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Genome Wide Marker Trait Association Study, Molecular Characterization and
Pathogenic Variability Among Pseudocercospora griseo{&acc.) Crous & Braun
Isolatesthe Causal Agent of Angular Leaf SpoDisease of common 8ann Ethiopia

Abstract

By
Yayis RezengAddis Ababa University, 2018

Common beanRhaseolus vulgarisk.) is the most important pulse crop grown for its
nutritional, foodsecurityand for itseconomic valueacrossall the regional states of
Ethiopia.Pseudocercospora griseothe causal agent for the angular leaf spot of the
common bean is one of the major disease affecting the produetsvityuch as by 50
80% The development and use of stance cultivars are the most effective, economic
and environmentallysound strategy of disease contrlnowledge of pathotype
variation and its population structure among the isolatés gfiseolais important to

any common bean improvement prograngiade the deployment of resistance genes.
However, there is no information regardiRg griseolapathotype variabilityof the
EthiopianP. griseolaisolates, which puts the common bean improvement program
under challenging situation to develop resistanageties with wider adaptation.
Therefore,this study was aimeat (i) to determine the gihotypeand virulence
variability andits geographic distributiofii) to determine the genetic variability and
population structure d®. griseolawith rep-PCRgenanic finger printing (iii) studying
genome widemarker trait association and determigenomic loci significantly
associated with the angular leaf spot resistgngeto developmultiple resistance
common bean cultivar resistance to angular leaf spot amhon bacterial disease
through Markefassistedgene pyramiding breeding technique3o achieve these
objectivesboth P. griseolapathotype and molecular characterizatiegre conducted
The study include@ single spore isolates Bf griseolaof 39 and B for pathotypes
determinationand repPCR genomidinger printing studyrespectively. The single
spores wer@btainedfrom theinfectedleaves with lesions of the angular leaf spot of
the common bean collected from the diverse common bean growing aktaspia.
From the study #otal of wwenty-one pathotypes d?. griseola(63:63, 63:59, 63:23,
61:51, 56:36, 55:39, 49:7, 48:60, 42:59, 41:10, 34:53, 23:61, 19:33, 17:45, 8:18, 8:0,
4:16, 1:24, 1:10, 16:18. and 4:37) were determined among 39 issdaigthe reaction
with setsof 12common bean differentiatet The resultevealed thexistenceof high

and diverse pathogenic variability Bf griseolain common bean growing areas of
Ethiopia Among the identified pathotypes 63:59 and 19:33 were fooite tthe most
frequently appeared. The study also identified the most pathogenic pathotype (63:63)
which was compatible and overcomes the resistance genes in all differential bean
genotypes. e molecular characterizationetlgDNA wasextracted fromeach @ the

79 monosporigsolatesof P. griseolaandthe diversity were studiedith sets of rep
PCRfamilies(BOX-, ERIG & REP-PCR) genomic finger printing patternshus, rep

PCR fingerprintinggroupedhe 79 single spore isolates into 25 distinct clusiédrsse
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clustersshowedthe existence of high genetic differentiatiasithin and among the
isolates ofP. griseolacollected from the diverse common bean growing regions of
Ethiopia. The genetic structure d?. griseolapopulation from Ethiopia showed no
evidence of geographic differentiatioenome wide marker trait associations was
conductedwith a set of 288 diverse common bean genotypes collected all over the
world using 3332SNPmarkers Thegenome wide association analysias performed

with the mostpowerful compressed mixed linear mog€MLM) including Kinship

matrix genome association and prediction integrated tool (GAPIT) to dissect the
complex architecture of quantitatively inherited common bean angular leaf spot disease
resistance antb provice effective molecular marker that could be used in the common
bean improvement prograihis studydetermined total of 18 significant markerait
associations, which were distributed on chromosomes Pv04 and Pv08. The locus on
chromosome Pv04 was the maaturated locus with 11 significantly associated SNP
markers, followed by chromosome Pv08 with 7 significant SNIRis. genomic region

was previously reported to have B4 R gene cluster that encode Nucleotide Binding Site
Leucine Rich Repeats (NBSRR) proteins. This large family is encoded by hundreds

of genes and were known to respond pathogen attach in plants. Hence, this genomic
region will be validated and used for the future marker asskstegddingprogram.
Markerassistegyramiding multiple resisincegenesn to the back ground of popular
AREDWOLAITAGRW) cultivar was performed usindViarker Assisted Parallel Back
Crossing (MAPBC) breeding schemdsiree molecular markers namely g796, SU91
and SAPG6 linked thg2 R geneand 2 R QTLs were usedti@ack independentlirom
multiple donorparents withknown sources of resistancEhe donor parentsclude

VAX 6 for two independent RQTLs linked to SAP6 and SU91 genetic markers and
Mex 54 forPhg-2 R gene and linked to g796 genetic marker till BC4 gdimeraAfter

BC4 progenies that had known markers of SU91 were antesed with progenies with

g796 and progenies that combines both SU91 and g976 were then selected for further
crosses to combine with SAP6 markers so that this made possibility of reglecti
progenies with all desirable traits having all combined R genes and major QTLSs.
Monogenic Near Isogenic Lines (MNILs) with R genes tagged by the SAP6, g796, and
SU91 molecular markers and polygenic PNILs with different gene combination
includes MNILSAPE MNILSY9 & MNIL 9796 polygenetic PNILsSAP897% pN|Ls
SU9L/g796 p|Lg SAPE/SU pN||Ls SAPB/G796/SAPS \yith more than 97% genome recose

from the RW genetic backgroundere developedThe developed lineshowed high

level of disease resistance under screening conditiorasd with comparabl&#00seed
weight(gm) and seed colaufence developed MNILs and PNILs will be used as
potential sourceof resistanceand parental lines for th&ture gene pyramiding
activities. Pyramidedommon bean lines witdifferent gene combinatioshouldbe
multiplied and tested under multiple environment before varietal release and wider
production.

Keywords Pseudocercosporgriseola,Pathotype variability, refCR fingerprinting,
marker trait association, Markesssted gene pyramidingommon bean
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CHAPTER ONE

GENERAL INTRODUCTION

1.2.Background and Justifications

Common beanRhaseolusrulgarisL.) is the most important grain legume for human
consumption in East, Central and Southéfrica. It occupies more tma4 million
hectares of land with annual production of 4.3 tons in Africa providing food for more
than 100 million people (Wortmart al.,1998; FAOSAT, 2013). Ethiopia is the fourth
largest common bean producer in Eastern Africa, next to Tanzania, Kedydganda
(FAOSAT, 2013). Among the most important legumes grown in Ethiopia, common
bean ranks second, next to faba bean, both in area coverage and production (CSA,
2015). The major production areas are Oromia with average hectarage of (152,151.74
ha), Suthern Nations, Nationalities, and Peoples' (SNNPR) (96,200.12 ha), and
Amhara(65,918 ha) (CSA, 2015). It is the second most important source of dietary
proteinafter animalproteinsand the third most important source of calories for lower
income African households after cassava and maize (Brougditahy 2003) Although
common beans are playing an important role in stabilizing the farming system,
livelihoods of many people, and the national economy at large, the productivity of the
crop in Ethiopia isvery low. Under optimal management conditions, common bean
production can reach to 2.5 to 3.0 ton per hectare in Ethiopia (CSA, 2015). However,
common bean production under farmers' conditions is estimated between the ranges of
0.6 to 0.7 ton per hectar€his is mainly attributed to a number of abiotic and biotic
stresses. The situations become even worse considering with effects of climate change,
such asncreasingemperatures and changes in precipitation in some parts of Ethiopia.
Low soil fertility (mainly nitrogen and phosphorus), drought, low gbilconditions

(especially in western and soutlestern parts of the country) are the major abiotic



stresses in Ethiopia (Wortmaret al, 1998; Rubyogo, 2011). Among the biotic
stresses, diseases and ingmEsts play a significant role in bean production system of
the country. The most important and widely distributed common bean fungal and
bacterial diseases include rustrémyces appendiculatys angular leaf spot
(Pseudocercospora griseglapreviously Phaeoisariopsis griseo)a anthracnose
(Colletotrichum lindemuthianupncommonbacterialblight (Xanthomonas campestris

pv phaseol) and halo blightPseudomonas syringge phaseolicola (Fininsa, 1996;

Yesuf and Sangchote, 2005; Tadestsal.,2006; Tefera 2006.

1.3. Statement of the problem

Among the biotic stresshgular leaf spot (ALS) caused by the imperfect fungus
Pseudocercospora griseakone of the most damaging and widely distributed diseases
of common bean, causing yield lossehigh as 80% (Liebenberg and Pretorius, 1997
Lemessaet al, 201). Breeding for resistance is the most practical and economic
approach to manage ALS under farmerso6 con
designing an effective ALS breeding progresquires precise and accurate knowledge
on population dynamics and spatial and temporal distributiéh gfiseola(Stenglein
et al, 2003).Most of the pevious studies have indicated that many rac€s gfiseola
occur and vary in time and space.cé&nmonbean cultivar, which is resistant in one
location, season or year, may be susceptible in anddlbation, season and year
(Aggarwalet al, 2004 Ddamuliraet al,2014. This could be explained by seasonal
variation coupled with pathogen race difieces and resistance breakage. In the
Ethiopian bean improvement program, there is still limited information of pathogen
distribution, variability, virulence and source of resistanessithat hinder breeding

for ALS resistance. A study to understand tlahpgen distribution, virulence and



variability of P. griseolaas the first step in designing strategic breeding interventions

to develop resistan@®mmon bean varietiegjainst ALS in Ethiopia is highly required.

The QTL approach which is sgéc to the genetic population is not suitable to
identify the tremendous phenotypic variation within the scope of the whole genome
(Wang, 2014 The genome wide association study(GWAS) has emerged as a powerful
approach for simultaneously screening dienevariation underlying complex
phenotype. GWAS was applied for the first time in 2005 to a human didedwards
et al, 2005) Subsequently, a series of research results on GWAS have been published
(Hindorff et al, 2009 however, GWAS applied tdissetion of complex traitss just
only beginning because of the lack of effective genotyping techniques and the limited
resource for developing high density ratgpe maps. For both QTL approaches and
GWAS, genetic transformation is greatly required to iferhe candidate genes. In
plants association mapping, where unlike conventional QTL mapping, populations of
un-structurally related individuals are employed, it is important to consider population
structure and kinship among individuals, because falsecagions may be detected
due to the confounding effects of population admixture (Orageizig,2007). By
exploiting broader genetic diversity, GWAS offessveral advantages over linkage
mapping, such as mapping resolution, allele number, time saesthislishing marker

trait associations, and application in breeding programs.

Therefore, this study was executed to establish the pathogen distribution
across different agrecological zones, characterize the virulence and molecular
diversity of existing races and identify potential novel sources of resistance o the
griseola population in Ethiopia.The research was carried out at the Southern
Agricultural Research Institute (SARI), Hawassa, Ethiopia, and was part of the African

Bean nsortium (ABC)project which was aimed at the identification of the extent of
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pathogenicand geneticvariability and geographical distribution in Ethiopia and
identification of new sources of bean disease resistancepgraimiding genes
conferring resigtnceagainstangular leaf spot and common bacterial blight resistance
in to the populacommon beanultivar, The results will contribute to an increase of the
production of this important crop under farmer condition in Ethiopia andhaile a
significant benefit and implication for regional and nationatommon bean

improvemenprogramsandthe ABC region.

1.4. Objectives

1.4.1. General Objective:

The main goal of this research was to determine pathotype and genetic diversity of
Pseudocercospora griskoisolates obtained from Ethiopia and study the genome wide
and marker trait associations, identification of the genomic region linked to angular leaf
spot disease resistance trait and to pyramid angular leaf spot and common bacterial

blight resistancegees i n to the background of OREDW

1.4.2. Specific objectives:

Thisresearctwas designed with the following specific objectives

1 To determine the pathogen diversity and virulence variabiliB. igriseola

1 To reveal the geographic didtution and the population structure ef
griseolg

9 To studymarker trait association and determine loci significantly associated
with the angular leaf spot resistannecommon beanRhaseolus vulgaries
L.) genotypes

1 To develop durable resistance comni@an cultivar resistance to angular
leaf spot and common bacterial disease through Marker assisted pyramiding

breeding techniques



CHAPTER TWO

REVIEW OF LITERATURE

2.1. Taxonomyof common bean

Common bean Rhaseolus vulgaris ).belongs to the genuBhaseolus family
Leguminosagsubfamily Papilionoideaeand orderLeguminalesThe crop is widely
distributed throughout America, Caribbean, Asia and Africa with over 50 wild growing
species. Of the 5@ild species only five are domesticated and includejrmon bean

(P. vulgarisL.), runner beanR. coccineoud..), Lima beanP. lunatu3, Tepary bean

(P. acutifolius AGray) and the year beaR.(polyanthussreenman) (Debouck, 2000;
Gepts and Debouck.2001). Among the fd@mesticated species the most addtnd
globally cultivated bean type belong ®haseolusspp (Singh, 2001; Gepts and
Debouck 2001). Most ofthe Phaseolus spmcluding common bean are diploid with

22 chromosomes (2n=2x=22), though a few cases of aneuploid reduction to 20
chromosomes havbeen reporteih some species (Gepts, 200Bptanically, the
common bean varies in growth habit that ranges from determinant upright bush (Type
1), indeterminant upright bush (Type Il), indeterminate prostratechaing or semi
climbing (Type Ill) an indeterminate strong climbers (Type IV) (Sing, 1982). The
leaves are trifoliate, developing from termirmalds but the first two true leaves are
unifoliate (Bailey, 1969)Common bean bears complete papilionaceous flowers with
colors ranging from whiteotpink and purple and the crop is getfilinating. The flower
structure facilitates seffollination in that; it carries 10 stamens, with a long ovary,
coiled style complimented with a hairy stigma. The stigma is laterally positioned in the
inner arc of arved style where it intercepts pollen from its own anthers. Although the

crop is less than one percent-gubssing, the crop exhibit considerable variation in



growth habityvegetative growth, flower color and shape as well as pod and seed color

(Pursegloe, 1968).

