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4.- Informe 
 
La Tesis tiene por objeto profundizar en el conocimiento de la herencia de la resistencia frente 
a tres patógenos que inciden gravemente en los cultivos de judía (Phaseolus vulgaris L.) de 
cara a disponer de información para el desarrollo de nuevas variedades resistentes: 
 
- Erysiphe diffusa (Cooke & Peck) U. Braun& S. Takam, hongo que causa la enfermedad 
conocida como oidio 
- Pseudomonas syringae pv. phaseolicola (Psp), bacteria que causa la enfermedad conocida 
como grasa 
- Colletotrichum lindemuthianum (Sacc. & Magnus) Lams.-Scrib, hongo que causa la 
enfermedad conocida como antracnosis 
 
A medida que el trabajo se ha ido concluyendo se han publicando los resultados por lo que la 
Tesis se ha organizado en cuatro Capítulos que se corresponden con cuatro publicaciones 
científicas, acompañados de una introducción, discusión y conclusiones generales. 
 



 

En el primer capítulo se aborda el análisis de la interacción entre P. vulgaris y un aislamiento 
local de oídio. Los resultados de este trabajo fueron publicados en la revista Euphytica (2012) 
186:875–882 (Índice de impacto 1.643). 
 
En el segundo capítulo se investiga el control de la resistencia frente a un aislamiento local de 
oídio en la variedad Cornell 49242. Los resultados de este trabajo fueron publicados en la 
revista Theor Appl Genet (2013) 126:1503–1512 (Índice de impacto 3.658). 
 
En el tercer capítulo se analiza la resistencia a dos razas de Pseudomonas syringae pv. 
phaseolicola presentes en los cultivos locales, en la variedad Cornell 49242. Los resultados de 
este trabajo fueron publicados en la revista Mol Breeding (2014) 33:577–588 (Índice de impacto 
3.251). 
 
Finalmente, en el cuarto capítulo se estudia la resistencia a cinco razas de antracnosis en el 
genotipo SEL 1308, derivado de la variedad diferencial G2333 uno de los genotipos que mayor 
espectro de resistencia muestran frente a este patógeno. Los resultados de este trabajo fueron 
enviados a la revista Theor Appl Genet y ha sido aceptado para su publicación con cambios 
menores (11/05/2014). 
 
En nuestra opinión creemos que la organización en artículos de la Tesis es la más apropiada 
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experimental de obtención de datos, análisis de resultados y publicación de los mismos. 
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Abstract Powdery mildew can cause severe yield

losses in bean crops. Limited information about

resistance sources, and nature and inheritance of

resistance are available to bean breeders and plant

pathologist. Sources of resistance were searched

in seedling tests under controlled conditions in 44

well-known genotypes and in a Spanish germplasm

core collection consisting on 201 accessions. A 0–4

scale was used to describe the infection types (IT)

observed. Only six out of the 245 evaluated genotypes

showed a complete resistance (IT0) without visible

symptoms on the leaves: Amanda, Belneb, Cornell

49242, Negro San Luis, Porrillo Sintetico and the local

accession BGE003161. Inheritance of resistance was

studied in F2 and F2:3 segregating populations.

Observed reactions in the five segregating populations

fitted to Mendelian ratios with different modes of

inheritance. Results revealed that cultivar Porrillo

Sintetico carries two dominant and independent

resistance genes: one gene conferring complete resis-

tance (IT0), and another gene conferring IT3, charac-

terized by a moderate mycelial development on the

leaves. Both genes show a dominant epistatic rela-

tionship. Inheritance of response to powdery mildew

in cv. Cornell 49242 was similar to cv. Porrillo

Sintetico although the correspondence with the genes

described in Porrillo Sintetico was not established.

Line X2776 carries one dominant gene conferring IT3,

and shares this gene with cv. Porrillo Sintetico. In cv.

Amanda, two complementary genes appear to be

involved in resistance to this fungus. This information

will be relevant for the implementation of breeding

programs focused on the development of cultivars

carrying genetic resistance to powdery mildew.

Keywords Resistance sources ! Plant–fungus

interaction ! Inheritance of resistance ! Plant breeding

Introduction

Powdery mildew is a serious disease for many crops

worldwide including common bean (Phaseolus vul-

garis L.). Common bean powderymildew causal agent

has been frequently ascribed to Erysiphe poligonyDC.

(Ferreira et al. 1999) but recent studies suggest that it

is closer to Erysiphe diffusa (Cooke & Peck) U. Braun

& S. Takam, formerly Microsphaera diffusa Cke. &

Pk. (Almeida et al. 2008). Powdery mildews are

obligate biotroph fungi that affect all aerial parts of the
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bean plant. The disease is usually first noted as subtle,

small, round, greyish or whitish spots on leaves or

stems (Schwartz 2005). Progression of the disease

leads to enlargement of the spots and coalescinge to a

white mass resembling talcum powder on the upper

leaf surface, especially in older parts of the plant. On

the pods, the fungus can produce greyish cankers. The

entire plant can be covered by cottony fungal mycelia

and premature senescence of leaves and pods may

occur. In the last years the incidence of powdery

mildew has significantly increased in bean crops of

northern Spain. Under field conditions, fungus colo-

nies appear on bean crops in mid to late July and

spread rapidly, colonizing entire leaf surfaces and

stems. Conventional methods based on fungicide

application have not been efficient in disease control.

The use of resistant bean cultivars can be the most

efficient, economical and ecological strategy to pro-

vide effective control of this disease. Limited infor-

mation about sources of resistance to the fungus and

the nature and inheritance of resistance are available to

bean breeders and plant pathologist. A few sources of

resistance to powdery mildew have been described

(Schwartz et al. 1981), and a qualitative nature of

resistance has been suggested (Bett and Michaels

1995; Ferreira et al. 1999, 2001). The response of

common bean to powdery mildew was previously

reported to be governed either by a single dominant

gene (Dundas 1936); by one dominant and another

recessive resistance genes (Bett and Michaels 1995);

or by two complementary dominant genes (Ferreira

et al. 1999). In general, plant response to powdery

mildew has been studied in evaluations carried out in

naturally infected fields. However, resistance tests

performed under controlled conditions are preferable

to ensure repeatable results of the analysis of plant-

pathogen interaction (Sillero et al. 2006). In other

species, resistance tests developed under controlled

conditions and qualitative scales have been used to

score the response to powdery mildew (Fondevilla

et al. 2006) but this was not applied before in common

bean-powdery mildew interaction.

Core collections are usually recommended for the

identification of potential sources of resistance against

pathogens as well as for the validation of new

descriptors, such as the response to plant-pathogen

interaction (van Hintum et al. 2000; Pascual et al.

2010). Segregating populations are also a useful tool to

investigate the qualitative or quantitative nature of

reaction against pathogens as well as to analyze the

inheritance. Both sets of materials can also help to test

screening methods.

The objectives of this study were to (i) identify

resistance sources against powdery mildew in com-

mon bean, and (ii) determine the nature of resistance.

This information can be of interest for plant breeding

programs focused on the introgression of genetic

resistance to powdery mildew in bean genotypes.

Materials and methods

Plant material

A total of 245 bean accessions maintained at the

Servicio Regional de Investigación y Desarrollo

Agroalimentario (SERIDA, Villaviciosa, Asturias,

Spain) germplasm collection were screened for reac-

tion to a local isolate of powdery mildew. The

evaluated materials included 201 accessions of the

core collection established from the main bean

genebank in Spain (Pérez-Vega et al. 2009), and 44

well-known genotypes, cultivars (cvs.) or breeding

lines, including: eleven cvs. used for anthracnose

[Colletotrichum lindemuthianum (Sacc. & Magnus)

Lams.-Scrib] race characterization: Michelite, Mich-

igan Dark Red Kindey (MDRK), Perry Marrow,

Cornell 49242, Mexico 222, Widusa, Kaboon, PI-

207262, TO, TU and AB136 (Pastor-Corrales 1991);

four lines used as resistant sources to anthracnose:

A252, A321, A483, and A493 (Ferreira et al. 2008);

seven cvs. used for characterization of the pathogenic

variability of Bean common mosaic virus (BCMV) and

Bean common mosaic necrosis virus (BCMNV):

Amanda, Dubbele Witte, Great Northern 31, Imuna,

Jubila, Pinto 114, and Topcrop (Drijfhout 1978); four

genotypes described as resistant sources to BCMV and

BCMNV: Don Timoteo, BRB57, BRB130, and

IVT7214; five lines described with moderate levels

of resistance to white mold [Sclerotinia sclerotiorum

(Lib.) de Bary]: A195, G122, Cornell 606, MO-162,

and PC 50 (Pascual et al. 2010); the lines BAT93 and

Jalo EEP558 used as parents of a major core mapping

population (Freyre et al. 1998); four cultivars included

in the market class fabada and developed at SERIDA,

Andecha, A2806, Xana, and X2776; the cvs. Sanilac

and Tendergreen commonly used as reference for the

two major gene pools, Middle American and Andean
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(Gepts et al. 1986); genotypes A55, Negro San Luis,

Belneb, and Chinook described with high levels of

resistance to soil pathogens (Román-Avilés and Kelly

2005); and Porrillo Sintético, a genotype described as

resistant to powdery mildew (Schwartz et al. 1981).

Five F2 populations derived from the crosses

Xana 9 Cornell 49242, Xana 9 Porrillo Sintético,

Amanda 9 Xana, X2776 9 G122, and Porrillo

Sintético 9 X2776 were evaluated to investigate

the inheritance of the response to powdery mildew.

In order to verify the mode of inheritance, 83 F2:3
families (obtained by selfing individuals F2 plants)

derived from the cross between the susceptible cv.

Xana and the resistant cv. Porrillo Sintético were also

evaluated. At least twenty F3 plants per family were

evaluated to characterize the corresponding F2 plants

for resistance to powdery mildew. Number of evalu-

ated F3 plants was increased in six families to confirm

the mode of inheritance.

Inoculation procedure and disease scoring

A local isolate of powdery mildew obtained from a

single spot in one infected bean plant at Villaviciosa,

Asturias (northern Spain) was used in this study.

The pathogen isolate was maintained on plants of

susceptible bean cv. Xana in spore-proof chambers.

Sequence analysis of ITS region revealed a high

similarity of this local isolate with the species

Erysiphe diffusa (N. Rispail per. com.) which is in

agreement with Almeida et al. (2008).

Four seeds of each genotype were planted in a 15 cm

plastic pot, 1.5 l volume, containing 80 peat:20 perlite.

When the primary leaves were fully developed, seed-

lings were inoculated by blowing conidia directly from

infected leaves onto test plants to give a density of about

5–10 spores/cm2. Inoculations were performed in sets

of 25 pots placed in a box (80 cm 9 80 cm 9 80 cm).

To verify the inoculation procedure, a pot containing

susceptible genotype Xana was included in each set as

control. Inoculated plants were transferred to another

greenhouse and they were maintained at moderate

temperature (18–24 "C) and moderate relative humid-

ity (60–70 %). Only inoculated sets in which control

Xana showed symptoms were considered. Plant

response was recorded as infection type (IT) following

a 0–4 scale (Fig. 1) adapted from Mains and Dietz

(1930): IT0, seedlings with no visible symptoms; IT1,

seedlings with necrotic reaction on leaves with little or

no mycelial development; IT2, seedlings with necrotic

reaction and moderate mycelial development; IT3,

seedlings with moderate mycelial development on

leaves without sporulation; IT4, seedlings with abun-

dant mycelial development on leaves and profuse spor-

ulation. Disease assessment was performed 12 days

after inoculation when the susceptible control exhibited

visible symptoms. Each plant in the pot was rated

separately.

Fig. 1 The five infection types (IT) considered in the classi-
fication of response to powdery mildew in common bean: IT0
primary leaf with no visible symptoms (cv. Porrillo sintético),
IT1 primary leaf with necrotic reaction and no mycelial
development (cv. TO), IT2 primary leaf with necrotic reaction

and moderate mycelial development (line A195), IT3 primary
leaf with moderate mycelial development and no sporulation
(line X2776), IT4 primary leaf with abundant mycelial
development and profuse sporulation (cv. Xana)
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Experimental design and data analysis

Three tests were performed to investigate the reaction

of bean materials. In each test, two pots per genotype

or accession were arranged in a randomized design.

Genotypes or accessions showing different infection

types in the same test were considered as mixtures.

Genotypes or accessions showing different scores

among tests were evaluated in a fourth test and

classified according to the most frequent response.

Segregating (F2 or F2:3) populations were evaluated

in two different tests, including the corresponding

parents. Chi-square was used to test goodness-of-fit of

observed to expected ratios.

Results

Response of well-known genotypes

Results presented in Table 1 shows that various types

of responses are present in this set of bean genotypes.

Five cvs. (Amanda, Belneb, Cornell 49242, Negro San

Luis, and Porrillo Sintético) showed complete resis-

tance with no symptoms (IT0). Breeding lines A195,

A321, BRB130 and cv. TO displayed high levels of

resistance based on macroscopically visible hypersen-

sitive response (IT1 or IT2). Four genotypes (A2806,

AB136, Chinook, and X2776) exhibited intermediate

resistance based on a diffuse pathogen growth on the

leaf (IT3). Cultivar Jubila showed a mixed infection

type (IT0/IT4). Thirty remaining genotypes were very

susceptible showing symptoms similar to those of the

susceptible control Xana (IT4).

Response of the core collection accessions

A total of 201 accessions included in a core collection

were screened for their reaction against the local

isolate of powdery mildew. Results are shown in

Fig. 2. Most of the accessions (146) showed IT4, with

clear symptoms and conidia production, like the

susceptible control Xana. Ten accessions exhibited

IT3 with moderate mycelial development on leaves

without profuse sporulation. Clear necrotic reactions

on leaves (IT1) were observed in seven accessions,

and in 28 accessions the necrotic reaction occurred

together with limited pathogen growth (IT2). Infection

type 0 (seedlings with no visible symptoms) was only

observed in the local accession BGE003161 which has

small, oval, and cream colour seeds (30 g/100 seeds)

Table 1 Reaction of 44 common bean genotypes against a local isolate of powdery mildew observed in three separate tests

Infection type
(IT)

Genotypes

0 Amanda, Belneb, Cornell 49242, Negro San Luis, Porrillo Sintetico

1 A195

2 A321, BRB130, TO

3 A2806, AB136, Chinook, X2776

4 A252, A483, A493, A55, Andecha, BAT93, BRB57, Cornell 606, Don Timoteo, Dubbele Witte, G122, Great
Northerm 31, Imuna, IVT7214, JALO EEP558, Jubilaa, Kaboon, MDRK, Mexico 222, Michelite, MO162, PC50,
Perry Marrow, PI207262, Pinto 114, Sanilac, Tendergreen, Topcrop, TU, Widusa, Xana

Plant response was classified in five classes; IT0 with no visible symptoms, IT1 seedlings with necrotic reaction on leaves, IT2
necrotic reaction together with limited growth of the pathogen on leaves, IT3 diffuse growth and no sporulation, IT4 abundant
mycelial development on leaves and profuse sporulation
a Jubila showed mixture of IT0 and IT4

Fig. 2 Histogram showing the distribution for the reaction to a
local isolate of powdery mildew for bean accessions included in
the core collection described by Pérez-Vega et al. (2009). The
nine accessions showing evidences of mixture in the reaction,
were not included
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and an indeterminate prostrate growth habit. A

mixture in infection type was observed in nine

accessions and one of them, BGE022510, included

seedlings with IT0 (8 plants) and IT4 (16 plants).

Inheritance of the response

To investigate the genetic control of resistance and to

verify the consistence of the 0–4 scale used, the

reaction to powdery mildew was analyzed in five F2
segregating populations. Reaction of the F2 seedlings

was classified according to the 0–4 scale, suggesting a

qualitative nature of resistance. Table 2 shows the

observed segregations for the reaction to the local

isolate of powdery mildew. Two tests were carried out

and the observed segregation of each F2 population

fitted to the same Mendelian ratio in both tests.

Three types of responses were observed in the F2
plants derived from the crosses Xana (IT4) 9 Cornell

49242 (IT0) and Xana (IT4) 9 Porrillo Sintetico

(IT0): IT0, IT3, and IT4. IT0 was the most common

reaction. Observed segregations showed no significant

differences when compared to the expected ratio for

two independent dominant genes (12 IT0: 3 IT3: 1

IT4): a gene conferring IT0, and another gene

conferring IT3. Both genes showed a dominant

epistatic relationship, so that expression of the second

gene is masked by the dominant effect of the first gene.

In the two tests, F2 segregating population derived

from the cross Porrillo Sintético (IT0) 9 X2776 (IT3),

F2 plants showed parental responses, with IT0 as the

most common reaction (Table 2). The segregation

ratio fitted to the expected ratio for one dominant gene

(3 IT0: 1 IT3) suggesting that both parents differ in a

dominant gene controlling the reaction IT0.

Two types of responses were observed in F2 plants

derived from the cross X2776 (IT3) 9 G122 (T4): IT3

and IT4. Infection type 3 was the most common

response (Table 2). Observed segregation fitted to the

expected ratio for one dominant gene (3 IT3:1 IT4)

suggesting that IT3 is controlled by a dominant gene in

X2776.

Parental infection types were also observed in the

F2 segregating population derived from the cross

Amanda (IT0) 9 Xana (IT4) and observed segrega-

tion fitted to a 9 (IT0): 7 (IT4) ratio, expected in the

case of two complementary dominant genes.

Genetic dissection of resistance in Porrillo

Sintetico

In order to confirm that two different genes are

involved in the response of Porrillo Sintetico, a F2:3
population obtained from the cross Porrillo Sintéti-

co 9 Xana was evaluated in detail. The following

results were observed: 28 families with all F3 plants

showing IT0; 26 families including F3 plants with IT0,

IT3 and/or IT4; 12 families including F3 plants with

IT0 and IT4; 8 families including F3 plants with IT3

and IT4; 2 families with all F3 plants showing IT3; 7

families with all F3 plants showing IT4. Expected ratio

in the case of two dominant and independent genes

Table 2 Observed segregation in five F2 populations derived from crosses among common bean parents with different types of
reaction against a local isolate of powdery mildew

Parent 1 9 Parent 2 Response of parents (IT) Test Observed segregation Expected ratio v
2 P-value

Parent 1 Parent 2 IT0 IT3 IT4

Xana 9 Cornell 49242 4 0 1 55 13 10 12:3:1 5.78 0.06

2 51 12 4 12:3:1 0.00 0.98

Xana 9 Porrillo Sintético 4 0 1 76 23 5 12:3:1 1.18 0.55

2 96 19 2 12:3:1 5.02 0.08

Amanda 9 Xana 0 4 1 46 – 36 9:7 0.01 0.92

2 12 – 13 9:7 0.69 0.40

X2776 9 G122 3 4 1 – 91 24 3:1 1.29 0.26

2 – 73 23 3:1 0.00 0.81

Porrillo Sintético 9 X2776 0 3 1 65 16 – 3:1 1.19 0.27

2 80 25 – 3:1 0.11 0.73

IT infection type
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(A,a and B,b) with a dominant epistatic relationship is,

4 (F2 genotype, AA-; observed infection type in F3
families, 0): 6 (AaBB/AaBb; IT0/IT3/IT4): 2 (Aabb;

IT0/IT4) 2 (aaBb; IT3/IT4): 1 (aaBB; IT3): 1 (aabb;

IT4). The observed ratio of these six classes fitted

to expected ratio for this hypothesis (v2 = 6.78,

P = 0.24). Number of evaluated F3 plants were

incremented in six F3 families with monogenic

segregation to verify this hypothesis (Table 3): F3
families 59 and 63 exhibited a segregation for IT0 and

IT4; F3 families 22 and 71 exhibited a segregation for

IT0 and IT3; F3 families 37 and 95 exhibited a

segregation for the reaction types 3 and 4. In all cases,

observed segregations showed no significant differ-

ences when compared to the expected ratio for one

dominant gene, confirming that Porrillo Sintetico

carries two dominant and independent genes.

Discussion

We adopted a qualitative scale including five pheno-

typic classes to classify reactions of common bean

germplasm to powdery mildew. To our knowledge,

this qualitative scale has never been tested before in

common bean although a similar qualitative scale was

used to record the response against powdery mildew in

barley germplasm (Mains and Dietz 1930; Shtaya

et al. 2007). Previous studies investigating bean-

powdery mildew interactions used a 1-9 quantitative

scale based on percentage of the leaf area covered by

mycelium to assess the response in field tests (Ferreira

et al. 1999). Our results reveal that the responses of

bean germplasm, well-known genotypes and segre-

gating populations can be classified in any of the five

defined classes. Limited variations in the response

among tests were observed in some genotypes.

Observed variation was between IT3 and IT4 (e.g.

accessions BGE003208 and BGE003246) or IT1 and

IT2 (e.g. A321, BRB130 and TO). Environmental

factors such as humidity, temperature or light can

influence development of the disease, possibly

explaining these differences in scores, especially the

necrotic reaction. Expression of resistance to powdery

mildew associated with high temperatures (25 "C) was

described in pea (Fondevilla et al. 2006).

Plant responses of genotypes Cornell 49242, Porrillo

Sintético, A195, G122, A2806, AB136, MDRK, Ande-

cha or X2776 observed under controlled conditions

were similar to those observed in naturally infected

fields at Villaviciosa, Asturias (northern Spain). Geno-

types with IT0 such as cvs. Cornell 49242 or Porrillo

Sintético did not show symptoms under field conditions,

in naturally infected fields. Genotypes with IT1, IT2 or

IT3 exhibited limited mildew growth in the field, not

affecting the plant development. Genotypes with IT4,

such as cvs. Andecha, Xana, G122 or MDRK, showed

symptoms in all aerial parts of the plants, as well as leaf

drop and premature death when grown in naturally

infected fields.

The observed reactions in the F2 segregating

populations analyzed in this study indicate a qualitative

nature of resistance to powdery mildew, supporting

previous reports (Dundas 1936; Bett and Michaels

1995; Ferreira et al. 1999).Aqualitative response in the

interaction powdery mildew- common bean is not

surprising, since this type of response has already been

reported in other legume species such as pea (Pisum

sativumL.) (Fondevilla et al. 2008;Katoch et al. 2010),

mungbean (Vigna radiata L. Wilczek; Reddy et al.

1994), or soybean ((Glycine max L. (Merr.)) (Lohnes

and Bernard 1992; Kang and Rouf Mian 2010).

From observed segregations, it is possible to

conclude that several resistance genes controlling

Table 3 Observed
segregation in six F2:3
families derived from
crosses Xana 9 Porrillo
Sintético

F3 families Observed segregation Expected ratio v
2 P-value

IT0 IT3 IT4

F3-59 52 – 15 3:01 0.24 0.62

F3-63 43 – 16 3:01 0.14 0.71

F3-22 42 13 – 3:01 0.00 0.81

F3-71 48 14 – 3:01 0.19 0.66

F3-37 – 43 15 3:01 0.00 0.87

F3-95 – 54 17 3:01 0.00 0.89
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different expression of resistance and modes of

inheritance, are involved in the response to this

fungus. Observed segregation against the local isolate

of powdery mildew in the F2 and F2:3 segregating

populations derived from the cross Porrillo Sintetico

(IT0) 9 Xana (IT4), can be explained by the presence

of two dominant and independent genes in cultivar

Porrillo sintético; one gene conferring IT0 (no visible

symptoms), and another gene conferring IT3 (limited

growth of the pathogen). Both genes show a dominant

epistatic relationship. Cultivar Cornell 49242 (IT0)

showed the same type of inheritance, although with

available data it was not possible to determine if

Cornell 49242 and Porrillo Sintético share the same

resistance loci. The two segregating populations

derived from the cross Porrillo Sintético (IT0) 9

X2776 (IT3) showed a good fit to the expected ratio for

a dominant gene, confirming that cultivar Porrillo

Sintético carries a dominant gene which confers

reaction type 0. The presence of this dominant gene

in Porrillo Sintético was also confirmed in the

introgression of complete resistance (IT0) to powdery

mildew into line X2776 using backcrossing method.

