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Previously, a total of 293 ‘Ca. L. asiaticus’ isolates obtained from HLB-affected plants American and Asian countries were
used for genetic analysis. Samples were successfully amplified by seven microsatellite primer pairs. The number of alleles
and haploid genetic diversity per locus ranged from 2 to 30, and 0.204 to 0.881, respectively. In the clonal corrected data
set, genotypic linkage disequilibrium was not detected by pairwise comparison of loci across the overall isolates (P > 0.01).
A total of 147 genotypes (haplotypes) were identified. Overall haploid genetic diversities were the highest in Asian
countries. The haploid genetic diversity of the Florida (USA) isolates was lowest among all the geographic groupings. A
UPGMA clustering analysis identified three major groups of ‘Ca. L. asiaticus’. Isolates from India were clustered in a
distinct group. Most of the isolates from China and other Asian countries, and Brazil were generally grouped in group 1.
While some isolates from Florida occurred in group 1, most isolates from Florida were clustered in group 2. The
STRUCTURE analysis based on Bayesian modeling further assessed the genetic structure of ‘Ca. L. asiaticus’. This
approach utilizes statistical methods to determine the relationships among the isolates without prior population
information. In this analysis three different clusters (K) were identified based on the ad hoc statistic AK. The membership
of each isolate in a group obtained from STRUCTURE analysis can be estimated as (q), the ancestry coefficient, which
varies on a scale between 0-1.0, with 1.0 indicating full membership in a population. Individuals can be assigned to
multiple clusters (with values of g summing to 1.0) indicating they are admixed. Individual sample with g =0.90 (ancestry
coefficient) were considered as having single lineage and individuals with g <0.90 were considered as admixed lineage.
The result of STRUCTURE analysis is consistent with UPGMA in which isolates from India were grouped in a distinct
cluster. Brazilian and most east-southeast Asian isolates were clustered as a single lineage (q = 0.90). Some isolates
taken from central Florida (Polk, Pasco, and Lake Counties) shared the same lineage with east-southeast Asian and
Brazilian isolates. Most Florida isolates, however, grouped in a different cluster. Some admixed isolates (q < 0.90) were
found in Florida as well as in Guangxi province in China, and in Cambodia.

The seven microsatellites developed in this study are useful for detection, isolate differentiation, and genetic analysis of
‘Ca. L. asiaticus’. Our results showed that current ‘Ca. L. asiaticus’ populations in HLB-affected citrus in Asia and the
Americas are comprised of three distinct genetic groups: (1) Indian, (2) predominantly east-southeast Asian and South
American (Brazil) and (3) predominantly North American (Florida, USA). While regional differences were observed from
the distribution of dominant clusters, the similar genetic makeup of east-southeast Asian and Brazilian isolates lead us to
hypothesize that ‘Ca. L. asiaticus’ populations in Brazilian groves were most likely introduced from east or southeast Asia.
The precise sources of the dominant genetic group of ‘Ca. L. asiaticus’ retrieved from Florida are not clearly resolved from
the present analysis. However, less-pervasive groups may have been introduced directly from Asia or via Brazil. While the
results here provide some insights into the origins and genetic structure of HLB-associated ‘Ca. L. asiaticus’, it should be
noted that more samples adding to this study will help further increase resolution for differentiation genetic relationships
among ‘Ca. L. asiaticus’ worldwide.
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