2.2 Origin, DomesticationGenetic Resource®f common bean

Common bean is believed to have originated from Mexico where it expanded to South
America (Bellucciet al., 2014(epts and Debouck.2001). It was through domestication
that beans reael to other areas such as P&wyadond Bolivia which are currently
considered as secondary centers of diversity (Gepts and Debouck.2001). The crop was
introduced into Africa by Portuguese traders in th& déntury and with time it was
successfully stablished in the Great Lakes Region (Trutmann, 1996). The evolutionary
history of beans indicate that domestication started in the 7th century, but, even before
then two major gene pools &. vulgaris(Mesoamerican and Andean) with partial

reproductive solation existed within distinctive centers of origin (CIAT,1995).

2.3. Common bean: cultivations and major disease in Ethiopia

Common bear(Phaseolusvulgaris L.) is one of easily available source of dietary
protein and incomgenerating crop for the nfuaity of the rural poor farmers
(Broughtonret al,, 2003) Its production is agronomically diverse, being grown in many
crop associations. Common beans are adapted to various climatic and agronomic
conditions and exhibit considerable variation in growthithal'he wide geographic
range, cropping practices, growerso6 pref e
for the wide range of bean types in the country (Aatrat, 2013). In Ethiopia, common

bean is grown primarily by smadicale farmers who havenited resources and usually
produce the crop under adverse conditions such as low agricultural input use, marginal
lands, without intensive cultural practices and intercropping with competitive crops like
maize and sorghum (Asrat al, 2013). Even thagh common beans are playing an

important role in the farming system, livelihood of many people, and the national
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economy at large, the productivity of the crop in Ethiopia remains very low (CSA,
2015). Under optimal management conditions, common beangtiaawcan reach to

2.5 to 3.0 ton per hectare in Ethiopia (CSA, 2015).

Various production constraints contribute to the low yield of common beans and
include diseases (Habtt al, 1996;Belete and Bastas, 201 insects (Ferede and
Tsedeke, 1986drought (Asrat, 2014) and low soil fertility (Kidane, 1987). Diseases
are known to be the major factors, which directly or indirectly affect the production of
this crop in Ethiopia (Habtet al, 1996;Belete and Bastas, 201 Mhe major diseases
that ae threatening common bean production in Ethiopia are angular leaf spot
(Pseudocercospora griseglanthracnoseJolletotrichum lindemuthianuncommon
bacterial blight Xanthomonassp) (Belete and Bastas, 2017just (Uromysis
appendiculatug and ascogfta blight Ascochyta phaseolorym Among others,
angular leaf spot, common bacterial blight, anthracnose and rust are more important
and widely distributed while the remaining are also important but much more restricted
in their distribution. Except beanst, all the diseases mentioned are known to be seed

borne in various degree of transmission (Hadital, 1996;Belete and Bastas, 2017

2.4. Effect of ALS on yield and yield components of common beans

Angular leaf spot of common bean, which is caud®y the imperfect fungus
Pseudocercospora griseglas one of the most damaging and widely distributed
diseases of common bean, causing yield losses as high as 80% (Waatragri®98;
Liebenberg and Pretorius, 1997). In Africa, particularly in Etl@ppiganda, Tanzania,
Kenya, Malawi and the Great Lakes Region, where beans constitute the most important
source of dietary protein, ALS is a significant constraint to bean production with annual
yield losses estimated at 374,800 tones (Wortnedrah, 198). Apart from Africa, it

is generally of major importance in tropical and subtropical areas, causing yield losses
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of up to 80 % (Saettler 199lliebenberg & Pretoriyd997). The disease mainly affects
pods and foliage, and is particularly destructivevarm, humid areas (Saett|é991).

Pod symptoms consist of circular to elliptical4@wwn lesions, while leaf lesions start

as small, brown or grey spots that become angular and necrotic, being confined by leaf
veins. Leaf spots eventually coalesce,stag premature defoliation (Corr&actoria

et al, 1989, Saettler 1991). Furthermore, the disease also affects the quality and
marketability of seed across bearmducing areas of the world and contributes to
income reduction among common bean produciewgnérs (PasteCorraleset al

1998).

2. 5 Biology of Pseudocercospora griseola

Studies indicat®. griseolacan survive winters in infested bean residue left on the soil
surface; however, the pathogen does not survive very long when infested bean debris
is buried in soil and decomposes. The pathogen can also survive between seasons on
infested seed, which is one pathway of introduction into fields (Saettler and Corea,
1988). Spores from lesions on stems, leaves and pods, as well as on crop debris, only
develop after continuous high humidity or wet conditions for484hours. Spores
produced on infested debris or seed are-splashed and/or windlown onto healthy

tissue after planting. When spores land on susceptible bean tissue, they germinate and
infect through stomata. Disease develops rapidly during periods of warm temperatures
(24°C) but can occur over a range of moderate to warm temperatu?€s28€) when
accompanied by wet weather or high humidity alternating with dry, windy conditions.
ALS terds to develop and spread quickly during late summer on late seeded snap bean
crops when day temperatures are warm and night temperatures become cool resulting

in dew formation on plants. However, significant disease development and yield loss



can also ocauon earlier seeded crops if moderate temperatures coincide with

prolonged periods of wet weather (Sindhan and Bose, 1979).
2.6. Pathogenic variability of Pseudocercospora griseola

Previous studies have revealed high levels of pathotypic variatidh griseola
(Guzmanetal., 1995 PastorCorralesetal., 1998Wagaraet al, 2003; Ddamuliraet

al, 2014; Chilaganet al, 2016). For exampleMarin-Villegas (1959 identified 13
pathotypes among 33 isolates from Colombia, while with Brazilialatiss;Paula &
PastorCorrales (199pidentified 21 pathotypes among 27 isolatesigh occurrence

of pathogenic variabty has also been reported in the neighboring Kenyan and
Ugandan isolates d?. griseola(Wagara, 1996\Wagaraet al., 2003;Ddamuliraet al,
2014).Despite the high pathotype diversity, Rllgriseolapathotypes have frequently
been divided into Andeaand Mesoamerican groups that correspond to the two
commonbean gene pools (Guzmaénal, 1995;Boshoffetal., 1996 PastorCorrales
etal., 1998 Ddamuliraet al, 2014). The Andean group consistd2ofgriseolaisolates
recovered from largeeeded commehean genotypes of Andean origin that infect
Andean genotypes only; the Mesoamerican group contains isolates that are more
virulent on Mesoamerican bean genotypes (Guzetal. 1995; CIAT, 1995 Gepts,

1988;PastorCorralesetal., 1998.

2.7. Characterization of Pseudocercospora griseola

Several techniques have been usedsttaly the distribution and variability d®.
griseolafungi; some of them include; disease surveys, morphological and biochemical,
differential cultivars and wlecular techniques (Sartorato, 2004; Sebastian & Balatti,
2006 Mahukuet al,, 2009: Ddilumeraet al,204; Lusekeet al.2017). Disease surveys
allow pathogen distribution to be determined in terms of incidence, severity, spatial and

temporal distribution
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2.7.1. Morphological Markers

Traditional identification and characterizationfohgal isolatehas relied primarily on
differences in morphological features such as colmigr, size and shape of conidia

and appressoria, optimal temperature for grogtbwth rate, presence or absence of
setae, and existence of th@lomerella teleomorph (Sutton, 1992). Due to
environmental influences on the stability of morphological traits and the existence of
intermediate forms, these criteria are not always adedoiateliable differentiation
amongfungalspecies. The overlap of morphological characters and phenotypes among

species makes classification difficult.

2.7.2.Biochemical Marker - Allozymes (Isozyme)

Isozymes analysis has been used for over 60 yearsaftus research purposes in
biology, viz. to delineate phylogenetic relationships, to estimate genetic variability and
taxonomy, to study population genetics and developmental biology, to characterization
in plant genetic resources management and pla®dbrg Bretting & Widrlechner

1995 Staub & Serquenl996). Isozymes were defined as structurally different
molecular forms of an enzyme with, qualitatively, the same catalytic funtdaymes
originate through amino acid alterations, which cause clsaimgeet charge, or the
spatial structure (conformation) of the enzyme molecules and also, therefore, their
electrophoretic mobility. After specific staining the isozyme profile of individual
samples can be ebrved(Soltis & Soltis 1989)Allozymes are atlic variants of
enzymes encoded by structural genes. Enzymes are proteins consisting of amino acids,
some of which are electrically charged. As a result, enzymes have a net electric charge,
depending on the stretch of amino acids comprising the prétéien a mutation in

the DNA results in an amino acid being replaced, the net electric charge of the protein

may be modified, and the overall shape (conformation) of the molecule can change.
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Because of changes in electric charge and conformation can b&euntgration rate of
proteins in an electric field, allelic variation can be detected by gel electrophoresis and
subsequent enzyrrepecific stains that contain substrate for the enzyme, cofactors and
an oxidized salt (e.g. nitrblue tetrazolium)The stragth of allozymes is simplicity.
Because allozyme analysis does not require DNA extraction or the availability of
sequence information, primers or probes, they are quick and easy to use. Some species,
however, can require considerable optimization of tegles for certain enzymes.
Simple analytical procedures, allow some allozymes to be applied at relatively low
costs, depending on the enzyme staining reagents used. Isoenzyme markers are the
oldest among the molecular markers. Isozymes markers have lseeasully used in

several crop impra@ment programmesgées & Custsem 1993The main weakness of
allozymes is their relatively low abundance and low level of polymorphism. Moreover,
proteins with identical electrophoretic mobility ¢oagration) may nobe homologous

for distantly related germplasm. In addition, their selective neutrality may be in

guestion(Krieger & Ross 2002).

2.7.2.P. griseolaVirulence and Differential Linesin Common bean

P. griseolavirulence is assessed basedreaction of isok@s on a standard differential

set of 12 common bean cultivars established during the International Angular Leaf Spot
Workshop hosted by International Centre for Tropical Agriculture (CIAT) in 1995. In
this technique, a binary system based on the posifieach cultivar within the series

is used to define the virulence level of isolates under study (Rastoaleset al.,

1998). Use of differential cultivars generates a true picture of virulence structure and
reveals the pathogen properties related tst Iselection effect on the pathogen
population (Sebastian and Balatti, 2006). But the major limitation for this method is its

heavy dependence on environmental conditions (Kolaeteal, 1995). However,
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challenges in using the differential technique hasenbovercome through the use of
molecular techniques as alternative options for detecting variability in pathogen

populations.

2.7.3.Molecular Markers

A molecular markeis aDNA sequencegthat is readily detected and whose inheritance
can be easily bmonitored. The uses of molecular markers are based on the naturally
occurring DNA polymorphism, which forms basis for designing strategies to exploit
for applied purposes. A marker must to be polymorphic i.e. it must iexdifferent

forms so that chromsmme carrying the mutant genes can be distinguished from the
chromosomes with the normal gene by a marker it also cafhiesfirst such DNA
markers to be utilized were fragmentsgwoed by restriction digestidhe restriction
fragment length polymorpsim (RFLP) based genes mark€onsequently, several
markers system has been developeadious types of molecular markers are utilized to
evaluate DNA polymorphism and are generally classified as hybridizbéised
markers and polymerase chain reactio€RRbased markerdn the former, DNA
profiles are visualized by hybridizing the restriction enzygrgested DNA, to a
labelledprobe, which is a DNA fragment of known origin or sequence. B&sed
markers involve in vitro amplification of particular DNA&guences or loci, with the
help of specifically or arbitrarily chosen oligonucleotide sequences (primers) and a

thermos table DNA polymerase enzyme.

Molecular markers are necessarny pathogen identification, especially to
studies genetic divsity and gene mapping. The commonly used polymerase chain
reaction (PCRpased DNA marker systems are random amplified polymorphic DNA
(RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeats
(SSRs) or microsatellites, single nucldetpolymorphisms (SNPs), and more recently
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nextgeneration DNA sequencing (Staettal, 1996; Gupta & Varshney, 2000; Xu and
Crouch, 2008). Genetic markers such as random amplified microsatellite (RAMS),
repetitive sequences such as enterobacterialitigpahtergenic consensus sequence
(ERIC) and repetitive extragenic palindromic (REP) have all been used to describe the
diversity of P. griseola(Sebastian & Balatti2006). Such markers are reliable and
reproducible when used to assess fungus straersiity, especially when combined
with computerassisted data analysis (Louvet al., 1999). Depending on their
reliability, markers have been previously used to determine genetic variatién of
griseolaand divided it into two Andean and Middle Americaoups following the

two major gene pool sources (Guznéral, 1995; PasteCorraleset al, 1998). The
major limitations of some of these methods are low reproducibility of RAPD, high cost
of AFLP, and the need to know the flanking sequences to devptapes specific

primers for SSR polymorphism.