A total of 28 BC1F1 plants [derived from X2776 9

(X2776 9 Porrillo Sintético)] were tested and a 1:1

segregation ratio was observed (12 plants IT0: 14

plants IT3). Segregating populations derived from the

cross X2776 (IT3) 9 G122 (IT4) also showed a good

fit to the expected ratio of one dominant gene,

indicating that line X2776 carries one dominant gene

conferring IT3. From these results, it can also be

concluded that a dominant gene controls IT3 in

genotype X2776, and this gene is also present in

Porrillo Sintético. The 9:7 ratio observed in the

population derived from Amanda (IT0) 9 Xana

(IT4) indicates that two complementary genes are

involved in the resistance of cultivar Amanda. This

type of inheritance has already been described in the

interactions powdery mildew—common bean (Ferre-

ira et al. 1999), anthracnose—common bean (Campa

et al. 2011), and angular leaf spot—common bean

(Mahuku et al. 2011). Additional analysis including

allelic tests and mapping will be necessary to charac-

terize the different resistance genes described in this

study.

In conclusion, the results of this study (i) show that

reactions of common bean genotypes against powdery

mildew in controlled conditions can be classified in a

0–4 qualitative scale, (ii) provide clear evidence about

a qualitative nature of resistance involving different

modes of inheritance, and (iii) identify useful sources

of complete and incomplete resistance against the

pathogen. This information can be relevant for plant

pathologist or the implementation of breeding pro-

grams focused on the development of new cultivars

carrying genetic resistance to powdery mildew.
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Abstract Powdery mildew (PM) is a serious disease in

many legume species, including the common bean

(Phaseolus vulgaris L.). This study investigated the genetic

control behind resistance reaction to PM in the bean

genotype, Cornell 49242. The results revealed evidence

supporting a qualitative mode of inheritance for resistance

and the involvement of two independent genes in the

resistance reaction. The location of these resistance genes

was investigated in a linkage genetic map developed for the

XC RIL population. Contingency tests revealed significant

associations for 28 loci out of a total of 329 mapped loci.

Fifteen were isolated or formed groups with less than two

loci. The thirteen remaining loci were located at three

regions in linkage groups Pv04, Pv09, and Pv11. The

involvement of Pv09 was discarded due to the observed

segregation in the subpopulation obtained from the Xana

genotype for the loci located in this region. In contrast, the

two subpopulations obtained from the Xana genotype for

the BM161 locus, linked to the Co-3/9 anthracnose resis-

tance gene (Pv04), and from the Xana genotype for the

SCAReoli locus, linked to the Co-2 anthracnose resistance

gene (Pv11), exhibited monogenic segregations, suggesting

that both regions were involved in the genetic control of

resistance. A genetic dissection was carried out to verify the

involvement of both regions in the reaction to PM. Two

resistant recombinant lines were selected, according to their

genotypes, for the block of loci included in the Co-2 and

Co-3/9 regions, and they were crossed with the susceptible

parent, Xana. Linkage analysis in the respective F2 popu-

lations supported the hypothesis that a dominant gene

(Pm1) was located in the linkage group Pv11 and another

gene (Pm2) was located in the linkage group Pv04. This is

the first report showing the localization of resistance genes

against powdery mildew in Phaseolus vulgaris and the

results offer the opportunity to increase the efficiency of

breeding programs by means of marker-assisted selection.

Introduction

Powdery mildew (PM) can result in a devastating disease

in many legume crops, including the common bean

(Phaseolus vulgaris L.). In Northern Spain, PM is caused

by the fungus, Erysiphe diffusa (Cooke and Peck) U. Braun

and S. Takam (Trabanco et al. 2012) causing significant

yield losses in bean crops. The fungus is an obligate bio-

trophic pathogen which produces small, round, greyish or

whitish spots on leaves, stems and pods. In extreme cases,

the fungus can cover all aerial parts of the plant resulting in

premature defoliation, premature fall of flowers and pods

and a reduction in plant development.

Control of the disease is difficult by conventional tech-

niques, because the fungus produces spores that are easily

spread by the wind. In addition, the fungus can be spread by

infected seeds, plant debris or by some weeds. Use of

resistant cultivars provides an effective approach for dis-

ease control, eliminates the use of fungicides, minimizes
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Área de Cultivos Hortofrutı́colas y Forestales, Servicio Regional
de Investigación y Desarrollo Agroalimentario (SERIDA),
33300 Villaviciosa, Asturias, Spain
e-mail: jjferreira@serida.org

123

Theor Appl Genet (2013) 126:1503–1512

DOI 10.1007/s00122-013-2068-y

!"



crop losses and supports sustainable production manage-

ment. The development of resistant cultivars requires

information on the variation in the reaction against this

fungus, potential resistance sources and the nature and

inheritance of the resistance. In contrast with other legume

species, such as mungbean, pea or soybean, only limited

information is available to common bean breeders on the

genetic control of PM.

With regard to resistance inheritance against this

pathogen, several studies have reported a qualitative mode

of inheritance controlled by either one dominant gene

(Dundas 1936), one dominant and one recessive gene

(Bett and Michaels 1995) or by two complementary genes

(Ferreira et al. 1999). Recently, Trabanco et al. (2012)

investigated the reaction of 245 accessions and five seg-

regating populations using seedling tests under controlled

conditions. They found that only 6 out of the 245 eval-

uated genotypes showed a complete resistance, without

visible symptoms on the leaves: genotype Amanda, Bel-

neb, Cornell 49242, Negro San Luis, Porrillo Sintetico,

and a local accession, BGE003161. The observed reac-

tions in the five segregating populations fitted Mendelian

ratios with two different modes of inheritance. These

were either dominant or complementary modes of action.

The results also suggested that the resistant reaction in

Cornell 49242 could be explained by two dominant and

independent resistance genes, where one gene conferred

complete resistance, and another gene moderated mycelial

development on the leaves. Both genes showed a domi-

nant epistatic relationship. However, the relative position

of these resistance genes in the bean linkage map has not

been analyzed.

Resistance genes are not distributed randomly in the

bean genome. They appear to be clustered on particular

chromosomes and specific regions. For example, anthrac-

nose resistance genes are located in specific regions of the

genome and they are organized in groups or clusters of loci

in which individual gene(s) confer resistance to one isolate

or race (Rodrı́guez-Suárez et al. 2007, 2008; Campa et al.

2009). To date, seven specific regions, which include these

resistance specificities, have been identified in linkage

groups (LGs) Pv01, Pv02, Pv03, Pv04, Pv07, Pv08 and

Pv11 (Ferreira et al. 2012).

Genetic and molecular studies have revealed the pres-

ence of many plant disease resistance genes (R genes) in

the genomes of monocotyledonous and dicotyledonous

plants. R genes can have two functions in the plant–path-

ogen interaction. They can operate as sensors, directly or

indirectly detecting pathogens, or they can activate down-

stream signaling that, in turn, leads to pathogen resistance

(Chisholm et al. 2006; DeYoung and Innes 2006). R genes

are often arranged in complex clusters or group of genes

(Ameline-Torregrosa et al. 2008b; Meyers et al. 2003;

Michelmore and Meyers 1998). Clusters of R genes have

also been reported at the end of LGs Pv04 and Pv11 in the

bean genome (Chen et al. 2010; David et al. 2009; Geffroy

et al. 1998, 2009).

The objective of this study was to investigate the genetic

control of PM resistance in the bean genotype Cornell

49242 and to identify the location in the genetic map of the

genes conferring resistance against this pathogen. Mapping

of these genes can supply markers suitable for marker-

assisted selection in bean-breeding programs and provide

the basis for the future genomic characterization of these

resistance genes.

Materials and methods

Plant materials

A total of 109 F7 recombinant inbred lines (RILs),

derived from the cross Xana 9 Cornell 49242 by single

seed descent (XC RIL population), were used to study the

inheritance of the response to PM. Xana is a large white-

seeded line bean variety, with determinate, type I growth

habit, which belongs to the market-class fabada. It was

developed at Servicio Regional de Investigación y De-

sarrollo Agroalimentario (SERIDA, Villaviciosa, Spain)

from a cross between two Andean genotypes, Andecha

and V203. Cornell 49242 is a small-seeded black bean

line showing indeterminate prostrate, type III growth

habit. It belongs to the Mesoamerican gene pool and is

included in the market class black turtle. Cornell 49242 is

resistant to PM whereas Xana is susceptible (Trabanco

et al. 2012).

Inoculation procedure and disease scoring

An isolate of PM obtained from a single spot in one infected

bean plant at SERIDA-Villaviciosa was used in this work.

The pathogen was grown and maintained on plants of sus-

ceptible bean cv. Xana in spore-proof chambers.

Resistance tests were carried out according Trabanco

et al. (2012). Four seeds of each genotype were planted in

a 15-cm plastic pot of 1.5 l containing 80 peat: 20 perlite.

Plant response was recorded as resistant or susceptible

considering the mycelial development on the areal part of

the plants. The XC RIL population was evaluated in three

separated tests. Two pots per recombinant line were

arranged in each test in a randomized design. In each test,

the susceptible line Xana and the resistant lines Cornell

49242 and Porrillo Sintético were included as reference of

different reaction types.
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Molecular marker development and analysis

Genomic DNA was isolated from young leaves using the

FastDNA kit (MP Biomedicals, Illkirch, France) following

the supplier’s instructions. DNA concentrations were

quantified photometrically (absorbance measurements at

260 and 280 nm) with Biomate 3 UV–visible spectropho-

tometer (Thermo Scientific, MA).

Two type of marker loci were added to the genetic map

developed in XC RIL population (Pérez-Vega et al. 2010)

to saturate specific regions or linkage groups. (1) Markers

previously described in the literature with known position

in the bean genetic map: the 254G15F SCAR marker

developed from the BAT93 BAC clone 254G15 (David

et al. 2008), the SQ4 SCAR marker (Awale et al. 2008) and

the OF101100RAPD marker located on end of LG Pv04

(Rodrı́guez-Suárez et al. 2007). Several mapped microsat-

ellite markers (Blair et al. 2003; Gaitán-Solis et al. 2002;

Grisi et al. 2007; Hanai et al. 2010) were also analyzed.

(2) Microsatellite markers designed from the accessions

EU931620.1, FJ817289, FJ817291.1, and FJ817290

deposited in the Genebank database (David et al. 2009) and

located in the Co-3/9 region (LG Pv04). WebSat platform

(http://wsmartins.net/websat/; Martins et al. 2009) was

used to identify microsatellite motifs and the corresponding

forward (FW) and reverse (RV) primers. Sequences were

screened for all possible dimeric and trimeric repeat motifs.

Sequences containing a minimum of five di-nucleotides or

four tri-nucleotides motif repeats were considered for

primers design. The selected parameters in primers design

were: between 18 and 24 bp (optimum 22 bp); annealing

temperature between 50 and 68 "C (optimum 60 "C); GC

content between 40 and 60 % and predicted size of the

amplified fragment between 100 and 300 bp. Annealing

temperature was selected using the OligoAnalyzer software

(www.uku.fi/*kuulasma/OligoSoftware).

The polymerase chain reaction (PCR) amplifications

were performed in 20 ll solution containing 25 ng of

genomic DNA, 100 mM Tris–HCl, 100 mM KCl (pH 8.3),

4 mM MgCl2, 0.2 mM each dNTP (Bioline, London),

0.2 lM each primer, and 1.25 U of Biotaq DNA poly-

merase (Bioline, London). Amplifications were performed

in a Veriti Thermal Cycler (Applied Biosystems, Life

Technologies, Foster City, CA) programmed according to

the corresponding author or following the recommenda-

tions supplied by the OligoAnalyzer software. The SCAR

PCR products were resolved on 2 % agarose gels. The

microsatellite PCR products were resolved on 8 % poly-

acrylamide gels. Agarose and polyacrylamide gels were

stained with SYBR safe (Invitrogen, Life Technologies,

CA, USA) and the amplification products were visualized

under UV light. A 100-bp ladder (G.E. Healthcare Life

Science, Fairfield, CT, USA) and the software GeneTools

V4.01 (Syngene, Cambridge, UK) were used to measure

the size of the fragments.

Linkage analyses

A genetic map developed for the XC RIL population was

used to locate the genomic regions involved in the control

of the response to PM. The linkage map consisted of 294

loci mapped by Pérez-Vega et al. (2010) and 35 added

markers that were common to other bean maps (Gaitán-

Solis et al. 2002; Grisi et al. 2007; Hanai et al. 2010).

MAPMAKER Macintosh version 2.0 software (Lander

et al. 1987) was used for map construction. LGs were

established with a log of the likelihood ratio (LOD)

threshold of 3.0 and a recombination fraction of 0.25.

Marker order was estimated based on multipoint compare,

order, and ripple analyses. Distances between loci (cM)

were calculated using the Kosambi mapping function. The

obtained map had 11 linkage groups, which were aligned

according to the common bean core linkage map using

common molecular markers as anchor points. Linkage

groups were named according to Pedrosa-Harand et al.

(2008).

Contingency tests were used to investigate the associa-

tion between the response to PM (classified as resistant or

susceptible) and the loci included in the genetic map. The

Chi-square test was used to test the goodness-of-fit of the

observed-to-expected ratio in the qualitative traits and

linkage analysis was performed using MAPMAKER

Macintosh version 2.0. Loci showing significant deviations

(p\ 0.01) were not considered in the linkage analysis.

Statistical analyses were performed using SPSS V12 soft-

ware (SPSS Inc., Chicago, IL).

Genetic dissection

To verify the relative position of the resistance genes to

PM in specific regions of the genetic map, a genetic

dissection was undertaken. Recombinant lines showing

resistant responses were selected according to their

genotypes for specific loci located in the candidate

regions where the resistance loci could be located.

Selected recombinant lines were crossed using the sus-

ceptible cultivar, Xana, as the female. Crosses between

the selected recombinant lines were also performed to

study the mode of action of the different genes. F1 plants

were tested for their response to PM and resistant plants

were self-crossed. The corresponding F2 progenies were

tested against a local isolate of PM and analyzed for the

amplification of the specific markers used in the selection

of recombinant lines.
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Results

Response of the XC RIL population

Observed responses in the XC RIL population were clas-

sified into two groups: resistant and susceptible, like the

parent, Xana. A total of 29 recombinant lines showed a

susceptible response like the parent, Xana, while the 80

remaining lines were resistant. The observed segregation

fitted the 3:1 expected ratio for two independent genes

( v
2
3:1 = 0.15, p = 0.70), which suggested that two inde-

pendent genes control the resistant reaction in Cornell

49242. The mode of action of the genes (dominant or

recessive) could not be deduced from this segregation.

Identification of candidate regions containing resistance

genes

To identify the regions associated with PM resistance, con-

tingency tests were undertaken among the loci included in

the genetic map and the response to PM. Significant associ-

ation was found for 28 loci out of a total of 329 mapped loci

(Table 1 in ESM). Fifteen of them were isolated loci or

formed groupswith less than two loci in the geneticmap. The

thirteen remaining loci were located at three regions: three

loci formed a large block in LG Pv04, including SCAR

SW12, which is linked to the Co-3/9 anthracnose resistance

gene; five loci were located on LG Pv11 and included the

SCAR marker SCAreoli, linked to the Co-2 anthracnose

resistance gene and; five loci were grouped in a wide region

on LG Pv09, including the microsatellite marker BM141 and

the AFLP marker McatEag131. The marker locus BM161

(closely linked to SW12 on LGPv04) and the SCAreoli locus

on LG Pv11 showed greater deviations with respect to

independent segregation with the response to PM. The

deviations were due to an excess of resistant lines containing

the Cornell 49242 genotype at these loci. In contrast, the

deviation found for the five loci of LG Pv09 was due to an

excess of resistant lines showing the Xana alleles (suscepti-

ble parent) for these markers, which suggested that this was a

random association.

Marker enrichment of LGs Pv04 and Pv11

To precisely locate the genes conferring resistance to PM,

twenty loci were added to LGs Pv04 and Pv11, with respect

to the genetic map described by Pérez-Vega et al. (2010).

Linkage group Pv04

Fifteen new loci were incorporated into the LG Pv04.

Microsatellite motifs were investigated in the accessions:

EU931620.1, FJ817289, FJ817291.1 and FJ817290.1. A

total of 77 microsatellites were designed: 38 with a dinu-

cleotide repeat motif and 39 with a trinucleotide repeat

motif. Twenty-seven microsatellites were tested in cvs.

Xana and Cornell 49242 and 24 showed the amplification

product (Table 2 in ESM). Seven microsatellites were

shown to be polymorphic between both cultivars and they

were analyzed in the XC RIL population. Table 1 shows

the characteristics and the PCR primer pairs for the seven

microsatellite markers that were designed. In all cases, the

observed segregation fitted the expected ratio for one gene.

Six microsatellites were mapped on LG Pv04, whereas the

microsatellite, FZ-E9o, was located at the end of LG Pv11

(Fig. 1). The amplification product of SCAR 254G15F

revealed three fragments in 2 % agarose gels, which were

closely linked to the SW12 locus (Fig. 1). Twelve SSR

markers, previously mapped on LG Pv04, were also ana-

lysed for polymorphism and five of them were added to the

map: PV-ag004, BMd15, BMd9, BMarc22 and PVBR112.

Finally, the RAPD fragment, OF101100, was added (Fig. 1).

The added loci Contig-ah, 254G15E550, 254G15E600,

254G15E320, FZ-E9 h, Contig IIIh, Contig IIIi, and

OF101100 were mapped on the Co-3/9 region and they were

significantly associated with the response to PM also

(Fig. 1; Table 1 in ESM).

Linkage group Pv11

Fourteen microsatellite markers mapped on Pv11 were

investigated for polymorphism. Three of them were poly-

morphic and mapped on LG Pv11; PvBR113, BMd33 and

PvM98. Finally, the SCAR marker, SQ4 was also analyzed

and added to this LG (Fig. 1). The added loci SQ4 and FZ-

E9o were mapped on the Co-2 region and they were sig-

nificantly associated with the response to PM (Fig. 1;

Table 1 in ESM).

Tentative mapping using subpopulations

To verify the involvement of the candidate regions in the

response to PM, the resistant/susceptible segregations were

investigated in different subpopulations of recombinant

lines (Table 2). The subpopulation obtained from the Xana

genotype for the McatEag131 locus (Pv09) exhibited a

36R:7S segregation for resistance to PM, which fitted the

expected ratio for two genes (v23:1 ¼ 1:74; p ¼ 0:19). This

finding suggested that this region on LG Pv09 was not

involved in the genetic control of resistance to PM. A

change in the segregation type with respect to the observed

in the XC RIL population (non-segregation or monogenic

segregation) would be expected if this tagged region was

involved in the genetic control of the response to PM.
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In contrast, the subpopulation obtained from the Xana

genotype for the BM161 locus or from the Xana genotype

for the SCAReoli locus exhibited: 21R:24S and 21R:23S

segregations, respectively (Table 2). In both cases, the

observed segregation fitted the expected ratio for one gene

(v21:1 ¼ 0:2; p ¼ 0:35; v21:1 ¼ 0:0 p ¼ 0:76). These results

suggested that one resistance gene to PM was linked to the

BM161 locus (Co-3/9 region on LG Pv04) and the other

was linked to the SCAReoli locus (Co-2 region on LG

Pv11). This hypothesis is consistent with the segregation

observed in the two subpopulations established from the

Cornell genotypes for the loci BM161 and SCAReoli

(Table 2). The segregations for subpopulations obtained

from Cornell 49242 genotypes for these loci were: 45R:1S

and 43R:1S. Both segregations did not fit the expected ratio

for two independent genes or one gene. This finding sug-

gested that a resistance gene was fixed in both subpopu-

lations. The observed susceptible lines may be due to

recombination events between the resistance locus and the

respective marker loci. Finally, the involvement of both

regions in the resistance control was consistent with the

non-segregation observed (Table 2) in the subpopulation

obtained from the Xana genotype for the BM161 and

SCAReoli loci (all the lines were susceptible) or from the

Cornell 49242 genotype for the BM161 and SCAReoli loci

(all the lines were resistant).

The two subpopulations established from the Xana

genotype for the BM161 and SCAReoli loci showed a

monogenic segregation for resistance (Table 2) and so they

were used in the linkage analysis. Subpopulation estab-

lished from the Xana genotype for the SCAReoli locus

(Pv11) revealed that the BM161 locus was tightly linked to

the resistance gene (recombination fraction, RF = 0.02;

LOD = 6.84). The SW12 and FZ-E9b loci, located in Co-

3/9 region, also showed a close linkage to the resistance

gene (LOD[ 3.5). Subpopulations established from the

Xana genotype for the BM161 locus (Pv04) revealed that

the SH13b locus was tightly linked to the resistance gene

(recombination fraction, RF = 0.01; LOD = 10.01). Loci

SQ4, SCAreoli and PVag001, located in the Co-2 genomic

region, also showed a close linkage to the resistance gene

(LOD[ 7.00). Figure 1 shows the relative position of the

two resistance loci inferred from the linkage analysis.

Genetic dissection

A genetic dissection was carried out to confirm the

hypothesis that two independent genes located at the end of

LGs Pv04 and Pv11 conferred resistance to PM in Cornell

49242. Two resistant recombinant lines were selected

according to their genotypes for the block of loci included in

the Co-2 and Co-3/9 regions and, they were crossed with the

susceptible parent, Xana. In all cases, the susceptible

genotype, Xana, was used as the female parent. The resis-

tant recombinant line 22 (XC22) carried Cornell 49242

genotypes for the Co-2 region markers (SCAreoli, SQ4,

PVag001 and SH13b) and the Xana genotypes for markers

of the Co-3/9 block (SI19, 254-G15F550, 254-G15F600, 254-

G15F320, FZ-E9b, SW12, BM161, FZ-E9b and OF101100;

Fig. 1). Resistant recombinant line 217 (XC217) carried

Xana genotype for the Co-2 region markers and the Cornell

49242 genotypes for markers of the Co-3/9 region. Seven F1
plants, derived from the cross Xana 9 XC22, were tested

and all of them were resistant. Eight F1 plants, derived from

Table 1 Characteristics and PCR primer pairs amplifying seven microsatellite markers designed from the sequence FJ817291.1 and FJ817290.1
deposited in the Genebank data base

Marker name Genebank entry Motif Primer sequence (50 to 30) Tm ("C) Predicted size

FZ-E9b FJ817290.1 (CA)5 Forward ATTGGTAGAAACCGACTTTGGA 55 138

Reverse ATCCACAACAGCTTACAGGGTT

FZ-E9m FJ817290.1 (AAG)5 Forward CACTTAACAGGAGAAATCAGCTC 50 250

Reverse AGCTTCTGCACTACATCTTGTC

FZ-E9n FJ817290.1 (TA)10 Forward CGTTAGCCAAATTACAGAGCAA 50 160

Reverse AGACCCTTTCCTTCTCAATGC

FZ-E9o FJ817290.1 (ATA)4 Forward CAATCAAATCATGGAGAGGGTA 50 297

Reverse GAATCTGTGAATGGGACGAATA

Contig-ah FJ817291.1 (ATA)5 Forward CTGTTTCACAATCAACGGAT 58 186

Reverse TGCAAAAGGGACCTATCTAA

Contig-III h FJ817291.1 (ATT)4 Forward TGTAAGCTCTTTCCTCCCTCTG 58 289

Reverse TGACCATTGATTTCAGTAAGCC

Contig-III i FJ817291.1 (AT)6 Forward CACCATGTTCTGCTTCTTTT 50 249

Reverse CAGTTCAGAGGTGATTGTTTG
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the cross Xana 9 XC217, were tested and they all were also

found to be resistant. Finally, the six F1 plants obtained

from the cross XC217 9 XC22 (line XC217 was used as

female parent) exhibited a resistant reaction like the resis-

tant parent Cornell 49242.

