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ABSTRACT

Recently available genomic sequences of four Xylella fastidiosa strains (PD, CVCD, ALSD and OLSD) facilitate genome
wide searches for identifying Simple Sequence Repeat (SSR) loci. Sixty SSR loci were selected for SSR marker
development. We designed and validated 34 SSR primers with good reliability and specificity. These SSR primers showed
various levels of polymorphism with average 11.3 alleles per locus among 43 Xylella fastidiosa isolates. These multi-locus
SSR markers, distributed across the entire genome, are a useful tool for pathogen genotyping, population genetics and
molecular epidemiology studies.

INTRODUCTION

Xylella fastidiosa (Xf) causes economically important diseases that results in significant losses in several agricultural,
horticultural and landscape crops, including grape Pierce’s disease (PD), almond leaf scorch disease (ALSD), citrus
variegated chlorosis disease (CVCD) and oleander leaf scorch disease (OLSD). Recent introduction and establishment of the
invasive and more effective vector, the Glassy-winged Sharpshooter (Homalodisca coagulata, GWSS) has had a great impact
on the California grape industry. Host plant resistance is a critical component of integrated crop management. If this insect
becomes widely established, the use of resistant varieties may become the most reliable and effective way to control PD.
However, the durability of resistant grape plants depends upon the variability and adaptability of the pathogen population and
its interaction with the resistance genes of plants. Most resistance studies are performed by screening against a subpopulation
of a given pathogen, and neglect that fact that changes in pathogen population structure that may lead to resistance
breakdown.

It is clear that pathogen populations with a high evolutionary potential are more likely to overcome host genetic resistance
than pathogen populations with a low evolutionary potential (MacDonald and Linde, 2002). The risk becomes even greater
with the recent establishment of a more effective vector, the GWSS, which dramatically increases the dispersal of Xf
genes/genotypes. In California, information regarding the population structure and genetic diversity, as well as the genetic
evolutionary and epidemiological relationships, among Xf strains in agricultural populations is not clear. In order to develop
effective management strategies, it is critical to understand pathogen population structure and genetic diversity in the
agricultural ecosystem. A tool is needed that is capable of precisely, powerfully, easily analyzing Xf diversity and genotyping
strains. We developed multi-locus DNA markers to fill this need.

OBJECTIVES

1. Perform genome-wide sequence analysis to identify Simple Sequence Repeat (SSR) loci from four Xf genomic
sequencing databases (PD, CVCD, ALSD and OLSD). Design and develop multi-locus SSR markers.

2. Analyze genetic diversity and population structures of PD Xf'statewide. Compile a large Xf allele frequency database for
strain identification.

3. Use the SSR Marker system to examine interactions between hosts and Xf including adaptation, host selection and
pathogenecity of Xf strains

RESULTS

SSR Locus Identification and Primer Design

1. A genome wide search was performed to identify SSR loci among all four Xf'strains (CVC 9a5c 2.68Mbp, PD Temecula
2.52Mbp, ALS Dixon 2.67Mbp, and OLS Ann-1 2.63Mbp). Figure 1 shows the distributions of SSR loci among four
strains of Xf.

2.  We used the following criteria to select SSR loci for primer design; a) each locus has single hit per genome and b) each
selected locus contains at least 5 or more of repeat unit lengths.
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3. Sequence alignment was then performed to remove redundant loci and to identify conserved flanking sequence regions
across four strains for priming sites between 100-200 bp up/down stream of each repeat locus. This step ensures that
primers designed will work for all Xf strains.

4. BLAST analysis was performed to examine each selected locus against more than 300 microbial genomes in GeneBank
to ensure selected loci are unique. No significant hits were found (E value <e™*°).

5. All SSR primers were designed using the same parameters (50% GC, T,,=60°C, primer length =~ 20bp, and self
dimer/cross dimer AG = -5 kcal/mol). This facilitated SSR primer validation and should facilitate scaling up to multiplex
PCR formats in future.

6. Based on the criteria and conditions above, 50 primers passed the in silico validation test.

7. We further evaluated 50 SSR primers using 43 Xf'isolates collected from grape, citrus, almond and oleander hosts (see
Table 1). In this study, we used thirty-four primers. The results of 34 SSR markers analyses are illustrated in Figures 2
and 3.

CONCLUSION

Repetitive DNA is ubiquitous in microbial genomes. It has been shown to be a useful tool for genetic study in prokaryotes
(Belkum, et al 1998). Data from our preliminary study demonstrates that this technique works well for discriminating Xf
strains. This project will provide an accurate and reliable marker system for genotyping, quarantine purposes, genetic
diversity analyses, epidemiological analyses and risk assessment studies.
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Figure 1. Summaries of SSR loci distributions in each strain of Xylella fastidiosa. No mono- and di-
repeats occur among these four strains. The above illustrates perfect and imperfect simple repeats with
repeat unit length = or > 5.
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Figure 2. Examples of SSR markers with primers CSSR6 (above) and OSSR9 (below) among 43 Xylella
Jastidiosa isolates separated by 5% of polyacrylamide gel. A, T, C and G are molecular size markers.
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Strain Host of |County or state from which
Name Origin [strain was collected
PD-1 Grape Kern, CA
PD-2  |Grape Kern, CA
PD-3 Grape Kern, CA
PD-4  |Grape Kern, CA
PD-5 Grape Temecula, CA
PD-6  |Grape Temecula, CA
PD-7  |Grape Temecula, CA
IPD-8 Grape Kern, CA
PD-9  |Grape Kern, CA
PD-10 |Grape Kern, CA
PD-11 |Grape Kern, CA
PD-12  |Grape Baja, CA
PD-13  |Grape Kern, CA
PD-14  |Grape Kern, CA
PD-15 |Grape Napa, CA
PD-16 |Grape Napa, CA
PD-17 |Grape Napa, CA
PD-18 |Grape Napa, CA
PD-19 |Grape Napa, CA
PD-20 |Grape Napa, CA
PD-21 |Grape Napa, CA
Grape
PD-22  |(Temecula)*|Temecula, CA
CVC-1 |[Citrus Sao Paulo, Brazil
CVC-2 [Citrus Sao Paulo, Brazil
CVC-3 |Citrus Sdo Paulo, Brazil
CVC-4 |Citrus Sao Paulo, Brazil
CVC-5 |Citrus Sdo Paulo, Brazil
CVC-6 |Citrus Sao Paulo, Brazil
CVC-7 |Citrus Sdo Paulo, Brazil
CVC-8 |Citrus Sdo Paulo, Brazil
CVC-9 |[Citrus Sao Paulo, Brazil
Citrus
CVC-10 |(9a5¢)* Brazil
ALS-1 |Almond Tulare, CA
ALS-2 |Almond Contra Costa, CA
IALS-3 |Almond San Joaquin, CA
IALS-4 [Almond San Joaquin, CA
IALS-5 |Almond San Joaquin, CA
Almond
IALS-6 [(Dixon)* Solano, CA
OLS-1 |[Oleander Riverside, CA
OLS-2 |Oleander CA
OLS-3 |Oleander CA
Oleander
OLS-4 |(Ann-1)* |Riverside, CA
OLS-5 |Oleander CA

Table 1. 43 X fastidiosa isolates were used for this

study. *Labels in bold are the strains used for genome

sequence.

Figure 3. Dendrogram shows genetic distance among
the 43 isolates in table 1. Data was compiled from 356
alleles generated by 34 SSR loci.
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