2.7.3.1.Rep-PCR fingerprinting

The repPCR technigue was chosen because this technique is simple, can differentiate
between closely related strains of bacteria and shows good reproducibilit.Gfep

has been appliesliccessfully in the classification and differentiation of strains of many
Grampositive and-negative bacteria. Different molecular techniques (e.g. RAPD,
ISSR, RFLP, SSR and rdfCR) have frequently been used for genotyping of fungal
species to determirtbe variability at intraspecific level, but some authors applied them

to assessment variability at interspecific level for detection and diffatien of fungal
species Nohaliet al,2007). Among these, rePCR is a welknown molecular
method basedroPCR amplification of regions between short interspersed repetitive
elements that are dispersed throughout the genome of prokaryotes and eukaryotes

(Versalovicet al,1991; Olive & Beanl1999). A large number of repetitive DNA

13



sequences are found in mple sites in the genomes of numerous bacteria, archaea and
fungi. While the functions of many of these repetitive sequence elements are unknown,
they have proven to be useful as the basis of several powerful tools for use in molecular
diagnostics, medicamicrobiology, epidemiological analyses and environmental
microbiology. The repetitive sequenbased PCR or reBCR DNA fingerprint
technique uses primers targeting several of these repetitive elements and PCR to
generate unique DNA profiles or ‘fingemus’ of individual microbial strains. Although

this technique has been extensively used to examine diversity among variety of
prokaryotic microorganisms, répCR DNA fingerprinting can also be applied to
microbial ecology and microbial evolution studiascs it has the power to distinguish
microbes at the strain or isolate lewgecent advancement in @R methodology

has resulted in increased accuracy, reproducibility and throughput. There are three main
sets of repetitive DNA elements used for typing purposes. The repetitive extragenic
palindromic (REP) elements are palindromic units, which conteamiable loop in the
proposed steroop structure$ternet al, 1984). ERIC sequences are characterized by
central, conserved palindromic structures (Hukoal.,1991). BOX elements consist

of differentially conserved subunits, namely boXfgxB, and bxC (Martin et al,

1992. Only the boxAlike subunit sequences appear highly conserved among diverse
bacteria Yersalovicet al., 1994. BOX elements were the first repetitive sequences
identified in a Granpositive organism (Streptococcus pneumoniddar(in et al.,
1992).REPR and ERICsequences were originally identified in Gra@gative bacteria

and then found to be conserved in all related Gnagnmative enteric bacteria and in
many diverse, unrelated bacteria from multiple phyargalovicet al, 194; Olive

and Bean, 1999).
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RERPCR, the (18ner) primers REP 1R (59-1IICGICGICATCIGGC-39)
and REP 2 (59-ICGICTTATCIGGCCTAG39) and for ERIGPCR, the (22ner)
primers ERIC 1R (5ATGTA AGCTCCTGGGGATTCAGC39) and ERIC 2 (59
AAGTAAGTGACTGGGGTGAGCG39) (Versalovicet al 1991) were used. The
REP 1Rl and REP 2 primers contain the nucleotide inosine (I) at ambiguous positions
in the REP consensus (Versaloeical 1991). Inosine can form Wats@rick base
pairs with A, T, G, or C. PCRs wecarried out as described by Versalatial (1991).
RepPCR fingerprinting is a highly reproducible and simple method to distinguish
closely related microbial strains, deduce phylogenic relationships, and study their
diversity in different ecosystems (Ishii and Sadowsky, 2009). CurrenthP @R has
been proved as a useful molecular method to identify and study the genietidita

in the fungakpecie{GonzalezMejiaet al, 2005)

2.8. Host pathogen interactionanalysis

The nteraction between a plant and a pathogen activates a wide variety defense
response. The recent development of microanased expression profiling methods,
together with the availability of genomic and expressed sequence tags sequence data
for some plard species allowed significant progress in the characterization of plant
pathogenesis related respon¥éaq et al., 2002. Studies on the variability d®.
griseolaisolates revealed the existence of two major groups of the pathogen, Andean
and Mesoameriecg which correspond to and have-@wwlved with the Andean and
Mesoamerican host gene pools of common bean (Gueh&n1995; PasteCorrales

et al, 1998; Crout al, 2006). Mesoamerican strains of this pathogen are considered
more virulent as compad to Andean strains and they tend to affect both Mesoamerican
and Andean beans while Andean strains are less virulent, affecting mostly Andean host

genotypes (Pastor Corralesal, 1998). Apart from these two distinct sets of host and
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pathogen based imaction on geographical origin, another group of pathogen was
found peculiar to Africa designated as Affmdean. This group of pathogen has
characteristics typical of the isolates of Andean origin but it was found to be pathogenic
on Mesoamerican commdrean host which is unusual (Mahu&tal.,, 2002; CIAT,
1997).Different methods have been applied in attempting to host pathogen analysis and
characterize the ALS pathogen including virulence testing, where isolates are classified
according to the reactiothey cause to a set of differential cultivars (Luseko

al.,2016)

2.9. Genomewide and Marker Trait Association studies

Recent development of high density markers such as SNPs enables identification of
trait-marker association through association niagpand GWAS for many important
agronomic traits have been reported. With the decreased genotyping cost and improved
statistical methods, genorméde association study (GWAS) and genomic selection
(GS) present promising prospects for genetic improvemieobraplex traits in crop
species. GWAS with a population of unrelated lines and high density single nucleotide
polymorphism (SNP) markers is capable of identifying causal genes for a broad range
of complex traits in different crops (Huaegal, 2010; Liet al, 2013; Morriset al,

2013). Since the advent of higiiroughput genotyping methgdgenomewide
association (GWAS) is the emerging tool for studying the genetics underling natural
phenotyping variation. GWAS have been applied across a wide rasgeaés where

it enabled finescale genetic mappingMelteret al 2014. Genomewide association
studies (GWAS) or association mapping (AM) and linkage disequilibrium (LD) offer
high resolution through historical recombination accumulated in naturalgtioms

and collections of landraces, breeding materials, and varieties @a@ds2009). By

exploiting broader genetic diversity, GWAS offers several advantages over linkage
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mapping, such as mapping resolution, allele number, time saved in estgbiisiker

trait associations, and application in breeding programs(¥l,2006). The strength

of the correlation between two markers is a function of the distance between them: the
closer two markers are, the stronger the LD. The resolution with \eh@RL can be
mapped is a function of how quickly LD decays over distance. Selfing reduces
opportunities for recombination; thus, in spdllinating species such as rice (Oryza
Sativa), LD may extend to 100 Kb or more (Fiarciaet al,2007). In generahigh

LD is expected between tightly linked loci, since the mutation should have eliminated
LD between loci that are not in close proximity to one another (Breseghatio
Sorrells, 2006). In common bean, little information is available on the exterD of L
(Kwak and Gepts, 2009; Rossi al., 2009; Blairet al., 2010). Somegroups have
performed AM studies for common bean, faw of the studiesiave focused 06BB,

ANT and ALSresistance §hi et al, 2011;Cichy et al, 2015; Kamfwaet al,2015;

Perseguinet al,2016;Kamfwaet al.,2017).

2.10. Marker Assisted Backcrossing(MAB) for Disease Resistance

Backcrossing is a plant breeding method most commonly used to incorpoeate

few genes into an adapted or elite variety. In most cases, the paszhtfars
backcrossing has a large number of desirable attributes but is deficient in only a few
characteristics (Allard, 1999). It has been a widely used technique in plant breeding for
a century. The use of DNA markers in backcrossing greatly increas#itieney of
selection. The main purpose of MABC is to transfer the desired character/or targeted
gene along with recovering the recurrent parent characters or genes. MABC is now
playing an important role for the development of disease resistance cyfuataram

et al.,2009) and it is superior to conventional backcrossing in precision and efficiency

and time savingMolecular markers which are tightly linked with important traits are
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used in MABC. Therefore, molecular markers are the tools that caseokto detect

the presence of destteharacter in backcrossing and greatly increases the efficiency

of selection (Ashkanet al, 2015). here arehree general levels of marker assisted
backcrossing(MABjhathave been described (Holland 2004). Infitet level, markers

can be used in combination with or to replace screening to target genes or QTL. This is
referred as 0f oreground selectiond (Hosfjy
particularly useful for traits that have laborious or time consungphgnotypic

screening procedures. It can also be used to select for reproductive stage traits in the
seedling stage, allowing the best plants to be identified for backcrqstmsgital &

Charcosset, 1977Furthermore, recessive alleles can be selectedhvadifficult to

do using conventional methods. The second level involves selecting BC progeny with

the target gene and recombination events between the target locus and linked flanking
markers & referred o6recombi nannselectoeiste ct i on
reduce the size of the donor segment containing the target locus (i.e. size of the
introgression). This is important because the rate of decrease of this donor fragment is
slower than for unlinked region and many undesirable geneasabatively affects crop
performance may be |l inked to the Ol inkage
breeding methods, the donor segment can remain very large even with many BC
generations (Salinat al,2003). By using markers that flank a targene (e.g. less that

5¢cM on either side), linkage drag can be minimized. Since double recombination events
occurring on both sides of target locus are extremely rare, recombinant selection is
usually performed using at least two BC generations (Fesah1999). The third level

of MAB involves selecting BC progeny with the greatest proportion of recurrent
parent(RP) genome, using markers that are unlinked to the targetrébeusd

Obackground selection. Il n t héedsedtghtlhat ur e,
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linked flanking markers to select for the RP (Frigthal. 1999). Background markers

are markers that are unlinked to the target gene/QTL on all other chromosomes, in other
words, markers that can be used to select against the dowong¢lasaret al.,2015)

This is extremely useful because the RP recovery can be greatly accelerated. With
conventional backcrossing, it takes a minimum of six BC generations to recover the RP

and there may still be several donor chromosome fragmeim&ehkto the target gene.

Using markers, it can be achieved bysBBCs even BG (Visscheret al 1996; Hospital

& Charcosset 1997; Frisat al 1999). Thus, saving two to four BC generations. The

use of background selection during MAB to accelerate ¢veldpment of RP with an
additional or few genes has been reeferre:f

al.,2002).

2.11.Marker -assisted Selection and Gene pyramiding

Gene pyramiding is defined as a method aimed at assembling multiple desir&sle gen
from multiple parents into a single genotype. Conventional gene pyramiding is
extremely time consuming and may fail to detect epistatic genes among segregation
progenies. The development of modern plant molecular and quantitative genetics in the
last two decades has potential to revolutionize what has mostly been conventional
breeding and has widened several aspects of practical applications of gene pyramiding.
Marker Assisted Gene Pyramiding is currently the method of choice for inbred line
developmentargeted at improving traits controlling by major ge@shiet al.,2010.

Use of molecular markers to track pyramided genes also considerably reduces the
breeding period involved in pyramiding progrédoshiet al,2010) Markers, assisted
backcrossindnas been successfully applied in gene pyramiding programs for targeted
transferring and pyramiding resistance loci to create more durable and broad specific

resistance in different crops (Joshi and
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et al (20®M) successfully combined three powdery mildew resistance gene
combinationgpm?2 + pm4a, pm2+pm21andpm4a+pm21using restriction fragment
length polymorphism (RFLP) markers. In soybean for mosaic virus disease resistance
(SMV), researchers successfullyrasnided three gend®svl Rsv3andRsv4with the

aid of microsatellite markers in order to develop new soybean lines containing multiple
resistance genes for soybean mosaic virus (SMV) resistance. Masdisted selection
(MAS) and gene pyramiding havedsereported in common bean research (Ketly

al., 2003, Miklaset al.,2006; Ragagnin et al. 2009); Ferreira et al 2012; Kumar et al.
2017). Recently, Ddamuliret al, (2015) reported the efficiency and effectiveness of
gene pyramiding in improving angulleaf spot resistance in susceptible common bean

cultivar.
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CHAPTER THREE

Pathotypes Characterization and Virulence Diversity of Pseudocercospora
griseolathe Causal Agent of Angular Leaf SpoDiseaseCollected from Major
Common Bean PhaseolusvulgariesL.) Growing Areas of Ethiopia

Abstract

Angular leaf spot caused by the fund@seudocercospora griseoia one of the most
economically important disease affecting common bean production in Ethiopia. Until
now no informationhas been generateg@garding thepathotype and pathogenic
variability and its distribution in Ethiopia. Hence, the aim of this study was to
characterize andetermine the diversity among 39 isolateB ofiriseolacollected from
diverse common bean growing areas of Ethiopitntal of 21pathotypes oP. griseola

(63:63, 63:59, 63:23, 61:51, 56:36, 55:39, 49:7, 48:60, 42:59, 41:10, 34:53, 23:61,
19:33, 17:45, 8:18, 8:0, 4:16, 1:24, 1:10, 16:18. and 4:37) were determined among 39
isolates using 12 sets of Angular leaf spot camrbean differentials anithe result
revealed the presence of high and diverse pathogenic variability of this economically
important fungus in Ethiopia. Among the determifedriseolapathotypes 63:59 and

19:33 were the most frequently appeared. The roecoe of pathotype 63:63 the
broadest virulence spectrum was also determined in the study this pathotype was the
most virulenthatcaused leaf spot on all 12 sets of common bean differential genotypes.
Among the determineld. griseolapathotypes the ocaence 063:63, 63:59 and 63:23
pathotypes in central America and Argentina were also reported. This will be the first
comprehensiveeport ofP. griseolapathotypes existing in the common bean growing
areas of Ethiopia. Excefitr the pathotype that wereompatible with Andean groups

(8:0), most of the isolates were pathogenic to both Andean and Mesoamerican gene
pools and based on that pathogens were grouped and classified as Mesoamerican origin
pathotypes. This specific study provided major informatatnout the pathogenic
diversity and pathotype ®f. griseolathe causal agent for the angular leaf spot disease

of common bean endemic to Ethiopia. Hence, the information obtained will also help
to breeders working in common bean improvement program tdagegeltivars with
enhanced tolerance and/or resistance through gene deployment and marker aided

pyramiding technique.