F1 plants derived from the crosses Xana 9 XC22 and

Xana 9 XC217 were self-crossed and the F2 populations

derived from each cross were analysed for their response to

PM and for markers located in the Co-2 or Co-3/9 regions.

The F2 population derived from the cross Xana 9 XC22

(86 plants) showed a 59R:27S segregation, which fitted the

expected ratio for one dominant gene (v23:1 = 1.88;

p = 0.17). The result suggested that resistance to PM was

controlled by one dominant gene in the XC22 line. Four

molecular markers, located in the Co-2 region, were ana-

lysed in most of the plants included in this F2 population

(Table 3). Linkage analysis corresponding to the joint

segregation for resistance to PM and four molecular

markers located in the Co-2 region (Table 3) confirmed

that the resistance gene in XC22 line was located in LG

Pv11. Resistance locus was closely linked to the SQ4

marker (RF = 3.6 %, LOD = 17.37).

The F2 population derived from the cross Xana x XC217

(79 plants) showed a 53R:26S segregation. The observed

segregation fitted the expected ratio for one dominant gene

(v23:1 = 2.64; p = 0.10), which showed that resistance to

PM in the XC217 line was controlled by a dominant gene.

Eleven molecular markers, located in the Co-3/9 region,

were also analysed in the majority of plants of this F2
population (Table 4). Linkage analysis corresponding to

the joint segregation of resistance to PM with molecular

markers mapped in the Co-3/9 region (Table 4) confirmed

that the resistance gene in the XC217 line was located in

this region. This resistance locus was linked to the SBA8

marker (RF = 24.4 %, LOD = 3.36). In this segregation,

seedlings classified as resistant (in contrast to Xana)

showed moderate mycelial development on the leaves.

Discussion

This study investigated the inheritance of genetic resistance

to PM in the bean genotype Cornell 49242, using a RIL

population obtained from a cross between Xana and

Fig. 1 Linkage map for the linkage groups Pv04 and Pv11 obtained
in the RIL population developed from the cross Xana 9 Cornell
49242. Map distances, on the left, are expressed in centimorgans.
Asterisks near the name of the loci indicate a significant association
with the resistance to powdery mildew revealed by contingency tests
(p\ 0.05). Arrows indicate the new mapped loci in this study.
Markers SCAreoli and SQ4 (Pv11) were described as linked to the
genes Co-2 and Ur-11 conferring resistance to anthracnoses and rust,
respectively. Marker SW12 (Pv04) was described as linked to the
anthracnose resistance gene Co-3 and marker OF101100 was described
as linked to an anthracnose resistance gene tentatively named as Co-
10 (Ferreira et al. 2012)

Table 2 Observed segregation on different subpopulations estab-
lished from Xana or Cornell 49242 genotype for the loci BM161
(Pv04) and/or SCAReoli (Pv11). Adjustment to an expected segre-
gation controlled by two loci or one single locus is indicated

Genotype Observed

Segregation

BM161
(Pv04)

SCAreoli
(Pv11)

R S v
2
1:1

p v
2
3:1

p

Cornell 45 1 32.1 0 12.8 0

Cornell 43 1 40.1 0 12.1 0

Xana 21 24 0.2 0.35 19.3 0

Xana 21 23 0 0.76 17.5 0

Xana Xana 0 19 – – – –

Cornell Cornell 19 0 – – – –

Xana Cornell 20 1 17.9 0 5.19 0.02

Cornell Xana 19 1 15.2 0 4.27 0.03

R, resistant; S, susceptible
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Cornell 49242. Previous studies that have investigated the

response in F2 populations suggested that two independent

and dominant loci could be involved in the response

against this pathogen (Trabanco et al. 2012). The results of

this study revealed that there was a qualitative mode of

inheritance for resistance and confirmed the involvement of

two independent and dominant genes in the response to

PM. The resistance genes were located in the genetic map

using three complementary strategies: identifying potential

regions associated with the resistance by contingency tests;

mapping of resistance using two subpopulations estab-

lished from the XC RIL population and, linkage analysis in

the two F2 populations obtained from a genetic dissection.

All the results supported the hypothesis that a dominant

gene (tentatively named as Pm1) is located at the end of the

linkage group, Pv11 and another gene (tentatively named

as Pm2) is located at the end of the linkage group, Pv04.

Although different relative positions for the Pm2 gene were

estimated on Pv04 in the two linkage analyses (subpopu-

lation of recombinant lines and the F2 population), a sig-

nificant linkage (LOD[ 3) between the Pm2 gene and

markers for LG04 was found in both cases. Both genes

seemed to control a different response to PM; gene Pm1

conferred complete resistance to PM as the seedlings did

not show any visible symptoms, while gene Pm2 conferred

a moderate resistance, in that there was limited mycelial

development on the leaves, but there was no sporulation. In

contrast, the resistant reaction (no visible symptoms) in

the six F1 plants derived from the cross between

XC22 9 XC217 suggested that both genes showed a

Table 3 Linkage analysis between the gene conferring resistance to powdery mildew and four molecular markers located in LG Pv11 in a F2
population derived from the cross Xana 9 XC22

Marker Linked gene Parental genotypes(bp) F2 plants RF LOD

Resistant Susceptible

Xana XC22 XX X_ XR R_ RR XX X_ XR R_ RR

PVag001 Co-2 160 150 4 34 18 20 5 0 0.10 10.64

SH13b Co-2 480 500 4 32 20 18 6 0 0.12 9.33

SQ4 Co-2 – 1,440 2 54 25 1 0.03 17.37

SCAReoli Co-2 – 1,000 2 52 19 2 0.05 12.80

XX, homozygous for the Xana alleles of the corresponding marker; X_, homozygous for the Xana alleles or heterozygous; XR, heterozygous;
R_, homozygous for the XC22 alleles or heterozygous; RR, homozygous for the XC22 alleles

Table 4 Linkage analysis between the gene conferring resistance to powdery mildew and nine molecular markers located in the Co-3/9 region
(LG Pv04) in a F2 population derived from the cross Xana 9 XC217

Marker Linked gene Parental genotypes (bp) F2 plants RF LOD

Resistant Susceptible

Xana XC217 XX X_ XR R_ RR XX X_ XR R_ RR

FZ-E9b Co-3/9 – 160 9 44 14 10 0.25 2.91

FZ-E9n Co-3/9 175 170 4 29 19 8 14 3 0.36 0.94

BM161 Co-3/9 185 – 36 16 20 2 0.41 0.24

SBA8 Co-3/9 – 530 9 44 14 11 0.25 3.36

SI19 Co-3/9 460 – 32 21 19 6 0.41 0.21

SW12 Co-3/9 725 – 35 18 20 5 0.41 0.24

254-G15F Co-3/9 – 320 5 46 11 13 0.27 2.23

Co-3/9 550 – 34 17 20 4 0.37 0.39

Co-3/9 – 600 3 48 10 14 0.26 2.21

Contig-IIIh Co-3/9 300 – 35 17 20 5 0.41 0.24

Contig-IIIi Co-3/9 250 – 32 18 21 3 0.31 0.93

XX, homozygous for the Xana alleles of the corresponding marker; X_, homozygous for the Xana alleles or heterozygous; XR, heterozygous;
R_, homozygous for the XC217 alleles or heterozygous; RR, homozygous for the XC217 alleles
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dominant epistatic relationship. This conclusion agreed

with the genetic control reported by Trabanco et al. (2012)

for their observed response in F2 populations.

Resistance genes to PM were mapped at the end of the

linkage groups Pv04 and Pv11. These relative positions are

in agreement with genetic and genomic evidences. Clusters

of resistance genes involved in the response to specific

races of anthracnose, caused by the fungus C. lindemu-

thianum, were located in the same relative positions

(Ferreira et al. 2012; Rodrı́guez-Suárez et al. 2007, 2008).

Genes controlling resistance to bean rust were also mapped

at the end of LG Pv11 and LG Pv04 (Awale et al. 2008;

Miklas et al. 2002), as were genes controlling resistance to

halo blight, caused by the bacteria, Pseudomonas syringae

(Chen et al. 2010). Resistance gene analogs (RGAs) were

mapped at the end of both linkage groups (López et al.

2003; Mutlu et al. 2006). The vast majority of R genes

cloned so far encoded for R proteins containing nucleotide-

binding sites (NBS) and the C-terminal leucine-rich repeat

motif (LRR) (Dangl and Jones 2001; McDowell and

Woffenden 2003). Clusters of sequences encoding NBS-

LRR proteins were annotated in the same relative positions

(Chen et al. 2010; David et al. 2009; Ferrier-Cana et al.

2003). Therefore, the location of the genes involved in the

control of the response to PM in these regions was not

unexpected. The involvement of genes encoding LRR

proteins in the resistance to PM has been suggested in other

legumes. In Medicago truncatula, Ameline-Torregrosa

et al. (2008a) reported a cluster of genes encoding for LRR

protein in the relative position where a QTL associated

with the response to PM was mapped. In soybean, the

candidate gene Glyma16g34090, encoding for a LRR

protein (Jun et al. 2012) has been described at the same

chromosome region including a resistance gene to PM. The

Mlo genes constitute a family of transmembrane proteins,

including the leucine rich domain, and many Mlo homo-

logs have been identified in various plants (Singh et al.

2012). The Mlo gene was first identified in barley and its

recessive allele leads to broad spectrum resistance against

PM (Büschges et al. 1997).

Marker saturation of regions that affect the genetic

control of specific traits represents one of the first steps in

genomic characterization and can provide useful markers

for indirect selection. To pinpoint the location of the gene

conferring resistance to PM, a total of 20 new loci were

incorporated on the LGs Pv04 and Pv11. The markers were

selected according to their relative positions in previously

reported genetic maps or were developed from BAC clone

sequences obtained for the B4 resistance cluster (David

et al. 2009). The resulting LG showed a higher level of

saturation than the LGs described by Pérez-Vega et al.

(2010). The previous linkage map included a gap in LG

Pv04 and only three markers in the Co-3/9 region [SI19

and SW12, reported by Pérez-Vega et al. (2010), and

BM161]. The map obtained in this study carried nine new

loci in this region and the average genetic distances

between loci was 6.1 cM for this region. All the markers

were mapped on their expected relative positions, except

the marker FZ-E9o, which was mapped on the end of LG

Pv11. This microsatellite marker was developed from the

FZ-E9 BAC clone sequence, which has been described to

be at LG Pv04. A close relationship between the Co-3/9

region (end of LG Pv04) and the Co-2 region (end of LG

Pv11) has been described previously (David et al. 2009)

and it could explain the relative position of the FZ-E9o

marker. The mapping of markers developed from BAC

clone sequences confirmed the location of the sequences in

chromosome 04.

This study supplies two markers closely linked to the

Pm1 gene (SQ4 and SCAReoli), which conferred complete

resistance against the local isolate used in this work.

Indirect selection using these markers is being successfully

conducted to introgress genetic resistance to PM in com-

mon bean cv. Xana. With regard to the Pm2 gene, the

linkage analysis revealed different relative positions on the

LG Pv04 in the two analyzed populations. The microsat-

ellite marker BM161 showed the highest linkage to the

resistance gene in the subpopulation established from

the XC RIL population, whereas in the F2 population, the

highest linkage was with the SBA8 marker. These different

relative positions could be explained by the presence of

two linked resistance loci in the Co-3/9 genomic region. As

previously mentioned, at least ten anthracnose resistance

genes have been mapped at this position (Ferreira et al.

2012) and 26 candidate genes, coding for NBS-LRR pro-

teins were annotated in this position with an interval of

30 cM (David et al. 2009). In consequence, the presence of

two closely linked loci in the Co-3/9 region conferring to

PM in the Cornell 49242 genotype could be possible.

To date, very little information has been available about

the inheritance of the genetic reaction to PM in common

bean. This has considerably limited the possibility of car-

rying out breeding programs focused on the introgression

of resistance genes against this fungus in common bean

genotypes. The results of this work confirmed that resis-

tance to PM in cv. Cornell 49242 was controlled by two

dominant and independent genes. One of the genes, located

in LG Pv11 (Pm1), gave total resistance to this fungus and

masked the action of the second gene (Pm2), located in LG

Pv04. The Pm1 gene was closely linked to the SQ4 marker,

which offers the opportunity to increase the efficiency of

breeding programs by means of marker-assisted selection.

This is the first report that has investigated the localization

of resistance genes against PM in common bean and it will

be useful in the future identification of the genomic

sequences involved in the genetic control of this resistance.
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Abstract Halo blight, caused by Pseudomonas

syringae pv. phaseolicola (Burkn.) Downs (Psp), is

an important disease in common bean (Phaseolus

vulgaris L.). This study investigated the genetic

control of the resistance to two local isolates of Psp

(ITA-812 and ITA-684) in a recombinant inbred line

(RIL) population derived from the cross between the

bean genotypes Xana and Cornell 49242. The

cultivar Cornell 49242 exhibited moderate resistance

to these isolates, whereas cultivar Xana was sus-

ceptible. The RIL population showed a continuous

variation in response to the two isolates. Analysis

revealed four significant quantitative trait loci

(QTLs): Psp4812XC and Psp6.1812XC located on

linkage groups Pv04 and Pv06 (for the response to

isolate ITA-812), and Psp6.1684XC and Psp6.2684XC

located on Pv06 (for the response to isolate ITA-

684). The QTLs Psp6.1812XC and Psp6.1684XC were

located in the same genetic region (Psp6.1), close to

the Psp6.2 region in which the QTL Psp6.2684XC

was mapped. A genetic dissection was undertaken to

verify the consistency of these three QTLs located

on the end of Pv06. Four sets of RILs were

established according to the genotypes (Xana and

Cornell 49242) of the underlying markers for the

regions Psp6.1 and Psp6.2. Re-evaluation of these

sets of lines revealed significant differences relative

only to isolate ITA-684. The set of lines with the

Cornell genotype in both regions was significantly

more resistant than the other three sets of lines. This

suggested that both regions were necessary to detect

a significant effect in the response to isolate ITA-

684. In the physical positions corresponding to these

two genetic regions, in silico analysis revealed 16

candidate genes (putative orthologous genes) that

carried sequences homologous to the resistance

genes RPM1, FLS2, RPG1/RPG1-B, and Pto—all

of which confer resistance to P. syringae in different

species. The results confirm that, apart from the

major genes implicated in resistance to Psp, specific

bean genotypes exhibit a quantitative mode of

inheritance of resistance to Psp.
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Introduction

Pseudomonas syringae (Ps) comprises several related

bacterial strains that exhibit different pathogenic

abilities and cause plant diseases in a wide variety of

agriculturally important crops (Bradbury 1986). Pseu-

domonas syringae pv. phaseolicola (Burkn.) Downs

(Psp), which causes halo blight in common bean

(Phaseolus vulgaris L.; Pv), can attack aerial parts of

the plant, particularly leaves and bean pods. Typical

symptoms of the disease are water-soaked spots and a

yellow–green halo around the point of infection of the

leaves. Pod infection appears either as water-soaked

spots or as red or brown lesions from where the

pathogen enters, causing discoloration and shriveling

to the seed. Severe attacks can cause systemic

chlorosis, leading to premature leaf drop. Bacteria

can produce hypersensitive reaction with local necro-

sis on the infected tissue in specific Psp–Pv interac-

tions (Saettler et al. 2005; Arnold et al. 2011). Psp is a

seed-borne pathogen, and can be spread by wind-

driven rain and insects. Weedy and other cultivated

legumes may also harbor the bacteria, and they can

also contribute to the spread of the disease. Isolates of

Psp can also be pathogenic in species as Glycine max

L. and Arabidopsis thaliana (L.) Heynh. (Forsyth et al.

2010; Arnold et al. 2011).

The Psp–Pv interaction shows a wide variation in

the host response. Both qualitative and quantitative

responses to Psp have been described in this interac-

tion. Resistance tests often revealed evidence of

quantitative variation in reaction to Psp isolates,

particularly when major genes are not present (Taylor

et al. 1996b). Quantitative trait loci (QTLs) associated

with the response to two isolates of Psp (HB16 and

83-Sc2A) were detected in a recombinant inbred line

(RIL) population derived from the cross BelnebRR-1/

A55. Three QTLs for leaf reactions to isolate HB16

were found on the linkage groups (LGs) Pv03, Pv05,

and Pv10. Four regions on the LGs Pv02, Pv04, Pv05,

and Pv09 were significantly associated with leaf

reactions to strain 83-Sc2A (Ariyarathne et al. 1999).

Two QTLs for resistance to isolate 1375 (classified as

race 5) were detected in a linkage map of 103 marker

loci developed for a F2 population derived from the

cross Jules/Canela (Yaish et al. 2006). Unfortunately,

the absence of loci common to the integrated map of

the common bean did not allow for the identification of

these LGs.

In some cases, Psp–Pv interactions appear to be

very specific; they essentially follow the gene-for-

gene model (Flor 1955). Pathogenic variation was

reported that results from a differential response of

bean genotypes to different Psp isolates. Nine differ-

ent races (races 1–9) were described using a set of

eight differential cultivars (Taylor et al. 1996a, b).

Qualitative responses have, in general, been associ-

ated with the presence of major resistance genes. Five

race-specific genes (Pse-1 to pse-5) were identified

among the set of differential cultivars by means of

complementary tests. Some of these loci were located

in the bean integrated linkage map, and all showed a

dominant mode of action, except for the pse-5 gene.

The Pse-1 gene was first described in differential

cultivar Red Mexican UI-3 and it protects against

races 1, 5, 7, and 9. The Pse-1 gene was mapped to

linkage group Pv10 (Walker and Patel 1964; Miklas

et al. 2009). The Pse-2 gene, present in the differential

cultivar ZAA12, protects against races 2, 3, 4, 5, 7, 8,

and 9, and was also mapped in the LG Pv10, although

probably in a relative position different from Pse-1

(Miklas et al. 2011). The location of the Pse-3 locus

was deduced from its genetic linkage with the I gene,

which confers resistance to the bean common mosaic

virus (Miklas et al. 2011). The I gene was mapped to

the end of LG Pv02 (Pérez-Vega et al. 2010). Fourie

et al. (2004) also reported evidence for the existence of

resistance loci in LG Pv04, which confer resistance to

specific races of Psp. Finally, two independent R genes

that confer AvrRpm1-specific resistance were mapped

to the end of linkage groups Pv11 (Rpsar-1) and Pv08

(Rpsar-2) using the RIL population BAT93/Jal-

oEEP558. The genes Rpsar-1 and Rpsar-2, which

were mapped in the vicinity of R gene, confer

resistance to the fungus Colletotrichum lindemuthia-

num (genes Co-1 and Co-4; Chen et al. 2010).

Interactions between Ps and a different plant

species have been extensively studied because these

systems provide good examples of the gene-for-gene

model (Flor 1955). Several pathogenicity genes from

bacteria have been reported (Arnold et al. 2011).

Genetic and genomic studies have also characterized

in detail several genes that control resistance to Ps in

several species, and all this information can be useful

in the identification of new resistance genes. The RPS

and RPM1 genes from A. thaliana encode NB-LRR

proteins which carry a nucleotide-binding site (NBS)

and a leucine-rich repeat (LRR) domain. RPM1
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confers resistance to strains of P. syringae that express

the avirulence genes AvrRpm1 and/or AvrB (Mackey

et al. 2002). The bacterial effector protein AvrRpt2

induces resistance in A. thaliana genotypes that

express the RPS2 gene. In both cases, RPM1-inter-

acting protein 4 (RIN4) interacts with the type-III

effector molecules secreted by Ps and is required for

RPM1- and RPS2-mediated resistance (Mackey et al.

2002; Axtell and Staskawicz 2003; Day et al. 2006).

The FLS2 gene, which encodes the flagellin receptor,

is involved in basal resistance to Psp in A. thaliana

(Forsyth et al. 2010). Similar to the non-orthologous

RPM1 gene from A. thaliana, the Rpg1-B gene in

soybean confers resistance to P. syringae pv. glycinea

strains that express the avirulance gene AvrB (Ashfield

et al. 1995; Selote and Kachroo 2010). The tomato Pto

gene encodes a serine/threonine kinase that confers

resistance to P. syringae pv. tomato strains that

express the avirulence gene AvrPto (Martin et al.

1993; Chandra et al. 1996). The involvement of

R genes that encode NBS-LRR proteins in resistance

against Pspwas also suggested in common bean (Chen

et al. 2010).

A limited number of studies have investigated the

quantitative response to Psp in common bean. The

main aim of this study was to contribute to a better

understanding of the genetic control of the resistance

response of common bean to infection with Psp. In this

study, we analyzed the inheritance of the reaction to

two different isolates of Psp in a RIL population

derived from parents that differ significantly in their

response to the pathogen, and searched for candidate

genes associated with the resistance.

Materials and methods

Plant material

A total of 110 F7 RILs, derived from the cross Xana/

Cornell 49242 by single-seed descent (XC RIL

population), were used to study the inheritance of

the response to Psp. Xana is a bean line with very large

white seeds, and a determinate growth habit. It belongs

to the market class ‘fabada’. Cornell 49242 is a

cultivar with very small black seeds, and an indeter-

minate prostrate growth habit. It belongs to the

Mesoamerican gene pool and is included in the market

class ‘black turtle’. Cornell 49242 exhibits moderate

resistance to local isolates of Psp classified as races 6

and 7, whereas cultivar Xana is susceptible to these

isolates.

Two common bean lines, Red Mexican (UI3) and

Canadian Wonder, both included in the set of differ-

ential cultivars used to characterize pathogenic vari-

ation in Psp (Taylor et al. 1996a), were used as

references to score the response in the XC RIL

population. In addition, the local cultivar Cueto was

included as a susceptible control.

Inoculation and disease scoring

Evaluations were carried out using two local isolates

obtained from naturally infected bean plants collected

in northern Spain (isolates ITA-812 and ITA-684).

These isolates, which were derived from a single

colony, were classified as races 6 (ITA-812) and 7

(ITA-684) using the set of differential cultivars

proposed by Taylor et al. (1996a). Bacteria were

grown on King’s B medium for 48 h at 25 "C.

Resistance tests were performed on primary leaves

using the multiple-needle method (Aggour et al.

1989). Each primary leaf was inoculated with one

isolate. The inoculated plants were maintained at

moderate temperature (from 16 "C at night to 20 "C

during the day) in shade and at high relative humidity

(80 %). Symptoms were measured 6–7 days after

inoculation by using a 1–9 severity scale where

1 = no visible symptoms and 9 = very severe symp-

toms in the inoculated area (Aggour et al. 1989). The

responses of the plants were evaluated in at least two

separate tests. There were two replicates of 4–5 plants

per test.

Linkage analyses and QTL mapping

A genetic map developed for the XC RIL population

was used to identify the genomic regions involved in

the control of the response to Psp. The linkage map

consisted of 349 loci mapped by Pérez-Vega et al.

(2010, 2013). MAPMAKER Macintosh version 2.0

software (Lander et al. 1987) was used to construct the

linkage map. A new version of the linkage groups was

developed, using loci for which data were available for

at least 105 lines (95 % of lines). All LGs were

established with a log of the likelihood ratio (LOD)

threshold of 3.0 and a recombination fraction of 0.25.

