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Sequences Available before Genome

1. 16S rRNA and 16S/23S ITS
Conventional (1996) and real-time 
PCR(2006)

2. β-operon
Conventional (1999) and real-time PCR 
(2006)

3. DNA polymerase gene
Conventional PCR (2008)

4. Outer membrane protein (omp) gene
Conventional PCR (2008)



Species-signature 16S rDNA sequences
1 taagtgaaga gtttgatcat ggctcagaac gaacgctggc ggcaggctta acacatgcaa
61 gtcgagcgct tatttttaat aggagcggca gacgggtgag taacgcgtgg gaatctacct
121 ttttctacgg gataacgcac ggaaacgtgt gctaataccg tatacaccct gagaagggga
181 aagatttatt ggagagagat gagcccgcgt tagattagct agttggtggg gtaaatgcct
241 accaaggcta cgatctatag ctggtctgag aggacgatca gccacactgg gactgagaca
301 cggcccagac tcctacggga ggcagcagtg gggaatattg gacaatgggg gcaaccctga
361 tccagccatg ccgcgtgagt gaagaaggcc ttagggttgt aaagctcttt cgccggagaa
421 gataatgacg gtatccggag aagaagtccc ggctaacttc gtgccagcag ccgcggtaat
481 acgaaggggg cgagcgttgt tcggaataac tgggcgtaaa gggcgcgtag gcgggtaatt
541 aagttagggg tgaaatccca aggctcaacc ttggaactgc ctttaatact ggttatctag
601 agtttaggag aggtgagtgg aattccgagt gtagaggtga aattcgcaga tattcggagg
661 aacaccagtg gcgaaggcgg ctcactggcc tgatactgac gctgaggcgc gaaagcgtgg
721 ggagcaaaca ggattagata ccctggtagt ccacgctgta aacgatgagt gctagctgtt
781 gggtggttta ccattcagtg gcgcagctaa cgcattaagc actccgcctg gggagtacgg
841 tcgcaagatt aaaactcaaa ggaattgacg ggggcccgca caagcggtgg agcatgtggt
901 ttaattcgat gcaacgcgca gaaccttacc agcccttgac atatagagga cgatatcaga
961 gatggtattt tcttttcgga gacctttata caggtgctgc atggctgtcg tcagctcgtg
1021 tcgtgagatg ttgggttaag tcccgcaacg agcgcaaccc ctacctctag ttgccatcaa
1081 gtttagattt tatctagatg ttgggtactt tatagggact gccggtgata atccggagga
1141 aggtggggat gacgtcaagt cctcatggcc cttatgggct gggctacaca cgtgctacaa
1201 tggtggttac aatgggttgc gaagtcgcga ggcggagcta atcccaaaag gccatctcag
1261 ttcggattgc actctgcaac tcgagtgcat gaagttggaa tcgctagtaa tcgcggatca
1321 gcatgccgcg gtgaatacgt tctcgggcct tgtacacacc gcccgtcaca ccatgggagt
1381 tggttttgct tgaagacggt gcgctaaccg taaggaggca gccggccacg gtagggtcag
1441 cgactggggt gaagtcgtaa caaggtagcc gtaggggaac ctgtggctgg atcacctcct
1501 ttc

V1(domain)

V2

V3

V4

V5

V6

V7

V8(domain)

V9

Source: Chakravorty et al. J Microbiol Methods 69:330-339, 2007

EU980389 – ‘Candidatus Liberibacter sp.’ OI1
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Information storage and processing (33 ORFs, 26.4%)

Cellular processes and signaling ( 44 ORFs, 35.2%)

Poorly characterized ( 9 ORFs, 7.2%) 

Metabolism ( 28 ORFs, 22.4%)

Not in COG ( 11 ORFs, 8.8%)

125 ORFs screened
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Confirmation of the candidadte genes                               
and evaluation of their TaqMan probes and primers 

The presence of all the candidate genes in the genome 
was confirmed by their successful TaqMan real-time PCR 
amplification from ‘Ca. L. asiaticus’-infected Asian citrus 

psyllids collected in the field in Florida 

FAM for the 
selected 

Liberibacter 
genes

TET for 
Asian citrus 
psyllid DNA



Presence of all the candidate genes in the Liberibacter
from HLB-infected citrus trees in the field in Florida

Liberibacter genometyping (+) internal plant DNA



28 Liberibacter-free DNA extracts          
for specificity

• 10 international DNA extracts from healthy trees in the field
in 10 foreign nations (one DNA extract from each).
China, Japan, India, Brazil, Mexico, Costa Rica, Saudi Arabia 
South Africa

• 10 domestic DNA extracts from healthy trees in the field
in 10 US States (one DNA from each).
FL, CA, TX, GA, AL, LA, SC, HI, PR, GU

• 6 suspect DNA extracts from HLB-like symptomatic but 
• Liberibater-negative trees in the field 

Japan, Florida, Costa Rica, Porto Rico, Texas, Hawaii 
• 2 DNA extracts from healthy plants in greenhouses

ARS green house and APHHIS greenhouse in Beltsville, MD



Specificity of the TaqMan probe/primer sets 
for the  candidate genes

FAM for all the selected genes TET of the 
positive internal 
control for plant 

DNA

None of the TaqMan probe/primer sets designed for all 
the candidate genes caused any false positive reaction, 

in the multiplex real-time PCR, with any of the 
Liberibacter-free DNA extracts from HLB-free plants.