Keywords:Pseudocercosporea grisepRathotype variabilityPathogeniwariability
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3.1.Introduction

Common beanRhaseolus vulgase L.) is the most important grain legume next to
Faba bean and which is produced all of the regions of Ethiopia with different intensity
for its nutritional and economic values (CSA, 2016). Among several factors affecting
common bean yield the incidenckdisease is one of the principal factor affecting the
common bean productioAngular leaf spot (ALS) caused by the fungusgriseola
(Miklas et al., 2006), which is caused by the fundrseudocercospora griseol&acc)

Crous & Braun gin. Phaeoisariogs griseola (Sacg¢ Ferraris)is one of the most
important diseasaffecting the common bean productidrhis specific diseasean
cause necrotic lesions on the aerial parts of the plant, reducing the productivity and
qguality of common bean seed (Croas al., 2006) by hindering common bean
production in eastern and central Africa (Creual, 2006; Singh and Schwartz, 2010)
Yield loss of more than 374,800 tonnes annually have been reported by Wodmann
al., (1998).The pathogers found in nature ithe form of mycelia or conidia on living
tissues of the host plant (susceptible on andsedfson crop, volunteer plants),

undecomposed infected bean residues and infected soils.

The pathogen is a seed born in most cases external contaminatia@ccoayn
seed during harvesting and the pathogen has been associated with the hilum area of the
seed coat (Correst al.,1989). This specific fungus is highly variable and has the ability
to infect both Andean and Mesoamerican gene p&ukvious studiebave revealed
high levels of pathotypic variation . griseola(Guzman eal., 1995; PasteCorrales
etal., 1998; Wagarat al, 2003; Ddamuliret al, 2014; Chilaganet al, 2016; Luseko
etal,2017). In addition of that many of the scientists wogkon this pathogen reported
as the presence of high pathotype diversity hence, Maltegas (1959) reported from
Colombian isolates and he identified 13 pathotypes among 33 isolates, while from the
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Brazilian isolates; Paula & PastGorrales (1996) iddified 21 pathotypes among 27
isolates. In recent studies high occurrence of pathogenic variability has also been
reported in the neighboring Kenyan and Ugandan isolatesgrfseola(\Wagara, 1996;
Wagaraet al, 2003; Ddamuliraet al, 2014). In spite fothe high pathotype diversity,

all P. griseolapathotypes have been divided into Andean and Mesoamerican groups
that correspond to the two commbean gene pools (Guzmah al, 1995; Boshoff

etal., 1996; PastoCorrales etl., 1998; Ddamulirat al, 2014Chilaganeet al.,2016).

The Andean group consists &f. griseolaisolates recovered from largeeded
common bean genotypes of Andean origin that infect Andean genotypes only; the
Mesoamerican group contains isolates that are more virulent on Mesgwamiggan

and Andean genotypes (Guzmah al, 1995; CIAT, 1995; Gepts, 1988; Pastor

Corralesetal., 1998).

To assess the degree of diversityPofyriseola a set of 12 differential cultivars
carrying different resistance genes to ALS dissagere proposed in the first ALS
workshop held at CIAT in 1993 to standardize the methodologyPfogriseola
pathotype identification (Past@orrales and Jara, 1995) which was two sets Andean
and Mesoamerican with six common bean genotypes includedtirsea The common
bean differential genotypes and their binary numbers includes, Don Timoteo (1), G1179
(2), Bolon Bayo (4), Montcalm (8), Amendoin (16), G5686 (32), PAN 72 (1), G2858
(2) Flor de Mayo (4), Mexico 54 (8), BAT 332 (16) and Cornell 49242.(38e
number or race designation given to an isolate is determined by the cultivars of the
differential set that are infected by that isolate. For example; if an isolate infects Andean
common bean genotype Amendoin and Montcalm (binary value, 16raque8tively)
and the Mesoamerican variety BAT332 (binary value 16) and Cornell49242 (32) the

race would be designated by adding tladues (6 + 8): (16+32) which is 24:42.
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Knowledge of pathotype variation among the isolate®. @friseolais important to lie
common bean improvement program to guide the deployment of resistance genes to
angular leaf spot disease. However, there is no information regaediggiseola
pathotype variability from the Ethiopidh griseolaisolates, which puts the common
bean inprovement program under challenging situation to develop durable disease
(ALS) resistance varieties with wider adaptation. Therefore, this specific study used the
international sets of ALS differential common bean cultivars to determine and
characterize thP. griseolapathotypes occurring in bean growing areas of Ethiopia.
The objectives of the study were to determine the pathotype variability and the
virulence pattern oP. griseolain the bean growing agfecologies of Ethiopia and to
identify predminant pathotypes that exist in the major common bean growing areas of

Ethiopia

3.2. Materials and Methods

3.2.1. Sampihg Strategy andcollection

Samples ofnfected leaves witsymptoms of ALS obtained were collected from the
field survey during 2015ral 2016 from diversagroecologicalzonesin six diverse
areas of Ethiopia (Areka, Dolla, Chano, Omo, Wondo and Gtfége locations are
known for its major common bean productiand for its high common bean disease
severity especially the angular lesgfot. The sampling locations were selected based
purposively on the intensityof bean productiongspecially ecological locations
representing diverse conditions under which common beans are pro®acethm
sampling technique were adopted in which irddcteaves with lesiosymptoms
usuallyappear as a brown spot with a tarcoltiery centrethat weranitially confined

to tissue between majeerins that gives angulaappearancavere collectedfrom 10
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randomfarmersfield from eachlocation Then colletedleaf samples were kept in a

paper bag and transported to the lab

3.2.2.P griseolalsolation and Inoculum preparation

Selected fresh diseased common bean leaf samples from the collections were directly
used and lesions were thereafter examined undaissecting microscope (Motic
BA210) to view the synemata and assess the quality of the sporulation. Conidia of
individual lesions were picked from the clean synemata by gently brushing the tips with
a small piece of agar at the tip of an inoculating reeediid transferred to a drop of
sterile water placed on water agar as described by Matt1(2002). The inoculated

petri dishes were allowed to grow the pathogen evenly. The Petri dishes were incubated
at 248C for 24 hr and then the germinated sponese picked and immediately
transferred to V8 medid his specific media wagrepared using 200nM8 juce with

3g CaCQ@, 20g of Bacto Agar imbout800mI dd HO to make 1000ml andutoclave

at 122PC for 15mins.Each Petri dishes of V8 was inoculated with a single conidium
avoiding mixtures during race identification and determination. Each colonyréat g

from a single conidium was treated as an isokatd a single spore isolates are
considered pure during race determination. For the colonies to develop and multiply
the Petri dshes were allowed for about 14 days. Then each colM@streated as
monosporic isolatdBased on that single spores from sampled locatimhsdesAreka

(12), Dolla (2), Chano(10), Omd1), Wondo(7) and Goff47) wereconsidered in the

study.
3.2.3. Inowlation and pathotype determination
A total of 39 single spore spores were isolated from infeatetl diseased leaves

collected from the diverse common bean growing regions using methods developed by
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CIAT (Schoonhoveret al,1987).Isolation, monosporiculture and inoculation were
done according to the method developed by Pasttall€set al (1998). Before the
inoculation the spore concentration was adjusted in distil water at Opeténl using
haemocytometeAfter monosporic culture aheP. griseolathe fungus was grown in

petri dishes containing V8 mediufwhich wasprepared using 200ml V8 juce wittg
CaCO03, 20g of Bacto Agar in 800ml dd H20 autoclave at 1210C for 15.rins
resulting spores and mycelia were scrapped smoothly avispatula and filtered
through gauze and the spore concentration was adjusted to 2.0 condia/m.
Detached leaves i@ays old from the :2ommon bean differentials (Don Timoteo, G
11796, Bolon Bayo, Montcalm, Amendoin, G 5686, Pan 72, G 2858, é#oneayo,
Mexico 54, BAT 332, Cornell 4242) grown in the screening house were used for
pathotype determination. For the detached leaf method, which was based on developed
method (Yayiset al.,2108 unpublished) and Tu (1986) with minor modifications, 18
days after germination the middle follicle of the first trifoliate leaves of each common
bean differential plantswere removed or detached when they had reached
approximately twethirds of their full development. The detached leaves were
inoculated by immesion into a spore suspension and placed in petri dishes (90 x 15
mm) on a cotton moistened with 3.0 mL of tap water. The experiment was replicated
three times for consistent result. The Pdisheswere watered regularly to maintain
about 95% relative hmidity to allow the growth of the pathogen. Disease severity on
the inoculated plants was evaluated usir@\isual score scale (Schoonhogeal.,

1987) for 21 days at an interval of three days. Pathotypes were defined by rating scores
of 1-3 to be incapatible €) or resistant, while ratings >3 were compatible (+) or

susceptible. Pathotype designation was executed by adding binary values of the
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differential genotypes that were compatible with the respegivgriseolaisolates

(Table 31& Fig 3.1).

Table 31 Common bean ALS differential cultivar and binary system for pathotype

determination study

SEED BINARY R Gene
CODE CULTIVAR ID SIZE BEAN RACE VALUE present
A Don Timoteo Medium Chile 1 1 dominant
B G 11796 Large Peru 2
C Bolon Bayo Large Peru 4
D Montcalm Large Nueva Granda 8 2 recessives
E Amendoim Large Nueva Granda 16 2 recessives
F G 5686 Large Nueva Granda 32 1 dominant
G Pan 72 Small Mesoamerica 1 1 dominant
H G 2858 Medium Durango 2 1 dominant
I Flore De Mayo Small Jalisco 4 2 duplicates
J Mexico 54 Medium Jalisco 8 Ph2, Phb,
ph-6,
K BAT332 Small Mesoamerica 16 ph-62
L Cornell 49242 Small Mesoamerica 32 Ph-3

Source: Caixeta et al., 2002; Mahuku et al., 2004; Sartorato et al., 2002

Figure 31. Different disease scoring of leaves inoculated Wghudocercospora griseglthe
causal agents of angular leaf spot disease, using the proposed d&tatheatulation methad
where 1 = no visible symptoms; 3 10 to 20% of plants infected and/or 3%oat the total plant
area affected by the pathogen; 5 = 40 to 50% of plants infected and/or about 20% of plant a
affected; 7 = 60 to 70% of plants infected and/or about 40% of plant area affected; and 9.= 3
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3.3. Resuls

3.3.1. Pathotype diversity and distribution ofP. griseolaisolates from Ethiopia
Pathotypes of the. griseolawere identified based on pathogenicity on a series of 12
common bean differentials (PastOordles et al., 1998). The result regaled the
existence oR1 P. griseolapathotypes among the 39 isolatesurringin Ethiopia the
result determinedhighly pathogenic isolates on both Andean and Middle American
common bean differentials because of this most of the isolates from the diearse
growing regions were considered as the Middle American group of fuhagesult

is in in agreement with common bean cultivars predomingntiynin Ethiopia which

is from the Mesoamerican genepolihe remaining few number of isolates were highly
pathogenic only on the Andean differentials and these isolates infecting only the
Andean differentials were considered members of the Andean groups. Among the 39
isolates twentyone pathotypes were identified. Two pathotypes which includes 63:59
and 19:33ccurred most frequently than others (Figu@.Different pathotypes eo
exist in certain bean production areas of Ethiojsi@lates from similar common bean
areas or geographic location varied in thmathogenicitywhen they were inoculated

on the 12sets ofcommonbeandifferentials. Fromthe result,two isolatescoded with
Pg01 & Pg02 from Areka districtinduced similar pathogenicity on some of the
differentialsbut noton all the differential genotypes. Whereas, there were cases like
isolates codedPg20 and Pg21 obtainedfrom similar common bean growingreas
induced similar pathogenicity (Table 3.2). In moasesP. griseolaisolates obtained
from the same geographic locations varied in thathogensonfirming presence of
pathotyperariability in Ethiopian isolatesI he existence of higher pathogenic variation

in P. griseolapopulations collected from diverse common bemowing areasof

Et hi opi a s up p odséewhereenahedxistenceof §. grideolavgrigbility
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by AlvarezAyala & Schwartz (1979), Buruchara (1983), CorreaVictoria (1987), and
Marin-Villegas (1959); Ddulimrat al.2014; Luseko et al., 2016)he source of surc

high variability is not clear, becauBegriseolahas no known sexual cycle (Liebenberg
and Pretorius 1997). Thmechanismshat generate variation in pathogen populations
include mutation, recombination and migration were also reported (lefaig1993;

Wagareet al,,2005; Ddamuliraet al,2014).