Marker order was estimated based on multipoint
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comparison, order, and ripple analyses. Distances

between loci (cM) were calculated using the Kosambi

mapping function. The map obtained has 11 linkage

groups, which were aligned according to the common

bean core linkage map, using common molecular

markers as anchor points. Linkage groups were named

according to Pedrosa-Harand et al. (2008).

Frequency distributions for the response to Psp

were tested for normality using the Kolmogorov–

Smirnov test, with p\ 0.05 used to indicate lack of fit.

The QGene 4.3.8 software (Joehanes and Nelson

2008) was used to detect QTLs by using composite

interval mapping (CIM) analysis with a 10-cM walk

speed. A LOD score of 2.5 was used as the threshold to

determine the presence of significant QTLs. This value

was estimated based on a permutation analysis with

1,000 random data shuffles, as described by Churchill

and Doerge (1994), to provide a genome-wide signif-

icance level of 0.05. Only QTLs identified in at least

one resistance test and in the mean of both tests were

considered. Identified QTLs were named according to

Miklas and Porch (2010). The name reflects the trait

abbreviation (Psp = Psudomonas syringae pv. phase-

olicola), linkage group (1–11), order of discovery (1,

2,…), and originating population in superscript

(XC = Xana/Cornell 49242 RIL population). The

Psp isolate was also added in superscript in order to

show the specificity in the Psp–Pv interaction.

Molecular marker development and analysis

For more precise QTL mapping, new molecular

markers were added to specific LGs. Genomic DNA

was isolated from young leaves using the FastDNA kit

(MP Biomedicals, Illkirch, France) following the

supplier’s instructions. Concentrations of DNA were

quantified photometrically (absorbance measurements

between 260 and 280 nm) using a Biomate 3 UV–

visible spectrophotometer (Thermo Scientific, MA,

USA). Four types of molecular markers were ana-

lyzed: (1) markers previously mapped in other pop-

ulations (Gaitán-Solı́s et al. 2002; Blair et al. 2003,

2010; Córdoba et al. 2010a, b; Hanai et al. 2010;

McConnell et al. 2010; Shi et al. 2012); (2) markers

linked to a locus involved in the response to Psp, such

as the markers SH11, ST8, and SR13 linked to the Pse-

1 gene and the marker SAE15 linked to the Pse-2 gene

(Miklas et al. 2009); (3) insertion/deletion (Indel)

markers, which were selected by considering their

physical position on the bean genome (http://www.

beancap.org/Research.cfm; Moghaddam et al. 2013);

and (4) microsatellite (simple sequence repeat; SSR)

markers designed from the P. vulgaris genomic

sequence and deposited in the Phytozome V9.1 data-

base (http://phytozome.net/). Microsatellite markers

were designed and analyzed as described by Pérez-

Vega et al. (2013).

QTL dissection

Genetic dissection was undertaken in order to verify

the consistency and relative positions of identified

QTLs associated with the reaction to Psp. RILs were

selected according to their genotypes (Xana or Cornell

49242) for underlying marker loci located in the

regions where the QTLs were mapped. Selected RILs

were again tested against the two isolates. Significant

differences between means were tested using the least

significant difference (LSD, 5 %). Statistical analyses

were performed using the SPSS v.12 software (Chi-

cago, IL, USA).

In silico analysis

To investigate the existence in the P. vulgaris genome

of homologous sequences (putative orthologous

genes) to the sequences of the genes RPM1, RPS5,

RIN4, FLS2, RPG1/RPG1-B, and Pto (all of which

contribute to resistance to Ps), we took advantage of

the P. vulgaris genome project. Sequences of the

RPM1, RPS5, RIN4, FLS2, RPG1/RPG1-B, and Pto

genes were obtained from GenBank at NCBI (http://

www.ncbi.nlm.nih.gov; April 2013). BLAST searches

were performed on the bean genome database depos-

ited in www.phytozome.net V9.1 (Goodstein et al.

2012). Sequences (genes) were considered homolog if

their BLAST-based E values were\1 9 10-40.

Results

Phenotypic variation

The responses of both parents and three checks to the

two local Psp isolates were as expected (see ESM

Table 1). Cornell 49242 exhibited moderate resistance

to both isolates, whereas Xana was susceptible. The

differences between the two parents in the responses to
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both isolates were significant. Isolate ITA-812 caused

more severe symptoms than isolate ITA-684 for the

five bean genotypes tested. The reaction of the

differential cultivars Canadian Wonder and Red

Mexican was as expected: Canadian Wonder exhib-

ited symptoms against both isolates, whereas Red

Mexican only showed symptoms when it was inocu-

lated with isolate ITA-812 (race 6).

Figure 1 shows the distributions of the response

against the two Psp isolates evaluated in the XC RIL

population. No significant deviations from the corre-

sponding normal distributions were observed in either

case. Transgressive segregations (phenotypes that are

extreme relative to those of either parental lines) were

observed. The Pearson correlation coefficient for the

response to the Psp isolates was significant (r = 0.58;

p\ 0.001).

QTL analysis

Four significant QTLs were detected (LOD[ 2.5) by

CIM analysis (Table 1). In all cases, the alleles from

the parent Xana increased the value (increased the

susceptibility). Two significant QTLs (Psp4812XC and

Psp6.1812XC) were located which confer response to

isolates ITA-812 on LGs Pv04 and Pv06. Two other

significant QTLs (Psp6.1684XC and Psp6.2684XC) were

detected in LG Pv06 for response to isolate ITA-684

(Fig. 2). The QTLs Psp6.1812XC and Psp6.1684XC

appear to be located on the same region of LG Pv06.

The QTLs Psp4812XC, Psp6.1812XC, and Psp6.2684XC

were detected in one of the tests and in the mean of

both tests. The QTL Psp6.2684XC was detected in both

resistance tests and in the mean of both tests, and it

showed the highest value for LOD, for percent

variance, and for additive effects (Table 1).

Significant association between the response to the

two Psp isolates and the loci mapped on the relative

position of the major resistance genes Pse and Rpsar

(LGs Pv02, Pv04, Pv08, Pv10, and Pv11) was not

detected, although the molecular marker SR13, which

is linked to the Pse-1 gene (Miklas et al. 2009), was

included in the XC linkage map. The SR13 marker

was mapped on LG Pv10, and was closely linked to the

microsatellite marker BM157, which Blair et al.

(2003) mapped to LG Pv08. Markers SH11 and ST8,

linked to the Pse-1 gene, and marker SAE15, linked to

the Pse-2 gene, were not polymorphic in this

population.

QTL validation and dissection

QTL analysis revealed the presence of three signifi-

cant QTLs that are located in two adjacent regions at

the end of LG Pv06. In order to clarify the relative

position of these three QTLs, new molecular markers

were added. Polymorphism was analyzed for a total of

73 molecular markers (ESM Table 2) and 22 markers

were added on this relative position of LG Pv06. Of

these, nine markers had been mapped previously; four

were Indel markers, and eight were microsatellite

markers developed from bean genomic sequences

(ESM Table 2). The resulting map included 32 loci in

this relative position, with an average genetic distance

of 3.09 cM between loci [interval between the loci

BM170 and MvtaEta(57)] (see Fig. 2).

A genetic dissection was undertaken in order to

verify the reproducibility of these three significant

Fig. 1 Distribution (mean obtained from two evaluations) of
reaction to two local isolates of Pseudomonas syringae pv.
phaseolicola (ITA-812 and ITA-684) using multiple needle

method in the RILs derived from the cross Xana/Cornell 49242.
White and black arrows indicate the phenotypic values of
parents Xana and Cornell 49242, respectively
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Table 1 QTLs identified in XC RIL population by composite interval mapping analysis for reaction to two local Psp isolates in two
tests and the mean of the two tests

Psp
isolate

QTL name Linkage
group

Closest
markera

Test 1 Test 2 Mean

LOD Percent
var.b

Add.
effectc

LOD Percent
var.b

Add.
effectc

LOD Percent
var.b

Add.
effectc

ITA-812 Psp4812XC Pv04 SpL 4 16 0.60 – – – 2.7 11 0.36

Psp6.1812XC Pv06 BMb1105 3.3 12 0.35 – – – 3.3 12 0.30

ITA-684 Psp6.1684XC Pv06 Pv61500b 6.0 22 0.40 – – – 3.8 16 0.38

Psp6.2684XC Pv06 IND691128 6.2 25 0.50 4.2 17 0.42 7 27 0.50

a Closest marker is the marker nearest to the peak LOD score
b Percent variance: the amount of phenotypic variation explained by each QTL
c Additive effect: value of the female parent allele (Xana)

Fig. 2 Localization of the significant QTLs associated with response to two local isolates of Pseudomonas syringae pv. phaseolicola (ITA-
812 and ITA-684) on the linkage groups Pv04 and Pv06.Black triangles near the loci designate loci common to the bean geneticmap reported
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QTLs at the end of LG Pv06. Marker loci BMb1105,

BM187, PVBR198, and Pv82300a were used for

tagging the region 6.1, containing the QTLs

Psp6.1812XC and Psp6.1684XC in a segment of length

8.7 cM (ESM Table 3). The thirteen loci included

among the NDSU_IND_6_15.8099 and Pv16400a

markers were used to tag the region 6.2, which

contains QTL Psp6.2684XC within a 15.5 cM segment

(ESM Table 3). Four sets of five or six lines each were

selected according to their genotypes (Xana or Cornell

49242) for the underlying loci. Type l was established

from five lines with the Cornell genotype for region

6.1 and the Xana genotype for region 6.2 (lines 102,

119, 120, 214, and 217). Type II included five lines

with the Xana genotype for region 6.1 and the Cornell

genotype for region 6.2 (lines 15, 25, 42, 81 and 90).

Type III was established from six lines with the Xana

genotype for both regions (lines 17, 31, 66, 110, 128

and 200). Type IV included five lines with the Cornell

genotype for both regions (lines 6, 41, 71, 79, and 88).

The selected lines did not show recombination within

the tagged block (ESM Table 3). The four sets of lines

were evaluated against the two isolates in three

different tests. Significant differences among the four

sets were not detected for isolate ITA-812 (Table 2),

the most virulent isolate. In contrast, for isolate ITA-

684, the set of lines that carried both regions with the

Cornell genotype (type IV) showed average scores for

the response to the pathogen that were significantly

lower than the three sets of lines without the Cornell

genotype in both of these regions (lines of types I, II,

and III; Table 2). This result confirms the effect of the

end of LG Pv06 in the reaction to Psp, and suggests

that, at least in this set of lines, both regions were

necessary to detect a significant effect in the response

to isolate ITA-684.

In silico analysis

The physical positions in the bean genome of the

regions that included the identified QTLs were esti-

mated from the alignment between the sequences of

the flanking markers and the bean genome sequence

available from the Phytozome database (ESM

Table 3). For the Indel and SSR markers developed,

the physical position was known. Markers Pvag004

and BMd15, which flank the QTL Psp4812XC, were

aligned with sequences of chromosome 4, at about

44 Mbp (millions of base pairs). Markers Pv16400a

and NDSU_IND_6.158099, which flank the QTL

Psp6.2684XC, were located at the physical positions 7.9

and 15.8 Mbp, respectively. Markers Pv658100b and

BM187 (the sequence of BMb1105 was not available

for this estimation), which flank the QTLs Psp6.1812XC

and Psp6.1684XC, were located at physical positions

17.0 and 20.2 Mbp, respectively.

Analysis that involved the sequences of RPM1,

RPG1-B, FLA2, and Pto, four well-characterized

genes that confer resistance to Ps in different species,

identified 16 candidate genes in the physical positions

in which the QTLs Psp6.1812XC, Psp6.1684XC, and

Psp6.2684XC were mapped (Table 3). Whereas nine of

these candidate genes encode serine/threonine protein

kinases, seven encode NB-LRR proteins. Interest-

ingly, analysis that involved the sequence of the RPM1

gene from A. thaliana also identified a gene that

encodes a domain involved in a cleavage site for the

pathogenic type-III effector avirulence factor Avr

Table 2 Response of four types of RILs against two Psp
isolates (ITA-812 and ITA-684) using the multiple needle
method. Lines within each type were selected according to

their genotypes for the loci included between the flanking
markers BMb1105 and Pv82300a for the region Psp6.1, and the
markers IND_6_15.8099 and Pv16400a for the region Psp6.2

Type Genotype between the flanking markers Psp isolates

BMb1105 Pv82300a NDSU_IND_
6_15.8099

Pv16400a ITA-812 ITA-684

I B B A A 6.89 6.01

II A A B B 7.18 5.38

III A A A A 7.26 6.09

IV B B B B 6.69 4.59

LSD (p\ 0.05) ns 0.77

A genotype Xana; B genotype Cornell 49242; ns not significant
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from Ps (Phvul.006G058100; position 17.5 Mbp) in

this physical position (E value = 1.9 9 10-8; iden-

tity = 40.6 %). From this gene, marker Pv658100b

was developed and polymorphism was detected after

digestion with the HindIII restriction enzyme. It was

mapped on the Psp6.1 region (Fig. 2).

Discussion

In this study, we investigated the response to two local

isolates of Psp (ITA-812 and ITA-684) in a RIL

population derived from the cross Xana/Cornell

49242. Isolates were classified as races 6 and 7, which

are distributed worldwide and are both especially

prevalent in northern Spain (Taylor et al. 1996a, b;

Rico et al. 2003). Qualitative variation in the reaction

to Psp has been reported in common bean. Major

genes that confer resistance to specific races or

pathogenic variants have been identified from the

analysis of segregating populations in which resistant

and susceptible reactions were clearly identified

(Miklas et al. 2009, 2011). However, our results

revealed a continuous variation of the response in the

XC RIL population to the two isolates of Psp. The lack

of identification of clear phenotypic classes such as

resistant or susceptible suggests that major resistance

genes are not involved in the reaction. Evidence for the

involvement of some major resistance genes previ-

ously described was not found. Significant association

between the response to the two Psp isolates and the

loci mapped on the relative position of the major

resistance genes Pse and Rpsar (LGs Pv02, Pv04,

Pv08, Pv10, and Pv11) was not detected, suggesting

that these regions are not involved in the observed

response. Quantitative variation in the reaction of bean

genotypes to isolates of Psp have also been reported.

Taylor et al. (1996b) tested 1,048 bean accessions

against six races of Psp. This screening found 21

accessions that showed a quantitative response to the

infection, with no specific reaction, regardless of the

race used. Moreover, frequent observation of variation

in the reactions of bean genotypes classified as

resistant or susceptible suggests that genes with minor

effects on disease resistance might also be involved.

Obviously, a quantitative variation in the reaction to

Psp is best observed in the absence of a major

resistance gene; for this reason, the XCRIL population

is suited for investigation of the genetic background.

QTL analysis was performed using a saturated

genetic map that included 349 markers distributed

across eleven LGs. Results did not reveal significant

QTLs on LGs in which QTLs associated with the

response to Psp had previously been reported (LGs

Pv02, Pv03, Pv05, Pv09, and Pv10; Ariyarathne et al.

1999). In contrast, QTL analysis showed four signif-

icant QTLs (LOD[ 2.5) on regions of LGs Pv04 and

Pv06. Intriguingly, the QTL Psp4812XC was mapped to

the end of LG Pv04, in the relative position of the APA

locus, which confers resistance to bruchids (Blair et al.

2010). Three significant QTLs were identified on two

regions on the end of LG Pv06 (see Fig. 2). Results

from the genetic dissection showed that the two

regions carrying the QTLs Psp6.1684XC and

Psp6.2684XC were necessary to detect a significant

effect in the response to isolate ITA-684. Genetic

dissection did not confirm the involvement of these

regions in the response to isolate ITA-812 (race 6),

which exhibited a higher level of virulence to the

parents than the isolate ITA-684. The QTLs mapped

on the end of LG Pv06 overlapped with a QTL

conferring resistance to Pythium ultimum, and mapped

in this same RIL population (Campa et al. 2010).

Using single-factor ANOVA analysis, a significant

association was also identified between reaction to

strain 83-Sc2A and the RAPD (Random Amplified

Polymorphic DNA) marker W13.350, which mapped

to LG Pv06 (Ariyarathne et al. 1999). Marker

W13.350 was included in the core linkage map

between markers P2062 and D1806 (Freyre et al.

1998), which were mapped by Grisi et al. (2007)

together with the SSR markers PvBr05 and PvBr198

on LG Pv06. Both markers were included in the XC

genetic map, and PvBr198 was significantly associ-

ated with the response to the two isolates of Psp. This

finding suggests that the QTL located in the position of

marker W13.350 in the BelnebRR-1/A55 population

might be the same as the QTL identified in the present

analysis on LGs Pv06.

The difference in the reactions of bean genotypes

and the RIL population against the two isolates is in

agreement with a high level of specificity in the Pps–

Pv interaction. Genotype Cornell 49242 exhibited a

moderate resistance to isolate ITA-684, but a lower

level of resistance to isolate ITA-812 (classified as

race 6). It is possible that the reactions of Cornell

genotype reflect tolerances rather than resistance. QTL

analysis also revealed a specificity in the Pps–Pv

Mol Breeding (2014) 33:577–588 585

123

#)



interaction. Consistent with the findings of Ari-

yarathne et al. (1999), two QTLs identified were

specific to particular isolates, Psp4812XC and

Psp6.2684XC.

Pseudomonas syringae can cause serious damage in

a wide range of plant species. Genetic resistance

against this pathogen has been studied in many

species. Using the sequences of four well-known

genes that confer resistance to Ps (the majority

available in the ReqSeq data base), we were able to

identify 16 candidate genes within the QTLs identified

in the present study. All of these genes contained

typical protein domains involved in resistance

responses, such as leucine-rich repeat (LRR) domains.

Genes that encode typical R proteins co-localized with

the major resistance genes Pse-3 and Pse-1 (on the end

of LGs Pv02 and Pv10). For example, the genes

Phvul.010G082800 and Phvul.010G088600, which

encode proteins that contain a LRR domain, were

mapped close to the position of the SCAR (sequence

characterized amplified region) marker SR13, and thus

linked to the Pse-1 gene (LG Pv10; 32 Mbp). The

Rpsar genes were also mapped to regions that include

genes that encode CC-NB-LRR proteins (Chen et al.

2010). The likely involvement of R genes that encode

CC-NB-LRR proteins and participate in the response

of different species to Ps, as well as the location of

underlying genes that encode this type of protein in the

QTLs identified, suggest that typical R genes may be

involved in the observed quantitative reaction of Pv to

Ps. However, the possibility that other types of genes

might mediate this resistance reaction cannot be

dismissed. Changes in the concentrations of enzymes

such as isoflavonoid, acetyl-CoA carboxylase, chin-

ases, or lipoxygenases have been associated with the

Psp–Pv interaction (Voisey and Slusarenko 1989;

Croft et al. 1990; García-Ponce and Rocha-Sosa 2000;

Bozkurt and Soylu 2011) and any of these might be

responsible for the observed response. The ultimate

confirmation of the involvement of candidate

gene(s) responsible for the identified QTLs might

include developing functional markers for each can-

didate gene, analysis of new segregating populations,

construction of near-isogenic lines for specific geno-

mic regions, or gene expression analysis (such as by

the identification of expressed QTLs; Collard et al.

2005; Bernardo 2008). However, the limited effect of

the QTLs identified on the resistance expression

compared with the effects of major genes makes it

difficult to verify their contribution to resistance and to

use the genes in plant breeding.

To date, little information has been available about

the quantitative inheritance of the reaction to Psp in

common bean. This study confirms that a quantitative

mode of inheritance to Psp can be present in specific

bean genotypes, and shows that QTLs might also

contribute to the variation in the reaction of bean

genotypes. Moreover, our results also revealed a

differential reaction against isolates of Psp, and

confirmed that genes at the end of LG Pv06 contribute

to resistance to this pathogen. Pyramiding of major

resistance genes and QTLs associated with resistance,

such as the QTLs described in the present study, may

contribute to more durable resistance against this

important pathogen.
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*$)+H!89)+:!8CR36#9#BR!OXODONPV^ONTX!
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'2*$(#3)!)+A!>!f)(3C+$R-!t69$R^`9),]K$99!82*3!OXO^OVM!

5$(($6()!11-!/)%0)!.-!84($W^f$B)!=-!;6()9A$W!>!IMNNVQ!>$),:6#+!#F!)!*$)+!B$(%09)3%!,#99$,:6#+!

)B)6+3:! F6L$! (),$3! #F! !"##$%"%&'()*+, #'-.$+*%)'/-*+! 6A$+:6F6$A! 6+! "#(:C$(+! <0)6+! )+A!

6%096,):6#+3!F#(!*($$A6+BH!89)+:!@63!YMD!UNX^UNV!

5($R($!>-!<](#,C!8t-!;$FF(#R!f-!.A)%^`9#+A#+!.5-!<C6(%#C)%)A)96!.-! 1#C+3#+!t/-!Z9),)!f-!

"#A)(6!>h-!8$($6()!8.-!'3)6!<J-!'#C%$!1-!@(#+!J-!"6$+C263!1-!f)99$E#3!/=-!;$0:3!8!IOYYVQ!

'#K)(A3!)+! 6+:$B():$A! 96+])B$!%)0!#F! ,#%%#+!*$)+H!PH!@$L$9#0%$+:!#F!)! ,#($! 96+])B$!

%)0!)+A!)96B+%$+:!#F!>5Z8!%)03H!'C$#(!.009!;$+$:,YUD!VPUjVXT!

;$FF(#R!f!IOYYUQ!@633$,:6#+!B4+4:6b2$!A$!9)!(4363:)+,$!{!!"##$%"%&'()*+,#'-.$+*%)'/-*+-!)B$+:!

A$! 9r)+:C()+#3$-! ,C$WA2$\! B4+#:R0$3! ($0($3$+:):6F3! A$3! 0##93! B$+4:6b2$3! A$! >)/9$"#*9,

?*#@/&'9H!8C@!'C$363!?+3:!"):9!.B(#+-!8)(63^;(6B+#+!

;$FF(#R! f-! J),)A(4! /-! @)L6A! 8-! 8$A(#3)^i)()+A! .-! <4L6B+),! J-! @)2B)! /-! Z)+B6+! '! IMNNYQ!

J#9$,29)(! )+)9R363! #F! )! 9)(B$! 32*:$9#%$(6,! "2,9$#:6A$^*6+A6+B^<6:$jZ$2,6+$^>6,C^>$0$):!

F)%69R! 6+! :K#! ($0($3$+:):6L$! B$+#:R0$3! #F! :C$!%)E#(! B$+$! 0##93! #F! >)/9$"#*9, ?*#@/&'9H!

;$+$:6,3!OVODPNX^POY!

;$FF(#R! f-! <$L6B+),! J-! `699)+:! 8-! @(#+! J-! Z)+B6+! '! IMNNVQ! >$363:)+,$! :#! !"##$%"%&'()*+,

#'-.$+*%)'/-*+! 6+!>)/9$"#*9,?*#@/&'9D!)!,)3$!3:2AR!F#(!%)006+B!:K#!6+A$0$+A$+:!B$+$3!
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;$FF(#R!f-!<6,)(A!@-!A$!h96L$6()!1/-!<4L6B+),!J-!/#C$+!<-!;$0:3!8-!"$$%)!/-!Z)+B6+!'-!@(#+!J!
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!
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T! >! <! UDVDO! TM! VN! OP!
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!

MHUX! NHMX!
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THTT! NHNP!
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! ! ! ! ! ! !
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*'! .15(-/,0/*! &0! 4(0(4.1.*0/(! 5-*+.(! '(=-*! %,! .0/*-,44.70! 5%,0/,J5,/78*0(9! *'! )*4.-9! )*%!