Table. Liberibacter-infected DNA isolates for genometyping.
Liberibacter species DNA isolate origin DNA isolate number DNA isolates selected

‘Ca. L. asiaticus’

USA 248 33
Japan 16 16
China 12 12
India 7 7
Brazil 5 5

Mexico 3 0
Jamaica 3 0
Taiwan 3 2
Belize 2 1

Cambodia 1 1
Indonesia 1 1
Malaysia 1 1

Saudi Arabia 1 0
Thailand 1 1
Vietnam 1 1

‘Ca. L. americanus’ Brazil 9 6
‘Ca. L. africanus’ South Africa 4 4

‘Ca. L. solanacearum’ USA 28 10
Total 346 101



5’GTCGAGCGAGTACGCAAGTACTAGCGGCAGACGGGTGAGTAACGCGTGGGGATCTACCTTTTTCTACGGGATAACGCA3’Lam:

5’GTCGAGCGCGTATTTTA TACGAGCGGCAGACGGGTGAGTAACGCGTAGGAATCTACCTTTTTCTACGGGATAACGCA3’Laf:

5’GTCGAGCGCGTATGCAA TACGAGCGGCAGACGGGTGAGTAACGCGTAGGAATCTACCTTTTTCTACGGGATAACGCA3’Las:
HLBas

HLBaf

HLBam

HLBp

HLBp

HLBp

HLBr

HLBr

HLBr

Multiplex real-time PCR for quantification of Liberibacters and host DNA

COX: 5’GGTATGCCACGTCGCATTCCAGATTATCCAGATGCTTACGCTGGATGGAATGCCCTTAGCAGTTTTGGCT3’

COXf                                                   COXp                                                COXr

Source: Li et al.,2006, 2009 J. Microbiol Methods 66:104-115.

5’GTCGAGCGCTTATTTTTAATAGGAGCGGCAGACGGGTGAGTAACGCGTGGGGATCTACCTTTTTCTACGGGATAACGCA3’Lso:
LsoF HLBp HLBr

ACPf ACPp ACPr
ACP     5’ 3’

BACf BACp BACr
BAC     5’ 3’

by 16S rDNA-based primer/probe sets specific to Liberibacters

and host plant or psyllid vector-based positive internal control primer/probe sets



Figure. Scan of Liberibacter candidate genes against
different isolates of the bacterium.

Reading for 
Liberibacter 

genes

Reading for 
Liberibacter 

genes

Reading for 
citrus and 

psyllid DNA

Reading for 
citrus DNA



Table. Reliable positive internal control in multiplex qPCR*
for all the candidate genes of Liberibacters. 

23.190.003023.5425.822023.7023.6710
23.3226.272923.9628.561923.3724.239
23.1524.772823.4123.711823.5024.878
23.2924.382723.380.001723.3224.277
23.1925.362623.4124.241623.3324.626
23.3124.432523.4323.591523.4525.285
23.2024.892423.4324.141423.3024.224
23.1624.482323.5423.691323.5123.823
23.1524.492223.2924.031223.2924.862
23.1825.402123.4723.771123.2222.8116S
plantL.bactGeneplantL.bactGeneplantL.bactGene

* Results for 30 of the selected genes, FAM for Liberibacter genes, TET of positive internal control for host plant DNA. 



Table. Three groups of the candidate genes for Liberibacter
detection and identification

a β-operon belongs to Gene Group II; b the bacteriophage-type DNA polymerase gene belongs to Gene Group III.

24.350.0023.650.0038.8720.152

0.0024.6337.7821.0824.670.001
Group III b

34.6724.9828.0934.6725.1228.892

25.1234.8924.0324.2632.1824.521
Group II a

26.6524.4123.6025.6224.0824.382

24.6024.3223.5224.5024.0224.221
Group I

23.1222.7822.1223.0222.6422.8116SH. keeping

654321
Liberibacter isolate

GeneGene group



Figure. Gene groups for Liberibacter diagnosis

Liberibacter isolates
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Information storage and processing (33 ORFs, 26.4%)

Cellular processes and signaling ( 44 ORFs, 35.2%)

Poorly characterized ( 9 ORFs, 7.2%) 

Metabolism ( 28 ORFs, 22.4%)

Not in COG ( 11 ORFs, 8.8%)

125 ORFs screened
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‘Candidatus Liberibacter asiaticus Psy62’

1226704 bp-1,134 ORFs

00120

A system available for genometyping one Liberibacter isolate in 2 hrs.

Thank you!


