTGTAGTCATTTATGAATGTTTTTCTCGAGTGAAGGGACCGATGTTGAGTGCTT

AAAACCTCTTCA 
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OM145047 

TATCAACATGCAACATCTCGATACTAGGACTCTAAAGTACAAGATCGTGCTTTTCTCGGAGACATAGTCT

TGACTCTTGCCCATGGTCTTCGACAATACAAAAAAAAACGAGGAACCAGCAAGATAGGAACCAAATGGGA

AGGGTCCTACAAAATATCAAAGATAGTTTGTTTCGGAGTAAACAAGCTCGAAAAATGTAAAACTAGATTC

CCGAGAGTTGACCTCGGAATACTTACAACCTTTAAAAGATACTACCACTGAAAGTT(C/T)GATTTGCAA

GATCCAACCTCACATCTCGAACTAGGGGGAGGCTAACATTTCCTGTCACTTTGTGAATCAGGATCGGCAC

CCCAAACCCTTCCAAATAGAGCAATAAATTCAAAACAACTTAAAGCGAAAAAGAAAAGAAAACCCGACAT

AGAACTACCAAAGACTTGATCCTTCAAAAAGGGCACATAGACATCTCAACCTCAAGCGCAACTCAAACTA

AAATAAAAAATGCCCTCAAGCCGTTA 
 

 

OM145130 

CGTCTCCTGCCTCCTCTCCGCATCTTCCTGCAGCGTAATCCAAACTCAACATCTCCTTGCTATTCTTCAG

AAGTTGTACCGTCGACGACTATGTGTGTAGTCCTATTCCGGCAGCTTCTCTACACCTCAATGCAATGGGA

GATCAATGCACCTTCAAAGACAGTTTTTAGCTGTTCTCAAAACTCATTTATTGGGTTCTTTAACGT(C/T

)GATTTCGACTTCAGCGCGTTCCTTCGAATGCAGGCTCTAGGATCACAAGTGAAGCTTCTCTATGAGTCT

CTTCTCTCCTCAGCCGTATATATCCTCTGTTATGTTTTAGTTGTTCTAATTTCAGTTTACCGTCGAGTTT

CTCTCCAGTTGTATTCACCTTAGCCTTTTCGGGCTTTAGTTTCTAATATAATCAGTTGTTCAAAAAAAAA

GTATATAACCTATACATACATGCCACTTGAATATTTAGCTTTATTAATA 

 
 

OM145178 

AAAGTCGCAGAAGGCATTCTCATCCTAACTCGAATTCCTGGTCCATGTATTCCCCGTAGTTCGACCTTGT

TCTGATATAGAATTGATGGCGTAGTTATGCGCCCTTCGAGATCATGTCCCTCGTGATGGACGTACTTGTC

GTTGTGAGGGTTTTTCTTTTTAGATATTTGCTCGGATGCAGCGTCTTTCGCAGATGTCTTTGTTGGCTTA

TGCTGCTCCGACTGGATTTTAATCTCCTCTT(T/C)GATGATTATGTAATCGTTAGCTTTGTGGAGTGCG

TCCTGGATCGTACACAATTTCTCGAGAGTTATCCACTTTCTGAATTTCGACTTGAACCAAAGTGACTTTC

TTAGTACGTCGATGGCTTCTCTGTCGCTTATTCCGCTAACCTTGCCATGATGAGTTTGAACTTATTCATG

AAGTCGCGGAGAGGCTCTTCCTCCTTCTAGGACAAACTCCAGAGGTCAGCGTCTGAATTTTCTCTGTTTA

TGAACATCGAGTACTGTTTGAGAAACTA 
 

 

OM145294 

ACATAGCCTAACCTCTCCCCAATCACCTTCGCCTTCTCCTCCACCTCGACGGCCGAAACCTTCGCCGTAA

ACCTCCTCTCTCTCTTCTTCTTACTCTCAAACAATCCAGAGAGATCCAACCCCGACGAAAGCGAGATCAG

ATCAAAAGCAGTTATCCAACTCGATTTCTCCATAACCGGTTCCGGTTCAAAATTAAATTCAGAACCGGTT

AACGATTTCTTAAACCAGGCGGTTTTCATAACCGCCTC(G/T)ATACTCATCCTCGTCACAGGATTCGGA

TCAAGCATCTGATATATAATCGATCTCGCTTGCTTCGAGATCCAGCTCGGGAACTTATAATCCCTCCGTT

GAATCTTCCGATACATCGAAGCAATATTTGAATCATCAAACGGGACCTCTCCGGCGAGGAGAACGAAGAG

AATCACTCCGCAAGACCACGCGTCAGCCTTCGCTCCGTCGTATCCCCGCCGCGATATAACCTCCGGAGCC

GTGTAAGCCGGCGTACCGCACGCGGTGTGGAG 

 
 

 

 

OM145310 

AAAAACAAGACAAGTCTGCCGAGGAGTAGTCACGCTTCTCAGCTACTCTGTTTACCAGACAGACGCACTA

CCAAGGTCGTACCTCCGAGATGTTTACGATGCCTACGCCCTCGCTTAGCAACACGTCTCAAGCTACGAGC

CATGTACTGGCACTAGCGTTCAGTCGACTAGCACGCTCTGATCAGGCAAGCCAGCGACGGACCTCGTCTA

ACCGACCTACCACCGGTTTACGAAAGACGATCATTTT(T/C)GAACTCATAATTATTTACGAGTGATGGG

TTGGCCGACAAAAAGGCTCTGTAAAATTACTTTATGACTTATCAAATACCTTGATTGCTCTAAAATCATC

GTACTCACATGCATTATGTTGGTTTCGAAATCGAGCAACTATAGAAACGTACGAGATTAGACCGTTACAT

TCGATAACCTTAAGTCTAGTACCTTACGAAAAATGACTTACTGAGTTACTTCGATCAAACGAGTTAAAAC

CTAAGATGGTTGTCAAACTCAAAATC 

 

OM145328 

TGGATTTTTCCAAATTCCCATACATCCTGACGATCAAGAAAAAACTACCTTCACATGCCCCTTTCCAAAT

TCCCATACATCCTGACGATCAAGAAAAAACTACCTTCACATGCCCTTATGGGACATTCGCATATCGTAGG

ATGCCTTTTGGCATGTGTAATGCCCCTGCAACTTTCCAACATTGTATGATGTCAGTTTTCACGTATATGA

TCGACAATTGCTTGGAAGTATTCATGGATGATTTTTCCGTCTATGGATCGAGTTTT(C/G)GAAAATGTC

TCGACAACTTGTGCAAGGTTCTCGCCAGGTGCGAAGAAAAGAACCTCGTGCTGAATTGGGAGAAATGCTA

CTTCATGGTCAATAATGGTATAGTTTTGGGACACAAGATCTCTGCAGCTGGTATAGAAGTAGTCCGAGCT

AAAATCGAAGTAATGACAGGATTGCCAGCACCCACGAACGTCAAAGATGTTAGATGTGTTCTCGGGCATG

CAGGATTCTATAGGAGGTTTATAAAGAATTTCAGCAAAA 
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OM145355 

ACGTTTTCTGTAGACTGCCTTTTTCCTTTCCTTCAATTCAGTGTCCATAGGTCCCAACCTGATCACAAAA

CACTTGTTAAAAACAGAACATTCTCAGCTTTTAGCAAAGCAAGACAATGAGAACTCACATAGTGGAACAA

CCACATGATACAAAGGCAGTGGAACAGACAGCAAGCCCAAGATCCTTCCATTTGATAGATACAGGGGCAG

ATTCATCAGCATCGATCCTT(T/C)GAGAAGGCTGACCAAACCCATTGACCAAAGCATTAACAAACTCAG

CAGGAGAAACACCATTAGTAGACTGAGACTTGACAGAGGACAACATGGTGTTTGCTATATCCAGAAACGC

CTCGGCATCTGCAATCTGCTCCCTTGGCTTCTGAACTGTATAACCAAACCAAACAAAAAAAAAAAAGCAG

CCTTTTCAGCAAAAGACATAATTAGCCTCGAGTCATTGCTTATACAATCAAAGAGTTTACCTTTCTGGTG

CAAGTTCTCAAATTCATTGAAAAT 

 
 

OM145362 

AGGAGAAATATTCGGCCCAGAAGCGGAGAAAGAAAGCTCAAACCAACCTACGGAGGAGTATATAAAGGAT

GCTAAGGCCAGAGGAGAGGGGAGACTCTTTTAAACCTAGACAATTCCTGTTAGCTTAGACGAATTTAGGA

CTTAGGTGGCTAGACTAGCAAGTCGAGTACTTATAACGTTTGGTGATCTGAGCCTCGAATTCTCTTTGTT

GTAACAACTTGCAGTCTTTC(A/G)ATTCATATACTTATTAATAATAGCCTTTACATAATTCTTCATCTA

TATTATGTTTTTCTCTTTGCCGTTTTTGTGTGTTTGTGCAGAGATTGGAGACCTCTGAAAAATTAGAATT

TTCTTAAGTTTCTTTATTTTACAGAAAATCGACAGTACGAAATTATGTTCTCACAAATGTAGTCCTCGTC

TTTTTCTAGATCAGTCTTTAGAAATTTTGATCACCGGGCATACATTGATTGAAGTGAAATATTATTGTAG

GTATTAGTTTACATAACCCTTCTAA 
 

 

OM145386 

TCCTCCCTTATAATCACCCTCCTTCCCACTTCATTTTCATCAGGTATGAAGTGCCACTCTTCTTCAGCAT

TCTTCTTCCACTCACCTCTCCAAAGTTTTACACATATCGTCATCTGTGAAAACAAAACAAATTACGAAAT

GTGTCATTATTTATCCGATTGTGGAATAAAGCTTTTAACCAAAAAAATTACAAATACAAACAGTTTCGGT

TTCATATGAAAGAGAGGTTAGGGTTTTAATAAGACTC(A/G)ATAAATTAAGATGATTGACGATCATTAC

ATGTTGAAACCTTAACAACCTATCTCGAGTAGAAAAGTTTTTGTTTGGTTACCTTTCCACCTCAGCAGAA

AGCCACCTTCTTTGATTCTGATTTCGGACCGAAGGGTTGAGGAAAAGGTTTATGGATATTGTATTTTATA

GACAGAACCCATAAAGAAGATGAACCACCGCCTCTGCTTACGTTATTCTTGTATGTATAGGCCGTAGATC

TTCCGATATCTGTGTGGGATATGCAAATTTGG 
 

OM145463 

CTCTCACAGGTTCAGAAACTCGAGTGGGAGATCATGGAGAAGAAGACTAGAGTGTGGTCACGAACGGTGA

GAAAAGCCGTTACGACTCTGTTTTACGGCGAACGGATCCTCTCCGACCACGTCTTCTCTTCCTCCGCCGC

GATTCGAGAATCTTCATTCGCTGAGATCACTCTACAAAGCGCTTTGGCTTTGTTCTCTTTCCCGGGAAAC

ATGGCGAAATCGCGGAAAACGCCTGAGAAAATCTTCCTCACTCTCGACGTTTGCCAGACGATCG(T/C)C

GAGCTTATGCCGAGAATCGAAGAGGTTTTCAGTTACGAATCGACGTCTTCCGTCAAATCGCTGATCGCCG

GAACCCTAGCGAACCTCGAAGAAACGGTGATTTCGATGATCGATGAGTTCGAGTCGTCGATTTCGAAGGA

GTCCTCGAAATCGATAATCTCCAACGGCGGAATCCACCAGCTTACAAGATACGTCATGAACTACATCGTC

TTCCTCGCCGATTACAGCGACACGCTCGCTAAAAT 
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Table SM4. Genetic similarity matrix (SSR markers). 