4(0/-(%!8*06/.4(!)*!%,!-*'.'/*04.,<!A,-,!*%%(!-*'&%/,!-*4(1*0),=%*!4(0/,-!4(0!%,'!B*--,1.*0/,'!

0*4*',-.,'9!4(1(!%,!).'5(0.=.%.),)!)*!,.'%,1.*0/('!)*%!5,/78*0(!:!'&!1,0*;(K!).'5(0.=.%.),)!)*!

/*'/!)*!-*'.'/*04.,!4(03.,=%*'!:!-*5*/.=%*'9!,'>!4(1(!)*!&0,!*'4,%,!)*!+,%(-,4.70!)*!'>0/(1,'!(!

),L('K!:!%,!*I.'/*04.,!)*!3&*0/*'!)*!-*'.'/*04.,!*0!%,!*'5*4.*!)*!.0/*-6'<!$'/,!M*'.'!'*!4*0/-,!*0!

5-(3&0).@,-! *0!*%! 4(0(4.1.*0/(!)*! %,!B*-*04.,!)*! %,! -*'.'/*04.,! 3-*0/*!,! /-*'!5,/78*0('!?&*!
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.04.)*0!8-,+*1*0/*!*0! %('! 4&%/.+('!)*! ;&)>,!4(1C0!*0!*%! 0(-/*!)*!$'5,L,O!(>).(9! =,4/*-.('.'!

4(1C0!:!,0/-,40('.'<!$%!0.+*%!)*!4(0(4.1.*0/(!)*%!?&*!'*!5,-/>,!*-,!).'/.0/(!5,-,!4,),!&0(!)*!

%('!5,/78*0('9!5(-!%(!?&*!*0!4,),!&0(!)*!%('!4,'('!'*!,=(-),-(0!*/,5,'!).3*-*0/*'<!

6/!7*$#$3*(%#,!)*(43#%,!,!182#1!

$0! *%! 4,'(! )*%! (>).(! %,! .03(-1,4.70! )*! 5,-/.),! *-,! 1&:! *'4,',9! :,! ?&*! 0(! *I.'/*0! 1&4B('!

/-,=,;('!*0! %,!=.=%.(8-,3>,!?&*!B,:,0!*'/&).,)(! %,! .0/*-,44.70!*0/-*!*'/*!5,/78*0(!:! %,! ;&)>,!

4(1C0<! H%! .0.4.,-! %('! /-,=,;('! 4(0! *'/*! 5,/78*0(! 0(! '*! 4(0(4>,! *I,4/,1*0/*! %,! *'5*4.*!

-*'5(0',=%*! )*! %,! '.0/(1,/(%(8>,<! P,'20)('*! *0! %,! '*4&*04.,4.70! )*! 3-,81*0/('! )*!

*'5,4.,)(-*'! /-,0'4-./('! .0/*-0('! DQMR9! Q0/*-0,%! M-,0'4-.=*)! R5,4*-'G! :! )*%! 5('/*-.(-!

,%.0*,1.*0/(!)*!*'/,'!'*4&*04.,'!4(0!%,'!=,'*!)*%!),/('!)*%!STPQ9!'*!5&)(!)*/*-1.0,-!?&*!'*!

/-,/,=,!)*!%,!*'5*4.*!.+/#"01*(2"33%#,(DS<!U.'5,.%!4(1<!5*-<G9!%(!?&*!4(.04.)*!4(0!%(!)*'4-./(!5(-!

H%1*.),!*/!,%<!DVNN"G!:!4(0!&0!-*4.*0/*!,02%.'.'!-*,%.@,)(!DH<!T,15,!4(1<!5*-G<!A(-!(/-(!%,)(9!

%('!5(4('!*'/&).('!%%*+,)('!,!4,=(!'*!B,=>,0!-*,%.@,)(!*0!4(0).4.(0*'!)*!.03*44.70!0,/&-,%!*0!

4,15(! DR4BE,-/@! */! ,%<! W#"WG9! 0(! =,;(! 4(0).4.(0*'! 4(0/-(%,),'<! A(-! *'/,! -,@709! *%! /-,=,;(!

)*',--(%%,)(!*0!*'/,!M*'.'!4(1*0@7!5(-!*'/,=%*4*-!&0!16/()(!5,-,!*%!1,0*;(!:!1&%/.5%.4,4.70!

)*%!5,/78*0(9!,'>!4(1(!&0!16/()(!)*!.0(4&%,4.70!:!*+,%&,4.70!)*!'>0/(1,'!?&*!5*-1./.*'*!*%!

*'/&).(!)*!%,!-*'5&*'/,!)*%!1,/*-.,%!+*8*/,%!3-*0/*!,%!5,/78*0(!*0!4(0).4.(0*'!4(0/-(%,),'!*0!

.0+*-0,)*-(! (! 421,-,'! )*! .0(4&%,4.70<! H'>! 1.'1(9! '*! =&'47! &0,! *'4,%,! 3*0(/>5.4,! 5,-,!

)*'4-.=.-!%,'!-*,44.(0*'!(='*-+,),'!*0!5%20/&%,9!,)(5/20)('*!&0,!*'4,%,!5-*+.,1*0/*!)*'4-./,!

*0! 4*=,),! DX,.0'! :! Y.*/@! W#ZNG<! [%*8,)('! ,! *'/*! 5&0/(! '*! =&'4,-(0! 3&*0/*'! )*! -*'.'/*04.,!

3-*0/*! ,%! ,.'%,1.*0/(! %(4,%! 4(0'*-+,)(<! $0! 4&,0/(! ,%! 4(0/-(%! 8*06/.4(! )*! %,! -*'.'/*04.,! ,%!

5,/78*0(9! ,%8&0('! ,&/(-*'! B,0! '&8*-.)(! &0,! B*-*04.,! )*! /.5(! 4&,%./,/.+(<! Y&0),'! DW#Z\G!

)*'4-.=*!&0!8*0!)(1.0,0/*! .15%.4,)(!*0! %,! -*'5&*'/,!)*! -*'.'/*04.,<!P*//!:!X.4B,*%'! DW##]G!

'&8.*-*0! %,! 5-*'*04.,! )*! &0! 8*0! )(1.0,0/*! :! (/-(! -*4*'.+(9! /-,'! %,! *+,%&,4.70! )*! +,-.,'!

5(=%,4.(0*'!^V!)*-.+,),'!)*!4-&@,1.*0/('!*0/-*!).3*-*0/*'!8*0(/.5('9!1.*0/-,'!^*--*.-,!*/!,%<!

DW###G!)*'4-.=*0!)('!8*0*'!4(15%*1*0/,-.('<!$0!0.08C0!4,'(!*'/('!8*0*'!3&*-(0! %(4,%.@,)('!

*0! *%! 1,5,! 8*06/.4(! )*! %,! *'5*4.*! 0.! '*! )*'4-.=.*-(0! 1,-4,)(-*'! 1(%*4&%,-*'! %.8,)('! ?&*!

5&).*'*0!'*-!&/.%.@,)('!*0!'*%*44.70!,'.'/.),!5(-!1,-4,)(-*'<!

!

[('! -*'&%/,)('! (=/*0.)('! *0! *'/*! /-,=,;(! .0).4,-(0! ?&*! %,! -*,44.70! 3-*0/*! ,%! ,.'%,1.*0/(! )*!

(>).(! /.*0*! &0,! 0,/&-,%*@,! 4&,%./,/.+,9! 4(.04.).*0)(! 4(0! %('! *'/&).('! -*,%.@,)('! 5-*+.,1*0/*!

5(-! (/-('! ,&/(-*'! ,! 5,-/.-! )*! *+,%&,4.(0*'! *0! 4,15(! DP*//! :!X.4B,*%'! W##]K! Y&0),'! W#Z\K!

^*--*.-,! */! ,%<! W###G<! $0! *'/*! /-,=,;(! '*! B,! 5&*'/(! ,! 5&0/(! *%! 16/()(! )*! .0(4&%,4.70! :! )*!
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1,0*;(! )*%! 5,/78*0(! :! '*! B,! ,5%.4,)(! &0,! *'4,%,! )*! *+,%&,4.70! '*04.%%,<! $0! %('! *'/&).('!

-*,%.@,)('!5-*+.,1*0/*!4(0!*'/*!5,/78*0(!'*!B,=>,0!&/.%.@,)(!*'4,%,'!=,',),'!*0!*%!5(-4*0/,;*!

)*!2-*,!)*!B(;,!,3*4/,),9!=.*0!*'4,%,'!NJ_!DY&0),'!W#Z\9!P*//!:!X.4B,*%'!W##]G!(!*'4,%,'!NJ#!

D^*--*.-,!*/! ,%<! W###G<! ! $0! %,'! *+,%&,4.(0*'! -*,%.@,),'!*0!*'/*! /-,=,;(! 3&*!5('.=%*! 4%,'.3.4,-! %,!

-*,44.70! )*! %,'! 5%20/&%,'! *0! 4.04(! 4%,'*'! 4%,-,1*0/*! ).3*-*04.,=%*'!(! /.5('! )*! .03*44.70! DMQGO!

MQN9! '.0! 4-*4.1.*0/(! +.'.=%*! )*%! B(08(! *0! %,! '&5*-3.4.*! )*! %,! B(;,K! MQW9! -*,44.70! )*!

B.5*-'*0'.=.%.),)! '(=-*! %,'! B(;,'! '.0! ,5*0,'! 4-*4.1.*0/(! )*%! 5,/78*0(K! MQV9! -*,44.70! )*!

B.5*-'*0'.=.%.),)!:!4.*-/(!)*',--(%%(!)*%!5,/78*0(K!MQZ9!4-*4.1.*0/(!1()*-,)(!)*%!B(08(!'(=-*!

%,'!B(;,'K!MQ_9!4-*4.1.*0/(!.0/*0'(!)*%!B(08(9!4&=-.*0)(!/(/,%1*0/*!%,!B(;,<![,!-*'5&*'/,!MQN!'*!

4(0'.)*-,! -*'.'/*04.,! 4(15%*/,! 1.*0/-,'! ?&*! %,'! -*'5&*'/,'! MQW9! MQV! :! MQZ! '*! 4(0'.)*-,0!

-*'.'/*04.,!1()*-,),9!3-*0/*!,!%,!-*'5&*'/,!4%,-,1*0/*!'&'4*5/.=%*!DMQ_G<![,!*'4,%,!5-(5&*'/,!

*0!*'/*!/-,=,;(!'.15%.3.4,!4(0'.)*-,=%*1*0/*!%,!*+,%&,4.70!)*!'>0/(1,'!*0!5%,0/,<!

!

$0!4&,0/(!,!%,!B*-*04.,!)*!%,!-*'.'/*04.,9! %('!-*'&%/,)('!(=/*0.)('!*0!*'/,!M*'.'!'&8.*-*0!?&*!

*'/2! 4(0/-(%,),! 5(-! &0! %.1./,)(! 0C1*-(! )*! 8*0*'! 1,:(-*'! )*! 0,/&-,%*@,! 4&,%./,/.+,9! ?&*!

5&*)*0! '*-! *5.'/2/.4('! (! ,4/&,-! )*! &0! 1()(! 4(15%*1*0/,-.(<! $'/*! /.5(! )*! -*'5&*'/,!

4&,%./,/.+,!,!(>).(!/,1=.60!B,!'.)(!)*'4-./,!*0!(/-,'!*'5*4.*'!)*! %*8&1.0(','!)*! .15(-/,04.,!

4(1(!*%!8&.',0/*!D^(0)*+.%%,!*/!,%<!VNN"K!`,/(4B!*/!,%<!VNWNG!(!%,!'(;,!D[(B0*'!:!P*-0,-)!W##VK!

`,08! :! U(&3X.,0! VNWNG9! ,'>! 4(1(! *0! %*8&1.0(','! 1()*%(! 4(1(! 4*2"$,)5( 6+%'$,6%-,(

DH1*%.0*JM(--*8-(',!*/!,%<!VNWNG<!H!5,-/.-!)*! %,'!).3*-*0/*'!)*'4*0)*04.,'!^V!(!^VOZ!*+,%&,),'!

)&-,0/*! *'/*! /-,=,;(9! '*! )*)&;(! %,! .15%.4,4.70! )*! &0(! (! )('! 8*0*'! *0! %,! -*'5&*'/,! )*!

-*'.'/*04.,9!)*5*0).*0)(!)*%!4-&@,1.*0/(!,0,%.@,)(9!,'>!4(1(!).'/.0/('!1()('!)*!B*-*04.,<!$0!

%,! 5(=%,4.70! )*-.+,),! )*%! 4-&@,1.*0/(! *0/-*! A(--.%%(! R.0/6/.4(! DMQNG! :! a,0,! DMQ_G9! '*!

.)*0/.3.4,-(0!)('!8*0*'!)(1.0,0/*'!*! .0)*5*0).*0/*'9!&0(!)*! %('! 4&,%*'!4(03.*-*! -*'.'/*04.,!

/(/,%! DMQNG! :! (/-(! -*'.'/*04.,! 5,-4.,%! DMQZG9! :,! ?&*! *0! %,! *+,%&,4.70! )*! %,! 5(=%,4.70! ^V! '*!

(='*-+,-(0! 5%20/&%,'! 4(0! /-*'! /.5('! )*! -*'5&*'/,O! MQN9! MQ_! :! MQZ<! $'/,! (='*-+,4.70! 3&*!

4(03.-1,),! 1*).,0/*! &0,! ).'*44.70! 8*06/.4,! ,! 5,-/.-! )*%! ,02%.'.'! )*! +,-.,'! 3,1.%.,'! ^Z9!

*+,%&,),'! 3-*0/*!,%!1.'1(!,.'%,1.*0/(!)*%!5,/78*0(<!A(-!(/-,!5,-/*9!*0! %,!5(=%,4.70!A(--.%%(!

R.0/6/.4(! DMQNG! I! aVbb\! DMQZG9! %,! '*8-*8,4.70! (='*-+,),! '*! ,;&'/7! ,! %(! *'5*-,)(! 5,-,! &0! 8*0!

)(1.0,0/*!?&*!4(03.*-*!-*'.'/*04.,!/(/,%9!4(03.-120)('*!?&*!,1=,'!+,-.*),)*'!4(15,-/*0!*%!

8*0! ?&*! 5-()&4*! &0,! -*'.'/*04.,! .0/*-1*).,9! MQZ<! [,! +,-.*),)! aVbb\! DMQZG! '*! 4-&@7! 4(0! %,!

+,-.*),)!cWVV!DMQ_G!:!%,!'*8-*8,4.70!'*!,;&'/7!/,1=.60!,!%(!*'5*-,)(!5,-,!&0!8*0!)(1.0,0/*9!

?&*! 4(0/-(%,! %,! -*'5&*'/,! MQZ! )*! aVbb\<! [,! +,-.*),)! a,0,! DMQ_G! /,1=.60! 3&*! 4-&@,),! 5(-! %,!

+,-.*),)! T(-0*%%! _#V_V! DMQNG! :! %,! *+,%&,4.70! )*! %,! )*'4*0)*04.,! ^V! ).(! 4(1(! -*'&%/,)(! &0,!

'*8-*8,4.70! ?&*! '*! ,;&'/7! )*! 0&*+(! ,! %(! *'5*-,)(! 5,-,! )('! 8*0*'! )(1.0,0/*'! *!
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.0)*5*0).*0/*'<!^.0,%1*0/*9!%,!*+,%&,4.70!)*!%,'!5%,0/,'!^V!)*-.+,),'!)*%!4-&@,1.*0/(!*0/-*!%,'!

+,-.*),)*'!H1,0),!DMQNG!:!a,0,!DMQ_G!).(!4(1(!-*'&%/,)(!&0,!'*8-*8,4.70!?&*!'*!,;&'/7!,!%(!

*'5*-,)(! 5,-,! )('! 8*0*'! 4(15%*1*0/,-.('9! ?&*! 4(0/-(%,->,0! *0! *'/*! 4,'(! %,! -*'5&*'/,!

-*'.'/*0/*! *0! H1,0),<! $'/*! /.5(! )*! .0/*-,44.70! 860.4,! 3&*! /,1=.60! )*'4-./,! *0! ;&)>,! 5(-!

^*--*.-,!*/!,%<!DW###G!:!B,!'.)(!)*'4-./,!*0!%,!-*'5&*'/,!,!(/-,'!*03*-1*),)*'9!4(1(!5&*)*!'*-!

%,!,0/-,40('.'!D^*--*.-,!*/!,%<!VNWZK!T,15,!*/!,%<!VNW_G9!5(-!%(!?&*!0(!*'!'(-5-*0)*0/*!?&*!&0,!

4(15%*1*0/,4.70!*0/-*!8*0*'!)*!-*'.'/*04.,!/,1=.60!5&*),!(4&--.-!*0!%,!-*'5&*'/,!,!(>).(<!

!

[,! B*-*04.,! )*! %,! -*'.'/*04.,! ,!(>).(! *0!T(-0*%%! _#V_V9! &0(!)*! %('! 8*0(/.5('!?&*!1('/-,-(0!

-*'.'/*04.,! /(/,%! ,%! 5,/78*0(! DMQNG9! '*! *+,%&7! 4(0! )*/,%%*! *0! &0,! 5(=%,4.70! )*! %>0*,'!

-*4(1=.0,0/*'!)*-.+,),'!)*%!4-&@,1.*0/(!*0/-*!T(-0*%%!_#V_V!:!%,!+,-.*),)!'&'4*5/.=%*!a,0,!

DUQ[!aTG!:!5,-,!%,!?&*!'*!).'5(0>,!5-*+.,1*0/*!)*!&0!1,5,!8*06/.4(!DA6-*@Jd*8,!*/!,%<!VNWNG<!

[,!*+,%&,4.70!)*!*'/,!5(=%,4.70!UQ[!aT!).(!4(1(!-*'&%/,)(!&0,!'*8-*8,4.70!?&*!'*!,;&'/7!,!%(!

*'5*-,)(!5,-,!)('! 8*0*'!)(1.0,0/*'!*! .0)*5*0).*0/*'9! %(!?&*! 4(03.-17! %(!(='*-+,)(!*0! %,!

*+,%&,4.70! )*! %,'! 5(=%,4.(0*'! ^V! )*-.+,),'! )*%! 1.'1(! 4-&@,1.*0/(<! A,-,! .0+*'/.8,-! %,!

%(4,%.@,4.70!)*!*'/('!)('!8*0*'!'*!-*,%.@,-(0!,02%.'.'!)*!4(0/.08*04.,!:!,02%.'.'!)*!%.8,1.*0/(!,!

5,-/.-!)*!'&=5(=%,4.(0*'<![('!,02%.'.'!)*!4(0/.08*04.,!.0).4,-(0!&0,!,'(4.,4.70!'.80.3.4,/.+,!)*!

%,! -*'.'/*04.,! 4(0! 1,-4,)(-*'! )*! )('! -*8.(0*'! 4-(1('71.4,'K! %,! -*8.70! )*%! $-%#6*+! )*!

-*'.'/*04.,!,!,0/-,40('.'!T(JV9!*0!*%!c[!A+WW!:!%,!-*8.70!)*%!$-%#6*+!T(JZ9!*0!*%!c[!A+N_<!A,-,!

4(03.-1,-! %,! .15%.4,4.70!)*!)('! 8*0*'!*0! %,! -*'5&*'/,! ,%! 5,/78*0(9! '&!1()(!)*!,44.70! :! '&!

%(4,%.@,4.70! *0! *'/,'! -*8.(0*'9! /,1=.60! '*! %%*+7! ,! 4,=(! &0,! ).'*44.70! 8*06/.4,9!1*).,0/*! *%!

4-&@,1.*0/(!*0/-*! %,!+,-.*),)!a,0,!:!)('! %>0*,'! -*4(1=.0,0/*'9! 4,),!&0,!)*! %,'! 4&,%*'! '7%(!

5-*'*0/,=,!&0(!)*! %('!8*0*'!)*!-*'.'/*04.,!,!(>).(<!M,0/(! %,'!'*8-*8,4.(0*'!(=/*0.),'!*0! %,'!

4(--*'5(0).*0/*'!5(=%,4.(0*'! ^V9! 4(1(! %('! ,02%.'.'! )*! %.8,1.*0/(! 4(03.-1,-(0! %,! %(4,%.@,4.70!

)*!%('!8*0*'!)*!-*'.'/*04.,<!e0!8*0!)(1.0,0/*9!?&*!5-()&4*!-*'.'/*04.,!/(/,%!,%!5,/78*0(9!*0!

*%!c[!A+WW!D)*0(1.0,)(!8*0!789G!:!(/-(!8*09!%(4,%.@,)(!*0!A+N_!D)*0(1.0,)(!8*0!78:G9!?&*!

5-()&4*!&0,!-*'.'/*04.,!5,-4.,%9!4(0!1()*-,)(!4-*4.1.*0/(!)*%!5,/78*0(!'(=-*!%,!5%,0/,!DMQZG<!

A&*'/(!?&*!4&,0)(!'*!4-&@,-(0!%,'!)('!%>0*,'!*%*8.),'!*0/-*!'>9!/(),'!%,'!5%,0/,'!5-*'*0/,-(0!

-*'.'/*04.,!/(/,%!DMQNG9!'*!5&*)*!)*)&4.-!?&*!*I.'/*!-*%,4.70!)*!*5.'/,'.,!)(1.0,0/*9!)*!1()(!

?&*!%,!,44.70!)*%!8*0!789!*01,'4,-,!%,!)*!78:<!

$%! B*4B(! )*! ?&*! ,1=('! 8*0*'! B,:,0! '.)(! %(4,%.@,)('! *0! -*8.(0*'! 4-(1('71.4,'! )(0)*!

5-*+.,1*0/*!'*!B,=>,0!%(4,%.@,)(!$-%#6*+#!)*!-*'.'/*04.,!,!,0/-,40('.'9!5&*)*!'&8*-.-!&0!1.'1(!

1*4,0.'1(!)*!-*'.'/*04.,<!$'/,!4(J%(4,%.@,4.70!0(!*'!'(-5-*0)*0/*!'.!/*0*1('!*0!4&*0/,!?&*!%,!

1,:(->,!)*!8*0*'!U!)*'4-./('!B,'/,!*%!1(1*0/(!'(0!,?&*%%('!?&*!4().3.4,0!5,-,!5-(/*>0,'!)*!
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/.5(!SPRJ[UU!:!?&*!*'/('!8*0*'!'&*%*0!*04(0/-,-'*!,8-&5,)('!3(-1,0)(!$-%#6*+#!)*!1C%/.5%*'!

8*0*'<! $0! %,!1,:(->,! )*! %('! 4,'('! *'/('! 8*0*'! '(0! '*4&*04.,'!1&:!5,-*4.),'! 5*-(9! ,! +*4*'9!

/,1=.60! 5&*)*0! 4(0/*0*-! '*4&*04.,'! 3.%(8*06/.4,1*0/*! ).'/,0/*'! DX,-(0*! */! ,%<! VNWZG! ?&*!

5&*)*0!-*'5(0)*-!,!).3*-*0/*'!5-(4*'('<!

9/!7*$#$3*(%#,!)*(43#%,!,!)+,$,!*(!*-!)*(13#51!:1+(*--!;<6;6!!

$0!*%! 4,'(!)*! %,! 8-,',!)*! %,! ;&)>,9! %,! *I5*-.*04.,!5-*+.,!*0! %,! .0/*-,44.70( 7;( <%-),+"#=7#0(*-,!

1,:(-! ),)(! ?&*! '*! /-,/,! )*! &0,! *03*-1*),)!1&:! *I/*0).),! *0! *%! 4&%/.+(! )*! *'/,! *'5*4.*!

