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Clonal Complex analysis and Phylogeny of HLB-associated ‘Ca. L. asiaticus’:

Allele frequencies at seven microsatellite loci that have been developed were used to characterize allele patterns and to
estimate the genetic diversity of ‘Ca. L. asiaticus’ isolates collected from several major citrus growing countries including
US, Brazil, India as reported earlier. The average number of alleles and the number of effective alleles per locus per
population ranged from 1.0 to 2.7 and 1.0 to 2.3, respectively. A comparison of the number of alleles within each
geographic region revealed that isolates from China possessed the most alleles (6.6 alleles per locus), followed by India
(5.6 alleles per locus), Florida (4.3 alleles per locus), Brazil (3.0 alleles per locus), Cambodia (2.6 alleles per locus),
respectively. The highest genetic diversity was found in India which ranged from 0.22 to 0.54 followed by US from 0.07 to
0.39, China from 0.07 to 0.35, Cambodia from 0.30 to 0.34, and Brazil China from 0.05 to 0.32, respectively. Genetic
differentiation among the overall sample populations of ‘Ca. L. asiaticus’ from different countries were evaluated with the
assumption of a short divergence time by comparing pairwise FST values. Results showed that overall sample populations
from India has higher FST values when compared with sample populations from all other countries. Similarly, high FST
value was also observed in other Asian countries such as China and Cambodia. Presumably, high genetic differentiation
of ‘Ca. Liberibacter asiaticus’ populations among Asian countries are likely due to mutation accumulation, selection and
genetic drift over a long history evolutionary process. Recent introductions of HLB in American continents, US and Brazil
sparked research interests to test a hypothesis of the origins of HLB and the genetic relationships between American and
Asian ‘Ca. L. asiaticus’ sample populations. We employed the eBURST analysis approach to identify putative founder
types and clonal complexes (CCs). This analysis resulted in identifying two major Clonal complexes, CC1 and CC2. CC1
consisted of 260 members (112 haplotypes) and included members from all countries represented in our sample set, the
corresponding sample (Haplotype-14) originated from an southern region of China. CC2 consisted of 33 members (30
haplotypes). Haplotype-14 was predicted to be the primary founder of CC2; the samples that compose this Haplotype
originated from Andhra Pradesh, India. The results from UPGMA tree with START2 analyses are consistent with analysis
of this dataset using eBURST, indicating that two major groups of ‘Ca. L. asiaticus’ are present worldwide: one lineage
(CC1) is composed of samples from all 9 countries, while the other lineage (CC2) is composed of samples harvested from
HLB-positive Indian citrus trees.

Fingerprinting virulence strains:

‘Ca. L. asiaticus’ strains vary in pathogenicity and the severity of symptom expression is in accordance to the degree of
virulence of the pathotypes. The pathogenic variants among ‘Ca. L. asiaticus’ strains were observed in the field and
greenhouse experiments. To identify and differentiate different pathotypes, a genome wide sequencing analysis had
conducted to map putatively virulent-related genes. Given the fact that the bacteria have compact genomes, many of
these repetitive loci are located within or near DNA coding regions and could have profound effects on gene expression
and functions. The next research objective is to evaluate sequence variation in target loci among selected strains.

Part of this study had summarized in 2010 annual report and presented in 2011 International Research Conference on
Huanglongbing, Orland, Florida. This report covers the period from last annual report to the present.
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