Accessions 1 3 4 5 6 7 8 9 10 12 15 16 17 18 19 20 21 22 23 24 26 27 29 32 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 51 52 54 55 56 57 58 59 60 61 63 64 65 68 69 72 73 74 81 84 91 92 97 98 99 100 101 102 103 104 105 134 146 152 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170

1 1.000

3 0.900 1.000

4 0.900 1.000 1.000

5 0.500 0.600 0.600 1.000

6 0.700 0.800 0.800 0.700 1.000

7 0.700 0.800 0.800 0.700 1.000 1.000

8 0.600 0.600 0.600 0.400 0.600 0.600 1.000

9 0.700 0.800 0.800 0.500 0.800 0.800 0.600 1.000

10 0.600 0.500 0.500 0.600 0.500 0.500 0.600 0.500 1.000

12 0.500 0.600 0.600 0.600 0.700 0.700 0.800 0.700 0.500 1.000

15 0.800 0.700 0.700 0.700 0.500 0.500 0.400 0.500 0.700 0.300 1.000

16 0.700 0.600 0.600 0.700 0.600 0.600 0.500 0.400 0.800 0.400 0.800 1.000

17 0.500 0.500 0.500 0.500 0.600 0.600 0.700 0.600 0.600 0.600 0.400 0.600 1.000

18 0.600 0.500 0.500 0.500 0.500 0.500 0.500 0.300 0.600 0.400 0.600 0.800 0.500 1.000

19 0.600 0.500 0.500 0.600 0.500 0.500 0.600 0.500 0.900 0.500 0.700 0.900 0.700 0.700 1.000

20 0.700 0.800 0.800 0.500 0.700 0.700 0.700 0.600 0.400 0.700 0.500 0.500 0.400 0.500 0.400 1.000

21 0.300 0.300 0.300 0.500 0.400 0.400 0.400 0.500 0.500 0.400 0.500 0.400 0.400 0.300 0.500 0.300 1.000

22 0.300 0.300 0.300 0.500 0.300 0.300 0.400 0.400 0.500 0.400 0.500 0.400 0.400 0.300 0.500 0.300 0.900 1.000

23 0.400 0.400 0.400 0.500 0.400 0.400 0.300 0.300 0.500 0.300 0.500 0.500 0.300 0.500 0.400 0.400 0.500 0.600 1.000

24 0.500 0.500 0.500 0.500 0.600 0.600 0.700 0.600 0.600 0.600 0.400 0.600 1.000 0.500 0.700 0.400 0.400 0.400 0.300 1.000

26 0.600 0.700 0.700 0.600 0.700 0.700 0.300 0.700 0.400 0.400 0.600 0.500 0.400 0.400 0.400 0.500 0.400 0.300 0.400 0.400 1.000

27 0.700 0.800 0.800 0.600 0.800 0.800 0.800 0.800 0.700 0.800 0.500 0.600 0.700 0.500 0.700 0.700 0.400 0.400 0.300 0.700 0.500 1.000

29 0.125 0.125 0.125 0.250 0.250 0.250 0.375 0.250 0.375 0.375 0.125 0.250 0.375 0.250 0.375 0.125 0.250 0.250 0.125 0.375 0.125 0.375 1.000

32 0.600 0.700 0.700 0.800 0.600 0.600 0.400 0.500 0.600 0.400 0.800 0.700 0.400 0.500 0.600 0.700 0.500 0.500 0.500 0.400 0.600 0.600 0.125 1.000

35 0.500 0.600 0.600 0.700 0.600 0.600 0.400 0.600 0.400 0.500 0.700 0.500 0.300 0.400 0.400 0.600 0.600 0.500 0.500 0.300 0.700 0.400 0.125 0.700 1.000

36 0.800 0.700 0.700 0.400 0.600 0.600 0.700 0.500 0.500 0.600 0.600 0.600 0.400 0.600 0.500 0.800 0.300 0.300 0.400 0.400 0.400 0.600 0.125 0.500 0.500 1.000

37 0.900 1.000 1.000 0.600 0.800 0.800 0.600 0.800 0.500 0.600 0.700 0.600 0.500 0.500 0.500 0.800 0.300 0.300 0.400 0.500 0.700 0.800 0.125 0.700 0.600 0.700 1.000

38 0.300 0.300 0.300 0.400 0.300 0.300 0.400 0.400 0.600 0.400 0.400 0.400 0.400 0.400 0.500 0.300 0.600 0.700 0.900 0.400 0.300 0.400 0.250 0.400 0.400 0.300 0.300 1.000

39 0.300 0.300 0.300 0.500 0.400 0.400 0.400 0.500 0.500 0.400 0.500 0.400 0.400 0.300 0.500 0.300 0.900 0.800 0.500 0.400 0.400 0.400 0.250 0.500 0.600 0.400 0.300 0.600 1.000

40 0.500 0.500 0.500 0.400 0.600 0.600 0.900 0.600 0.500 0.800 0.300 0.400 0.800 0.400 0.500 0.600 0.400 0.400 0.300 0.800 0.300 0.700 0.375 0.300 0.400 0.600 0.500 0.400 0.400 1.000

41 0.600 0.600 0.600 0.500 0.800 0.800 0.700 0.600 0.400 0.700 0.400 0.500 0.500 0.500 0.400 0.700 0.500 0.400 0.500 0.500 0.500 0.600 0.250 0.400 0.600 0.700 0.600 0.400 0.500 0.700 1.000

42 0.600 0.600 0.600 0.800 0.600 0.600 0.500 0.400 0.700 0.400 0.800 0.800 0.500 0.600 0.700 0.500 0.500 0.500 0.500 0.500 0.500 0.600 0.250 0.800 0.600 0.500 0.600 0.400 0.500 0.400 0.500 1.000

43 0.700 0.800 0.800 0.700 0.900 0.900 0.600 0.700 0.500 0.700 0.500 0.600 0.600 0.500 0.500 0.700 0.300 0.300 0.400 0.600 0.600 0.800 0.250 0.600 0.500 0.600 0.800 0.300 0.300 0.600 0.700 0.600 1.000

44 0.800 0.800 0.800 0.600 0.800 0.800 0.700 0.600 0.600 0.600 0.600 0.700 0.600 0.600 0.600 0.700 0.300 0.300 0.400 0.600 0.500 0.800 0.250 0.600 0.400 0.700 0.800 0.300 0.300 0.600 0.700 0.700 0.800 1.000

45 0.800 0.800 0.800 0.600 0.800 0.800 0.700 0.600 0.600 0.600 0.600 0.700 0.600 0.600 0.600 0.700 0.300 0.300 0.400 0.600 0.500 0.800 0.250 0.600 0.400 0.700 0.800 0.300 0.300 0.600 0.700 0.800 0.800 0.900 1.000

46 0.700 0.800 0.800 0.600 0.800 0.800 0.800 0.600 0.500 0.800 0.500 0.600 0.500 0.600 0.500 0.900 0.300 0.300 0.400 0.500 0.500 0.800 0.250 0.600 0.600 0.800 0.800 0.300 0.300 0.700 0.800 0.600 0.800 0.800 0.800 1.000

47 0.600 0.700 0.700 0.500 0.700 0.700 0.600 0.800 0.500 0.700 0.400 0.400 0.600 0.300 0.500 0.600 0.500 0.500 0.300 0.600 0.500 0.800 0.250 0.500 0.400 0.500 0.700 0.400 0.400 0.600 0.500 0.400 0.800 0.600 0.600 0.600 1.000

48 0.600 0.700 0.700 0.800 0.700 0.700 0.300 0.700 0.500 0.400 0.800 0.600 0.400 0.400 0.500 0.500 0.600 0.500 0.500 0.400 0.800 0.500 0.125 0.800 0.900 0.400 0.700 0.400 0.600 0.300 0.500 0.700 0.600 0.500 0.500 0.500 0.500 1.000

49 0.300 0.400 0.400 0.700 0.500 0.500 0.400 0.300 0.400 0.500 0.500 0.500 0.300 0.400 0.400 0.500 0.400 0.400 0.400 0.300 0.400 0.400 0.125 0.600 0.700 0.400 0.400 0.300 0.400 0.400 0.500 0.600 0.600 0.400 0.400 0.600 0.400 0.600 1.000

51 0.600 0.700 0.700 0.500 0.600 0.600 0.400 0.700 0.300 0.600 0.400 0.300 0.400 0.200 0.300 0.500 0.200 0.200 0.200 0.400 0.500 0.600 0.000 0.400 0.400 0.400 0.700 0.200 0.200 0.400 0.400 0.300 0.600 0.500 0.500 0.500 0.600 0.500 0.300 1.000

52 0.500 0.600 0.600 0.700 0.700 0.700 0.300 0.600 0.600 0.400 0.600 0.600 0.400 0.400 0.500 0.500 0.500 0.400 0.700 0.400 0.700 0.500 0.125 0.700 0.700 0.400 0.600 0.600 0.500 0.300 0.500 0.600 0.600 0.500 0.500 0.500 0.500 0.800 0.500 0.400 1.000

54 0.500 0.600 0.600 0.700 0.600 0.600 0.300 0.500 0.400 0.400 0.600 0.500 0.400 0.400 0.400 0.500 0.500 0.500 0.400 0.400 0.700 0.500 0.125 0.700 0.600 0.400 0.600 0.300 0.400 0.300 0.400 0.600 0.700 0.500 0.500 0.500 0.700 0.700 0.600 0.400 0.600 1.000

55 0.400 0.400 0.400 0.300 0.500 0.500 0.400 0.500 0.300 0.400 0.300 0.400 0.500 0.400 0.400 0.400 0.600 0.500 0.400 0.500 0.400 0.400 0.125 0.300 0.400 0.400 0.400 0.400 0.500 0.400 0.600 0.300 0.400 0.400 0.400 0.400 0.500 0.400 0.200 0.300 0.400 0.400 1.000

56 0.333 0.333 0.333 0.333 0.222 0.222 0.444 0.444 0.333 0.444 0.444 0.222 0.333 0.222 0.333 0.333 0.444 0.444 0.222 0.333 0.333 0.333 0.143 0.333 0.556 0.333 0.333 0.333 0.444 0.444 0.333 0.333 0.222 0.222 0.222 0.333 0.333 0.444 0.444 0.333 0.222 0.333 0.222 1.000

57 0.500 0.600 0.600 0.400 0.600 0.600 0.600 0.700 0.400 0.700 0.300 0.300 0.600 0.400 0.400 0.600 0.500 0.500 0.400 0.600 0.400 0.700 0.250 0.400 0.400 0.500 0.600 0.500 0.400 0.700 0.500 0.300 0.600 0.500 0.500 0.600 0.800 0.400 0.300 0.500 0.400 0.500 0.500 0.333 1.000

58 0.600 0.700 0.700 0.800 0.600 0.600 0.300 0.600 0.500 0.400 0.800 0.600 0.400 0.400 0.500 0.500 0.500 0.500 0.500 0.400 0.700 0.500 0.125 0.800 0.800 0.400 0.700 0.400 0.500 0.300 0.400 0.700 0.700 0.500 0.500 0.500 0.600 0.900 0.700 0.500 0.700 0.800 0.300 0.444 0.400 1.000

59 0.400 0.500 0.500 0.900 0.600 0.600 0.500 0.600 0.700 0.700 0.600 0.600 0.600 0.400 0.700 0.400 0.600 0.600 0.400 0.600 0.500 0.700 0.375 0.700 0.600 0.300 0.500 0.500 0.600 0.500 0.400 0.700 0.600 0.500 0.500 0.500 0.600 0.700 0.600 0.500 0.600 0.600 0.300 0.444 0.500 0.700 1.000

60 0.200 0.300 0.300 0.500 0.400 0.400 0.300 0.500 0.400 0.400 0.400 0.300 0.300 0.300 0.400 0.300 0.600 0.500 0.400 0.300 0.400 0.400 0.125 0.500 0.600 0.300 0.300 0.500 0.700 0.300 0.300 0.400 0.300 0.200 0.200 0.300 0.400 0.600 0.600 0.300 0.500 0.400 0.300 0.444 0.500 0.500 0.600 1.000

61 0.400 0.500 0.500 0.800 0.600 0.600 0.500 0.600 0.700 0.600 0.600 0.600 0.600 0.400 0.700 0.400 0.600 0.600 0.400 0.600 0.500 0.700 0.375 0.700 0.600 0.300 0.500 0.500 0.600 0.500 0.400 0.700 0.700 0.500 0.500 0.500 0.700 0.700 0.700 0.400 0.600 0.700 0.300 0.444 0.500 0.800 0.900 0.600 1.000

63 0.600 0.700 0.700 0.700 0.800 0.800 0.600 0.700 0.500 0.800 0.400 0.500 0.600 0.400 0.500 0.600 0.300 0.300 0.300 0.600 0.500 0.800 0.250 0.500 0.400 0.500 0.700 0.300 0.300 0.600 0.600 0.500 0.800 0.700 0.700 0.700 0.700 0.500 0.400 0.700 0.500 0.500 0.500 0.222 0.600 0.500 0.700 0.300 0.600 1.000

64 0.600 0.700 0.700 0.500 0.800 0.800 0.500 0.700 0.300 0.600 0.400 0.400 0.400 0.500 0.300 0.700 0.500 0.400 0.500 0.400 0.600 0.600 0.125 0.500 0.600 0.600 0.700 0.400 0.400 0.500 0.700 0.400 0.700 0.600 0.600 0.700 0.700 0.600 0.400 0.500 0.600 0.600 0.600 0.222 0.800 0.500 0.400 0.500 0.400 0.600 1.000

65 0.500 0.600 0.600 0.400 0.700 0.700 0.500 0.800 0.400 0.600 0.300 0.300 0.500 0.200 0.400 0.500 0.400 0.300 0.200 0.500 0.500 0.700 0.125 0.400 0.400 0.500 0.600 0.300 0.500 0.500 0.500 0.300 0.600 0.500 0.500 0.500 0.700 0.500 0.400 0.600 0.500 0.400 0.400 0.333 0.600 0.400 0.500 0.700 0.500 0.600 0.600 1.000

68 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.333 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.125 0.125 0.250 0.250 0.250 0.143 0.250 0.250 0.250 0.125 0.250 0.250 0.250 0.125 1.000