DR.08B! ,0)! R4BE,-/@! VNWNG<! R*! ).'5(0>,! )*! &0! 16/()(! )*! .0(4&%,4.70! :! )*! &0! 16/()(! )*!

.)*0/.3.4,4.70! )*! +,-.,0/*'! 5,/(860.4,'9! 1*).,0/*! *%! &'(! )*! &0! ;&*8(! )*! +,-.*),)*'!

*'/,0),-.@,)(! DM,:%(-! */! ,%<! W##\G<! M,1=.60! '*! B,0! )*'4-./(! 3&*0/*'! )*! -*'.'/*04.,! :! 8*0*'!

1,:(-*'!?&*!5-(/*8*0!3-*0/*!,!-,@,'!*'5*4>3.4,'!)*%!5,/78*0(!DTB*0!*/!,%<!VNWNK!^(&-.*!*/!,%<!

VNN_K!X.f%,'! */! ,%<! VNN#9! VNWWK! M,:%(-! */! ,%<! W##\G! ,'>! 4(1(! -*'5&*'/,'! )*! /.5(! 4&,0/./,/.+(!

DH-.:,-,/B0*! */! ,%<! W###K! g,.'B! */! ,%<! VNN\G9! 5(-! %(! ?&*! 5,-*4*! ?&*! %,! -*'.'/*04.,! ,! *'/*!

5,/78*0(! 0(! *'/2! 4(0/-(%,),! 0*4*',-.,1*0/*! 5(-! 8*0*'! 1,:(-*'<! $0! *%! 4,'(! )*%! 8*0(/.5(!

T(-0*%%! _#V_V9! %,'! 5-&*=,'! -*,%.@,),'! *0! 4(%,=(-,4.70! 4(0! *%! QMHT:[! DQ0'/./&/(! M*40(%78.4(!

H8-,-.(!)*!T,'/.%%,! :! [*70G!1('/-,-(0!?&*!*'/*! 8*0(/.5(!5-*'*0/,!&0,! -*'.'/*04.,!1()*-,),!

3-*0/*!,!+,-.,'!-,@,'!)*%!5,/78*0(!:!?&*!*'/,!-*'5&*'/,!*-,!'.80.3.4,/.+,1*0/*!).3*-*0/*!)*!%,!

-*'5&*'/,! )*! %,! +,-.*),)! a,0,9! ?&*! *'! ,%/,1*0/*! '&'4*5/.=%*<! A(-! *'/,! -,@709! '*! &/.%.@7! %,!

5(=%,4.70! )*! %>0*,'! -*4(1=.0,0/*'! )*-.+,),! )*%! 4-&@,1.*0/(! *0/-*! ,1=('! 8*0(/.5('! 5,-,!

*'/&).,-!%,!B*-*04.,!)*!%,!-*'.'/*04.,!,!7#0(*0!T(-0*%%!_#V_V<!

[,!1,:(->,!)*!%('!/-,=,;('!)*'4-.=*0!&0,!-*'.'/*04.,!)*!0,/&-,%*@,!4&,%./,/.+,!,!%,!8-,',!)*!%,!

;&)>,!:!'*!B,0!%%*8,)(!,!)*'4-.=.-!]!8*0*'!)*!-*'.'/*04.,!D^(&-.*!*/!,%<!VNN_K!X.f%,'!*/!,%<!VNN#9!

VNWWG<! A*-(! /,1=.60! ,%8&0('! /-,=,;('! B,0! )*'4-./(! &0,! -*'5&*'/,! )*! /.5(! 4&,0/./,/.+(9! *0!

,?&*%%('!4,'('!*0!%('!?&*!%('!8*0*'!1,:(-*'!0(!*'/20!5-*'*0/*'!DH-.:,-,/B0*!*/!,%<!W###K!g,.'B!

*/! ,%<! VNN\G<! $0!*'/,!M*'.'! '*! .0+*'/.87! %,! -*'5&*'/,!)*%! 8*0(/.5(!T(-0*%%!_#V_V9!1*).,0/*! %,!

*+,%&,4.70!)*! %,!5(=%,4.70!)*!UQ[!aT! 3-*0/*!,!)('!,.'%,1.*0/('!)*%!5,/78*0(! DQMHJ"WV!*! QMHJ

\"_G9! 4%,'.3.4,)('! 4(1(! -,@,'! \! :! b9! -*'5*4/.+,1*0/*<! A,-,! ,1=,'! -,@,'9! '*! (='*-+,-(0!

).3*-*04.,'!'.80.3.4,/.+,'!*0/-*!5,-*0/,%*'9!5*-(!%,!-*'5&*'/,!*0!%,'!%>0*,'!*+,%&,),'!0(!1('/-7!

&0,! 4%,-,! ).3*-*04.,4.70! *0/-*! -*'5&*'/,'! '&'4*5/.=%*'! :! -*'.'/*0/*'9! '.0(! &0,! +,-.,4.70!

4(0/.0&,!?&*!5,-*4>,!.0).4,-!&0!4(0/-(%!8*06/.4(!)*!/.5(!4&,0/./,/.+(<![('!,02%.'.'!5*-1./.*-(0!

.)*0/.3.4,-!_!hM['! '.80.3.4,/.+('! D[iY!j!V<]G!*0! %('!8-&5('!)*! %.8,1.*0/(!A+N_!:!A+N\<!$%!hM[!

.)*0/.3.4,)(! *0! *%! c[! A+N_9! A'5_"WVaT9! 3&*! 1,5*,)(! *0! &0,! -*8.70! 4-(1('71.4,! ?&*!
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4(--*'5(0)*!4(0!%,!1.'1,!*0!%,!?&*!'*!B,!%(4,%.@,)(!*%! %(4&'!HAH9!?&*!4(03.*-*!-*'.'/*04.,!,!

8(-8(;(!DP%,.-!*/!,%<!VNWNG<!$0!*%!8-&5(!)*!%.8,1.*0/(!A+N\!'*!)*/*4/,-(0!Z!hM['!).3*-*0/*'9!)('!

5,-,! *%! ,.'%,1.*0/(! QMHJ\"_! DA'5\<W\"_aT! :! A'5\<V\"_aTG! :! &0(! 5,-,! *%! ,.'%,1.*0/(! QMHJ"WV!

DA'5\<W"WVaTG<! A,-,! 4(03.-1,-! %,! .15%.4,4.70!)*!4,),!&0,!)*!*'/,'! -*8.(0*'!*0! %,! -*'5&*'/,! ,%!

5,/78*0(9! '*! ).'*L7! &0,! ).'*44.70! 8*06/.4,9! -*J*+,%&,0)(! +,-.,'! %>0*,'! 4(0! 8*0(/.5('! )*!

,1=('!5,-*0/,%*'!5,-,!%('!1,-4,)(-*'!1(%*4&%,-*'!%(4,%.@,)('!*0!4,),!&0,!)*!%,'!-*8.(0*'<!R*!

(='*-+7! ?&*9! *0! *%! 4,'(! )*%! ,.'%,1.*0/(! QMHJ"WV! D-,@,! \G9! %,! -*'5&*'/,! )*! %,'! %>0*,'! 4(0!

8*0(/.5(! )*%! 5,-*0/,%! 12'! -*'.'/*0/*! 5,-,! *'/,'! -*8.(0*'! 4-(1('71.4,'! 0(! +,-.,=,!

'.80.3.4,/.+,1*0/*!-*'5*4/(!,!%,!-*'5&*'/,!)*!%,'!%>0*,'!4(0!8*0(/.5(!)*%!5,-*0/,%!'&'4*5/.=%*<!

k,:!?&*!/*0*-!*0!4&*0/,!?&*!*0!*%!4,'(!)*!%,!+,-.*),)!T(-0*%%!_#V_V!*'/*!,.'%,1.*0/(!-*'&%/7!

'*-!12'!+.-&%*0/(!?&*! QMHJ\"_<!$0!*%! 4,'(!)*%!,.'%,1.*0/(! QMHJ\"_9! '*!(='*-+7!?&*!5,-,!?&*!

B,:,! &0,! ).3*-*04.,! )*! -*'5&*'/,! '.80.3.4,/.+,9! *'! 0*4*',-.,! %,! 5-*'*04.,! )*! %('! )('! hM['!

%(4,%.@,)('!*0!*%!8-&5(!)*!%.8,1.*0/(!A+N\<!

;/!7*$#$3*(%#,!)*(43#%,!,!,(3+,%(1$#$!*(!*-!)*(13#51!=>?.9@A!!

$0!*%!4,'(!)*!%,!-*'.'/*04.,!,!,0/-,40('.'!%,!*I5*-.*04.,!)*!5,-/.),!*-,!1,:(-9!:,!?&*!'*!/-,/,!

)*! &0,! *03*-1*),)! ,15%.,1*0/*! *'/&).,),! *0! ;&)>,! 4(1C0<! Y*! B*4B(9! %,'! 5-.1*-,'!

-*3*-*04.,'!),/,0!)*!5-.04.5.('!)*%!'.8%(!aa<!H%!.0.4.,-!*'/*!/-,=,;(!'*!).'5(0>,!)*!,.'%,1.*0/('!

)*%!5,/78*0(9!16/()(!)*! .0(4&%,4.709!*'4,%,!)*!+,%(-,4.70!)*! '>0/(1,'!:! 4,-,4/*-.@,4.70!)*!

+,-.,0/*'! 5,/(860.4,'<! H'.1.'1(9! *0! ;&)>,! '*! B,0! )*'4-./(! 8*0*'! 1,:(-*'! ?&*! 4(0).4.(0,0!

-*'.'/*04.,!,!-,@,'!*'5*4>3.4,'9!1&4B('!)*!%('!4&,%*'!B,0!'.)(!%(4,%.@,)('!*0!*%!1,5,!8*06/.4(!

)*! %,! *'5*4.*! D^*--*.-,! */! ,%<! VNWZG<! $0! *'/*! 4,'(9! *%! /-,=,;(! '*! 4*0/-7! *0! *%! *'/&).(! )*! %,!

-*'.'/*04.,!,!,0/-,40('.'!*0!%,!%>0*,!R$[WZN"<!$'/,!%>0*,!)*-.+,!)*!%,!+,-.*),)!).3*-*04.,%!cVZZZ9!

&/.%.@,),!*0!%,!4,-,4/*-.@,4.70!)*!-,@,'!)*%!5,/78*0(9!:!5-*'*0/,!&0!,%/(!*'5*4/-(!)*!-*'.'/*04.,!

l3&*!-*'.'/*0/*!,%!#bm!)*!%,'!Z_!-,@,'!/*'/,),'!5(-!P,%,-).0!,0)!`*%%:!DW##"Gn<!R.0!*1=,-8(9!*0!

*%! 8*0(/.5(! R$[WZN"! '(%,1*0/*! '*! B,! )*'4-./(! *%! 8*0! )*! -*'.'/*04.,! >5=?:9! %(4,%.@,)(! *0! *%!

8-&5(!)*!%.8,1.*0/(!A+N"9!?&*!4(03.*-*!-*'.'/*04.,!3-*0/*!,!%,'!-,@,'!bZ!:!W]_]!)*%!5,/78*0(!

Dg(&08!:!`*%%:!W##\K!X*%(//(!*/!,%<!VNN_G<!

A,-,!.0+*'/.8,-!%,!B*-*04.,!)*!%,!-*'.'/*04.,!,!,0/-,40('.'!*0!*'/,!%>0*,9!'*!,0,%.@7!%,!-*'5&*'/,!

,! 4.04(! -,@,'! *0! &0,! 5(=%,4.70! ^VOZ! )*-.+,),! )*%! 4-&@,1.*0/(! *0/-*! R$[WZ"N! :! %,! +,-.*),)!

).3*-*04.,%! XYU`! DX.4B.8,0! Y,-f! U*)! `.)0*:G<! $0! %('! /*'/! )*! -*'.'/*04.,! %('! 3*0(/.5('!

-*'.'/*0/*!:!'&'4*5/.=%*!3&*-(0!4%,-,1*0/*!).3*-*04.,=%*'9!)*!1()(!?&*!'*!5&*)*!)*'4,-/,-!&0!

1()(!)*!B*-*04.,!4&,0/./,/.+(<![,'!*+,%&,4.(0*'!3-*0/*!,!%,'!-,@,'!Z!:!b!.0).4,-(0!%,!5-*'*04.,!
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)*!&0!'(%(!8*0!)(1.0,0/*!.15%.4,)(!*0!%,!-*'5&*'/,<!H&0?&*!'*!(='*-+7!-*4(1=.0,4.70!*0/-*!

,1=('!8*0*'9!%('!)('!%(4.!3&*-(0!1,5*,)('!*0!&0,!1.'1,!-*8.70!)*%!*I/-*1(!)*!A+NZ!D8*0*'!

>59@A=B.C/(>59@@=B.CG<!$%!(-.8*0!)*!*'/('!0&*+('!8*0*'!)*!-*'.'/*04.,!0(!5&*)*!'*-!)*)&4.)(!:,!

?&*!0(!'*!4(0(4*! %,! -*'5&*'/,! 3-*0/*!,!,1=,'! -,@,'!)*! %('!8*0(/.5('!M,%,1,04,!:!cVZZZ9!,!

5,-/.-!)*!%('!4&,%*'9!'*!(-.8.07!%,!%>0*,!!R$[WZN"<!$0!*%!4,'(!)*!%,'!-,@,'!\!:!Z"9!%,!'*8-*8,4.70!'*!

,;&'/7! ,! %(! *'5*-,)(! 5,-,! )('! 8*0*'! )(1.0,0/*'! *! .0)*5*0).*0/*'<! H! /-,+6'! )*! %('! /*'/! )*!

4(0/.08*04.,!:!%('!,02%.'.'!)*!'&=5(=%,4.(0*'9!'*!5&)(!)*)&4.-!?&*!5,-,!4,),!&0,!)*!%,'!-,@,'!

%,!-*'5&*'/,!)*!-*'.'/*04.,!+*0)->,!),),!5(-!&0!8*0!%(4,%.@,)(!*0!*%!c[!A+N"9!4(.04.).*0)(!4(0!

%,!-*8.70!)*%!$-%#6*+!)*!-*'.'/*04.,!T(J_!D8*0*'!>5=?D=B.C(/(>5=?AE=B.CG9!:!5(-!(/-(!8*0!%(4,%.@,)(!

/,1=.60!*0!*%!*I/-*1(!)*!A+NZ<!

!

$0!*%!c[!A+NZ!'*!)*'4-.=.7!5-*+.,1*0/*! %,!*I.'/*04.,!)*%!8*0!>5=9A!*0!*%!8*0(/.5(!o,%(![.'/,'!

A-*/,'9! %.8,)(!,%!1,-4,)(-!UHAY!iAdVN\"N! D[,4,0,%%(!*/!,%<!VNWNG9!*%! 4&,%!B,=>,! '.)(! .04%&.)(!

5-*+.,1*0/*! *0! *%! 1,5,! 8*06/.4(! 4(0'*0'(! D^-*:-*! */! ,%<! W##"G<! [('! -*'&%/,)('! (=/*0.)('!

.0).4,0! ?&*! 0(! '*! /-,/,->,! )*%! 1.'1(! 8*0<! [('! ,02%.'.'! )*! 4(0/.08*04.,! :! %('! ,02%.'.'! )*!

%.8,1.*0/(!/,0/(!).-*4/('9!4(1(!,!5,-/.-!)*!'&=5(=%,4.(0*'9!0(!-*+*%,-(0!&0,!-*%,4.70!*'/-*4B,!

*0/-*! %('! 8*0*'! )*! -*'.'/*04.,! :! *'/*!1,-4,)(-9! %(! ?&*! .0).4,! ?&*9! ,%!1*0('! 5,-,! %,'! -,@,'!

,0,%.@,),'9! >5=9A! 0(! *'/,->,! .15%.4,)(! *0! %,! -*'5&*'/,<! S(! (='/,0/*9! *0! *'/*! *I/-*1(!

4-(1('71.4(!)(0)*!'*!%(4,%.@,-(0!%('!8*0*'!>59@A=B.C(/(>59@@=B.C(/,1=.60!'*!B,0!)*'4-./(!(/-('!

8*0*'!)*!-*'.'/*04.,!,!(/-('!5,/78*0('9!4(1(!*%!+.-&'!)*%!1(',.4(!4(1C0!DX.f%,'!*/!,%<!VNNNG!(!

*%! +.-&'! )(-,)(! )*%! 1(',.4(! ,1,-.%%(! DP%,.-! */! ,%<! VNNbG<! A,-,! %,! -,@,! bZ9! %('! -*'&%/,)('!

(=/*0.)('! *0! *'/*! /-,=,;(! 4(.04.)*0! 4(0! %(! )*'4-./(! B,'/,! *%! 1(1*0/(9! *'! )*4.-9! ?&*! *%!

8*0(/.5(!R$[WZN"!5-*'*0/,!&0!8*0!)*!-*'.'/*04.,!%(4,%.@,)(!*0!*%!$-%#6*+!T(J_!D>5=?:G<!$0!'&1,!

%('!,02%.'.'!)*!%,!-*'5&*'/,!,!,0/-,40('.'!*0!*'/,!5(=%,4.70!B,0!5*-1./.)(!.)*0/.3.4,-!&0,!0&*+,!

-*8.70!4-(1('71.4,!.15%.4,),!*0!%,!-*'.'/*04.,!,!,0/-,40('.'!*0!;&)>,!4(1C09!%(4,%.@,),!*0!*%!

*I/-*1(!)*%!c[!A+NZ<!

B/!C*(*$!%,(2#2,31$!

$0! %('! C%/.1('! 4.04(! ,L('!B,0! (4&--.)(! )('! B*4B('! -*%*+,0/*'! 5,-,! %('! ,02%.'.'! 8*06/.4('! *0!

5%,0/,'<! $%! 5-.1*-(! )*! *%%('! B,! '.)(! %,! ,5,-.4.70! )*! %,'! 0&*+,'! /640.4,'! :! *?&.5('! 5,-,! %,!

'*4&*04.,4.70! )*%! HYS! DQ%%&1.0,9! Q(0! M(--*0/9! A:-('*?&*04.089! Ri[.YG9! %(! ?&*! *'! 4(0(4.)(!

4(1(! p0*I/J8*0*-,/.(0! '*?&*04.08p! DScRG<! $'/,! /*40(%(8>,! 5*-1./*! -*)&4.-! %('! 4('/*'! )*! %,!

'*4&*04.,4.70!:!*%!/.*15(!)*!,02%.'.'!'.80.3.4,/.+,1*0/*9!,&0?&*!'&5(0*!&0,!8-,0!4(15%*;.),)!

*0!*%!,02%.'.'!=.(.03(-12/.4(!D^*&.%%*/!*/!,%<!VNWWK![,08-)8*!:!^%*&-:!VNWWK!X.4B,*%!:!o,4f'(09!
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VNWZK!X(--*%%! */! ,%<!VNWVG<!e0,!5-.1*-,! 4(0'*4&*04.,!)*! %,!).'5(0.=.%.),)!)*! /*40(%(8>,'!)*!

'*4&*04.,4.70! *'! &0! 4-*4.1.*0/(! *0(-1*!)*! %,'! =,'*'! )*! ),/('! )*! '*4&*04.,'9! ?&*! 5(0*0!,!

).'5('.4.70!)*%!.0+*'/.8,)(-!0&*+,'!B*--,1.*0/,'!5,-,!*%!,02%.'.'!8*06/.4(9!4(1(!5&*)*0!'*-O!

J!*%!)*',--(%%(!)*!1,-4,)(-*'!*'5*4>3.4('!5,-,!-*8.(0*'!8*071.4,'!4(04-*/,'!D1,-4,)(-*'!,!%,!

4,-/,G9!=.*0!5,-,!',/&-,-!&0,!-*8.70!(!=.*0!5,-,!)*',--(%%,-!1,-4,)(-*'!3&04.(0,%*'!,'(4.,)('!

,!%,!*I5-*'.70!)*!&0!4,-24/*-<!!

J!%,!=C'?&*),!)*!8*0*'!4(0!'*4&*04.,'!B(17%(8,'!D8*0*'!(-/7%(8('!(!5,-2%(8('G9!*0!%(!?&*!'*!

4(0(4*! 4(1(!8*06/.4,! .0+*-',9! *'!)*4.-9! ,!5,-/.-! )*! %,! '*4&*04.,!)*!&0!8*0! 4(0!&0,! 3&04.70!

)*'4-./,9!.)*0/.3.4,-!8*0*'!4(0!'*4&*04.,'!'.1.%,-*'!*0!(/-,!*'5*4.*<!

[,!/*40(%(8>,!ScR!/,1=.60!(3-*4*!%,!5('.=.%.),)!)*!-*J'*4&*04.,4.70!)*!).3*-*0/*'!8*0(/.5('!D(!

-*8.(0*'!8*071.4,'G!)*0/-(!)*!&0,!*'5*4.*!4(0! -*%,/.+,! 3,4.%.),)!:!)*!*'/*!1()(!,0,%.@,-! %,!

+,-.,4.70!)*0/-(!)*!&0,!*'5*4.*!,!0.+*%!)*!8*0*'<!!

i/-(!B*4B(!-*%*+,0/*!B,!'.)(!%,!5&=%.4,4.70!)*!%,!'*4&*04.,!)*%!8*0(1,!)*!;&)>,!.04%&:*0)(!%,!

5-*).44.70!,&/(12/.4,!)*!8*0*'9! '&!5('.=%*! 3&04.709! %('!0.+*%*'!)*!*I5-*'.70!*0!1USH!:! %,'!

'*4&*04.,'!)*!5-(/*>0,'!DEEE<5B:/(@(1*<0*/G<!$%!8*0(/.5(!'*4&*04.,)(!3&*!cW#"ZZ9!4(0!&0,'!

4,-,4/*->'/.4,'! 1(-3(%78.4,'! :! 1(%*4&%,-*'! ?&*! %(! .04%&:*0! *0! *%! 8-&5(! )*! 8*-1(5%,'1,!

,0).0(<!H&0?&*!4(0!4.*-/,'!%.1./,4.(0*'9!%,!).'5(0.=.%.),)!)*!*'/*!8*0(1,!5*-1./*!.-!12'!,%%2!

)*!%('!,02%.'.'!8*06/.4('!4%2'.4('9!*'/(!*'9!)*!%,!.)*0/.3.4,4.70!)*!%,!-*8.70!)(0)*!'*!%(4,%.@,0!%('!

8*0*'!.15%.4,)('!*0!%,!*I5-*'.70!)*!&0!4,-24/*-<!e0,!+*@!%(4,%.@,)(!&0!8*0!(!hM[!*0!*%!1,5,!

8*06/.4(!*'!5('.=%*!-*%,4.(0,-%(!4(0!%,!5('.4.70!*0!*%!1,5,!3>'.4(!D'*4&*04.,!)*!0&4%*7/.)('!)*!

4,),!4-(1('(1,G!1*).,0/*!*%!,%.0*,1.*0/(!)*!%,'!'*4&*04.,'!)*!%('!1,-4,)(-*'!3%,0?&*,0/*'!

)*!%,!-*8.70!)*!.0/*-6'<!H4(/,),!%,!-*8.70!3>'.4,!*0!%,!?&*!'*!*04&*0/-,!&0!8*0!1,:(-!(!hM[9!*'!

5('.=%*!4(0(4*-! %('!8*0*'!5-*).4B('!*0! %,! -*8.709!'&'! 3&04.(0*'!,0(/,),'!:!'&8*-.-! %('!8*0*'!

?&*! /*0/,/.+,1*0/*! 5&).*-,0! *'/,-! .15%.4,)('! *0! %,! *I5-*'.70! )*%! 4,-24/*-<! $'/*! /.5(! )*!