Number pfP. grised races

o

Figure 32 Frequency of Pseudocercospora griseola in Ethiopia

3.3.2. Reaction of common bean differentials tB. griseolapathogen

All the international differential sets of common bean genotypesecddferently for

the monospori®. griseolaisolates obtained from the diverse common bean growing
regions of Ethiopia. The 39 monosporic pure isol&egriseolaobtained from the
infected leaves collected from the diverse common bean growing regfigétkiopia

caused lesions of angular leaf spot symptoms in some or all of the host differential host
common bean genotypes. Symptoms in the leaves were brown spots that appeared on
the primary detached leaves as angular brown spot limited by veins vgergexh The

fungal growth on the underside of the spots were observed as clusters of synemata

29



which bared pores or conidia. Under the electron microscope, conidian were observed

as obclavate cylindrical with two to four septate (Figug® 3

Figure 3.3. angular leaf spot (ALS) a) infected leaf with angular leaf spot b)
synemata the fruiting structure of the angular leaf spot under the microscope
directly seen from the infected leaf ¢) spores of angular leaf spot under the
microscope d) single spore isolate growing on V8 media

3.3.3. Vrulence analysis andpbathotype identification

During sample collection angular leaf spot disease was observed in most of the common
bean fields with regardless of the common bean cultivars grown and in all of the twelve
sets of differentials inoculated thithe isolates collected from the diverse common
bean areas of Ethiopia. Variations in response of the angular leaf spot differentials
cultivars were observed irrespective of the genepool in which theyorigneated. P.
griseola pathotypes arelefined based on the pathogenicity reaction to a set of 12
common bean differential genotypes. In this study the reaction of 39 single spore
isolateson a set of differential common bean genotypes reveale@xiséenceof
pathotype variability in EthiopiarP. griseola isolates (Table 3.2)Based on the
virulence reaction, twentgnepathotypes wereharacterize@dnd except pathotype 8:0

all of the pathotypes were virulence to both the Andean and Mesoamerican common
bean sets of differentials. The result also zoméd the presence of both Andean and

Mesoamerican origin pathotypes in Ethiopia (Table 3.2).
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Table 32. Pathotype determinatidPseudocercospora griseofeom diverse common

bean growing areas of Ethiopia

Isolate Isolate

Code Location Isolate Pathotype Code Location Isolate Pathotype
Pg0o1 Areka PG 37A 49:07 Pg21  Areka R4P2B 8:0
Pg02 Areka R7P8 63:59 Pg22 Areka R1P8C 4:16
Pg03 Areka R6P14B 61:51 Pg23  Areka R6P11 4:16
Pg04 Gofa PG44A 63:59 Pg24  Wondo B6P57 56:36
Pg05 Gofa PG32C 34:53 Pg25 Wondo B3P% 41:10
Pg06 Gofa CD45A 49:07 Pg26 Wondo ADP-0095 61:51
Pg07 Gofa CD50B 55:39 Pg27 Wondo B6P57 56:36
Pg08  Gofa CDPG33C  55:39 Pg28 Wondo ADP-0675  41:10
Pg09 Omollinka  om418 63:23 Pg29  Dolla D13 42:59
Pg10 Chano pg384 16:18 Pg30 Dolla B6P14 61:51
Pgll Wondo pll 23:61 Pg31 Chano CDPG32 19:33
Pgl2  Wondo p67 63:63 Pg32 Chano CDPG38 19:33
Pg13 Gofa PG112 63:59 Pg33 Chano CDPG38 19:33
Pgl4 Areka R7P8 48:60 Pg34 Chano CDPG41 1:10
Pgl15 Areka R1P35 63:59 Pg35 Chano CDPG44 1:24
Pgl16 Areka R1PXC 63:59 Pg36 Chano C DPG 45 19:33
Pg17 Areka R1P8B 08:18 Pg37 Chano CDPG46  41:10
Pg18 Areka R1PBA 17:45 Pg38 Chano CDPG50 55:39
Pg19 Gofa PG 110 4:37 Pg39 Chano CDPG50 19:33
Pg20 Areka R3P3A 8:0

The study identified pathotype 63:63 amahg Ethiopian isolates which é@mpatible

to all of the 12 sets of differential common bean genotypaisle 3.3) Pathotype 63:63

overcomes resistance genes in 12 known sourceses$tancethat constitute

differential setsof sets. Similar pathotypesene reported irBrazil, Argentinaand

centralAmerica (Sartarota 2002; Sabstian et al.,200&hukuet al.,2004).
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Table 33. Pathotype identification and reaction of differential common bean genotypes to the
39 isolates oP. griseolacollected from direrse common bean growing areas of Ethiopia

Andean Mesoamerican No of
a b c d e f g h i jJ k | Pathotype Isolates
1 2 4 8 16 32 1 2 4 8 16 32
+ o+ o+ o+ o+ 4+ + o+ + o+ o+ o+ 63:63 1
+ 4+ o+ o+ o+ o+ + o+ -+ o+ o+ 63:59 5
+ o+ o+ o+ o+ 4 + o+ o+ -+ - 63:23 1
+ -+ o+ o+ o+ e 61:51 3
- - -+ o+ o+ - -+ - -t 56:36 2
+ o+ o+ -+ o+ + - + - -+ 55:39 3
+ - -+ o+ + o+ + - -+ 49:7 2
- - - -+ o+ - - + o+ o+ o+ 48:60 1
-+ -+ -+ + o+ -+ o+ o+ 42:59 1
+ - -+ -+ -+ -+ - - 41:10 2
-+ - -+ + - + -+ o+ 34:53 1
+ + o+ -+ - + - + o+ o+ o+ 23.61 1
+ o+ - -+ - + - + - -+ 19:33 5
+ - - -+ - + + o+ -+ 17:45 1
- - -+ - -+ - -+ - 8:18 1
T - - - - - - 8:0 2
T T - - - -+ - 4:16 2
+ - - - - . - - -+ o+ - 1:24 1
+ - - - - . -+ -+ - - 1:10 2
- - - -+ + - + - - - 16:18 1
- -+ - - - + - + - -+ 4:37 1

39
a= Don Timoeo, b= G 11796, c= Bolon Bayo, d#ont calm e=Amendoin, f=G 5686, g=Pan 76,
h= G2858, i=Flore de Mayo, j=Mex 54, k=BA332, |= Corell43242

3.3.4. Race distribution and frequency of occurrence

Theresult ofrace and frequency distribution Bf griseolacollected from theliverse
common bean growing areas were analysed as percentages from the total number of
isolateswere presented in Figure.& A wide frequency variation revealed in which
differential MEX-54 had the lowest frequency with 38.47% while cultivar Donoiéo

and Amendoin with 69.23% and 66.67% respectively scored the highest.
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Figure 34. Frequency oEompatible reaction between sets of differential common bean genotypes and
evaluated isolates

3.4.Discussion

This study revealed that tipeesence of both Andean and Mesoamerican pathotypes in
Ethiopia where the Mesoamerican pathotypes predominamrnidean and this result
supports that Mesoamerican common bean genotypes were dominantly cultivated in
Ethiopia (Asratet al., 2009) Although, previously no sexual reproduction was
confirmed(Ddamuliraet al, 2014),the P. griseolaisolates from the derse common

bean growing regions showed high variation in virulence pattern. The virulence
variation was high in such way that isolates collected from the same location showed
differences in their virulence patterr3everal differenpathotypes weréund from

the same farmwhich is not surprisingas many of thepreviousreport, becausehis
specific pathogen has high race variabilitfhese results are in agreement with the
findings of PasteCorraleset al. (1998), Busogoreet al (1999) and Wagarat 4d.
(2005). This result was also supportscmanyauthorsincludingfrom countriessuch
asMexico, Brazil,Kenya,Uganda, Tanzania (Busogoeb al.,1999; Sartorato, 2002;

Mahuku et al., 2009; Wagaraet al., 2005; Ddamuliraet al.1914; Castellamogt
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al.,2016). The high difference in virulence patterns observed during the study indicates
that the majority of the resistance genes in the host differentials common bean cultivars
were effective against most of tRegriseolaisolates from Ethiopia. This migjeuggest

P. griseolaisolates from Ethiopia probably hass®lateswith different virulence genes
which might not matched with the resistance genes in the host differentials common
bean cultivars. This is new report of virulence patterR.ajriseolaisolates from the
common bean growing areas of Ethioghiatincludes twentyone (63:63, 63:59, 63:23,
61:51, 56:36, 55:39, 49:7, 48:60, 42:59, 41:10, 34:53, 23:61, 19:33, 17:45, 8:18, 8:0,
4:16, 1:24, 1:10, 16:18. and 4:37) among whpathotypes 63:59 artP:33 were the

most frequently observed new pathotype$ ofjriseolareported for the first timen
Ethiopia The majority of common bean cultivars grown in diverse common bean
growing areas of Ethiopia have shown sewefections ofP. griseola confirmng the
existence of new pathotype & griseola.However, the sources of new race are
currently not known and it might probabhe farmers practice of growing diverse
common bean cultivars iadjacenfield andthe informal seed exchange which is the
common practice of seed system dominantly practice by farming commiiigge

may lead in the introduction of new pathotypes which leads to the pathotype variability
In addition of that andsamany of thereviousreports the pathogen might undergone
par agxualthat facilitates exchange of genetic matendhin and between isolates. It
mightbealso because of chromosomal inversion, deletion and presence of transposons
because all are reported to have capability to increase the variabiftygnseola
(Kristler and Miao, 1992; Kempken and Kuck, 1998)ex-54 with low frequency
percemageof pathogen infectiocould be used as parental lines with potential source

of resistance gene in the common bean breeding prograennumber of isolates

obtained fronthe Middle American groups were more than obtained from the Andean

34



group hence this was in lines with the dominantly common bean production in Ethiopia
is from the Middle America group and since tRegriseolawere ceevolved with
common bean gene pool.

3.5. Conclusion

This specific study revealdtie existence dP. griseolapathogen in diverse common
bean growing areas of Ethiopia. Tlegriseolaisolates existing in the diverse common
bean growing areas of Ethiopia were most predominantly from tddl&American

gene pool that affects mostly the Middle American gene pool common beans and
Andean gene pool common bean. This is expected and in line with the dominantly
grown common bean type which is the middle American gene pool have been known
to be gown in Ethiopia. From the study it was determined that the existence of large
pathogenic and pathotype variabilRy griseolaand these pathotypes were distributed
across diverse regions of EthiopR. griseolaisolates which were obtained from the
sane geographitocaions showedlifferentpathogenicity due to thaistrictdifferences

in responseommon bean differential genotypes. The observed variation amoRg the
griseolaisolateswas probably due to the complex gene constitution of the diffekentia
common bean genotypes used in the sthidyce, this would be the first report and the
result from this study confirmed the presence of high pathotype and pathogenic
variability of P. griseolaacross major common bean growing regions of Ethiopia. Th
information generatedrom this study has a significant implication for the bean
improvement programmbecause th®. griseolaisolatesexistingin Ethiopia are with
wider virulence spectrum. Hence these pathogens must be taken into consideration
when developig and deploying bean cultivars with resistance to Aisgase Hence

the common bean breeding progreauld plan at developing bean cultivars witbhn

pathotypespecificor nonrace specifigesistance
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CHAPTER FOUR

Rep-PCR Genomic Fingerprinting Reveded Genetic Diversity and
Population Structure Among Ethiopian Isolates ofPseudocercosporgriseola
the Causal Agentfor Angular Leaf Spot Diseaseof the Common Bean
(Phaseolus vulgarid..)

Abstract

Common beanRhaseolus vulgariséd.) is the most widelygrown pulse crop in
Ethiopia. Angular leaf spot (ALSPseudocercosporgriseolg is one of the most
devastating diseases affecting common bean production in most parts of Effhapia.

use of common bean varieties with durable resistance is the mestiwffand
economical control measure against ALS. Knowledge about the genetic variability and
the population structure of the pathogen populations is important for a successful
common bean improvement program that aims to develop varieties with stable
resstance. The specific objective of this study was to determine the genomic diversity
existing among and betweéh griseolaisolates obtaineffom thediverse common

bean growing regions of Ethiopi@he repetitive extragenic palindromic elements
polymerag chain reaction protocwlas usedo fingerprinting DNA sequence diversity.
Thus, 78 singlespore isolates of th. griseolapathogen, collected and isolated from
diverse common bean growing regions of Ethiopése analyzedMolecular Analysis

of Variarce (AMOVA) and cluster analysis revealed twdastenceof high genetic
diversity within the isolates dP. griseolaand among the populations. ERIC PCR
produced X different patterns of clusters, and REER 11 different patterns of
clusters and BOX PCR pduced five different patterns. Some isolates that shared the
same BOX patterns could be distinguished by the ERIC RIEER finger printing
patterns.The ERIG, BOX- and REPPCR fingerprinting patterns discriminated 25
different patterns among the 79 monmsp isolates ofP. griseolaat cutoff 77%
genetic similarity matrixwere producedThe discriminated clusters revealed the
existence of high genetic diversity within and among the isolateB. ajriseola
collected from the diverse common bean growingoregy of Ethiopia.The lack of
isolation by distance indicates tiie griseolafungi have efficient dispersal at the
common bean growing areas of the region. Due to the informal common bean seed
exchange practices coupled with spore dispersion and foorigelistance gene flow

with human and nehuman interferencélhis study is the first report using FICR
genomic finger printing on genomic variation and population structuRe gfiseola
isolates from diverse common bean growing regions of Ethioplaresults revealed
that P. griseolain Ethiopia demonstrates with high level of genomic diverditye
common bean improvement programs in Ethiopia should also give priorities for gene
deployment and marker aided gene pyramideghniques in developingroad and
multiple disease resistance common bean varieties.