69 0.400 0.400 0.400 0.500 0.300 0.300 0.500 0.400 0.600 0.400 0.600 0.500 0.400 0.500 0.600 0.400 0.700 0.700 0.700 0.400 0.300 0.500 0.250 0.600 0.500 0.400 0.400 0.800 0.700 0.400 0.400 0.600 0.300 0.400 0.400 0.400 0.400 0.500 0.400 0.200 0.500 0.400 0.400 0.444 0.500 0.500 0.600 0.600 0.600 0.300 0.400 0.300 0.250 1.000

72 0.700 0.700 0.700 0.500 0.700 0.700 0.700 0.500 0.500 0.600 0.500 0.600 0.500 0.700 0.500 0.700 0.300 0.300 0.500 0.500 0.400 0.700 0.250 0.500 0.400 0.700 0.700 0.400 0.300 0.600 0.700 0.700 0.700 0.800 0.900 0.800 0.500 0.400 0.400 0.400 0.400 0.400 0.400 0.222 0.600 0.400 0.400 0.300 0.400 0.600 0.700 0.400 0.250 0.500 1.000

73 0.700 0.700 0.700 0.600 0.700 0.700 0.500 0.600 0.400 0.600 0.500 0.500 0.500 0.400 0.400 0.600 0.400 0.400 0.400 0.500 0.500 0.600 0.125 0.500 0.400 0.600 0.700 0.300 0.300 0.500 0.600 0.500 0.700 0.700 0.700 0.600 0.700 0.500 0.300 0.600 0.500 0.600 0.500 0.222 0.600 0.500 0.500 0.200 0.400 0.700 0.700 0.500 0.250 0.300 0.600 1.000

74 0.700 0.800 0.800 0.700 1,000 1,000 0.600 0.800 0.500 0.700 0.500 0.600 0.600 0.500 0.500 0.700 0.400 0.300 0.400 0.600 0.700 0.800 0.250 0.600 0.600 0.600 0.800 0.300 0.400 0.600 0.800 0.600 0.900 0.800 0.800 0.800 0.700 0.700 0.500 0.600 0.700 0.600 0.500 0.222 0.600 0.600 0.600 0.400 0.600 0.800 0.800 0.700 0.250 0.300 0.700 0.700 1.000

81 0.700 0.800 0.800 0.700 0.900 0.900 0.600 0.700 0.500 0.700 0.500 0.600 0.600 0.500 0.500 0.700 0.300 0.300 0.400 0.600 0.600 0.800 0.250 0.600 0.500 0.600 0.800 0.300 0.300 0.600 0.700 0.600 1,000 0.800 0.800 0.800 0.800 0.600 0.600 0.600 0.600 0.700 0.400 0.222 0.600 0.700 0.600 0.300 0.700 0.800 0.700 0.600 0.250 0.300 0.700 0.700 0.900 1.000

84 0.700 0.800 0.800 0.600 0.800 0.800 0.500 0.700 0.400 0.600 0.500 0.500 0.600 0.400 0.400 0.700 0.400 0.400 0.400 0.600 0.600 0.700 0.125 0.600 0.500 0.600 0.800 0.300 0.300 0.600 0.600 0.500 0.800 0.700 0.700 0.700 0.800 0.600 0.400 0.600 0.600 0.700 0.500 0.222 0.800 0.600 0.500 0.300 0.500 0.700 0.800 0.600 0.250 0.300 0.600 0.800 0.800 0.800 1.000

91 0.667 0.667 0.667 0.556 0.778 0.778 0.778 0.556 0.444 0.778 0.444 0.556 0.556 0.556 0.444 0.778 0.333 0.333 0.444 0.556 0.444 0.667 0.286 0.444 0.556 0.778 0.667 0.333 0.333 0.778 0.889 0.556 0.778 0.778 0.778 0.889 0.556 0.444 0.556 0.444 0.444 0.444 0.444 0.375 0.556 0.444 0.444 0.222 0.444 0.667 0.667 0.444 0.286 0.333 0.778 0.667 0.778 0.778 0.667 1.000

92 0.333 0.333 0.333 0.444 0.333 0.333 0.333 0.333 0.556 0.333 0.444 0.444 0.333 0.444 0.444 0.333 0.556 0.556 0.667 0.333 0.333 0.333 0.143 0.444 0.444 0.333 0.333 0.667 0.444 0.333 0.333 0.444 0.333 0.333 0.333 0.333 0.444 0.444 0.333 0.222 0.556 0.444 0.556 0.250 0.556 0.444 0.444 0.444 0.444 0.444 0.556 0.222 0.286 0.556 0.444 0.444 0.333 0.333 0.444 0.375 1.000

97 0.444 0.444 0.444 0.333 0.444 0.444 0.556 0.444 0.333 0.556 0.333 0.444 0.556 0.444 0.444 0.667 0.333 0.333 0.333 0.556 0.333 0.444 0.143 0.444 0.444 0.556 0.444 0.333 0.333 0.556 0.556 0.333 0.444 0.444 0.444 0.556 0.444 0.333 0.333 0.333 0.333 0.333 0.667 0.375 0.444 0.333 0.333 0.222 0.333 0.556 0.444 0.333 0.286 0.333 0.444 0.444 0.444 0.444 0.444 0.625 0.500 1.000

98 0.900 1.000 1.000 0.600 0.800 0.800 0.600 0.800 0.500 0.600 0.700 0.600 0.500 0.500 0.500 0.800 0.300 0.300 0.400 0.500 0.700 0.800 0.125 0.700 0.600 0.700 1.000 0.300 0.300 0.500 0.600 0.600 0.800 0.800 0.800 0.800 0.700 0.700 0.400 0.700 0.600 0.600 0.400 0.333 0.600 0.700 0.500 0.300 0.500 0.700 0.700 0.600 0.250 0.400 0.700 0.700 0.800 0.800 0.800 0.667 0.333 0.444 1.000

99 1.000 0.900 0.900 0.500 0.700 0.700 0.600 0.700 0.600 0.500 0.800 0.700 0.500 0.600 0.600 0.700 0.300 0.300 0.400 0.500 0.600 0.700 0.125 0.600 0.500 0.800 0.900 0.300 0.300 0.500 0.600 0.600 0.700 0.800 0.800 0.700 0.600 0.600 0.300 0.600 0.500 0.500 0.400 0.333 0.500 0.600 0.400 0.200 0.400 0.600 0.600 0.500 0.250 0.400 0.700 0.700 0.700 0.700 0.700 0.667 0.333 0.444 0.900 1.000

100 0.800 0.700 0.700 0.500 0.700 0.700 0.600 0.500 0.600 0.500 0.600 0.700 0.500 0.600 0.600 0.600 0.200 0.200 0.300 0.500 0.400 0.700 0.125 0.500 0.300 0.700 0.700 0.200 0.200 0.500 0.600 0.600 0.700 0.800 0.800 0.700 0.500 0.400 0.500 0.500 0.400 0.400 0.300 0.222 0.400 0.400 0.400 0.300 0.400 0.600 0.500 0.600 0.125 0.300 0.700 0.600 0.700 0.700 0.600 0.667 0.222 0.333 0.700 0.800 1.000

101 0.800 0.700 0.700 0.400 0.600 0.600 0.700 0.500 0.500 0.600 0.600 0.600 0.400 0.600 0.500 0.900 0.300 0.300 0.400 0.400 0.400 0.600 0.125 0.600 0.500 0.900 0.700 0.300 0.300 0.600 0.700 0.500 0.600 0.700 0.700 0.800 0.500 0.400 0.400 0.400 0.400 0.400 0.400 0.333 0.500 0.400 0.300 0.200 0.300 0.500 0.600 0.400 0.250 0.400 0.700 0.600 0.600 0.600 0.600 0.778 0.333 0.667 0.700 0.800 0.700 1.000

102 0.900 1.000 1.000 0.600 0.800 0.800 0.600 0.800 0.500 0.600 0.700 0.600 0.500 0.500 0.500 0.800 0.300 0.300 0.400 0.500 0.700 0.800 0.125 0.700 0.600 0.700 1.000 0.300 0.300 0.500 0.600 0.600 0.800 0.800 0.800 0.800 0.700 0.700 0.400 0.700 0.600 0.600 0.400 0.333 0.600 0.700 0.500 0.300 0.500 0.700 0.700 0.600 0.250 0.400 0.700 0.700 0.800 0.800 0.800 0.667 0.333 0.444 1,000 0.900 0.700 0.700 1.000

103 0.600 0.700 0.700 0.600 0.900 0.900 0.500 0.700 0.400 0.600 0.400 0.500 0.500 0.400 0.400 0.600 0.300 0.200 0.300 0.500 0.600 0.700 0.125 0.500 0.500 0.500 0.700 0.200 0.300 0.500 0.700 0.500 0.800 0.700 0.700 0.700 0.600 0.600 0.500 0.600 0.600 0.500 0.400 0.222 0.500 0.500 0.500 0.400 0.500 0.700 0.700 0.700 0.125 0.200 0.600 0.600 0.900 0.800 0.700 0.667 0.222 0.333 0.700 0.600 0.700 0.500 0.700 1.000

104 0.500 0.600 0.600 0.500 0.800 0.800 0.700 0.800 0.500 0.800 0.300 0.400 0.600 0.400 0.500 0.600 0.500 0.400 0.300 0.600 0.500 0.800 0.375 0.400 0.500 0.500 0.600 0.400 0.500 0.700 0.700 0.400 0.700 0.600 0.600 0.700 0.700 0.500 0.400 0.500 0.500 0.400 0.600 0.333 0.700 0.400 0.600 0.500 0.600 0.700 0.700 0.700 0.250 0.400 0.600 0.500 0.800 0.700 0.600 0.667 0.333 0.444 0.600 0.500 0.500 0.500 0.600 0.700 1.000

105 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.500 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0,000 0,000 0.125 0.125 0.125 0,000 0.125 0.125 0.125 0,000 0.125 0.125 0.125 0,000 0.500 0.125 0.125 0.125 0.125 0.125 0.125 0.143 0.143 0.143 0.125 0.125 0.000 0.125 0.125 0,000 0.125 1.000

134 0.333 0.333 0.333 0.667 0.444 0.444 0.667 0.444 0.667 0.667 0.556 0.556 0.556 0.444 0.667 0.444 0.667 0.667 0.444 0.556 0.333 0.556 0.428 0.556 0.667 0.444 0.333 0.556 0.667 0.667 0.556 0.667 0.444 0.444 0.444 0.556 0.444 0.556 0.667 0.222 0.444 0.444 0.333 0.625 0.444 0.556 0.778 0.556 0.778 0.444 0.333 0.333 0.286 0.667 0.444 0.333 0.444 0.444 0.333 0.625 0.500 0.500 0.333 0.333 0.333 0.444 0.333 0.333 0.556 0.143 1.000

146 0.333 0.333 0.333 0.444 0.444 0.444 0.556 0.333 0.444 0.556 0.333 0.444 0.444 0.444 0.444 0.444 0.333 0.333 0.333 0.444 0.556 0.444 0.286 0.333 0.444 0.444 0.333 0.333 0.333 0.556 0.556 0.444 0.444 0.444 0.444 0.556 0.333 0.333 0.444 0.333 0.333 0.444 0.333 0.375 0.333 0.333 0.444 0.222 0.444 0.444 0.333 0.222 0.286 0.333 0.444 0.333 0.444 0.444 0.333 0.625 0.375 0.500 0.333 0.333 0.333 0.444 0.333 0.333 0.444 0.143 0.625 1.000

152 0.700 0.700 0.700 0.500 0.700 0.700 0.600 0.500 0.500 0.500 0.500 0.600 0.500 0.500 0.500 0.600 0.300 0.300 0.400 0.500 0.400 0.700 0.125 0.500 0.300 0.600 0.700 0.300 0.300 0.500 0.700 0.600 0.700 0.800 0.800 0.700 0.500 0.400 0.400 0.600 0.400 0.400 0.400 0.222 0.400 0.400 0.400 0.200 0.400 0.600 0.500 0.500 0.125 0.400 0.700 0.600 0.700 0.700 0.600 0.667 0.222 0.333 0.700 0.700 0.800 0.600 0.700 0.700 0.500 0.000 0.333 0.333 1.000

154 0.500 0.500 0.500 0.300 0.600 0.600 0.600 0.700 0.400 0.600 0.300 0.300 0.500 0.400 0.400 0.500 0.600 0.500 0.400 0.500 0.400 0.600 0.250 0.300 0.400 0.500 0.500 0.500 0.500 0.600 0.600 0.300 0.500 0.600 0.500 0.500 0.700 0.400 0.200 0.400 0.400 0.400 0.600 0.333 0.800 0.300 0.400 0.500 0.400 0.500 0.800 0.600 0.250 0.500 0.600 0.600 0.600 0.500 0.600 0.556 0.556 0.444 0.500 0.500 0.400 0.500 0.500 0.500 0.700 0.125 0.444 0.333 0.400 1.000