,02%.'.'!D4(0(4.)(!4(1(!,02%.'.'!"'(#"-"$5G!B,!'.)(!&/.%.@,)(!5,-,!5-(5(0*-!8*0*'!4,0).),/('!*0!

%('!hM[!,'(4.,)('!,!%,!-*'5&*'/,!,!7#0(*0!T(-0*%%!_#V_V<!Y,)(!?&*!%,!-*8.70!,4(/,),!*-,!1&:!

*I/*0',9!'*!=&'4,-(0!'*4&*04.,'!B(17%(8,'!)*!8*0*'!4(0(4.)('!.15%.4,)('!*0!%,!-*'5&*'/,!,!

7#0!*0!(/-,'!*'5*4.*'<!R*!&/.%.@,-(0!'*4&*04.,'!)*!8*0*'!4(0(4.)('!4(1(!F7499!F7G9=H9!ICJ:!

:!7659! )*!).3*-*0/*'!*'5*4.*'! :! '*! -*,%.@7!&0!P[HRM!*0/-*! %,'! '*4&*04.,'!)*!*'/('! 8*0*'!:! %,!

'*4&*04.,!!8*071.4,!)*%!8*0(/.5(!cW#"ZZ<!Y*0/-(!)*!%,'!-*8.(0*'!?&*!'*!4(--*'5(0)*0!4(0!%('!

hM['! .)*0/.3.4,)('! *0! *'/*! /-,=,;(! '*! *04(0/-,-(0! &0! /(/,%! )*! W\! 8*0*'! 4,0).),/('9! ?&*!

5-*'*0/,-(0! ,%/,! B(1(%(8>,! 4(0! %,'! '*4&*04.,'! &/.%.@,),'! *0! *%! P[HRM! D+,%(-! $! q! WIWNJ_NG<! Y*!

/()('!*%%('9!#!4().3.4,0!5-(/*>0,'!4(0!1(/.+('![UU9!-*%,4.(0,)('!*'/-*4B,1*0/*!4(0!5-(4*'('!



!"#$%#"&'()*'*+,-(

#b! !

)*!-*'.'/*04.,!,!5,/78*0('<![('!(/-('!b!4().3.4,0!5-(/*>0,'!)*!/.5(!'*-.0,J/-*(0.0,!?&.0,',9!_!

)*! %,'! 4&,%*'! /,1=.60! .04(-5(-,0! -*4*5/(-*'! )*! /.5(! [UU<! H&0?&*! 4(0(4*-! /()('! %('! 8*0*'!

.15%.4,)('! :! '&! ,44.70! *'! 12'! ).3>4.%! *0! *%! 4,'(! )*! -*'5&*'/,'! 4&,0/./,/.+,'9! *'! .15(-/,0/*!

.0+*'/.8,-!*%!3&04.(0,1.*0/(!)*!*'/('!hM['!*0!-*'5&*'/,'!)*!-*'.'/*04.,!*0!,&'*04.,!)*!8*0*'!

1,:(-*'<!M,1=.60!*'!5-*4.'(!)*%.1./,-!)*!&0,!1,0*-,!12'!*3.4,@9!%,'!-*8.(0*'!4-(1('71.4,'!

.15%.4,),'!*0!*'/,'! -*'5&*'/,'9!5,-,!?&*!1*).,0/*!1*;(-,!,'.'/.),!5(-!1,-4,)(-*'9!'*,!12'!

324.%! .0/-(8-*',-! *'/,'! -*8.(0*'! *0! 8*0(/.5('! )*! .0/*-6'! :! (=/*0*-! 0&*+,'! +,-.*),)*'!

-*'.'/*0/*'!,%!5,/78*0(<!

!

$0!*%!4,'(!)*!%,!-*'.'/*04.,!8*06/.4,!,!%,'!-,@,'!Z!:!b!)*!,0/-,40('.'9!5-*'*0/*!*0!*%!8*0(/.5(!

R$[WZN"!:!1,5*,),!*0!*%!*I/-*1(!)*%!c[!A+NZ9!'*!5&)(!.)*0/.3.4,-!*0!*%!*0/(-0(!&0!$-%#6*+!)*!

8*0*'!4,0).),/('!*0!%,!5('.4.70!3>'.4,!*0/-*!%,'!W#Z<_N#!:!%,'!ZV]<b_V!5=<!$0!*'/*!$-%#6*+!B,0!

'.)(! ,0(/,)('! Z! 8*0*'! ?&*! 4().3.4,0! 5,-,! 5-(/*>0,'! -*%,4.(0,),'! 4(0! -*'.'/*04.,! ,!

*03*-1*),)*'! :!(/-('! _! 8*0*'! ?&*! 4(0/.*0*0! /,1=.60! )(1.0.('!SPRJHUT9! -*%,4.(0,)('! 4(0!

-*'.'/*04.,! ,! 5,/78*0('<! H)*12'9! *0! *'/*! 1.'1(! $-%#6*+! '*! B,0! ,0(/,)(! )('! 8*0*'! ?&*!

4().3.4,0!5,-,!5-(/*>0,'!)*!/.5(!5*-(I.),',9!/,1=.60!-*%,4.(0,),'!4(0!5-(4*'('!)*!-*'5&*'/,!

3-*0/*!,!5,/78*0('9!1*).,0/*!%,!3(-1,4.70!)*!*'5*4.*'!-*,4/.+,'!)*%!(I>8*0(!(!UiR!D[.&!*/!,%<!

VNWNK! irP-.*0! */! ,%<! VNWVG<! $0! *'/*! 5&0/(! 4(0+.*0*! '*L,%,-! ?&*9! ,&0?&*! '*! )*',--(%%7! &0!

1,-4,)(-!)*!*'/*!$-%#6*+!DA+ZsZZNN,9!,!5,-/.-!)*!%,!'*4&*04.,!)*%!8*0!AB+&%<NNZcNNZZNNG!:!*%!

*I/-*1(!)*%!c[!A+NZ!*'/,=,!',/&-,)(!)*!1,-4,)(-*'9!%('!8*0*'!)*!-*'.'/*04.,!,!%,'!-,@,'!Z!:!b!

0(!'*! %.8,-(0!*'/-*4B,1*0/*!,!0.08C0!1,-4,)(-9!5(-! %(!?&*!0(!*'!5('.=%*!,'*8&-,-!?&*!*'/*!

$-%#6*+!*'/6!.15%.4,)(!*0!%,!-*'.'/*04.,!,!%,'!-,@,'!*+,%&,),'<!$'/*!B*4B(!5(0*!)*!1,0.3.*'/(!%,!

).3.4&%/,)!*0!-*%,4.(0,-!*%!1,5,!3>'.4(!4(0!*%!1,5,!8*06/.4(!)*=.)(!,!3,4/(-*'!4(1(O!

.G! d,-.,4.70! *0/-*! 8*0(/.5('9! 4(1(! 4,1=.('! *'/-&4/&-,%*'! *0! 4-(1('(1,'! D.0'*-4.(0*'9!

)*%*4.(0*'9! )&5%.4,4.(0*'9! .0+*-'.(0*'! (! /-,'%(4,4.(0*'G! (! 4,1=.('! *0! '*4&*04.,! )*!

0&4%*7/.)('<!k,:!?&*! /*0*-!*0! 4&*0/,!?&*!*%! ,02%.'.'! "'( #"-"$5! '*! -*,%.@7! '(=-*!*%! 8*0(1,!)*!

cW#"ZZ9! 8*0(/.5(! ).3*-*0/*! ,%! 8*0(/.5(! )*! .0/*-6'9! :,! ?&*! *'! *%! C0.4(! 4&:,! '*4&*04.,! '*!

*04&*0/-,!).'5(0.=%*<!

..G!k,:!1&4B,'!+,-.,=%*'!:!5,-21*/-('!?&*!5&*)*0!.03%&.-!*0!%,!(=/*04.70!)*!&0,!'*4&*04.,!)*!

0&4%*7/.)('!:!'&!,0(/,4.70!Dg,0)*%%!:!$04*!VNWVG<!

...G! [('! 1,5,'! 8*06/.4('! *'/20! =,',)('! *0! %,! 3-*4&*04.,! )*! -*4(1=.0,4.70! *0/-*! %('! %(4.! :!

1&4B('! 3,4/(-*'! 5&*)*0! ,3*4/,-! ,! '&! *'/.1,4.709! 4(1(! 5&*)*! '*-! %,! 5-*4.'.70! *0! *%!

p3*0(/.5,)(p!:!p8*0(/.5,)(p9!/,1,L(!)*!%,!5(=%,4.709!,@,-<<<!



!"#$%#"&'()*'*+,-(

#"! !

$0! /()(! 4,'(9! *%! 1,5*(! 8*06/.4(! 4(0'/./&:*! &0! 5-.1*-! 5,'(! *0! %,! %(4,%.@,4.70! )*! %,! -*8.70!

8*071.4,!.15%.4,),!*0!*%!4(0/-(%!8*06/.4(!)*!&0!4,-24/*-!5(-!&0,!,5-(I.1,4.70!).-*4/,!:!12'9!

4(1(!*0!*'/*!4,'(9!4&,0)(!'*!/-,/,!)*!0&*+,'!-*8.(0*'!*0!%,'!?&*!5-*+.,1*0/*!0(!'*!B,=>,0!

)*'4-./(!8*0*'!)*!-*'.'/*04.,!5,-,!*'*!5,/78*0(!:!5,-,!%,'!?&*!0(!*I.'/*0!1,-4,)(-*'!%.8,)('<!

D/!EF5-#%,%#1(*$!*(!-,!F*G1+,!)*(43#%,!2*!G&28,!

$'/*!/-,=,;(!B,!5*-1./.)(!,5(-/,-!.03(-1,4.70!-*%*+,0/*!5,-,!%,!1*;(-,!8*06/.4,!3-*0/*!,!(>).(!

*0! ;&)>,<! $%! /-,=,;(! )*'4-.=*! &0!16/()(!5,-,! *+,%&,-! %,! -*'5&*'/,! ,! (>).(! *0! 5%20/&%,'! =,;(!

4(0).4.(0*'! 4(0/-(%,),'9! ,'>! 4(1(! &0,! *'4,%,! )*! +,%(-,4.70! )*! '>0/(1,'! 4(03.,=%*! :!

-*5-()&4.=%*<!H'.1.'1(9! *'/*! /-,=,;(!5*-1./.7! .)*0/.3.4,-! \! 3&*0/*'!)*! -*'.'/*04.,! :!)*'4-.=.-!

)('!8*0*'!)*!-*'.'/*04.,9!789!:!789!*0!*%!8*0(/.5(!T(-0*%%!_#V_V<!$%!8*0!7899!%(4,%.@,)(!*0!*%!

c[! A+WW9! 5-(/*8*! /(/,%1*0/*! 3-*0/*! ,%! ,/,?&*! )*! *'/*! 5,/78*0(! :! '*->,! &0! 4,0).),/(! ,! '*-!

.0/-(8-*',)(! *0! *%! /.5(! 3,=,! 8-,0;,! ,'/&-.,0,9! 1&:! '&'4*5/.=%*! 3-*0/*! ,! *'/*! 5,/78*0(<! R&!

%(4,%.@,4.70! *0! *%!1,5,! 8*06/.4(! 5(0*! ,! ).'5('.4.70!&0! ,=,0.4(! )*!1,-4,)(-*'!1(%*4&%,-*'!

5,-,!%,!'*%*44.70!,'.'/.),<!

[('!8*0*'!)*!-*'.'/*04.,!,!%,'!-,@,!\!:!Z"!)*!,0/-,40('.'9!%(4,%.@,)('!*0!%,!5('.4.70!)*%!$-%#6*+!

T(JV9! 3&*-(0! .0/-(8-*',)('! ,! 5,-/.-! )*! %,! +,-.*),)! R,0.%,4P4\H-*! D)*-.+,),! 5(-!

-*/-(4-&@,1.*0/('! )*! T(-0*%%! _#V_VG! *0! %,! +,-.*),)! )*! 3,=,! 8-,0;,! H0)*4B,! D^*--*.-,! */! ,%!

VNWVG!5,-,!(=/*0*-! %,'! %>0*,'!HW"b"!:!HV"V\<!H1=,'! %>0*,'!5-*'*0/,-(0!&0,!-*'5&*'/,!MQZ!,!

(>).(<!$'/*!-*'&%/,)(!*'!4(B*-*0/*!4(0!%,!-*'5&*'/,!)*!R,0.%,4P4\H-*!3-*0/*!,%!,.'%,1.*0/(!)*!

(>).(! DMQZG!:! '&8.*-*!?&*!*0!*'/,!5('.4.70! /,1=.60!B,:!&0! %(4&'!?&*!4(0).4.(0,!*'/*! /.5(!)*!

-*'5&*'/,9! ,)*12'! )*%! 8*0! 789( )*-.+,)(! )*! T(-0*%%! _#V_V<! A-(=,=%*1*0/*! &0! *+*0/(! )*!

-*4(1=.0,4.70!*0/-*!%('!8*0*'!)*!-*'.'/*04.,!T(J!:!*%!8*0!789!B,!),)(!%&8,-!,!%,!56-).),!)*!

*'/,! -*'.'/*04.,<! T(0'.)*-,0)(! *'/('! -*'&%/,)('9! '*! *'/2! )*',--(%%,0)(! &0! 5-(8-,1,! )*!

-*/-(4-&@,1.*0/('! 5,-,! .0/-(8-*',-! %,! -*'.'/*04.,! ,! (>).(! *0! *%! /.5(! 3,=,! 8-,0;,! ,'/&-.,0,9!

&',0)(!4(1(!3&*0/*!)*!-*'.'/*04.,!A(--.%%(!R.0/6/.4(!:!4(1(!5,-*0/,%!-*4&--*0/*!%,!+,-.*),)!)*!

3,=,!8-,0;,!,'/&-.,0,!aVbb\!5(-/,)(-,!)*!8*0*'!)*!-*'.'/*04.,!!,0/-,40('.'!*0!*%!$-%#6*+!T(JV!

DM-,=,04(!*/!,%<!VNWZG<!

$0! %(! ?&*! -*'5*4/,! ,! %,! -*'.'/*04.,! ,! %,! 8-,',! )*! %,! ;&)>,9! %('! -*'&%/,)('! 0(! 5*-1./.*-(0!

.)*0/.3.4,-! 8*0*'!1,:(-*'! ?&*! ,5(-/*0! &0,! ,%/,! 5-(/*44.70! 3-*0/*! ,! *'/*! 5,/78*0(9! ,&0?&*!

*'/(!0(!3&*!'(-5-*0)*0/*9!),)('! %('!0.+*%*'!1()*-,)('!)*!-*'.'/*04.,!(='*-+,)('!*0!T(-0*%%!

_#V_V<! R.*15-*! *'! )*'*,=%*! ).'5(0*-! )*! 8*0*'! 1,:(-*'! :,! ?&*! '(0! 12'! 324.%1*0/*!

1,0*;,=%*'! *0! %('! 5-(8-,1,'! )*!1*;(-,! 8*06/.4,! ?&*! %('! hM[<! S(! (='/,0/*9! %('! -*'&%/,)('!



!"#$%#"&'()*'*+,-(

##! !

5&'.*-(0! )*! 1,0.3.*'/(! ?&*! %,! -*'5&*'/,! ,! 8-,',! /,1=.60! 5&*)*! /*0*-! &0,! *I5-*'.70!

4&,0/./,/.+,!?&*!0(!)*=*!'*-!)*'5-*4.,),!*0!%('!5-(8-,1,'!)*!1*;(-,!8*06/.4,<!

^.0,%1*0/*9!*'/*!/-,=,;(!)*'4-.=*!&0,!0&*+,!-*8.70!8*071.4,!.15%.4,),!*0!*%!4(0/-(%!8*06/.4(!

)*! %,! -*'5&*'/,! 3-*0/*9! ,%!1*0('9! 4&,/-(! -,@,'! )*! ,0/-,40('.'! *0! ;&)>,! 4(1C0<!S(!5()*1('!

4(03.-1,-!'.!*'/,!-*8.70!8*071.4,!5-(4*)*!)*!%,!+,-.*),)!).3*-*04.,%!cVZZZ9!),)(!?&*!%,!%>0*,!

R$[WZN"! )*-.+,! )*%! 4-&@,1.*0/(! M,%,1,04,tVFcVZZZ! :! )*'4(0(4*1('! %,! -*'5&*'/,! )*%!

5,-*0/,%! M,%,1,04,! ,! %,'! -,@,'! Z! :! b<! $0! /()(! 4,'(9! *'/,! -*8.70! 5&*)*! '*-! &/.%.@,),! 5,-,! *%!

)*',--(%%(!)*!0&*+,'!+,-.*),)*'!-*'.'/*0/*'!(!*%!,8-&5,1.*0/(!)*!8*0*'!)*!-*'.'/*04.,!*0!&0!

)*/*-1.0,)(!8*0(/.5(!)*! .0/*-6'!?&*! -*C0,!&0!,15%.(!*'5*4/-(!)*! -*'.'/*04.,! 3-*0/*!,!*'/*!

5,/78*0(<! S(! (='/,0/*9! *0! %,! 1*;(-,! 3-*0/*! ,! ,0/-,40('.'! '*! )*=*! /*0*-! *0! 4&*0/,! %,! ,%/,!

*'5*4.3.4.),)!*0!%,!.0/*-,44.70!B(08(J5%,0/,!D^*--*.-,!*/!,%<!VNWZG9!)*!1()(!?&*!*0!*%!4,'(!)*!

-,@,'! ).3*-*0/*'! ,! %,'! &',),'! *0! *'/*! /-,=,;(9! )*=*->,! ,0,%.@,-'*! *'5*4>3.4,1*0/*! *%! 4(0/-(%!

8*06/.4(!:!%,'!-*8.(0*'!8*071.4,'!.15%.4,),'!*0!%,!-*'.'/*04.,!,!*','!-,@,'<!

H/!"*$,I81$!*(!*-!I&3&+1!

$'/,! M*'.'! B,! 5*-1./.)(! .)*0/.3.4,-! '*.'! 3&*0/*'! )*! -*'.'/*04.,! ,! (>).(9! ,&0?&*! '7%(! '*! B,!

4,-,4/*-.@,)(! *0! )*/,%%*! %,! -*'.'/*04.,! *0! &0,! )*! *%%,'9! T(-0*%%! _#V_V<! A(-! /,0/(9! -*'&%/,!

-*4(1*0),=%*!,=(-),-! %,!4,-,4/*-.@,4.70!)*! %,! -*'.'/*04.,!,!*'/*!5,/78*0(!*0! %,'!(/-,'!4.04(!

+,-.*),)*'! DA(--.%%(! R.0/6/.4(9! P*%0*=9! H1,0),9! S*8-(! R,0! [&.'! :! Pc$NZW\WG! )*! 1()(! ?&*!

5(),1('!4(0(4*-!'.!*I.'/*0!8*0*'!)*!-*'.'/*04.,!).3*-*0/*'!,!%('!)*'4-./('!*0!T(-0*%%!_#V_V<![,!

4,-,4/*-.@,4.70! )*! *'/,'! 3&*0/*'! )*! -*'.'/*04.,! 5*-1./.-2! ?&*! /,1=.60! 5&*),0! '*-! &/.%.@,),'!

5(-!%('!1*;(-,)(-*'<!

A(-!(/-(!%,)(9!&0(!)*!%('!-*/('!,4/&,%*'!*0!*%!*'/&).(!)*!%,!-*'.'/*04.,!,!5,/78*0('9!,'>!4(1(!

)*! (/-('! 4,-,4/*-*'! )*! .0/*-6'9! *'! %,! +,%.),4.70! )*! 8*0*'! 4,0).),/('! 5,-,! 4(03.-1,-! '&!

.15%.4,4.70!*0!*%!4(0/-(%!)*!&0!)*/*-1.0,)(!4,-24/*-<!$'!)*4.-9!u/-,)&4.-v!%('!),/('!8*06/.4('!

*0! ),/('! 8*071.4('<! $%! B*4B(! )*! ?&*! *%! 8*0(1,! )*! ;&)>,! B,:,! '.)(! '*4&*04.,)(! :! *'/6!

).'5(0.=%*! 5,-,! %('! .0+*'/.8,)(-*'! B,! 3,4.%./,)(! *0(-1*1*0/*! %,! (=/*04.70! )*! 1,-4,)(-*'!

1(%*4&%,-*'! u,! %,! 4,-/,v! 5,-,! ',/&-,-! )*/*-1.0,),'! -*8.(0*'! 4-(1('71.4,'! )*! .0/*-6'! :!

,5-(I.1,'*! ,! %('! 8*0*'! 4,0).),/('<! e0,! )*! %,'! 0&*+,'! ,%/*-0,/.+,'! 5,-,! ,4(/,-! *3.4,@1*0/*!

-*8.(0*'!)*!.0/*-6'!:F(!1,5*(!3.0(!*'!*%!8*0(/.5,)(!1,'.+(!5(-!'*4&*04.,4.70!(!pc*0(/:5.08!

=:!R*?&*04.08p!D$%'B.-*!*/!,%<!VNWWG<!$'*04.,%1*0/*!*'/,!/640.4,!4(1=.0,!%,!).8*'/.70!)*%!HYS9!

*%!,4(5%,1.*0/(!)*!&0('!,),5/,)(-*'9! %,!,15%.3.4,4.70!)*! %('! 3-,81*0/('!1*).,0/*!ATU!:! %,!

'*4&*04.,4.70! )*! 3-,81*0/('! )*! *0/-*! ]N! :! W]N! 5=<! [,! +,-.,4.70! *0! %,! '*4&*04.,! )*! *'/('!
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WNN! !

3-,81*0/('! DR.08%*!S&4%*(/.)*! A(%:1(-5B.'1!(! RSA'G! 5&*)*! '*-! )*/*4/,),! :! %('! 3-,81*0/('!

5&*)*0! '*-! 5('.4.(0,)('! 3-*0/*! ,! &0! 8*0(1,! )*! -*3*-*04.,! D$%'B.-*! */! ,%<! VNWWG<! $'/*!

8*0(/.5,)(! B,! '.)(! &',)(! *0! %,! 4(0'/-&44.70! )*! 1,5,'! 8*06/.4('9! ,02%.'.'! )*! 5,0*%*'! )*!

,'(4.,4.709!(!*0!/-,=,;('!)*!'*%*44.70!8*071.4,!DA(%,0)!:!U.3*!VNWVG<!!

$0! *'/*! /-,=,;(! )*! ,5-(I.1,4.70! ,%! 8*0! )*! .0/*-6'9! %,! './&,4.70! )*'*,=%*! *'! *04(0/-,-! &0!

%.8,1.*0/(!,='(%&/(!*0/-*!&0!8*0!5-*).4B(9!*/.?&*/,)(!,!/-,+6'!)*!&0!1,-4,)(-9!:!%,!*I5-*'.70!

)*! &0! 4,-24/*-<! R.0! *1=,-8(9! *'/(! 0(! '.*15-*! *'! 5('.=%*! (! %,! 5(=%,4.70! )*!1,5*(!0(! *'! %(!

'&3.4.*0/*1*0/*!,15%.,!4(1(!5,-,!4(03.,-!*0!*%!%.8,1.*0/(!*'/.1,)(<!S(!(='/,0/*9!*%!).'5(0*-!

)*! &0,! -*8.70! ,4(/,),! ?&*! .04%&:,! *%! 8*0! )*! .0/*-6'! 5*-1./*! .)*0/.3.4,-! 8*0*'! 4,0).),/('!