Keyword: RepPCR, Repetitive elements Palindromic unit,P. griseola Genetic
diversity
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4.1.Introduction

Commonbean Phaseolus vulgarig.) is the most cultivated pulse crop worldwide. In
Ethiopia it is an important food for direct human consumption and export. Several biotic
and abiotic stress are limiting the productivity of common bean of which Angular leaf
spot (ALS) caused biPseudocercospora griseola the most devastating disease its
yield reduction is estimated to reach 80% (Schweir., 1981). The use of resistance
common bean varieties with durable resistance is the most effective and economical
control measure of ALS. However, getting common bean varieties with durable
resistanceis not easy. Knowledge about the genetic variability of the pathogen
populations is important for a successful common bean improvement program that aims
to develop disease resistant varieties (McDonald and Linde, 2002).

Genetic structure is defed as the amount and distribution of genetic variation
within and among populations (Schmél al.2006). Thus, knowledge of genetic
structure gives insight into the evolutionary processes that shaped a population in the
past. It is useful to differentiatbetween the two types of genetic diversity that
contribute to genetic structure: gene diversity and genotype diversity, Gene diversity
increases as the number of alleles increases and the relative frequencies of those alleles
become more equal. Genotygiieersity refers to the number and frequencies of multi
locus genotypes, or genetically distinct individuals, in a population. Genotype diversity
is an important concept for plant pathogens that have a significant component of asexual
reproduction in theilife history (McDonald and Linde, 2002)

The genomes of microbes contain a variety of repetitive DNA sequences,
accounting for up to 5% of the genome (Ussargl.,2004). Many of these repetitive
DNA elements are of unknown function and havendeealized to both intergenic and

extragenic regions of the microbial genome. The Palindromic Units (PU) or Repetitive
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Extragenic Palindromes (REP) constitute the characterized family of bacterial
repetitive sequences. PUs are present in abolitlB00 cpies in the chromosome of
Escherichia coliand of Salmonella typhimuriumPU sequences consist of & 86bp
inverted repeat and are found in clusters. A second family of repetitive elements, called
IRU (Intergenic Repeat Units) or ERIC (Enterobacterial dtiéipe Intergenic
Consensus), has been described (Versaktvat, 1991). IRU are 124127 bp long in

which successive copies (up to six) are arranged in alternate orientation (&ilson
al.,1984; Martinet al, 1992). Both PU and IRU families are sinmijalocated in non
coding, probably transcribed, regions of the chromosome.

Repetitive Element Polymorphism PCR @#e@R) fingerprinting has become a
frequent method to discriminate bacteria species analyzing the distribution of repetitive
DNA sequences in prokaryotic genomes (Versalostial, 1991). RepPCR is based
on the observation that outwardly facing oligonucleotide primers, complementary to
interspersed repeated sequences, enable the amplification of differently sized DNA
fragments, consting of sequences lying between these elements (Versabuil
1994). Multiple amplicons of different sizes can be resolved by electrophoresis,
establishing DNAfingerprintspecific patterns for bacterial strains (Rademaker & De
Bruijn 1997). Severadf these interspersed repetitive elements are conserved in diverse
genera of bacteria and, therefore, enable single primer sets to be used for DNA
fingerprinting in many different microorganisms (Versalogical, 1994; Rademaker
& De Bruijn 1997).

Although repPCR primers were developed for repetitive elements in
prokaryotic genomes, these primers have been applied with success in the
fingerprinting of eukaryotic genomes as well (van Bellatral.,1998). Thus, refCR

primers have been used tharacterize the variability of several fungal genera
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(McDonaldet al.,2000; Mehteet al.,2002; de Arrudat al.,2003; Abdollahzadeh and
Zolfagharj 2014 & Ddamulireet al.,2014). Endogenous repetitive DNA elements have
been identified in fungi andsed to generate genomic fingerprints (van Bellairal.,

1998). For example, repetitive sequences like microsatellites were shown to be useful
targets for DNAbased typing because of their length variation and widespread
occurrence (Tayloet al,, 1999).

RepPCR fingerprinting is a highly reproducible and simple method to
distinguish closely related microbial strains, deduce phylogenic relationships, and study
their diversity in different ecosystems (Ishii and Sadowsky, 2009). However, few
studes have been performed regarding the applicability of-P@R to the
discrimination of fungal species. Currently, #8@R has been proved as a useful
molecular method to identify and study the genetic variability in the fungal species.
Thus, he objectiveof the studywas to study the genetic diversity and the population
structure ofP. griseolaisolates obtained from the collected infected leaves of common
bean from the various areas of Ethiopia usingR&R molecular finger printing

methods.
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4.2. Materials and Methods

4.2.1.Sample collection andsolation of P. griseola

The experiment was conducted in the Molecular Biotech Lab at the Southern
Agricultural Research Institute (SARI), Hawassa, Ethiopia. Leaves with lesions of ALS
were samplednd collected from fields of common bean during the field survey in 2016
and 2017 in diverse agroecological zones of Ethiopia that are known major common
bean production areas (FdL). A total of 78 pure and single spores were isolated from
infected andliseased leaves collected from the various comb&am growing regions
using methods developed by CIAT (Tablel). Moreover, one additional isolate
already characterised isolate from an Andean gene pools that was obtained from CIAT
Uganda was included ithe study to differentiate the Ethiopian isolates into Middle

American and Andean groug®damuliraet al, 2014) Isolation and monosporic

Figure4.1.Geographic location of Pseudocercospora griseola sampling sites in the st
the map of Ethiopia.
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culture were done according to timethod developed by Past@orraleset al. (1998).
Accordingly, freshly infecte leaves of common bean were used and single spore were
transferred from fungal structures formed on lesions to culture media, using a sterilized
fine needle under a dissecting microscope (Motic compound microscope). Monosporic
cultures ofP. griseolaweregrown on V8 culture media in 12h dark and light incubator
for 20 days at 2% until genomic DNA extraction.

Table 41 Single spore isolates &f. griseolafrom the diverse bean growing areas of
Ethiopia

Isolates Year of
CODE Location Altitude Host Genepool Collection
pget001 WONDO 1742masl PIC6 A 2017
pget002 WONDO 1742masl ADP-0100 A 2017
pget003 GOFA 1400masl SMALL RED M 2017
pget004 WONDO 1742masl ADP-0095 A 2017
pget005 WONDO 1742masl ADP-0468 A 2017
pget006 GOFA 1400masl SMALL RED M 2017
pget007 HALABA 1872masl TATU A 2017
pget008 GOFA 1400masl HDUME M 2017
pget009 WONDO 1742masl ADP-0668 A 2017
pget010 WONDO 1742masl ADP-0518 A 2017
pget011 WONDO 1742masl ADP-0037 A 2017
pget012 WONDO 1742masl ADP-0037 A 2017
pget013 WONDO 1742masl ADP-0675 A 2017
pget014 WONDO 1742masl ADP-0675 A 2017
pget015 WONDO 1742masl ADP-0675 A 2017
pget016 WONDO 1742masl ADP-0675 A 2017
pget017 DOLLA 1865masl REDWOLAITA M 2017
pget018 DOLLA 1865masl REDWOLAITA M 2017
pget019 DOLLA 1865masl REDWOLAITA M 2017
pget020 DOLLA 1865masl REDWOLAITA M 2017
pget021 DOLLA 1865masl REDWOLAITA M 2017
pget022 DOLLA 1865masl REDWOLAITA M 2017
pget023 DOLLA 1865masl REDWOLAITA M 2017
pget024 DOLLA 1865masl REDWOLAITA M 2017
pget025 DOLLA 1865masl REDWOLAITA M 2017
pget026 DOLLA 1865masl REDWOLAITA M 2017
pget027 DOLLA 1865masl RED WOLAITA M 2017
pget028 DOLLA 1865masl RED WOLAITA M 2017
pget029 DOLLA 1219masl NASIER M 2017
pget030 CHANO DORGA  1219masl NASIER M 2017
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Isolates Year of
CODE Location Altitude Host Genepool  Collection
pget031 SOUTH OMO 1363masl RED WOLAITA M 2017
pget032 SOUTH OMO 1363masl RED WOLAITA M 2017
pget033 SOUTH OMO 1363masl H DUME M 2017
pget034 SOUTH OMO 1363masl H DUME M 2017
pget035 SOUTH OMO 1363masl H DUME M 2017
pget036 SOUTH OMO 1363masl H DUME M 2017
pget037 SOUTH OMO 1363masl H DUME M 2017
pget038 CHANO MILE 1219masl NASIER M 2017
pget039 BAKO GAZAR 1363masl SMALL RED M 2017
pget040 BAKO GAZAR 1363masl SMALL RED M 2017
pget041 SOUTH OMO 1363mal HDUME M 2017
pget042 AREKA 1802masl ADP A 2017
pget043 AREKA 1802masl ADP A 2017
pget044 CHANO DORGA  1219masl NASIER M 2017
pget045 CHANO DORGA  1219masl NASIER M 2017
pget046 CHANO DORGA  1219masl NASIER M 2017
pget047 CHANO DORGA  1219masl NASIER M 2017
pget048 CHANO DORGA  1219masl NASIER M 2017
pget049  CHANO DORGA  1219masl NASIER M 2017
pget050 CHANO DORGA  1219masl NASIER M 2017
pget051 CHANO DORGA  1219masl NASIER M 2017
pget052 CHANO DORGA  1219masl NASIER M 2017
pget053 CHANO DORGA  1219masl NASIER M 2017
pget054 CHANO DORGA  1219masl NASIER M 2017
pget055 CHANO DORGA  1219masl NASIER M 2017
pget056 CHANO DORGA  1219masl NASIER M 2017
pget057 CHANO DORGA  1219masl NASIER M 2017
pget058 CHANO DORGA  1219masl NASIER M 2017
pgetd59  CHANO MILE 1212masl NASIER M 2017
pget060 CHANO MILE 1219masl NASIER M 2017
pget061  CHANO MILE 1219masl NASIER M 2017
pget062 CHANO MILE 1219masl NASIER M 2017
pgetd63  CHANO MILE 1219masl NASIER M 2017
pget064 CHANO MILE 1219masl NASIER M 2017
pgetd65  CHANO MILE 1219masl NASIER M 2017
pget066 CHANO MILE 1212masl NASIER M 2017
pgetd67  CHANO MILE 1212masl NASIER M 2017
pget068 CHANO MILE 1212masl NASIER M 2017
pgetd69  CHANO MILE 1212masl NASIER M 2017
pget070 HALABA 1872masl HDUME M 2016
pget071 GURAGE 1604mak NASIER M 2016
pget072 GURAGE 1700masl NASIER M 2016
pget073 GURAGE 1772masl NASIER M 2016
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Isolates Year of

CODE Location Altitude Host Genepool  Collection
pget074 AREKA 1884masl REDWOLAITA M 2016
pget075 GURAGE 1742masl NASIER M 2016
pget076 KAO60 /CIAT A 2016
pget077 240 2016
pget078 220 2016
pget079 224 2016

M=Middle American gene pool, A=Andean gene pool, m.a.s.l. =meter above sea level

4.2.2. Genomic deoxyribonucleic acid (DNA) extraction

Genomic DNA was extracted using a protadescribed by Mahuku (2004) with minor
modification. The harvested fresh fungal mycelium was transferred to sterilized 1.7 ml
tube containing 5001 of TES extraction buffer (0.2 m TfiBICl pH 8.0; 10 mm EDTA,

pH 8.0, 0.5 m NaCl, 1% SDS); sterilized savas added and grinded using mortar and
pistil. The samples were mixed using vortex for 30s and then incubated in the water
bath at 65°C for 30 minutes before it was centrifuged for 15 minutes at 20,800g. The
supernatant was transferred to a new tubeaanejual volume of ice cold isopropanol
was added. Tubes were then incubate@@(C for 1 hour, followed by centrifugation

for 10 minutes at 20,8009 to pellet the DNA. The supernatant was eliminated and the
DNA pellet was washed with 8Q@ of cold 70% éhanol; the tubes were then turned
upside down on clear sterile paper towel for 45 minutes to aiftgn he dried DNA

pellet wadiluted with 1 x TE buffer andeady for the PCR
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4.2.3. RepPCR fingerprinting

In repPCR, fingerprinting threiamilies of repetitive sequences were used (Taldg

They included 1) the repetitive extragenic palindromic (REP) sequence REP1R

1/REP21 (18 nucleotides in length), as described by Versalevial (1991); 2) the

enterobacterial repetitive intergenic camses (ERIC) in which two oligonucleotide

primer pairs used for PCR amplification ERIC1R/ERIC2r22leotidesn length) and

3) BOX elements (22wcleotidesin length) (Lupskiet al, 1992). Optimal PCR

conditions for each of the primer sets used weressribed by Versaloviet al.(1994)

with minor modification of the annealing temperature. The reproducibility eP@R

was tested by amplifying DNA two times from ten randomly chosen strains. The PCR

amplifications were performed with a thermal cyclefl@ using PCR premix

(GEillustra)(https://us.bioneer.com/products/accupower/accup@namix-overview.aspy.