155 0.800 0.700 0.700 0.300 0.500 0.500 0.600 0.700 0.600 0.500 0.600 0.500 0.500 0.400 0.600 0.500 0.300 0.300 0.200 0.500 0.400 0.700 0.125 0.400 0.300 0.600 0.700 0.300 0.300 0.500 0.400 0.400 0.500 0.600 0.600 0.500 0.600 0.400 0.200 0.700 0.300 0.300 0.300 0.444 0.500 0.400 0.400 0.300 0.400 0.500 0.400 0.600 0.125 0.400 0.500 0.500 0.500 0.500 0.500 0.444 0.222 0.333 0.700 0.800 0.700 0.600 0.700 0.500 0.500 0.000 0.333 0.222 0.700 0.500 1.000

156 0.300 0.400 0.400 0.600 0.500 0.500 0.300 0.400 0.300 0.400 0.500 0.400 0.200 0.300 0.300 0.600 0.500 0.400 0.400 0.200 0.500 0.300 0,000 0.700 0.800 0.400 0.400 0.300 0.500 0.300 0.500 0.500 0.400 0.300 0.300 0.500 0.300 0.700 0.700 0.300 0.600 0.500 0.300 0.444 0.300 0.600 0.500 0.600 0.500 0.300 0.500 0.400 0.125 0.400 0.300 0.300 0.500 0.400 0.400 0.444 0.333 0.444 0.400 0.300 0.300 0.500 0.400 0.600 0.400 0.000 0.556 0.333 0.300 0.300 0.200 1.000

157 0.600 0.700 0.700 0.600 0.900 0.900 0.700 0.700 0.400 0.800 0.400 0.500 0.500 0.500 0.400 0.800 0.400 0.300 0.400 0.500 0.600 0.700 0.250 0.500 0.700 0.700 0.700 0.300 0.400 0.700 0.900 0.500 0.800 0.700 0.700 0.900 0.600 0.600 0.600 0.500 0.600 0.500 0.500 0.333 0.600 0.500 0.500 0.400 0.500 0.700 0.800 0.600 0.250 0.300 0.700 0.600 0.900 0.800 0.700 0.889 0.333 0.556 0.700 0.600 0.600 0.700 0.700 0.800 0.800 0.125 0.556 0.556 0.600 0.600 0.400 0.600 1.000

158 0.300 0.300 0.300 0.400 0.300 0.300 0.400 0.400 0.600 0.400 0.400 0.400 0.400 0.400 0.500 0.300 0.600 0.700 0.900 0.400 0.300 0.400 0.250 0.400 0.400 0.300 0.300 1,000 0.600 0.400 0.400 0.400 0.300 0.300 0.300 0.300 0.400 0.400 0.300 0.200 0.600 0.300 0.400 0.333 0.500 0.400 0.500 0.500 0.500 0.300 0.400 0.300 0.250 0.800 0.400 0.300 0.300 0.300 0.300 0.333 0.667 0.333 0.300 0.300 0.200 0.300 0.300 0.200 0.400 0.125 0.556 0.333 0.300 0.500 0.300 0.300 0.300 1.000

159 0.300 0.400 0.400 0.400 0.500 0.500 0.500 0.600 0.500 0.600 0.300 0.300 0.400 0.300 0.400 0.500 0.500 0.400 0.500 0.400 0.500 0.500 0.250 0.400 0.600 0.400 0.400 0.600 0.500 0.500 0.500 0.300 0.400 0.300 0.300 0.500 0.500 0.500 0.400 0.300 0.700 0.400 0.400 0.556 0.500 0.400 0.500 0.500 0.500 0.400 0.500 0.500 0.250 0.500 0.300 0.300 0.500 0.400 0.400 0.444 0.444 0.444 0.400 0.300 0.200 0.400 0.400 0.400 0.600 0.125 0.556 0.444 0.200 0.500 0.300 0.500 0.600 0.600 1.000

160 1.000 0.900 0.900 0.500 0.700 0.700 0.600 0.700 0.600 0.500 0.800 0.700 0.500 0.600 0.600 0.700 0.300 0.300 0.400 0.500 0.600 0.700 0.125 0.600 0.500 0.800 0.900 0.300 0.300 0.500 0.600 0.600 0.700 0.800 0.800 0.700 0.600 0.600 0.300 0.600 0.500 0.500 0.400 0.333 0.500 0.600 0.400 0.200 0.400 0.600 0.600 0.500 0.250 0.400 0.700 0.700 0.700 0.700 0.700 0.667 0.333 0.444 0.900 1,000 0.800 0.800 0.900 0.600 0.500 0.125 0.556 0.333 0.700 0.500 0.800 0.300 0.600 0.300 0.300 1.000

161 1,000 0.900 0.900 0.500 0.700 0.700 0.600 0.700 0.600 0.500 0.800 0.700 0.500 0.600 0.600 0.700 0.300 0.300 0.400 0.500 0.600 0.700 0.125 0.600 0.500 0.800 0.900 0.300 0.300 0.500 0.600 0.600 0.700 0.800 0.800 0.700 0.600 0.600 0.300 0.600 0.500 0.500 0.400 0.333 0.500 0.600 0.400 0.200 0.400 0.600 0.600 0.500 0.250 0.400 0.700 0.700 0.700 0.700 0.700 0.667 0.333 0.444 0.900 1,000 0.800 0.800 0.900 0.600 0.500 0.125 0.556 0.333 0.700 0.500 0.800 0.300 0.600 0.300 0.300 1.000 1.000

162 0.800 0.900 0.900 0.600 0.800 0.800 0.600 0.700 0.500 0.600 0.600 0.600 0.500 0.500 0.500 0.900 0.300 0.300 0.400 0.500 0.600 0.800 0.125 0.800 0.500 0.700 0.900 0.300 0.300 0.500 0.600 0.600 0.800 0.800 0.800 0.800 0.700 0.600 0.400 0.600 0.600 0.600 0.400 0.222 0.600 0.600 0.500 0.300 0.500 0.700 0.700 0.600 0.250 0.400 0.700 0.700 0.800 0.800 0.800 0.667 0.333 0.556 0.900 0.800 0.700 0.800 0.900 0.700 0.600 0.125 0.556 0.333 0.700 0.500 0.600 0.500 0.700 0.300 0.400 0.800 0.800 1.000

163 0.700 0.800 0.800 0.500 0.800 0.800 0.600 1.000 0.500 0.700 0.500 0.400 0.600 0.300 0.500 0.600 0.500 0.400 0.300 0.600 0.700 0.800 0.250 0.500 0.600 0.500 0.800 0.400 0.500 0.600 0.600 0.400 0.700 0.600 0.600 0.600 0.800 0.700 0.300 0.700 0.600 0.500 0.500 0.444 0.700 0.600 0.600 0.500 0.600 0.700 0.700 0.800 0.250 0.400 0.500 0.600 0.800 0.700 0.700 0.556 0.333 0.444 0.800 0.700 0.500 0.500 0.800 0.700 0.800 0.125 0.556 0.333 0.500 0.700 0.700 0.400 0.700 0.400 0.600 0.700 0.700 0.700 1.000

164 0.300 0.300 0.300 0.400 0.300 0.300 0.400 0.400 0.600 0.400 0.400 0.400 0.400 0.300 0.500 0.300 0.700 0.800 0.700 0.400 0.300 0.400 0.250 0.400 0.400 0.400 0.300 0.800 0.800 0.400 0.400 0.400 0.300 0.300 0.300 0.300 0.400 0.400 0.300 0.200 0.500 0.300 0.400 0.333 0.400 0.400 0.500 0.500 0.500 0.300 0.300 0.400 0.250 0.600 0.300 0.300 0.300 0.300 0.300 0.333 0.556 0.333 0.300 0.300 0.200 0.300 0.300 0.200 0.400 0.125 0.556 0.333 0.300 0.400 0.300 0.300 0.300 0.800 0.500 0.300 0.300 0.300 0.400 1.000

165 0.600 0.500 0.500 0.600 0.500 0.500 0.500 0.300 0.700 0.400 0.700 0.900 0.500 0.900 0.800 0.500 0.400 0.400 0.600 0.500 0.400 0.500 0.250 0.600 0.500 0.600 0.500 0.500 0.400 0.400 0.500 0.700 0.500 0.600 0.600 0.600 0.300 0.500 0.500 0.200 0.500 0.400 0.400 0.222 0.400 0.500 0.500 0.400 0.500 0.400 0.500 0.200 0.250 0.600 0.700 0.400 0.500 0.500 0.400 0.556 0.556 0.444 0.500 0.600 0.600 0.600 0.500 0.400 0.400 0.125 0.556 0.444 0.500 0.400 0.400 0.400 0.500 0.500 0.300 0.600 0.600 0.500 0.300 0.400 1.000

166 0.700 0.800 0.800 0.600 0.700 0.700 0.500 0.800 0.400 0.700 0.500 0.400 0.500 0.300 0.400 0.600 0.300 0.300 0.300 0.500 0.600 0.700 0.125 0.500 0.500 0.500 0.800 0.300 0.300 0.500 0.500 0.400 0.700 0.600 0.600 0.600 0.700 0.600 0.300 0.900 0.500 0.500 0.400 0.333 0.600 0.600 0.600 0.300 0.500 0.800 0.600 0.600 0.250 0.300 0.500 0.700 0.700 0.700 0.700 0.556 0.333 0.444 0.800 0.700 0.500 0.500 0.800 0.600 0.600 0.125 0.556 0.444 0.500 0.500 0.600 0.300 0.600 0.300 0.400 0.700 0.700 0.700 0.800 0.300 0.300 1.000

167 1,000 0.900 0.900 0.500 0.700 0.700 0.600 0.700 0.600 0.500 0.800 0.700 0.500 0.600 0.600 0.700 0.300 0.300 0.400 0.500 0.600 0.700 0.125 0.600 0.500 0.800 0.900 0.300 0.300 0.500 0.600 0.600 0.700 0.800 0.800 0.700 0.600 0.600 0.300 0.600 0.500 0.500 0.400 0.333 0.500 0.600 0.400 0.200 0.400 0.600 0.600 0.500 0.250 0.400 0.700 0.700 0.700 0.700 0.700 0.667 0.333 0.444 0.900 1,000 0.800 0.800 0.900 0.600 0.500 0.125 0.556 0.333 0.700 0.500 0.800 0.300 0.600 0.300 0.300 1,000 1,000 0.800 0.700 0.300 0.600 0.700 1.000

168 0.500 0.600 0.600 0.900 0.800 0.800 0.400 0.600 0.600 0.500 0.700 0.700 0.500 0.500 0.600 0.500 0.600 0.500 0.500 0.500 0.700 0.600 0.250 0.800 0.800 0.400 0.600 0.400 0.600 0.400 0.600 0.800 0.700 0.600 0.600 0.600 0.500 0.900 0.700 0.400 0.800 0.700 0.400 0.333 0.400 0.800 0.800 0.600 0.800 0.600 0.600 0.500 0.250 0.500 0.500 0.500 0.800 0.700 0.600 0.556 0.444 0.333 0.600 0.500 0.500 0.400 0.600 0.700 0.600 0.125 0.556 0.444 0.500 0.400 0.300 0.700 0.700 0.400 0.500 0.500 0.500 0.600 0.600 0.400 0.600 0.500 0.500 1.000

169 0.800 0.700 0.700 0.400 0.600 0.600 0.700 0.500 0.500 0.600 0.600 0.600 0.400 0.600 0.500 0.900 0.300 0.300 0.400 0.400 0.400 0.600 0.125 0.600 0.500 0.900 0.700 0.300 0.300 0.600 0.700 0.500 0.600 0.700 0.700 0.800 0.500 0.400 0.400 0.400 0.400 0.400 0.400 0.333 0.500 0.400 0.300 0.200 0.300 0.500 0.600 0.400 0.250 0.400 0.700 0.600 0.600 0.600 0.600 0.778 0.333 0.667 0.700 0.800 0.700 1,000 0.700 0.500 0.500 0.125 0.556 0.444 0.600 0.500 0.600 0.500 0.700 0.300 0.400 0.800 0.800 0.800 0.500 0.300 0.600 0.500 0.800 0.400 1.000

170 0.500 0.600 0.600 0.500 0.700 0.700 0.600 0.600 0.400 0.700 0.300 0.400 0.500 0.400 0.400 0.600 0.300 0.300 0.300 0.500 0.400 0.700 0.250 0.400 0.400 0.500 0.600 0.300 0.300 0.600 0.600 0.400 0.800 0.600 0.600 0.700 0.700 0.400 0.500 0.600 0.400 0.500 0.500 0.222 0.600 0.500 0.500 0.300 0.600 0.700 0.600 0.500 0.250 0.300 0.600 0.500 0.700 0.800 0.600 0.667 0.333 0.444 0.600 0.500 0.500 0.500 0.600 0.600 0.800 0.125 0.556 0.556 0.500 0.500 0.400 0.300 0.700 0.300 0.400 0.500 0.500 0.600 0.600 0.300 0.400 0.700 0.500 0.500 0.500 1.000
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Table SM5. Molecular fingerprints of the 90 accessions (SSR and SNP/CAPS markers). 
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1 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 58 242;246 179;181 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/N Y/N Y/N N/N 

3 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/Y N/N 59 242;252 173;181 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

4 242;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 60 242;242 167;173 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 

5 242;252 173;181 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 61 242;246 173;181 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N N/N 