,0(/,)('!*0!*',!2-*,<!e0,!+*@!.)*0/.3.4,)('!%('!8*0*'!4,0).),/('9!*%!C%/.1(!5,'(!'*->,!+,%.),-!

'&!3&04.70K!*'!)*4.-9!+*-.3.4,-!'&!.15%.4,4.70!*0!*%!4(0/-(%!)*%!4,-24/*-!)*!.0/*-6'<!A,-,!*%%(!'*!

5&*)*0! %%*+,-! ,! 4,=(! ).3*-*0/*'! *'/-,/*8.,'<! $0! 4.*-/('! 4,'('! '*! B,0! &',)(! *0',:('! )*! ATU!

4&,0/./,/.+,! (! )*! ,4/.+.),)! *0@.12/.4,9! ?&*!1&*'/-,0! %,! *I5-*'.70! (!,4/.+.),)! ).3*-*04.,%! )*!

8*0*'! 4(04-*/('!*0! -*'5&*'/,! ,! ).3*-*0/*'! 4(0).4.(0*'! 4(1(!5&*)*! '*-9! 5(-!*;*15%(9! *0/-*!

5%,0/,'!4(0/-(%!:!5%,0/,'!.0(4&%,),'!4(0!&0!)*/*-1.0,)(!5,/78*0(<!e0,!5-&*=,!,%/*-0,/.+,!(!

4(15%*1*0/,-.,! ,! *'/*! /.5(!)*!*0',:('9! *'! %,! +,%.),4.70!1*).,0/*! '.%*04.,1.*0/(!860.4(9! :,!

?&*! *0! ,%8&0('! 4,'('9! %('! *0',:('! )*! *I5-*'.70! (! )*! ,4/.+.),)! *0@.12/.4,! 5&*)*0! 0(! '*-!

/(/,%1*0/*! 4(03.-1,/(-.('! DA3%.*8*-! */! ,%<! VNNWG<! $0! *'5*4.*'! 4&:,! 4,5,4.),)! 5,-,! '*-!

8*06/.4,1*0/*! /-,0'3(-1,),'!*'!1&:!=,;,!(!0(! '*!5&*)*0!(=/*0*-! 8*0(/.5('!1&/,0/*'!)*%!

8*0! )*! .0/*-6'9! 4(1(! *'! *%! 4,'(! )*! 71,#*5-%#( <%-),+"#9! *I.'/*0! (/-,'! ,%/*-0,/.+,'! 4(1(! *%!

'.%*04.,1.*0/(!860.4(!1*).,)(!5(-!+.-&'!l+.-&'J.0)&4*)!8*0*!'.%*04.08!DdQcRGK!Y>,@JT,1.0(!*/!

,%<! VNWWK! A3%.*8*-! */! ,%<! VNWZn<! $0! *'/*! 4,'(9! &0! +.-&'! ?&*! *'! 4,5,@! )*! .03*4/,-! ,! %,! 5%,0/,9!

5-()&4*!&0! '.%*04.,1.*0/(!5('/J/-,0'4-.54.(0,%9! )*8-,),0)(!&0,!5,-/*! 4(04-*/,!)*%!HUS1!,!

/-,+6'!)*%!HUS!+.-,%9!)*!/.5(!=.4,/*0,-.(!D)'HUSG<!R.!*0!*%!+*4/(-!+.-,%!'*!,L,)*!&0,!4(5.,!)*%!

8*0!?&*!'*!5-*/*0)*!'.%*04.,-9!%(8-,-*1('!?&*!*%!1*4,0.'1(!)*%!+.-&'!'&5-.1,!%,!*I5-*'.70!)*%!

8*0!*0!%,!5%,0/,<!$0!*%!4,'(!)*!%*8&1.0(','!B,0!'.)(!+,-.('!%('!+.-&'!&/.%.@,)('!5,-,!*'/*!/.5(!)*!

*0',:('<!$0!4(04-*/(!*0!;&)>,!4(1C0!*%!+.-&'!)*%!1(/*,)(!)*%!3-.;(%!DP*,0!A()!X(//%*!d.-&'!(!

PAXdG!B,!)*1('/-,)(!'*-!*3*4/.+(!5,-,!'.%*04.,1.*0/(!860.4(!DwB,08!*/!,%<!VNWNK!Y>,@JT,1.0(!

*/!,%<!VNWWG<!$I.'/*0!+,-.,'! 3(-1,'!)*! .0'*-/,-!*%! +*4/(-!*0! %,!5%,0/,<!e0,!)*! %,'! 3(-1,'!12'!

'*04.%%,'! *'! .0(4&%,-! ).-*4/,1*0/*! '(=-*! %,'! 5%,0/,'! *%! +.-&'! 4(0! *%! +*4/(-<! $0! 4,'(! )*! ?&*!

0&*'/-(! 8*0(/.5(! )*! .0/*-6'! 0(! '*,! '*0'.=%*! ,%! +.-&'9! 5&*)*0! &/.%.@,-'*! (/-('! 1*4,0.'1('9!

4(1(!%,!/-,0'3(-1,4.70!/-,0'./(-.,!1*).,0/*!%,!=,4/*-.,!J)+5K,$6*+"%8(6%8*3,$"*'#9!,!%,!?&*!

5-*+.,1*0/*!'*!B,!.0'*-/,)(!*%!+*4/(-!DA3%.*8*-!*/!,%<!VNWZG<!



!"#$%#"&'()*'*+,-(

WNW! !

e0,!+*@!-*%,4.(0,),!&0,!'*4&*04.,!)*!0&4%*7/.)('!4(0!%,!*I5-*'.70!)*!&0!4,-24/*-9!*%!4,1.0(!

*'/2! ,=.*-/(! 5,-,! .0.4.,-! *%! )*',--(%%(! )*!1,-4,)(-*'! 3&04.(0,%*'! ?&*! ,:&)*0! *0! %,! 1*;(-,!

8*06/.4,K! 5,-,!5-(3&0).@,-! *0! %('!1*4,0.'1('!?&*! %%*+,0!,! %,!*I5-*'.70!)*%! 4,-24/*-K! (!&',-!

*'/,'! '*4&*04.,'! *0! *%! )*',--(%%(! )*! 0&*+('! 4&%/.+,-*'! 1*).,0/*! /-,0'860*'.'! (! 4.'860*'.'!

DR4B(&/*0! */! ,%<! VNN]K! o,4(='*0! :! R4B(&/*0! VNN#G<! [,'! 5('.=.%.),)*'! '(0!1&4B,'! 5*-(! *0! *%!

.0.4.(!*'/20!&0!=&*0!3*0(/.5,)(!)*%!1,/*-.,%!+*8*/,%!:!%,!8*06/.4,!4%2'.4,!(!*%!4(0(4.1.*0/(!)*%!

4(0/-(%!8*06/.4(!)*!%,!*I5-*'.70!)*!%('!4,-,4/*-*'!3*0(/>5.4('<!
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"#$%&'()#$*(!

!$%&'()*+%,'% -.%'/0'12'%!"#$%&'($)*('+#,-$% 3$%'42/)'%5.*2.126(%'(% -.% *'/07'/).%.% -.% 2()'*.1126(%

1+(% '-% 8+(9+% *'/0+(/.:-'% ,'% -+/% /;()+<./% ,'% +;,+$% ='% 8.(% 2,'()2>21.,+% /'2/% >7'()'/% ,'%

*'/2/)'(12.%'(%-./%?7'%(+%/'%0*+,71'%,'/.**+--+%,'-%0.)69'(+$%

@$%3.%*'/07'/).%.%-.%2()'*.1126(%A7,;.B+;,2+%/29726%7(%<+,'-+%17.-2).)25+C%07,2'(,+%1-./2>21.*/'%

-./%*'/07'/)./%+:/'*5.,./%'(%12(1+%1-./'/%>'(+);021./$%

D$% 3.% *'/2/)'(12.% 9'(E)21.% >*'()'% .% +;,2+% '(% A7,;.% '/% ,'% (.)7*.-'F.% 17.-2).)25.$% ='% 8.(%

2,'()2>21.,+% 9'('/% ,'% *'/2/)'(12.% 1+(% 7(% <+,+% ,'% .1126(% ,+<2(.()'% GC% '(% 1*7F.<2'()+/%

0.*)217-.*'/C%1+(%7(%<+,+%,'%.1126(%1+<0-'<'().*2+$%

H$%I-%9'(+)20+%J+*('--%HK@H@C%?7'%0*'/'().%*'/2/)'(12.%)+).-%.-%0.)69'(+C%,2/0+('%,'%,+/%9'('/%

,'%*'/2/)'(12.%>*'()'%.%+;,2+L%!./0%?7'%+)+*9.%7(.%0*+)'1126(%)+).-%>*'()'%.-%0.)69'(+M%G%!.10%

?7'%0*+,71'%7(.%*'/2/)'(12.%0.*12.-C%0'*<2)2'(,+%7(%-2<2).,+%1*'12<2'()+%,'-%0.)69'(+$%I()*'%

.<:+/%9'('/%/'%8.%'(1+()*.,+%7(.%*'-.126(%,'%'02/)./2.%,+<2(.()'%N!./O!.123)

#$% 3.% -+1.-2F.126(% ,'% .<:+/% 9'('/% '(% '-% <.0.% 9'(E)21+% 0'*<2)26% 2,'()2>21.*% <.*1.,+*'/%

<+-'17-.*'/%-29.,+/C%?7'%07','(%/'*%7)2-2F.,+/%'(%/'-'1126(%./2/)2,.%0+*%<.*1.,+*'/%'(%>7)7*+/%

0*+9*.<./%,'%<'A+*.$%

P$% 3.% *'/2/)'(12.% 9'(E)21.% .% +;,2+% '/)Q% /2'(,+% 2()*+9*'/.,.% '(% -.% 1-./'% 1+<'*12.-% >.:.,.%

<',2.()'%7(%0*+9*.<.%,'% *')*+1*7F.<2'()+/C% 7)2-2F.(,+% 1+<+%0.*'().-% ,+(.()'%'-% 9'(+)20+%

*'/2/)'()'%R+**2--+%=2()E)21+%2,'()2>21.,+%'(%'/)'%)*.:.A+C%G%1+<+%0.*'().-%*'17**'()'%-.%-;('.%,'%

>.:.%S@TTP%?7'%,2/0+('%,'%*'/2/)'(12.%.%.()*.1(+/2/$%I-%.5.(1'%,'%'/)'%0*+9*.<.%1+(>2*<.%-.%

(.)7*.-'F.%17.-2).)25.%,'%-.%*'/2/)'(12.$%

T$% 3.% *'/2/)'(12.% 9'(E)21.% .% 9*./.% '(% '-% 9'(+)20+% J+*('--% HK@H@% )2'('% 7(.% (.)7*.-'F.%

17.()2).)25.$%%

U$% 3+/% *'/7-).,+/% +:)'(2,+/% 8.(% 0'*<2)2,+% 2,'()2>21.*% VW3/% 1+(% '>'1)+% /29(2>21.)25+% '(% -.%

*'/07'/).%.-%0.)69'(+%'(%'-%X3%R5"P$%3.%*'/2/)'(12.%?7'%+>*'1'(%'/)+/%VW3/%'/%<+,'*.,.%G%/6-+%

/'%8.(%1+(>2*<.,+%>*'()'%.%7(%.2/-.<2'()+%1-./2>21.,+%1+<+%*.F.%T$%

K$%I-%9'(+)20+%=I3!D"U%,2/0+('C%.,'<Q/%,'-%4'($5%,%,'%J+BHC%,'%9'('/%,'%*'/2/)'(12.%0.*.% -./%

*.F./% DC% PC% T% G% DU% ,'% .()*.1(+/2/C% -+1.-2F.,+/% '(% '-% '4)*'<+% ,'-% % 9*70+% ,'% -29.<2'()+% R5"DC%

*'926(%'(%-.%?7'%(+%/'%8.:;.(%-+1.-2F.,+%9'('/%,'%*'/2/)'(12.%.%.()*.1(+/2/%0*'52.<'()'$%%
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!"$%3.%,2/0+(2:2-2,.,%,'% -.%/'17'(12.%,'%7(%9'(+<.%.(+).,+%.7)+<Q)21.<'()'%,'%!3)*('+#,-$%

,'/,'% 0*2(1202+/% ,'% @"!@% 8.% 0'*<2)2,+% .5.(F.*% 8.12.% -.% 2,'()2>21.126(% ,'% -./% *'92+('/%

9'(6<21./%2<0-21.,./%'(%'-%1+()*+-%,'%-.%*'/2/)'(12.%.%9*./.C%'(%'-%X3%R5"PC%G%.%.()*.1(+/2/C%'(%

'-%X3%R5"D$%='%8.(%2,'()2>21.,+%5.*2+/%9'('/%1.(,2,.)+/%0.*.%-.%*'/07'/).%.%-.%*.F.%T%,'%9*./.C%

'(% J+*('--% HK@H@% G% 0.*.% -.% *'/07'/).% .% -./% *.F./% D% G% T% ,'% .()*.1(+/2/C% '(% =I3!D"U$% =7%

2<0-21.126(%,':'*;.%/'*%1+(>2*<.,.%'(%0+/)'*2+*'/%)*.:.A+/$%

!!$%3+/%<.0./%9'(E)21+/%GC%'(%9'('*.-C%-+/%.(Q-2/2/%,'%-29.<2'()+%9'(E)21+C%/+(%7(.%8'**.<2'().%

<7G%Y)2-%0.*.%2,'()2>21.*%-.%*'926(%9'(6<21.%'(%-.%?7'%/'%-+1.-2F.(%-+/%9'('/%?7'%1+()*+-.(%7(%

,')'*<2(.,+% 1.*Q1)'*$%Z+%+:/).()'C% '-% '/).:-'1'*% -.% *'-.126(%'()*'%'-%<.0.% >;/21+% G% '-%<.0.%

9'(E)21+%07','%*'/7-).*%1+<0-'A+C%,.,.%-.%1.()2,.,%,'%5.*2.:-'/%?7'%.>'1).(%.%-.%+:)'(126(%,'%

.<:+/%)20+/%,'%<.0./$%

% %
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!$% [(% )82/%/)7,GC%5.*2.)2+(% 2(% )8'%*'/0+(/'%+>%1+<<+(%:'.(%/0'12'/% N!"#$%&'($)*('+#,-$% 3$\%)+%

)8'%2()'*.1)2+(%]2)8%.%>7(9.-%/0'12'/%0*+,712(9%0+],'*G%<2-,']%8./%:''(%>+7(,$%=24%*'/2/).(1'%

/+7*1'/% 8.5'% :''(% 2,'()2>2',C% 2(% ]8218% (+% /G<0)+</% 2(% *'/0+(/'% )+% )8'% 0.)8+9'(% ]'*'%

+:/'*5',$%

@$%^'/0+(/'%)+%1+<<+(%:'.(B0+],'*G%<2-,']%2()'*.1)2+(%]./%?7.-2).)25'%.(,%2)%]./%.:-'%)+%

:'%1-.//2>2',%2()+%>25'%,2>>'*'()%08'(+)G021%1-.//'/$%

D$% X'(')21% *'/2/).(1'% )+% 0+],'*G% <2-,']% /8+]',% .% ?7.-2).)25'% <+,'% +>% 2(8'*2).(1'$% _+)8%

,+<2(.()%.(,%1+<0-'<'().*G%<+,'/%+>%.1)2+(%+>%9'('/%8.5'%:''(%2,'()2>2',%]2)82(%,2>>'*'()%

1*+//'/%'5.-7.)',$%

H$% X'(+)G0'% J+*('--% HK@H@% /8+]/% 1+<0-')'% *'/2/).(1'% )+% )8'% 0.)8+9'(C% 1+()*+--',% :G% )]+%

,+<2(.()% .(,% 2(,'0'(,'()% 9'('/L%!./C% 1+(>'**2(9% )+).-% *'/2/).(1'%]2)8% (+% ,'5'-+0<'()%+>%

)8'%>7(97/M%.(,%!.1C%1+(>'**2(9%<+,'*.)'%*'/2/).(1'C%]2)8%<+,'*.)'%9*+])8%+>%)8'%0.)8+9'(%

+(%)8'%-'.5'/$%_+)8%9'('/%/8+]%.(%'02/).)21%*'-.)2+(/820%2(%]8218%!./O!.1$%

#$%3+1.-2F.)2+(%+>%)8'/'%9'('/%2(%)8'%9'(')21%<.0%.--+]',%)+%2,'()2>G%/'5'*.-%<+-'17-.*%<.*`'*/%

-2(`',% )+% :+)8% 9'('/C% ]8218% 1.(% :'% 7/',% 2(% <.*`'*B.//2/)',% /'-'1)2+(% 2(% >7)7*'% :*'',2(9%

0*+9*.</$%

P$% X'(')21% *'/2/).(1'% )+% 0+],'*G% <2-,']% 2/% :'2(9% 2()*+9'//',% 2(% >.:.,.% <.*`')% 1-.//% :G%

:.1`1*+//2(9C% 7/2(9% R+**2--+% =2()E)21+% ./% )8'% ,+(+*% 0.*'()C% .(,% >.:.,.% -2('% S@TTP% ./% )8'%

*'17**'()% 0.*'()$% R*+9*'//% 2(% )82/% :*'',2(9% 0*+9*.<% 1+(>2*</% )8'% ?7.-2).)25'% (.)7*'% +>%

*'/2/).(1'%)+%0+],'*G%<2-,']%2(%1+<<+(%:'.($%

T$%X'(')21% *'/2/).(1'%)+%8.-+%:-298)% 2(%9'(+)G0'%J+*('--%HK@H@%/8+]/%.%?7.()2).)25'%<+,'%+>%

2(8'*2).(1'$%

U$%^'/7-)/%+:).2(',%.--+]',%)8'%2,'()2>21.)2+(%+>%/29(2>21.()%VW3/%]2)8%.%/29(2>21.()%'>>'1)%2(%)8'%

*'/0+(/'% )+% )8'%0.)8+9'($%W8'/'%VW3/%1+(>'*%<+,'*.)'% *'/2/).(1'%.(,% )8'2*%.1)2+(%8./%+(-G%

:''(%1+(>2*<',%.9.2(/)%2/+-.)'%1-.//2>2',%./%*.1'%T$%
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K$%[(%.,,2)2+(%)+%J+BH%1-7/)'*C%*'/2/).(1'%9'('/%)+%.()8*.1(+/'%*.1'/%DC%PC%T%.(,%DU%8.5'%:''(%

2,'()2>2',%2(%-2('%=I3!D"U%.(,%-+1.-2F',%.)%)8'%'(,%+>%-2(`.9'%9*+70%N3X\%R5"DC%.%*'92+(%2(%]8218%

(+%.()8*.1(+/'%*'/2/).(1'%9'('/%8.5'%:''(%0*'52+7/-G%,'/1*2:',$%

!"$%W8'%.5.2-.:2-2)G%+>%.(%.7)+<.)21.--G%.((+).)',%9'(+<'%/'?7'(1'%+>%!3)*('+#,-$%/2(1'%'.*-G%

@"!@%8./%.--+]',%)+%<.`'%0*+9*'//%)+].*,/%)8'%2,'()2>21.)2+(%+>%9'(+<21%*'92+(/%2(5+-5',%2(%

)8'%1+()*+-%+>%*'/2/).(1'%)+%8.-+%:-298)C%+(%3X%Ra"PM%.(,%)+%.()8*.1(+/'C%+(%3X%Ra"D$%b'%8.5'%

2,'()2>2',%/'5'*.-%1.(,2,.)'%9'('/%>+*%*'/0+(/'%)+%!$6)*.1'%T%2(%9'(+)G0'%J+*('--%HK@H@M%.(,%

>+*% *'/0+(/'% )+% .()8*.1(+/'% *.1'/% D% .(,% TC% 2(% -2('% =I3!D"U$% c7*)8'*% /)7,2'/% /8+7-,% 1+(>2*<%

)8'2*%2(5+-5'<'()%+(%)8'%1+()*+-%+>%*'/2/).(1'%)+%)8'/'%0.)8+9'(/$%

!!$%X'(')21%<.0/%.(,%9'(')21% -2(`.9'%.(.-G/'/% .*'% .%7/'>7-% )++-% >+*% )8'% 2,'()2>21.)2+(%+>% )8'%

9'(+<21%*'92+(/%2(5+-5',%2(%)8'%9'(')21%1+()*+-%+>%.%0.*)217-.*%)*.2)%+>% 2()'*'/)$%d+]'5'*C%)8'%

*'-.)2+(/820%:')]''(%9'(')21%.(,%08G/21.-%<.0/%2/%/)2--%,2>>217-)%)+%'/).:-2/8%,7'%)+%)8'%(7<:'*%

+>%5.*2.:-'/%.>>'1)2(9%)8'%,'5'-+0<'()%+>%:+)8%)G0'/%+>%<.0/$%
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!"#"$"%&'()*

#$%&'(!)!*"+,-.!/&0'120'3'$425!67!8&9:(2!;<-1!

#39=&72! #>?5! @&AA=BC! 65! D&:$2! //5! >2%&A! E??5! ?&F=&%'! 7'! G233=! D?H5! E&3I=&%2! JH! *KLL,.!

JM2%2B0=%&N20&'A!'O!1'P7=%Q!9&37=P(!(0%2&A(!O%'9!('QF=2A5!F=2A5!(:AO3'P=%5!2A7!P==7(!&A!

@%2N&3!:(&A$!%RS#TUVE!(=W:=AB=(X!V%'1!D32A0!D20M'3!YYZKLTK-!

#%&Q2%20MA=![>5!J'QA=!RD5!\:A$!)5!EC%'BM!D]5!G&72I=%!#^5!E0=2792A!\?5!>&C32(!DS5!@2((=00!

>\! *"+++.! >'3=B:32%! 9211&A$! 'O! 7&(=2(=! %=(&(02AB=! $=A=(! O'%! M23'! F3&$M05! B'99'A!

F2B0=%&23!F3&$M05!2A7!F=2A!B'99'A!9'(2&B!I&%:(! &A!2!(=$%=$20&A$!1'1:320&'A!'O!B'99'A!

F=2AX!\!#9!E'B!['%0!EB&!"K_Z-<_`--K!

#a0=33!>\5!E02(C2P&BN!@\!*KLLY.!UA&0&20&'A!'O!?DEKT!(1=B&O&=7!7&(=2(=!%=(&(02AB=!&A!+$(,'-./)')!&(!

B':13=7!0'!0M=!#I%?10KT!7&%=B0=7!=3&9&A20&'A!'O!?US_X!J=33!""KZY-+TY;;!

@232%7&A! ?E5! ^=33Q! \R! *"++,.! UA0=%2B0&'A! 29'A$! %2B=(! 'O!0.11"2.2$'&345* 1'%-"5423'(%45! 2A7!

7&I=%(&0Q!&A!63()".14)*7418($')X!\!#9!E'B!['%0&B!EB&!"KYZ!"LY,T"L_;!

@2%%:(! >/! *"+"".! G2%&20&'A! 'O! I2%&=%&=(! 'O! F=2A(! &A! 0M=&%! (:(B=10&F&3&0Q! 0'! 2A0M%2BA'(=X!

DMQ0'120M'3'$Q!"Z"+LT"+<!!

@2((=00!>\!*"++".!#!%=I&(=7!3&AC2$=!921!'O!B'99'A!F=2AX!['%0EB&!K-Z,Y_9,Y-!

@=00! ^65!>&BM2=3(! V6! *"++<.! #! 0P'T$=A=!9'7=3! O'%! 1'P7=%Q!9&37=P! %=(&(02AB=! &A! B'99'A!

F=2AX!#AA!?=1!@=2A!U91%'I!J''1!Y,Z"_<T"_-!
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