The PCR products were electrophoresed in a Agé&fose gel for 2 h at a constant

voltage of 90 V in 1xTAE buffer (40 mMTiig\cetate, 1 mM EDTA, pH 8.0) at 4 °C.

Gels were stained in ethidium bromid@5 pgml) and the regPCR profiles and

fingerprinting patterns were visualized under UV light, ang ithage was captured

using a Canon digital camera mounted on the visualization hood.

Table 4.2 Molecular markers used to amplify PCR fingerprinting produ@seafdocercosporarigeola

Genetic GC | Number of

markers Sequences 50| T.°C % | nucleotides References
REP 1R ICGICGICATCIGGC 49 52.9 18 Seurink et al.2003
REP 2 IICGNCGNCATCNGGC 58 52.9 17 Seurink et al., 2004
ERIC1R | ATGTAAGCTCCTGGGGATTCAC | 58 50 22 Coenye et a].2002
ERIC 2 AAGTAAGTGACTGGGGTGAGCG| 42 54.5 22 Coenye et al., 200
BOX A1R | CTACGGCAAGGCGACGCTGACG 50 68.2 22 Versalovic et al 19
I =Inosine
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4.2.4. Data analysis and interpretation

4.2.4.1Analysis of genetic similarity and dissimilarity

The results of PCR fingerprinting with ERIC, BOX, and REP primezee collected

into matrices with scored presence (1) or absence (0), of banding pattern in each PCR
analysis lane. In each case, a simple matrix was obtained by comparing pairs of isolates
of P. griseolausing a simple matching coefficient (SM). A dendrograas wonstructed

with all parameters together after cluster analysis with the Dice similarity matrix, the
Jaccard dissimilarity matrix and the Euclidean distance (Rencher, 1995). As suggested
by the Kosman diversity and distance measures (Kosman and Ledd@rd for
populations with an asexual and mixed mode of reproduction were considered in this
specific study to measure the genetic diversity with populations and distance between
populations. The Kosman distance and diversity measures for populations were
calculated using different measures of dissimilarity between individuals (Jaccard, and
Dice coefficients of dissimilarity). Similarity among the profiles was calculated using
the Dice similarity matrix. The clustering was based on an average linkage or

unweighted pair group method with arithmetic averages (UPGMA).

4.24.2. Analysis of molecular variance (AMOVA) and genetic diversity

An analysis of molecular variance (AMOVA) was performed using GenAlEx6.1
(Peakall and Smouse, 2006) to assess genotypiatieais across all the populations
studied (Tabled.3 & 4.4). The analysis included partitioning of total genetic variation
into within-groups and among groups variance components, hence, it provided a
measure of intergroup genetic distance as proportiaheototal variation residing
among populations. The significance of analysis was tested using 999 random

permutations.
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4.5, Results

4.5.1.Analysis of molecular markers

4.5.1.1.Rep-PCR amplification in Pseudocercospora griseola

RepPCR analysis uspg primer sets REP, ERIC and BOX of highly conserved
repetitive sequencesesulted in differential banding patterns among and wiin
griseola populations collected from the diverse common bean growing regions of
Ethiopia.In RepPCR, three families ofepetitive sequences were used, including the
repetitive extragenic palindromic (REP) sequences, enterobacterial repetitive
extragenic palindromic sequence, enterobacterial repetitive intergenic consensus
(ERIC), and BOX elements (Lupsét al.[1992).

Amplification of genomic DNA from thé. griseolaisolates collected from the
diverse common bean growing regions of Ethiopia withARR resulted in complex
fingerprint patterns (Figd4.2, 4.3 & 4.4). RepPCR fingerprint patterns for isolates of
P. griseolawere examined. The size of amplification products ranged from 100bp to
1500bp. Analysis of the ERIC PCR fingerprinting patterns by
unweightedoair groupmethod with arithmetic meaftyPGMA) using Dice similarity
coefficient resulted 17 distinct groups armgahe 79 P. griseolaat 77% similarity cut
of level (Fig4.2). While BOX and REP PCR fingerprinting pattern discriminated 5
and 11 distinct groups among theFQyriseolaat cutoff 60 and 66% similarities level
respectively (Figs4.3 & 4.4). Hence, ERIEPCR was the most informative to
differentiate isolates dP. griseolacollected from the diverse common bean growing
regions of Ethiopia. The dendrogram obtained from the cluster analysis using combined
ERIC-, RER and BOXPCR genomic fingerprints revedlée overall grouping of the

P. griseolaisolates collected from the diverse areas of Ethiopia. Thus, combined REP
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PCR fingerprinting discriminated 26 distinct groups among the 79 isolat& of

griseolaat a cut off 77% similarity molecular level (kig 45).
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Figure 4.2 Agarose gel showing polymerase chain reaction genomierfinigting pattern and cluster
analysis based on UPGMA and Dice similarity coefficients with ERBR gDNA extracted by the
Mahuku (2004) method from 79-{B) single spore isolates Bseudocercospomaiseola.The isolates
were collected from the diversemmon bean growing agiecologies of Ethiopia. M = 100 bp geneti
marker.
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Figure 4.3. Agarose gel showing polymerase chain reaction genomic fingerprinting pattern and cluster ang
based on UPGMA and Dice similarity coefficients with-BOR gDNA extracted by the Mahuku (2004) metho
from 79 (%:79) single spore isolates of Pseudocercospora griseola. The isolates were collected from the di
common bean growing agrecologies of Ethiopia. M = 100 bp genetic marker.
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Figure 4.4.Agarose gel showing polymerase chain reaction produced genomic fingerprinting patt
and Cluster analysis based on UPGMA and Dice similarity coefficients withFREEPfrom 79 (lane-1
79) single spore isolates of Pseudocercospora griseola collected from diverse common bean gro
regions of Ethiopia. M: molecular marker 100bp, NC; negative control.

4.51.2. Analysis of molecular variance (AMOVA)

The analysis of molecular variance (AMOVA), which revealed 83% and 17% genetic
variations (P<0.05)ithin and among the monosporic isolateg?ofyriseolaobtained

from the collections of thdiverse common bean growing areas of Ethiopia 45y

Percentages of Molecular Variance

Figure 4.5 Pie chart indicating the percentage of molecular variance
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4.5.3.Cluster analysis of BOX, REP and ERICPCR fingerprinting pattern

Cluster analysis was performed on the combined DNA fingerprints produced from
BOX, REP and ERIC PCR products (Fig4r8). The dendrogram obtained from the
cluster analysis of combined (REP/BOX/ERIC) R®PR fingerprinting patterns
discriminated the entire monospoifit griseolaisolates, that were collected from
various common bean regions of Ethiopia into 25 distincesypmong the 79.
griseolaisolates. The results of the present study determined primarily the usefulness
of RepPCR genomic fingerprinting amplimentary or as an alternative strategy to other
methodsin studying the genomic diversity oP. griseola The genetic structure d?.

griseolarevealed no geographical differentiati@tig 4.6)
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Figure 4.6. The evolutionary history was inferred using the Minimum Evolution method. The optimal t1
with the sum of branch length =15085937 is shown. The tree is drawn to scale, with branch lengths (n
to the branches) in the same units as those of the evolutionary distances used to infer the phylogenet|
The ME tree was searched using the CiNegghbourinterchange (CNI) aorithm at a search level of 1.
The Neighbouwjoining algorithm was used to generate the initial tree. Evolutionary analyses were cong

in MEGAG.
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Figure 4.7. Cluster analysis based on UPGMA and Dice similarity coefficients obtagmadte combined
REP, BOX and ERIC genomic fingerprinting patterns of 79 siggtee isolates of Pseudocercospora
griseola collected from diverse common bean growing regions of Ethiopia. Same Colors within the cly
indicates genetic similarity of P. geola isolates and the dendrogram in the right side indicates the
genetically discriminated 25 clusters among the 79 monosporic isolates

50



45. Discussion

The genomic DNA fingerprinting patterns found among Ehegriseolaisolates
obtained from infected common bean leaves collected from various aorbeam
growing areas of Ethiopia were found to be varied in size and number depending on
eachP. griseolaisolates indicating the existence of diverse genetic variability within
each isolate. However, some of the isolates showed similar DNA fingerpipatitegns

with only minor differences; hence, these isolates with similar genomic DNA
fingerprinting pattern were clustered in the same group. ThePR& primers set
families of ERIC, REP and BOX generated multiple distinct DNA genomic fingerprints
rangingfrom 100bp to 1500pb (Figs.1, 4.2, & 4.3). The results of genomic DNA
fingerprint profiles obtained from monosporic isolates complement with the many of
the previous reports and can be reproducible from one experiment to another
(McDonaldet al, 2000;Mehtaet al,, 2002; déArubaet al, 2003; Abdollahzadeh and
Zolfaghari 2014 & Ddamulir&t al.,2014).Previously the distribution of ERIC, REP

and BOX elements has been examined and reported in diverse prokaryotic genomes
(Versalovicet al., 1991). The observed significant variation within the monosporic
isolates ofP. griseola among the isolates of the same geographic locations were due
to the coexistenceof diverse host genotypes and based on many of the reports the
pathogen might undergorgar asexal that facilitates exchange of genetic material
within and between isolates. It might albe because of chromosomal inversion,
deletion and presence of transposginseall are reported to have capability to increase
the variability inP. griseola(Kristler and Miao, 1992; Kempken and Kuck, 1998). The
genetic structure d?. griseolarevealed no geographical differentiation. The small reds

& white coloured beans from the Mesoamerican gene pool have been predominantly

cultivated in Ethiopia with the excepn of a few areas known for the cultivation large
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and speckled red beans from the Andean gene pool (éset 2009). Therefore,
geographical specialization was not evident. This has important implications for the
deployment of angular leaf spot r&since genes and the development of common bean
cultivars for the ALS disease resistance. High genetic variabilify. @friseolawas
observed in areas typically cultivating Mesoamerican common bean. Since
Mesoamerican common beans are predominantly etdétivin Ethiopia, the greatest
challenge to manage angular leaf spot of the common bean is in areas that are known
for the cultivation of beans from the Mesoamerican genepools.

The lack of isolation by distance among the isolatéx gfiseolafrom the diverse
common bean growing areas of Ethiopia indicatePthgriseolafungi have efficient
dispersal at the common bean growing areas of the region. From our study we
confirmed that the genetic divergence between the populations was very ldvwwelsic
13% whereas, 87% of the molecular variance was attributed to the variation within
populations This results were indicated withsharing of refPCR genomic finger
printing pattern between geographic populations from distinct locations of common
bean gowing areas of Ethiopia, (for example genomic finger printing patterns between
Dolla and south Omo the two locatiotiatare far awayor about 450 km from each
other). The observed gene flow and shamfiggame genomic fingerprints between
isolates of he two distinct locations could be due to different possibilities; one of the
possibilities for the longlistance gene flow might be due to the lalistance gene
flow nature of the pathogen amgkbconddue to spore dispersal without human
interference beamse of the wind and other natural influence. Moreover, the long
distancegene flomover hundreds to thousands of kilometers has been reported in many
of fungi (Jamet al.,1999; Kuyper, 2003; Edman and Gustafson, 2003) or the other

possibility for the lmg-distance gene flow could be ald® due to the human
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involvement and the seed born natur@ofriseola.The informal seed system, which

is common practice and is associated with movement of infected planting materials
between different locations ormwnon bean growing areas, including wind dispersal
could be the main causes for the observed genomic fingerprinting pattern between
distinct locations. This was explained with the presence. afriseolaisolates from
different geographical regions in thense branch of the dendrograduman activities

were reported and found to be responsible for the-thstgnce dispersal of may fungi

and pathogens (Fmst al.,1992; Rocheet al.,1995; Milgroomet al.,1996; Zeng and

Luo, 2006).This study is the firstaport using ref°PCR genomic finger printing on
genomic variation and population structurePofgriseolaisolates that were collected
from diverse common bean growing regions of Ethiopian. The results reveal&d that
griseola in Ethiopia demonstrates higlevel of genomic diversityAs previously
reported, RefPCR fingerprinting was a highly reproducible and a simple method to
distinguish closely related fungal isolates. To infer the phylogenic relationships and to
study their diversity in different ecoggsns (de Bruijret al.,1992; Ishii and Sadowsky,
2009).The majority of ourP. griseolasamples were from the southern parts Ethiopia
which is known for its wider and potential common bean production areas of Ethiopia.
The area is known for its hotspotearfor the angular leaf spot and majority of the
isolates ofP. griseolafrom this area were confirmed to be genetically very diverse and
this area might not represent other parts of Ethiopia. The analysis of additional samples
from other areas as well asore genes might allow to define the population structure
of P. griseolaexisting in EthiopiaThe result fronthis study represents an important
step towards understanding the presence of high genetic diversity witRinghseola
existing in common ke production areas of Ethiopia and hence the common bean

breeding program aiming to develop durable resistancetiearishould consider this
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information during the deployment of resistance genes to develop resistance common

bean varieties.