6 242;242 173;181 157;157 163;175 184;184 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N N/N N/N 63 242;246 173;181 157;157 163;173 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

7 242;242 173;181 157;157 163;175 182;184 Y/N Y/Y Y/Y Y/N Y/Y Y/Y N/N Y/N N/N 64 242;242 161;161 157;157 163;175 184;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

8 244;248 173;173 157;157 163;171 156;184 Y/N Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 65 242;242 167;181 157;157 163;171 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

9 242;242 179;181 157;157 163;171 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/Y N/N N/N N/N 68 X 170;170 157;157 168;300 X Y/Y X X X X X X X X 

10 248;248 173;181 157;157 163;171 156;188 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 69 238;248 171;173 157;157 163;171 184;188 Y/Y Y/Y Y/N Y/N Y/N Y/N N/N Y/N N/N 

12 242;252 179;181 157;157 163;163 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 72 248;248 173;173 157;157 163;175 182;184 Y/Y Y/Y Y/N Y/N Y/N Y/Y N/N Y/N N/N 

15 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N N/N 73 252;252 161;181 157;157 163;163 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/N N/N 

16 248;248 173;173 157;157 163;175 156;188 Y/Y Y/Y Y/N N/N Y/Y Y/N N/N Y/N Y/N 74 242;242 173;173 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/N Y/Y Y/Y N/N N/N N/N 

17 244;244 173;173 157;157 163;171 156;184 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 81 242;246 173;181 157;157 163;175 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/Y N/N Y/N N/N 

18 248;248 173;173 157;157 163;175 156;156 Y/Y Y/Y Y/N N/N Y/Y Y/Y N/N N/N Y/N 84 242;246 161;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 

19 248;248 173;181 157;157 163;171 156;188 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 91 X 173;179 157;157 163;175 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/Y N/N Y/Y N/N 

20 242;248 177;179 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N N/N Y/N 92 X 161;173 157;157 163;163 186;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

21 238;242 167;167 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N Y/N 97 X 177;179 157;157 163;163 156;184 Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N N/N N/N 

22 238;238 167;167 157;157 163;171 184;188 Y/N Y/Y Y/Y Y/Y Y/N Y/Y Y/N N/N Y/N 98 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

23 238;238 171;173 157;157 163;171 186;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N Y/N 99 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/N N/N 

24 244;244 173;173 157;157 163;171 156;184 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 100 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/N N/N N/N N/N 
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Table SM5. (Continue.) 

26 242;242 181;181 157;157 163;175 211;213 Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N Y/N N/N 101 248;248 179;179 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N N/N N/N 

27 242;242 173;181 157;157 163;171 184;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/N N/N Y/N N/N 102 242;248 181;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N N/N N/N 

29 X 169;173 135;157 167;171 X Y/Y X X X X X X X X 103 242;242 173;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/N N/N 

32 242;248 177;181 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/N Y/N Y/Y N/N Y/N N/N 104 242;242 173;177 157;157 163;171 184;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/Y N/N 

35 248;248 179;179 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N N/N N/N 105 X 162;170 135;157 172;300 X Y/Y X X X X X X X X 

36 248;248 167;179 157;157 163;175 184;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/N Y/N N/N N/N 134 X 173;179 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/N N/N Y/Y N/N 

37 242;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/N N/N 146 X 173;179 157;157 163;177 211;213 Y/Y Y/Y Y/N Y/Y Y/N Y/Y N/N N/N N/N 

38 238;238 171;173 157;157 163;171 186;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N Y/N 152 248;248 173;173 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

39 238;238 167;167 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N Y/N 154 240;242 173;179 157;157 163;163 182;184 Y/Y Y/Y Y/Y Y/N Y/N Y/N N/N N/N N/N 

40 244;244 173;179 157;157 163;171 182;184 Y/N Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 155 248;248 181;181 157;157 163;171 184;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N Y/N 

41 242;242 173;179 157;157 163;175 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/N N/N N/N N/N 156 242;242 177;179 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/N N/N 

42 246;248 173;181 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/N Y/Y Y/Y N/N N/N N/N 157 242;242 173;179 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 

43 242;246 173;181 157;157 163;175 184;184 Y/Y Y/Y Y/N Y/N Y/Y Y/Y N/N Y/N N/N 158 238;238 171;173 157;157 163;171 186;188 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N N/N Y/N 

44 240;248 173;181 157;157 163;163 184;184 Y/Y Y/Y Y/N Y/N Y/Y Y/N Y/N N/N N/N 159 242;242 171;179 157;157 163;171 186;186 Y/Y Y/Y Y/Y Y/Y Y/Y Y/N N/N N/N N/N 

45 246;248 173;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N N/N 160 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 

46 242;242 173;179 157;157 163;171 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/Y N/N Y/N N/N 161 248;248 179;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N Y/N N/N 

47 242;246 161;181 157;157 163;171 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/Y Y/N Y/N N/N 162 242;248 177;181 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N N/N N/N Y/N Y/N 

48 242;242 179;181 157;157 163;175 184;188 Y/Y Y/Y Y/N Y/N Y/N Y/N N/N Y/N N/N 163 242;242 181;181 157;157 163;171 182;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N N/N 

49 242;246 173;179 157;157 163;175 184;188 Y/Y Y/Y Y/N Y/Y Y/N Y/Y N/N N/N N/N 164 238;238 167;167 157;157 163;171 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/Y N/N N/N Y/N 

51 242;252 179;181 157;157 163;163 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/N N/N Y/N N/N 165 248;248 173;173 157;157 163;175 156;156 Y/Y Y/Y Y/N N/N Y/Y Y/Y N/N N/N Y/N 

52 242;242 181;181 157;157 163;175 186;188 Y/Y Y/Y Y/N Y/N Y/Y Y/N N/N N/N N/N 166 242;252 179;181 157;157 163;163 182;184 Y/Y Y/Y Y/N Y/Y Y/Y Y/N N/N Y/N Y/N 

54 242;246 161;181 157;157 163;173 184;213 Y/Y Y/Y Y/N Y/Y Y/Y Y/N N/N N/N N/N 167 248;248 179;179 157;157 163;163 182;184 Y/Y Y/Y Y/Y Y/Y N/N Y/Y N/N Y/Y N/N 

55 238;242 161;177 157;157 163;173 156;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/Y N/N 168 242;242 173;181 157;157 163;175 184;188 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N Y/N N/N 

56 X 179;179 157;157 163;171 184;186 Y/Y Y/Y Y/Y Y/Y N/N Y/Y N/N Y/Y N/N 169 248;248 179;179 157;157 163;175 182;184 Y/Y Y/Y Y/Y Y/Y Y/N N/N N/N N/N N/N 

57 242;244 161;173 157;157 163;171 182;184 Y/Y Y/Y Y/Y Y/Y Y/Y Y/N N/N N/N N/N 170 242;246 173;177 157;157 163;163 184;184 Y/Y Y/Y Y/Y Y/Y Y/N Y/N N/N N/N N/N 
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Table SM6. Five hundred SNP loci retrieved from the D. tenuifolia genome assembly 

“UAlgDiploT.01” published in the NCBI database (GenBank 144979 to 145478). 
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Table SM7. Genetic similarity matrix (SNP/CAPS markers). 

Accessions: 1 3 4 5 6 7 8 9 10 12 15 16 17 18 19 20 21 22 23 24 26 27 29 32 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 51 52 54 55 56 57 58 59 60 61 63 64 65 68 69 72 73 74 81 84 91 92 97 98 99 100 101 102 103 104 105 134 146 152 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170

1 1.000

3 0.889 1.000

4 1.000 0.889 1.000

5 1.000 0.889 1.000 1.000

6 0.778 0.667 0.778 0.778 1.000

7 0.944 0.833 0.944 0.944 0.833 1.000

8 0.778 0.667 0.778 0.778 0.889 0.833 1.000

9 0.833 0.722 0.833 0.833 0.944 0.778 0.833 1.000

10 0.833 0.722 0.833 0.833 0.833 0.889 0.833 0.778 1.000

12 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000

15 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000

16 0.667 0.667 0.667 0.667 0.778 0.722 0.778 0.722 0.833 0.667 0.611 1.000

17 0.889 0.778 0.889 0.889 0.889 0.944 0.889 0.833 0.944 0.889 0.833 0.778 1.000

18 0.778 0.667 0.778 0.778 0.778 0.833 0.667 0.722 0.833 0.778 0.833 0.778 0.778 1.000

19 0.889 0.778 0.889 0.889 0.889 0.944 0.889 0.833 0.944 0.889 0.833 0.778 1.000 0.778 1.000

20 0.833 0.833 0.833 0.833 0.722 0.778 0.611 0.778 0.667 0.833 0.889 0.722 0.722 0.833 0.722 1.000

21 0.833 0.722 0.833 0.833 0.722 0.778 0.722 0.778 0.667 0.833 0.889 0.611 0.722 0.833 0.722 0.889 1.000

22 0.778 0.667 0.778 0.778 0.667 0.722 0.667 0.722 0.611 0.778 0.833 0.556 0.667 0.778 0.667 0.833 0.944 1.000

23 0.889 0.778 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.889 0.778 0.944 0.944 0.889 1.000

24 0.944 0.833 0.944 0.944 0.833 1.000 0.833 0.778 0.889 0.944 0.889 0.722 0.944 0.833 0.944 0.778 0.778 0.722 0.833 1.000

26 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000

27 0.889 0.889 0.889 0.889 0.778 0.833 0.778 0.833 0.833 0.889 0.833 0.778 0.889 0.667 0.889 0.833 0.722 0.667 0.778 0.833 0.944 1.000

29 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.100 0.200 0.200 0.200 0.200 1.000

32 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000

35 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000

36 0.833 0.833 0.833 0.833 0.722 0.778 0.611 0.778 0.667 0.833 0.889 0.611 0.722 0.722 0.722 0.889 0.778 0.833 0.833 0.778 0.889 0.833 0.200 0.833 0.944 1.000

37 0.889 0.889 0.889 0.889 0.778 0.833 0.778 0.833 0.833 0.889 0.833 0.778 0.889 0.667 0.889 0.833 0.722 0.667 0.778 0.833 0.944 1.000 0.200 0.889 0.889 0.833 1.000

38 0.889 0.778 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.889 0.778 0.944 0.944 0.889 1.000 0.833 0.833 0.778 0.200 0.889 0.889 0.833 0.778 1.000

39 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000 0.611 0.833 0.833 0.833 0.889 0.889 0.833 0.944 0.889 0.889 0.833 0.200 0.944 0.944 0.889 0.833 0.944 1.000

40 0.833 0.722 0.833 0.833 0.944 0.889 0.944 0.889 0.889 0.833 0.778 0.833 0.944 0.722 0.944 0.667 0.667 0.611 0.722 0.889 0.778 0.833 0.200 0.833 0.722 0.667 0.833 0.722 0.778 1.000

41 0.833 0.833 0.833 0.833 0.833 0.778 0.722 0.889 0.778 0.833 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.778 0.889 0.944 0.200 0.833 0.944 0.889 0.944 0.833 0.889 0.778 1.000

42 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000 0.611 0.833 0.833 0.833 0.889 0.889 0.833 0.944 0.889 0.889 0.833 0.200 0.944 0.944 0.889 0.833 0.944 1.000 0.778 0.889 1.000

43 0.944 0.833 0.944 0.944 0.833 0.889 0.833 0.889 0.889 0.944 0.889 0.722 0.944 0.722 0.944 0.778 0.778 0.722 0.833 0.889 0.889 0.944 0.200 0.944 0.833 0.778 0.944 0.833 0.889 0.889 0.889 0.889 1.000

44 0.722 0.722 0.722 0.722 0.833 0.667 0.722 0.889 0.667 0.722 0.778 0.722 0.722 0.611 0.722 0.778 0.667 0.722 0.722 0.667 0.778 0.833 0.200 0.722 0.833 0.889 0.833 0.722 0.778 0.778 0.889 0.778 0.778 1.000

45 0.889 0.778 0.889 0.889 0.889 0.833 0.778 0.944 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.833 0.833 0.778 0.889 0.833 0.833 0.778 0.200 0.889 0.889 0.833 0.778 0.889 0.944 0.833 0.833 0.944 0.833 0.833 1.000

46 0.889 0.778 0.889 0.889 0.889 0.833 0.889 0.944 0.833 0.889 0.833 0.778 0.889 0.667 0.889 0.722 0.722 0.667 0.778 0.833 0.833 0.889 0.200 0.889 0.778 0.722 0.889 0.778 0.833 0.944 0.833 0.833 0.944 0.833 0.889 1.000

47 0.833 0.722 0.833 0.833 0.833 0.778 0.833 0.889 0.778 0.833 0.778 0.722 0.833 0.611 0.833 0.667 0.667 0.722 0.722 0.778 0.778 0.833 0.200 0.833 0.722 0.778 0.833 0.722 0.778 0.889 0.778 0.778 0.889 0.889 0.833 0.944 1.000

48 0.722 0.722 0.722 0.722 0.944 0.778 0.833 0.889 0.778 0.722 0.778 0.833 0.833 0.722 0.833 0.778 0.667 0.611 0.722 0.778 0.778 0.833 0.200 0.722 0.833 0.778 0.833 0.722 0.778 0.889 0.889 0.778 0.778 0.889 0.833 0.833 0.778 1.000

49 0.889 0.778 0.889 0.889 0.889 0.833 0.778 0.944 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.833 0.833 0.778 0.889 0.833 0.833 0.778 0.200 0.889 0.889 0.833 0.778 0.889 0.944 0.833 0.833 0.944 0.833 0.833 1.000 0.889 0.833 0.833 1.000

51 0.889 0.889 0.889 0.889 0.778 0.833 0.778 0.833 0.833 0.889 0.833 0.778 0.889 0.667 0.889 0.833 0.722 0.667 0.778 0.833 0.944 1.000 0.200 0.889 0.889 0.833 1.000 0.778 0.833 0.833 0.944 0.833 0.944 0.833 0.778 0.889 0.833 0.833 0.778 1.000

52 0.667 0.667 0.667 0.667 0.889 0.722 0.778 0.833 0.833 0.667 0.722 0.889 0.778 0.778 0.778 0.722 0.611 0.556 0.667 0.722 0.722 0.778 0.200 0.667 0.778 0.722 0.778 0.667 0.722 0.833 0.833 0.722 0.722 0.833 0.778 0.778 0.722 0.944 0.778 0.778 1.000

54 0.833 0.833 0.833 0.833 0.833 0.778 0.722 0.889 0.778 0.833 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.778 0.889 0.944 0.200 0.833 0.944 0.889 0.944 0.833 0.889 0.778 1.000 0.889 0.889 0.889 0.833 0.833 0.778 0.889 0.833 0.944 0.833 1.000

55 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.611 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.778 0.778 0.889 0.889 0.667 0.833 0.833 0.778 0.667 0.833 0.833 0.611 0.778 1.000

56 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.611 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.778 0.778 0.889 0.889 0.667 0.833 0.833 0.778 0.667 0.833 0.833 0.611 0.778 1.000 1.000

57 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000 0.944 0.889 0.889 0.944 0.722 0.944 0.944 0.833 0.833 0.889 0.778 0.722 0.833 0.889 0.889 0.778 0.944 0.833 0.833 1.000

58 0.889 0.889 0.889 0.889 0.667 0.833 0.667 0.722 0.722 0.889 0.833 0.667 0.778 0.667 0.778 0.833 0.722 0.778 0.778 0.833 0.944 0.889 0.200 0.889 0.889 0.944 0.889 0.778 0.833 0.722 0.833 0.833 0.833 0.833 0.778 0.778 0.833 0.722 0.778 0.889 0.667 0.833 0.833 0.833 0.889 1.000

59 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000

60 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000

61 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000 0.611 0.833 0.833 0.833 0.889 0.889 0.833 0.944 0.889 0.889 0.833 0.200 0.944 0.944 0.889 0.833 0.944 1.000 0.778 0.889 1.000 0.889 0.778 0.944 0.833 0.778 0.778 0.944 0.833 0.722 0.889 0.889 0.889 0.944 0.833 0.944 0.944 1.000

63 0.944 0.833 0.944 0.944 0.833 0.889 0.833 0.889 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.889 0.778 0.889 0.889 0.778 0.944 0.944 0.889 0.778 0.944 0.833 0.722 0.778 0.889 0.889 0.833 0.833 0.944 0.944 0.889 1.000

64 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000

65 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000

68 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.100 0.200 0.200 0.200 0.200 1.000 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 1.000

69 0.778 0.778 0.778 0.778 0.889 0.833 0.889 0.833 0.833 0.778 0.722 0.889 0.889 0.667 0.889 0.722 0.611 0.556 0.667 0.833 0.833 0.889 0.200 0.778 0.778 0.722 0.889 0.667 0.722 0.944 0.833 0.722 0.833 0.833 0.778 0.889 0.833 0.944 0.778 0.889 0.889 0.833 0.722 0.722 0.778 0.778 0.778 0.778 0.722 0.833 0.778 0.778 0.200 1.000

72 0.944 0.833 0.944 0.944 0.833 1.000 0.833 0.778 0.889 0.944 0.889 0.722 0.944 0.833 0.944 0.778 0.778 0.722 0.833 1.000 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.889 0.778 0.889 0.889 0.667 0.833 0.833 0.778 0.778 0.833 0.833 0.722 0.778 0.889 0.889 0.833 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 1.000

73 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000

74 0.833 0.722 0.833 0.833 0.944 0.889 0.833 0.889 0.778 0.833 0.889 0.722 0.833 0.833 0.833 0.778 0.778 0.722 0.833 0.889 0.778 0.722 0.200 0.833 0.833 0.778 0.722 0.833 0.889 0.889 0.778 0.889 0.778 0.778 0.944 0.833 0.778 0.889 0.944 0.722 0.833 0.778 0.778 0.778 0.833 0.722 0.833 0.833 0.889 0.889 0.833 0.833 0.200 0.833 0.889 0.778 1.000

81 0.944 0.833 0.944 0.944 0.833 0.889 0.833 0.889 0.889 0.944 0.889 0.722 0.944 0.722 0.944 0.778 0.778 0.722 0.833 0.889 0.889 0.944 0.200 0.944 0.833 0.778 0.944 0.833 0.889 0.889 0.889 0.889 1.000 0.778 0.833 0.944 0.889 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.833 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 0.889 0.778 1.000

84 0.944 0.833 0.944 0.944 0.833 0.889 0.833 0.889 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.889 0.778 0.889 0.889 0.778 0.944 0.944 0.889 0.778 0.944 0.833 0.722 0.778 0.889 0.889 0.833 0.833 0.944 0.944 0.889 1.000 0.944 0.944 0.200 0.833 0.889 0.889 0.889 0.889 1.000

91 0.889 0.889 0.889 0.889 0.778 0.833 0.778 0.833 0.833 0.889 0.833 0.667 0.889 0.667 0.889 0.722 0.722 0.667 0.778 0.833 0.833 0.889 0.200 0.889 0.778 0.722 0.889 0.778 0.833 0.833 0.833 0.833 0.944 0.722 0.778 0.889 0.833 0.722 0.778 0.889 0.667 0.833 0.944 0.944 0.778 0.778 0.889 0.889 0.833 0.833 0.889 0.889 0.200 0.778 0.833 0.833 0.722 0.944 0.833 1.000

92 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000 0.200 0.778 0.944 0.944 0.833 0.944 0.944 0.889 1.000

97 0.833 0.833 0.833 0.833 0.722 0.778 0.611 0.778 0.667 0.833 0.889 0.611 0.722 0.722 0.722 0.889 0.778 0.722 0.833 0.778 0.889 0.833 0.200 0.833 0.944 0.889 0.833 0.833 0.889 0.667 0.889 0.889 0.778 0.778 0.833 0.722 0.667 0.778 0.833 0.833 0.722 0.889 0.778 0.778 0.944 0.833 0.833 0.833 0.889 0.778 0.833 0.833 0.200 0.722 0.778 0.889 0.778 0.778 0.778 0.722 0.833 1.000

98 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000

99 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000

100 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000 0.944 0.889 0.889 0.944 0.722 0.944 0.944 0.833 0.833 0.889 0.778 0.722 0.833 0.889 0.889 0.778 0.944 0.833 0.833 1.000 0.889 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.833 0.833 0.833 0.778 0.889 0.944 0.944 0.944 1.000

101 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000 0.944 0.889 0.889 0.944 0.722 0.944 0.944 0.833 0.833 0.889 0.778 0.722 0.833 0.889 0.889 0.778 0.944 0.833 0.833 1.000 0.889 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.833 0.833 0.833 0.778 0.889 0.944 0.944 0.944 1.000 1.000

102 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000 0.944 0.944 1.000

103 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000 0.944 0.944 1.000 1.000

104 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000 0.944 0.944 1.000 1.000 1.000

105 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.100 0.100 0.200 0.200 0.200 0.200 1.000 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 1.000 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 0.200 1.000

134 0.889 1.000 0.889 0.889 0.667 0.833 0.667 0.722 0.722 0.889 0.833 0.667 0.778 0.667 0.778 0.833 0.722 0.667 0.778 0.833 0.944 0.889 0.200 0.889 0.889 0.833 0.889 0.778 0.833 0.722 0.833 0.833 0.833 0.722 0.778 0.778 0.722 0.722 0.778 0.889 0.667 0.833 0.944 0.944 0.889 0.889 0.889 0.889 0.833 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.722 0.833 0.833 0.889 0.889 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 1.000

146 0.889 0.778 0.889 0.889 0.889 0.833 0.778 0.944 0.833 0.889 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.833 0.833 0.889 0.200 0.889 0.889 0.833 0.889 0.889 0.944 0.833 0.944 0.944 0.944 0.833 0.889 0.889 0.833 0.833 0.889 0.889 0.778 0.944 0.833 0.833 0.889 0.778 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.778 0.833 0.833 0.833 0.944 0.833 0.889 0.889 0.833 0.833 0.833 0.889 0.889 0.833 0.833 0.833 0.200 0.778 1.000

152 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000 0.200 0.778 0.944 0.944 0.833 0.944 0.944 0.889 1.000 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.889 1.000

154 0.889 0.889 0.889 0.889 0.778 0.944 0.778 0.722 0.833 0.889 0.833 0.778 0.889 0.778 0.889 0.833 0.722 0.667 0.778 0.944 0.944 0.889 0.200 0.889 0.889 0.833 0.889 0.778 0.833 0.833 0.833 0.833 0.833 0.722 0.778 0.778 0.722 0.833 0.778 0.889 0.778 0.833 0.833 0.833 0.889 0.889 0.889 0.889 0.833 0.833 0.889 0.889 0.200 0.889 0.944 0.944 0.833 0.833 0.833 0.778 0.889 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.778 0.889 1.000

155 0.889 0.778 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.889 0.778 0.944 0.944 0.889 1.000 0.833 0.833 0.778 0.200 0.889 0.889 0.833 0.778 1.000 0.944 0.722 0.833 0.944 0.833 0.722 0.889 0.778 0.722 0.722 0.889 0.778 0.667 0.833 0.833 0.833 0.889 0.778 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.667 0.833 0.833 0.833 0.833 0.833 0.778 0.889 0.833 0.833 0.833 0.889 0.889 0.833 0.833 0.833 0.200 0.778 0.889 0.889 0.778 1.000

156 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000 0.200 0.778 0.944 0.944 0.833 0.944 0.944 0.889 1.000 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.889 1.000 0.889 0.889 1.000

157 0.944 0.833 0.944 0.944 0.833 0.889 0.833 0.889 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.889 0.778 0.889 0.889 0.778 0.944 0.944 0.889 0.778 0.944 0.833 0.722 0.778 0.889 0.889 0.833 0.833 0.944 0.944 0.889 1.000 0.944 0.944 0.200 0.833 0.889 0.889 0.889 0.889 1.000 0.833 0.944 0.778 0.889 0.889 0.833 0.833 0.889 0.889 0.889 0.200 0.833 0.833 0.944 0.833 0.833 0.944 1.000

158 0.889 0.778 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.889 0.778 0.944 0.944 0.889 1.000 0.833 0.833 0.778 0.200 0.889 0.889 0.833 0.778 1.000 0.944 0.722 0.833 0.944 0.833 0.722 0.889 0.778 0.722 0.722 0.889 0.778 0.667 0.833 0.833 0.833 0.889 0.778 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.667 0.833 0.833 0.833 0.833 0.833 0.778 0.889 0.833 0.833 0.833 0.889 0.889 0.833 0.833 0.833 0.200 0.778 0.889 0.889 0.778 1.000 0.889 0.833 1.000

159 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000 0.944 0.889 0.889 0.944 0.722 0.944 0.944 0.833 0.833 0.889 0.778 0.722 0.833 0.889 0.889 0.778 0.944 0.833 0.833 1.000 0.889 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.833 0.833 0.833 0.778 0.889 0.944 0.944 0.944 1.000 1.000 0.944 0.944 0.944 0.200 0.889 0.889 0.889 0.889 0.889 0.889 0.833 0.889 1.000

160 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000 0.200 0.778 0.944 0.944 0.833 0.944 0.944 0.889 1.000 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.889 1.000 0.889 0.889 1.000 0.944 0.889 0.889 1.000

161 1.000 0.889 1.000 1.000 0.778 0.944 0.778 0.833 0.833 1.000 0.944 0.667 0.889 0.778 0.889 0.833 0.833 0.778 0.889 0.944 0.944 0.889 0.200 1.000 0.889 0.833 0.889 0.889 0.944 0.833 0.833 0.944 0.944 0.722 0.889 0.889 0.833 0.722 0.889 0.889 0.667 0.833 0.944 0.944 0.889 0.889 1.000 1.000 0.944 0.944 1.000 1.000 0.200 0.778 0.944 0.944 0.833 0.944 0.944 0.889 1.000 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.889 1.000 0.889 0.889 1.000 0.944 0.889 0.889 1.000 1.000