4.6. Conclugon

This study was the first report on the genomic variation and population structire of
griseolathat werecollected from the diverse common bean growing regions and the
result revealed thaP. griseolain Ethiopia displays with high level of genomic
diversity. The genetic structure Bf griseolareveals no geographic differentiation.
Moreover, the result from this specific study compliments with many of the reports that
confirms the sources of genomic variability existed within and among the moiwospor
isolates ofP. griseolaobtained from the diverse common bean growing areas of
Ethiopia might be the informal seed system that was dominantly practiced with
common bean seed system within the sieadlle farming community. In addition of
that the movem# of infected planting materials between different location in the
common bean growing areas including wind dispersal of spores also the main
contributors to the presenceRfgriseolaisolates from the different geographic regions

in the same group arfdr the absence of geographic differentiation between common
bean growing locationdRepPCR fingerprinting was a highly reproducible and a
simple method to distinguish closely related fungal isoldtes.regional and national
common bean improvement pragns in Ethiopia should also give priorities for gene
deployment and marker aided gene pyramiding techniques in developing broad and
multiple disease resistance common bean varieties along with identification of new

sources of resistance common bean caitiv
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CHAPTER FIVE

GenomeWide Marker Trait Association Study of Angular Leaf Spot

(Pseudocercosporgriseola)Resistance in Common BearRhaseolusvulgaris L.)

Abstract

Angular leaf spot (ALS), caused WBseudocercosporgriseola is one of the major
diseases that affect common bean production all of the world. The fungus is highly
diverse and variable and has the ability to infect bean varieties from both Mesoamerican
and Andean gene pools. Identification of specific resistance loci and alleles variants
contributing to improve resistance may be useful to breeders by allowing selection of
resistance alleles with favourable agronomic characteristics. Genome wide association
studies (GWAS) have been widely used in genetic dissediocomplex traits,
especaally with the development of advanced genomic sequence technologies.
Association analysis was performed using the most powerful compressed mixed linear
model (CMLM) including kinship matrix using the GAPIT R computer program. The
chromosomal location of A% resistance genes was established using a genatae
association study based on genotypir&83 SNPs variants across 288 diverse common
bean genotypes. We observed a total of 18 significant madieassociations, which

were distributed on chromosomBv04 and Pv08. The locus on chromosome Pv04 was
the most saturated locus with 11 significantly associated SNP markers, followed by
chromosome Pv08 with 7 significant SNPs. Hence, two candidate genes were detected
for further verification. The result al$dicates a quantitative and complex inheritance
pattern for resistance to ALS disease in common bean, confirming earlier results. Our
results demonstrate the great potential of gerade association studies to identify

guantitative resistance loci fangular leaf spot of the common bean.

Keywords Pseudocercospora grisegleesistance quantitative locus, genomic region,

GWAS, significant markers
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5.1. Introduction

Common beanRhaseolus vulgarise.Lis widely grown for food and income by small
scalefarmers in Ethiopia. It is frequently affected by the angular leaf(#@®) caused

by Pseudocercospora griseglavhich is one of the major diseases affecting common
bean production in Ethiopia and other tropical areas of the world. The disease can lead
to 80% vyield loss. The use of resistance is the main means for disease control. However,
the pathogen is highly diverse, which makes genetic control quite challdhgmgssa

et al, 2011; Ddamuliraet al, 2014)

The QTL approach based onpgarentapopulations provides results specific to each
population. Linkage mapping based on a segregating population from a cross between
two parents with different phenotypes is well known approaches to locate quantitative
trait loci(QTL). They are statisticallynferred, generally vis linear regression and
maximum likelihood estimate methods (Zeng, 1994), and based on a genetic linkage
map (lander and Bostein, 1989). Only a few QTLs are generally detected vis linkage
mapping in each experiment. Further fine magmf QTL to more narrowly precise
genetic position and cloning of the underlying gene, as large secondary population are
required to achieve sufficient map resolution (Diekal.,2007), these procedures are
resource and timeonsuming process. Itikerefore, not suitable to survey genotypic
variation across the entire genome in a gene pool. In contrast, genome wide association
studies (GWAS) have emerged as a powerful approach for screening genetic variation
underlying complex phenotypes. GWAS sia diverse population provides another
strategy to effectively fine map QTL due to a large number of historical recombination
event that lead to rapid decay of linkage disequilibrium(LD) (FHatciaet al.,2003).

This strategy of GWAS was applied fdret first time in 2005 to a human disease

(Edwardset al.,2005). Subsequently, an increasing series of research results on GWAS
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have been published (Hindost al., 2009; Korte and Farlow 2013; Huang and Han
2014) and stimulated by the increasing avalitgtof high-throughput marker systems.

For both QTL and GWAS approaches, further research is required to validate the results
and eventually identify the candidate genes. Association mapping, unlike conventional
QTL mapping, does not rely on populations kmown pedigree; therefore, it is
important to consider population structure and kinship among individuals, because they

may lead to the confounding effects (Oraguwetial.,2007)

Genomewide association studies (GWAS) or association mapping (ANer
higher resolution because historical recombination accumulated in natural populations
and collections of landraces, breeding materials, and varieties, has reduced linkage
disequilibrium (LD) (Rosset al.,2009). LD analysis, which effectively incaates
the effects of many past generations of recombination, has often been instrumental in
the final phases of gene localization (Feekeal.,1996). By exploiting broader genetic
diversity, GWAS offers several advantages ovgrdrental mapping, su@s mapping
resolution, allele number, time saved in establishing markérassociations, and
application in breeding programs (Mt al., 2006). The strength of the correlation
between two markers is a function of the distance between them: the wloseatkers
are, the stronger the LD. The resolution with which a QRL can be mapped is a function
of how quickly LD decays over distance. Selfing reduces opportunities for
recombination; thus, in seffollinating species such as ric®ryza sativy, LD may
extend to 100 Kb or more (Flu@arciaet al.,2007). In common bean, information is
available on the extent of LD, especially since the development of wgealeme DNA
reference sequences (Kwak and Gepts, 2009; Rbosai, 2009; Blairet al., 2010;

Schnutz et al, 2014).
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Genomewide association studidsave proven to be one of the most efficient
methodgelative to time, cost, and precision for identifying candidate genes that control
agriculturally important traits. However, besides insufficieaimputing speed, low
statistical power and false positives are also factors that influence GWAS performance
and reliability (Atwellet al.,2010; Yanget al.,2014). A typical GWAS can have an
inflated false positive rate if the statistical model usetudes only a tested genetic
marker, such as a singteicleotide polymorphism (SNP), as an explanatory variable.
Indeed, associations between a genetic marker and a phenotype occur for many reasons,
in addition to the genetic linkage between the testedtigemarkers and functional
causal polymorphisms. For example, population structure and relatedness among
individuals are two common sources of false positives (Faktshal., 2007).
Consequently, popul ation struareoftenéttecand i n
as covariates in a mixed linear model (MLM) to reduce the false discovery rate (FDR)

(Yu et al.,2006). Unfortunately, this reduction of false positives can also increase false
negatives through confounding phenotypes with populationtstuc e and i ndi vi
total genetic effects (Atwedt al.,2010). Therefore, new analysis methods with greater
statistical power are critical for resolving these confounding issues and improving
interpretive reliability (Yanget al., 2014). Several methsdhave been developed to

improve the computing speed of Mixed linear models(MLMs) including efficient
mixedmodel association (EMMA) (Kangt al., 2014), EMMA accelerated and
population parameter previously determined (Kabh@l.,2010; Zhanget al., 2010,

genome wide EMMA (Zhou and Stephens, 2012) FaBBIM (Lippert et al, 2011),

and Gen ABEL (Svishchevat al, 2012). Thecompressed mixed linear model
(CMLM)r epl aces the individual 6s genetic eff

each individual blongs (Zhanget al., 2010). That is, individuals are clustered into
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groups on the basis of their relationships derived from all available genetic markers.
Simulation demonstrate that CMLM improves statistical power by 5 to 15 % compared
to regular MLM (Zlanget al.,2010) additionally CMLM includes a dramatic reduction

in computing time. The CMLM approach was implemented in the first release of

GAPIT (Lipkaet al.,2012).

In this specificstudy, thegenomic regiorof ALS resistancevasexaminedoy a
genomewide association study (GWAS) based on genotyping of 3,335 SNP variants
across 28&liverse common bean genotypes. This study was designed to identify any
loci related to ALS resistance that could be important for common bean production and

improvement.

5.2.Materials and Methods

5.2.1.Plant materials

A very diverse common bean germplasm sample was established by eTiehy
(2015), whichincluded a collection of 288 landraces collections and breeding lines,
collectively referred to as the AeanDiversity Panel (ADP) AppendixTable2). The

ADP includes entries from the United States National Plant Germplasm Collection,
East Africa, U.S., Canadian, and Ecuadoran bean breeding programs, African breeding
programs collected by CIAT (Cali, Colonal, the CIAT Germplasm Collection,
Angolan and CaribbeaRhaseoluscollections, landrace cultivars used as checks or
parents in African breeding programs, and lines from a set of ALS resistance
differentials. The large majority of these entries originafemm the Andean

domestication center of common bean (Ciebhwgl, 2015).
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5.2.2. Field experimental design and phenotyping and statistical analysis

The 288 entries were planted in an augmented randomized block design in which each
block contains an incoplete set of entries and including 12 international sets of ALS
differential common beagenotypes which were replicated in each block as standard
checkswithin individual plots consisting of two rows of 3m long and planted during

the main seasons of 20&6d 2017. The materials were evaluated under natural disease
epidemics in two different environments, at the Wondogenet and Areka research
stations |l ocated in southern Ethiopia, roe
1803 m.a.s.| and’ A4 NjN  and A472 NjE.s.| with an average precipitation
1290mm These two locations are known for its high infestation of both angular leaf
spot and common bacterial blight. Disease severity was recorded at 55 and 66 days after
planting using the-B CIAT scale The statistical analysis for the field phenotypic data

was conducted using the Augmented SAS macro in SAS 9.4 (SAS IngQafeScott

and Milliken, 1993. Each single environment was separately analysed for the angular
leaf spot resistanceksponse using a mixed model with genotypes as fixed and

replications and incomplete blocks.

5.2.3. Genotyping of common bean germplasm and association mapping

We have used the SNP marker data fromAD& previously genotyped by Cichy et

al. (2015) withthe lllumina (lllumina Inc.San Diego, CA) BARCBean6K_3 SNP array
with 5398 SNPs (Songt al, 2015). After filtering for low quality, monomorphic SNPs
and for minor allele frequency (MAF>0.05), a total of 3,335 SNPs were retained for
PCA, kinship matrixcalculation, and genome wide association analysis. The kinship
matrix developed using identityy-descent method was included in the association
analysis to correct for ambiguous relatedness. In addition, we applied a GWAS

approach using GAPITT@nget al, 2016) including a compressed mixed linear model
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(CMLM) to calculate genomic best linear unbiased prediction (gBLUP) (Zbtab,

2010). The CMLM equation used in the analysis was as follows:

~ - o

Y = O +XU + PH + Zu + U

where Y is N x 1 vector of BLUPs gfenetic effect (N is the number of line), u is the
overall meanX is the incidence matrix relating the individuals to the fixed marker
effect U ,P is the incidence matrix relating the individuals to the fixed principal
componentPC) effectsb, andZ is the incidence matrix relating the individual to the
random group effeat obtained from the compression algorithm. The random group
effect u follows a multivariate normal distribution with mean 0 and variangariance
matrix2KVg, where K is the kinship atrix, and Vg is the genetic variance component.

The random error term U follows a multiv.
variance and cwariance matrixVe, where | is the identity matrix ande the error

variance component. Compressed Mixeddglo(CMLM) and regular MLM were

applied according to GAPIT (You Tarmg al, 2016). The first four PCs were involved

in models as covariate variables according to the Bayesian Information Criterion (BIC)
test of the model fitness. The significance thredHol SNRtrait associations was
determined by false discovery rate (g value) < 0.05 or P< 7.9 xTH& conservative
Bonferroni corrected p=1.0x®qf or U= 0. 05 and 3335 SNPs)

the significance threshold for SNPs.

5.3.Results

5.3.1. Phenotypic data analysiand the response of common bean to th& griseola

The analysis of variance (ANOVA) for the genotypesett$or the angulaleaf spot
indicated that there was a highly significant (P< 0.001) genotype difference for the

angular leaf spot under the field conditions. Hence all of the tested common bean
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genotypes showed different reactions for the ALS diseaseerity of ALS forthe
combined sample ranged framsistance scord (9) scaleto susceptible scoreg.Q).
Distribution of phenotypes ranged from susceptible to resistance across the tested 288
common bean germplasm. Analysis of variance revdakedariance&eomponentgor

the genotype were highly significafit< 0.001) differences between the common bean
genotypes among the common bean and sets of differential and within the ALS
differentials for the natural angular leaf spot infestation suggesting the presence of
genotyic diversity for the angular leaf spot resistance among the 288 common beans

germplasm (Tabl&.1andFig 5.1).

Table 51. Mean squares dadinalysis of variance for the 288 common bean genotypes
evaluated under naturally endemic angular leaf spot diseasagl@016 and 2017
across two locations Wondogenet and Areka, Ethiopia (ALSW16, ALSW17ALSA17 and
ALSCOM) which are known for the disease pressure
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