162 0.889 0.889 0.889 0.889 0.667 0.833 0.667 0.722 0.722 0.889 0.833 0.667 0.778 0.667 0.778 0.833 0.722 0.667 0.778 0.833 0.944 0.889 0.200 0.889 0.889 0.833 0.889 0.778 0.833 0.722 0.833 0.833 0.833 0.722 0.778 0.778 0.722 0.722 0.778 0.889 0.667 0.833 0.833 0.833 0.889 0.889 0.889 0.889 0.833 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.722 0.833 0.833 0.778 0.889 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.944 0.200 0.889 0.778 0.889 0.889 0.778 0.889 0.833 0.778 0.889 0.889 0.889 1.000

163 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000 0.611 0.833 0.833 0.833 0.889 0.889 0.833 0.944 0.889 0.889 0.833 0.200 0.944 0.944 0.889 0.833 0.944 1.000 0.778 0.889 1.000 0.889 0.778 0.944 0.833 0.778 0.778 0.944 0.833 0.722 0.889 0.889 0.889 0.944 0.833 0.944 0.944 1.000 0.889 0.944 0.944 0.200 0.722 0.889 0.889 0.889 0.889 0.889 0.833 0.944 0.889 0.889 0.889 0.944 0.944 0.889 0.889 0.889 0.200 0.833 0.944 0.944 0.833 0.944 0.944 0.889 0.944 0.944 0.944 0.944 0.833 1.000

164 0.944 0.833 0.944 0.944 0.833 0.889 0.722 0.889 0.778 0.944 1.000 0.611 0.833 0.833 0.833 0.889 0.889 0.833 0.944 0.889 0.889 0.833 0.200 0.944 0.944 0.889 0.833 0.944 1.000 0.778 0.889 1.000 0.889 0.778 0.944 0.833 0.778 0.778 0.944 0.833 0.722 0.889 0.889 0.889 0.944 0.833 0.944 0.944 1.000 0.889 0.944 0.944 0.200 0.722 0.889 0.889 0.889 0.889 0.889 0.833 0.944 0.889 0.889 0.889 0.944 0.944 0.889 0.889 0.889 0.200 0.833 0.944 0.944 0.833 0.944 0.944 0.889 0.944 0.944 0.944 0.944 0.833 1.000 1.000

165 0.778 0.667 0.778 0.778 0.889 0.833 0.778 0.833 0.944 0.778 0.833 0.778 0.889 0.889 0.889 0.722 0.722 0.667 0.778 0.833 0.722 0.778 0.200 0.778 0.778 0.722 0.778 0.778 0.833 0.833 0.833 0.833 0.833 0.722 0.778 0.778 0.722 0.833 0.778 0.778 0.889 0.833 0.722 0.722 0.778 0.667 0.778 0.778 0.833 0.722 0.778 0.778 0.200 0.778 0.833 0.722 0.833 0.833 0.722 0.778 0.778 0.722 0.722 0.722 0.778 0.778 0.722 0.722 0.722 0.200 0.667 0.889 0.778 0.778 0.778 0.778 0.722 0.778 0.778 0.778 0.778 0.667 0.833 0.833 1.000

166 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000 0.944 0.944 1.000 1.000 1.000 0.200 0.944 0.833 0.944 0.944 0.833 0.944 0.889 0.833 0.944 0.944 0.944 0.944 0.889 0.889 0.722 1.000

167 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.611 0.833 0.722 0.833 0.778 0.778 0.722 0.833 0.889 0.889 0.833 0.200 0.944 0.833 0.778 0.833 0.833 0.889 0.778 0.778 0.889 0.889 0.667 0.833 0.833 0.778 0.667 0.833 0.833 0.611 0.778 1.000 1.000 0.833 0.833 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.722 0.889 0.889 0.778 0.889 0.889 0.944 0.944 0.778 0.889 0.889 0.833 0.833 0.889 0.889 0.889 0.200 0.944 0.833 0.944 0.833 0.833 0.944 0.889 0.833 0.833 0.944 0.944 0.833 0.889 0.889 0.722 0.889 1.000

168 0.944 0.944 0.944 0.944 0.722 0.889 0.722 0.778 0.778 0.944 0.889 0.722 0.833 0.722 0.833 0.889 0.778 0.722 0.833 0.889 1.000 0.944 0.200 0.944 0.944 0.889 0.944 0.833 0.889 0.778 0.889 0.889 0.889 0.778 0.833 0.833 0.778 0.778 0.833 0.944 0.722 0.889 0.889 0.889 0.944 0.944 0.944 0.944 0.889 0.889 0.944 0.944 0.200 0.833 0.889 1.000 0.778 0.889 0.889 0.833 0.944 0.889 1.000 1.000 0.944 0.944 1.000 1.000 1.000 0.200 0.944 0.833 0.944 0.944 0.833 0.944 0.889 0.833 0.944 0.944 0.944 0.944 0.889 0.889 0.722 1.000 0.889 1.000

169 0.833 0.833 0.833 0.833 0.722 0.778 0.611 0.778 0.667 0.833 0.889 0.611 0.722 0.722 0.722 0.889 0.778 0.722 0.833 0.778 0.889 0.833 0.200 0.833 0.944 0.889 0.833 0.833 0.889 0.667 0.889 0.889 0.778 0.778 0.833 0.722 0.667 0.778 0.833 0.833 0.722 0.889 0.778 0.778 0.944 0.833 0.833 0.833 0.889 0.778 0.833 0.833 0.200 0.722 0.778 0.889 0.778 0.778 0.778 0.722 0.833 1.000 0.889 0.889 0.944 0.944 0.889 0.889 0.889 0.200 0.833 0.833 0.833 0.833 0.833 0.833 0.778 0.833 0.944 0.833 0.833 0.944 0.889 0.889 0.722 0.889 0.778 0.889 1.000

170 0.889 0.889 0.889 0.889 0.778 0.833 0.667 0.833 0.722 0.889 0.944 0.667 0.778 0.778 0.778 0.944 0.833 0.778 0.889 0.833 0.944 0.889 0.200 0.889 1.000 0.944 0.889 0.889 0.944 0.722 0.944 0.944 0.833 0.833 0.889 0.778 0.722 0.833 0.889 0.889 0.778 0.944 0.833 0.833 1.000 0.889 0.889 0.889 0.944 0.833 0.889 0.889 0.200 0.778 0.833 0.944 0.833 0.833 0.833 0.778 0.889 0.944 0.944 0.944 1.000 1.000 0.944 0.944 0.944 0.200 0.889 0.889 0.889 0.889 0.889 0.889 0.833 0.889 1.000 0.889 0.889 0.889 0.944 0.944 0.778 0.944 0.833 0.944 0.944 1.000
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Table SM8. Genetic similarity matrix (SSR + SNP/CAPS markers). 
Accessions: 1 3 4 5 6 7 8 9 10 12 15 16 17 18 19 20 21 22 23 24 26 27 29 32 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 51 52 54 55 56 57 58 59 60 61 63 64 65 68 69 72 73 74 81 84 91 92 97 98 99 100 101 102 103 104 105 134 146 152 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170

1 1.000

3 0.857 1.000

4 0.964 0.893 1.000

5 0.786 0.786 0.821 1.000

6 0.786 0.714 0.821 0.750 1.000

7 0.857 0.786 0.893 0.821 0.929 1.000

8 0.750 0.643 0.750 0.643 0.786 0.786 1.000

9 0.821 0.750 0.857 0.714 0.893 0.821 0.750 1.000

10 0.750 0.607 0.714 0.714 0.750 0.750 0.786 0.714 1.000

12 0.821 0.750 0.857 0.821 0.786 0.857 0.821 0.821 0.714 1.000

15 0.893 0.750 0.857 0.821 0.750 0.750 0.643 0.786 0.750 0.714 1.000

16 0.714 0.643 0.679 0.679 0.714 0.714 0.679 0.607 0.857 0.607 0.714 1.000

17 0.750 0.643 0.750 0.714 0.821 0.821 0.857 0.786 0.821 0.786 0.679 0.750 1.000

18 0.714 0.571 0.679 0.643 0.714 0.714 0.643 0.607 0.750 0.643 0.750 0.821 0.679 1.000

19 0.786 0.643 0.750 0.750 0.786 0.786 0.821 0.750 0.929 0.750 0.786 0.857 0.893 0.750 1.000

20 0.750 0.821 0.786 0.714 0.714 0.714 0.643 0.714 0.536 0.750 0.714 0.643 0.571 0.679 0.571 1.000

21 0.643 0.607 0.643 0.750 0.643 0.643 0.571 0.714 0.607 0.679 0.750 0.571 0.607 0.643 0.643 0.714 1.000

22 0.571 0.536 0.571 0.679 0.536 0.536 0.571 0.607 0.536 0.607 0.679 0.500 0.536 0.571 0.571 0.643 0.893 1.000

23 0.714 0.607 0.714 0.714 0.679 0.679 0.571 0.679 0.643 0.679 0.786 0.643 0.607 0.750 0.643 0.714 0.786 0.750 1.000

24 0.750 0.643 0.750 0.714 0.821 0.821 0.857 0.786 0.821 0.786 0.679 0.750 1.000 0.679 0.893 0.571 0.607 0.536 0.607 1.000

26 0.750 0.821 0.786 0.786 0.679 0.750 0.536 0.714 0.571 0.679 0.714 0.607 0.607 0.536 0.607 0.714 0.643 0.536 0.607 0.607 1.000

27 0.821 0.821 0.857 0.750 0.821 0.821 0.821 0.857 0.786 0.857 0.714 0.750 0.821 0.607 0.821 0.750 0.607 0.536 0.607 0.821 0.714 1.000

29 0.167 0.167 0.167 0.222 0.222 0.222 0.222 0.222 0.278 0.278 0.167 0.222 0.278 0.222 0.278 0.167 0.222 0.167 0.167 0.278 0.167 0.278 1.000

32 0.821 0.821 0.857 0.929 0.714 0.786 0.643 0.714 0.714 0.750 0.857 0.679 0.679 0.643 0.750 0.786 0.750 0.679 0.714 0.679 0.786 0.750 0.167 1.000

35 0.714 0.786 0.750 0.821 0.714 0.714 0.571 0.750 0.571 0.714 0.821 0.607 0.571 0.607 0.607 0.821 0.786 0.679 0.714 0.571 0.821 0.679 0.167 0.821 1.000

36 0.786 0.714 0.750 0.607 0.750 0.679 0.714 0.750 0.643 0.714 0.750 0.679 0.643 0.643 0.679 0.786 0.571 0.571 0.643 0.643 0.607 0.786 0.167 0.643 0.714 1.000

37 0.893 0.964 0.929 0.821 0.750 0.821 0.679 0.786 0.643 0.786 0.786 0.679 0.679 0.607 0.679 0.857 0.643 0.571 0.643 0.679 0.857 0.857 0.167 0.857 0.821 0.750 1.000

38 0.679 0.571 0.679 0.679 0.643 0.643 0.607 0.714 0.679 0.714 0.750 0.607 0.643 0.714 0.679 0.679 0.821 0.786 0.964 0.643 0.571 0.643 0.222 0.679 0.679 0.607 0.607 1.000

39 0.643 0.607 0.643 0.750 0.643 0.643 0.571 0.714 0.607 0.679 0.750 0.571 0.607 0.643 0.643 0.714 0.964 0.857 0.786 0.607 0.643 0.607 0.222 0.750 0.786 0.607 0.643 0.821 1.000

40 0.750 0.643 0.750 0.679 0.821 0.821 0.929 0.786 0.786 0.857 0.643 0.679 0.929 0.643 0.821 0.643 0.607 0.536 0.607 0.929 0.571 0.821 0.278 0.643 0.607 0.714 0.679 0.643 0.607 1.000

41 0.750 0.714 0.750 0.679 0.857 0.786 0.750 0.821 0.643 0.786 0.714 0.679 0.714 0.643 0.679 0.786 0.679 0.571 0.714 0.714 0.679 0.821 0.222 0.643 0.786 0.857 0.750 0.679 0.679 0.786 1.000

42 0.821 0.714 0.821 0.857 0.786 0.786 0.679 0.750 0.750 0.750 0.929 0.714 0.714 0.750 0.786 0.714 0.750 0.679 0.786 0.714 0.679 0.750 0.222 0.857 0.786 0.714 0.750 0.750 0.750 0.679 0.750 1.000

43 0.857 0.786 0.893 0.821 0.893 0.893 0.786 0.857 0.750 0.857 0.750 0.714 0.821 0.643 0.786 0.714 0.607 0.536 0.679 0.821 0.714 0.893 0.222 0.786 0.679 0.750 0.821 0.643 0.607 0.821 0.821 0.786 1.000

44 0.786 0.750 0.786 0.679 0.821 0.750 0.714 0.786 0.679 0.714 0.750 0.714 0.714 0.643 0.714 0.750 0.571 0.571 0.643 0.714 0.643 0.857 0.222 0.679 0.679 0.893 0.786 0.607 0.571 0.714 0.857 0.786 0.821 1.000

45 0.857 0.821 0.857 0.821 0.821 0.821 0.714 0.786 0.679 0.786 0.821 0.643 0.714 0.714 0.714 0.821 0.714 0.643 0.714 0.714 0.714 0.786 0.222 0.821 0.750 0.750 0.857 0.679 0.714 0.714 0.786 0.893 0.821 0.821 1.000

46 0.857 0.786 0.893 0.786 0.857 0.857 0.857 0.821 0.750 0.893 0.750 0.714 0.786 0.679 0.786 0.786 0.607 0.536 0.679 0.786 0.679 0.893 0.222 0.786 0.714 0.821 0.821 0.643 0.607 0.857 0.857 0.786 0.929 0.821 0.821 1.000

47 0.786 0.714 0.821 0.714 0.786 0.786 0.750 0.857 0.714 0.821 0.679 0.607 0.786 0.536 0.750 0.643 0.643 0.643 0.607 0.786 0.643 0.857 0.222 0.714 0.607 0.750 0.750 0.643 0.607 0.786 0.714 0.679 0.893 0.786 0.714 0.821 1.000

48 0.714 0.786 0.750 0.821 0.786 0.786 0.643 0.750 0.714 0.643 0.750 0.750 0.714 0.571 0.750 0.679 0.679 0.571 0.607 0.714 0.821 0.750 0.167 0.821 0.857 0.643 0.821 0.571 0.679 0.679 0.714 0.714 0.750 0.679 0.679 0.714 0.679 1.000

49 0.679 0.679 0.714 0.857 0.714 0.714 0.607 0.679 0.607 0.750 0.786 0.571 0.607 0.643 0.643 0.750 0.750 0.679 0.714 0.607 0.679 0.643 0.167 0.821 0.857 0.643 0.714 0.679 0.750 0.643 0.714 0.821 0.750 0.643 0.786 0.750 0.643 0.714 1.000

51 0.786 0.786 0.821 0.714 0.750 0.750 0.679 0.821 0.643 0.786 0.679 0.643 0.714 0.500 0.679 0.679 0.536 0.464 0.571 0.714 0.714 0.857 0.111 0.679 0.679 0.714 0.821 0.571 0.536 0.714 0.750 0.643 0.821 0.750 0.679 0.786 0.786 0.750 0.607 1.000

52 0.643 0.643 0.679 0.679 0.821 0.750 0.607 0.750 0.786 0.607 0.714 0.786 0.679 0.679 0.714 0.643 0.607 0.500 0.714 0.679 0.679 0.714 0.167 0.679 0.750 0.679 0.679 0.679 0.607 0.643 0.750 0.714 0.714 0.714 0.643 0.679 0.643 0.821 0.643 0.679 1.000

54 0.714 0.714 0.750 0.750 0.786 0.714 0.607 0.786 0.643 0.679 0.786 0.679 0.679 0.607 0.679 0.714 0.679 0.607 0.679 0.679 0.750 0.786 0.167 0.750 0.786 0.750 0.750 0.643 0.643 0.643 0.786 0.786 0.821 0.786 0.714 0.750 0.786 0.786 0.750 0.750 0.786 1.000

55 0.750 0.714 0.750 0.679 0.679 0.750 0.643 0.714 0.607 0.750 0.679 0.571 0.714 0.607 0.679 0.607 0.714 0.607 0.679 0.714 0.643 0.679 0.167 0.679 0.643 0.607 0.679 0.679 0.679 0.679 0.714 0.679 0.714 0.607 0.679 0.714 0.714 0.607 0.607 0.643 0.571 0.643 1.000

56 0.667 0.704 0.667 0.704 0.519 0.593 0.593 0.630 0.556 0.704 0.667 0.444 0.593 0.481 0.593 0.593 0.667 0.593 0.556 0.593 0.704 0.593 0.176 0.704 0.704 0.519 0.667 0.593 0.667 0.630 0.556 0.630 0.593 0.481 0.630 0.630 0.593 0.630 0.704 0.593 0.444 0.556 0.667 1.000

57 0.750 0.750 0.786 0.679 0.750 0.750 0.679 0.821 0.607 0.821 0.714 0.571 0.714 0.643 0.643 0.786 0.714 0.643 0.714 0.714 0.679 0.821 0.222 0.679 0.750 0.750 0.786 0.750 0.679 0.750 0.786 0.714 0.750 0.750 0.750 0.750 0.786 0.643 0.679 0.750 0.679 0.786 0.714 0.593 1.000

58 0.750 0.821 0.786 0.857 0.643 0.714 0.536 0.679 0.607 0.679 0.786 0.643 0.607 0.536 0.643 0.714 0.679 0.679 0.643 0.607 0.821 0.714 0.167 0.857 0.857 0.679 0.857 0.607 0.679 0.571 0.643 0.750 0.750 0.714 0.714 0.679 0.750 0.857 0.786 0.714 0.679 0.786 0.607 0.667 0.679 1.000

59 0.786 0.714 0.821 0.929 0.750 0.821 0.714 0.786 0.786 0.893 0.821 0.679 0.786 0.643 0.821 0.643 0.750 0.679 0.714 0.786 0.714 0.821 0.278 0.857 0.750 0.607 0.750 0.750 0.750 0.750 0.679 0.857 0.821 0.679 0.750 0.786 0.786 0.750 0.786 0.750 0.679 0.750 0.714 0.704 0.750 0.786 1.000

60 0.679 0.679 0.714 0.821 0.643 0.714 0.607 0.714 0.643 0.750 0.714 0.536 0.643 0.571 0.679 0.643 0.786 0.679 0.679 0.643 0.714 0.679 0.167 0.821 0.786 0.571 0.714 0.714 0.821 0.643 0.607 0.714 0.679 0.536 0.679 0.679 0.679 0.750 0.821 0.643 0.607 0.643 0.679 0.741 0.714 0.750 0.821 1.000

61 0.750 0.679 0.786 0.857 0.786 0.786 0.679 0.821 0.750 0.821 0.857 0.643 0.750 0.679 0.786 0.679 0.786 0.714 0.750 0.750 0.679 0.786 0.278 0.821 0.786 0.643 0.714 0.786 0.786 0.714 0.714 0.893 0.821 0.714 0.786 0.750 0.786 0.714 0.857 0.679 0.714 0.821 0.679 0.667 0.786 0.786 0.929 0.786 1.000

63 0.857 0.786 0.893 0.857 0.821 0.893 0.750 0.821 0.714 0.929 0.750 0.643 0.786 0.643 0.750 0.714 0.643 0.571 0.679 0.786 0.714 0.857 0.222 0.786 0.679 0.679 0.821 0.679 0.643 0.786 0.750 0.786 0.893 0.750 0.821 0.857 0.821 0.679 0.714 0.821 0.643 0.714 0.786 0.630 0.786 0.714 0.893 0.714 0.821 1.000

64 0.857 0.786 0.893 0.786 0.821 0.893 0.714 0.821 0.643 0.857 0.750 0.607 0.714 0.679 0.679 0.750 0.714 0.607 0.750 0.714 0.750 0.786 0.167 0.786 0.750 0.714 0.821 0.714 0.679 0.750 0.786 0.750 0.857 0.714 0.786 0.857 0.821 0.714 0.714 0.750 0.679 0.750 0.821 0.630 0.857 0.714 0.786 0.786 0.750 0.857 1.000

65 0.821 0.750 0.857 0.750 0.786 0.857 0.714 0.857 0.679 0.857 0.714 0.571 0.750 0.571 0.714 0.679 0.679 0.571 0.643 0.750 0.714 0.821 0.167 0.750 0.679 0.679 0.786 0.679 0.714 0.750 0.714 0.714 0.821 0.679 0.750 0.786 0.821 0.679 0.714 0.786 0.643 0.679 0.750 0.667 0.786 0.679 0.821 0.857 0.786 0.857 0.857 1.000

68 0.222 0.222 0.222 0.222 0.222 0.222 0.167 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.167 0.222 0.222 0.222 0.222 0.500 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.222 0.167 0.167 0.222 0.222 0.222 0.176 0.222 0.222 0.222 0.167 0.222 0.222 0.222 0.167 1.000

69 0.643 0.679 0.643 0.714 0.643 0.643 0.714 0.643 0.750 0.643 0.679 0.714 0.714 0.607 0.786 0.643 0.714 0.643 0.679 0.714 0.643 0.750 0.222 0.750 0.714 0.643 0.714 0.714 0.714 0.714 0.679 0.679 0.643 0.643 0.643 0.679 0.643 0.821 0.643 0.643 0.714 0.679 0.607 0.630 0.679 0.714 0.714 0.750 0.679 0.607 0.643 0.607 0.222 1.000

72 0.821 0.786 0.821 0.786 0.786 0.857 0.786 0.679 0.714 0.786 0.714 0.679 0.750 0.750 0.750 0.750 0.643 0.571 0.679 0.750 0.679 0.750 0.222 0.786 0.679 0.679 0.821 0.643 0.643 0.786 0.714 0.786 0.786 0.714 0.893 0.821 0.679 0.714 0.714 0.643 0.607 0.607 0.679 0.630 0.714 0.679 0.714 0.714 0.679 0.786 0.821 0.714 0.222 0.750 1.000

73 0.821 0.857 0.821 0.821 0.714 0.786 0.643 0.714 0.607 0.786 0.714 0.643 0.679 0.571 0.643 0.786 0.679 0.607 0.643 0.679 0.786 0.786 0.167 0.786 0.750 0.714 0.893 0.607 0.643 0.679 0.750 0.714 0.786 0.750 0.821 0.750 0.750 0.750 0.679 0.786 0.643 0.750 0.714 0.630 0.786 0.786 0.750 0.679 0.679 0.821 0.821 0.750 0.222 0.679 0.786 1.000

74 0.821 0.750 0.857 0.786 0.964 0.964 0.750 0.857 0.714 0.821 0.786 0.679 0.786 0.750 0.750 0.750 0.679 0.571 0.714 0.786 0.714 0.786 0.222 0.750 0.750 0.714 0.786 0.679 0.679 0.786 0.821 0.821 0.857 0.786 0.857 0.821 0.750 0.750 0.750 0.714 0.786 0.750 0.714 0.556 0.786 0.679 0.786 0.679 0.821 0.857 0.857 0.821 0.222 0.607 0.821 0.750 1.000

81 0.857 0.786 0.893 0.821 0.893 0.893 0.786 0.857 0.750 0.857 0.750 0.714 0.821 0.643 0.786 0.714 0.607 0.536 0.679 0.821 0.714 0.893 0.222 0.786 0.679 0.750 0.821 0.643 0.607 0.821 0.821 0.786 1.000 0.821 0.821 0.929 0.893 0.750 0.750 0.821 0.714 0.821 0.714 0.593 0.750 0.750 0.821 0.679 0.821 0.893 0.857 0.821 0.222 0.643 0.786 0.786 0.857 1.000

84 0.857 0.857 0.893 0.857 0.786 0.857 0.679 0.786 0.643 0.821 0.750 0.607 0.750 0.607 0.679 0.786 0.714 0.643 0.679 0.750 0.786 0.786 0.167 0.857 0.750 0.679 0.893 0.643 0.679 0.750 0.714 0.750 0.857 0.714 0.857 0.821 0.821 0.750 0.750 0.750 0.643 0.750 0.750 0.667 0.821 0.786 0.786 0.750 0.750 0.857 0.893 0.821 0.222 0.643 0.821 0.893 0.821 0.857 1.000

91 0.815 0.778 0.815 0.741 0.815 0.815 0.815 0.778 0.704 0.852 0.704 0.667 0.778 0.630 0.741 0.704 0.593 0.519 0.667 0.778 0.630 0.815 0.235 0.704 0.667 0.778 0.741 0.630 0.593 0.852 0.852 0.741 0.889 0.778 0.778 0.926 0.778 0.667 0.704 0.741 0.630 0.704 0.778 0.692 0.704 0.630 0.741 0.630 0.704 0.815 0.815 0.741 0.235 0.630 0.778 0.741 0.778 0.889 0.778 1.000

92 0.778 0.667 0.778 0.778 0.667 0.741 0.667 0.704 0.741 0.778 0.778 0.630 0.704 0.667 0.741 0.630 0.741 0.667 0.815 0.704 0.667 0.704 0.176 0.778 0.704 0.630 0.704 0.815 0.704 0.704 0.667 0.778 0.741 0.630 0.704 0.741 0.741 0.667 0.704 0.667 0.667 0.704 0.815 0.654 0.778 0.704 0.815 0.778 0.778 0.815 0.852 0.741 0.235 0.704 0.741 0.741 0.704 0.741 0.778 0.731 1.000

97 0.704 0.667 0.704 0.630 0.667 0.667 0.630 0.704 0.556 0.741 0.704 0.593 0.667 0.630 0.630 0.778 0.630 0.556 0.667 0.667 0.630 0.704 0.176 0.667 0.741 0.741 0.704 0.667 0.630 0.667 0.778 0.704 0.667 0.704 0.704 0.704 0.630 0.593 0.667 0.667 0.630 0.704 0.741 0.577 0.778 0.630 0.667 0.593 0.704 0.741 0.704 0.667 0.235 0.593 0.630 0.704 0.704 0.667 0.667 0.692 0.731 1.000
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