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ABSTRACT

The emerged citrus quick decline disease has destroyed many of citrus plants grafted onto Bakraee rootstock in
southern Kerman during recent years. Disease symptoms are included leaf wilting, root rot, and quick decline. In this
project, the etiology of quick decline disease was studied. Symptomatic and asymptomatic plants were tested for the
presence of plant pathogenic prokaryotes using PCR with universal and specific primers, and Miseq Illumina method.
Furthermore, ELISA, RT-PCR, inoculation on index plants, and dsSRNA extraction were used for detection of viruses
and viroids in symptomatic and asymptomatic plants. The correlation between the presence of Tylenchulus
semipenetrans, Phytophthora nicotiana, and quick decline disease was investigated by isolation and quantification of
pathogens from root and rhizosphere of asymptomatic and infected plants. Overall, results indicated the association of
Candidatus Liberibacter asiaticus with citrus (on Bakraee rootstock) quick decline disease in southern Kerman. In
addition, drought and heat stresses and co-infection of the diseased plants by Ca. Phytoplasma aurantifolia,
Phytophthora nicotiana, and Tylenchulus semipenetrans lead to severe symptoms of the disease and accelerated the
decline of the infected plants.
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Table 2. Primers used for detection of citrus pathogenic prokaryotes, viruses, and viroides

Primer set Target Sequence (5"t0 3") Reference
P1/P7 Ca. Phytoplasma éé?éé-l__rrg E%ggg?g%TCAGGAW/ Schneider et al., 1995
GAAACGACTGCTAAGACTGG/

R16F2n/R16R2 Ca. Phytoplasma

TGACGGGCGGTGTGTACAAACCCCG
GCGCGTATGCAATACGAGCGGCA/

Gundersen & Lee, 1996

ol1/012Cc Ca. Liberibacteri asiaticus GOCTCGCGACTTCGCAACCCAT Jagoueix et al., 1996
Ca. Liberibacteri asiaticus TATAAAGGTTGACCTTTCGAGTTT/
A2135 ACAAAAGCAGAAATAGCACGAACAA Hocquellet etal., 1999
. i ATTGACTCAACAAACGGGATAA/ :
P89-f/ P89-r Spiroplasma citri CGGCGTTTIGTTAATTTITTGGTA Yokomi et al., 2008
X1for/X1rev Xylella fastidiosa 8?;?8@%5$%$£€QT% Yuan et al., 2010
CTV-F " . : AACGCCCTTCGAGTCTGGGGTAGGA/
CTV-R Cirus tristeza virus TCAACGTGTGTGAATTTCCCAAGE Izadpanah et al., 2002
TYMOF2/ Citrus sudden death- GTCAGCTGTCCAACCAGTTCC/ Maccheroni et al.. 2005
TYMORR associated virus GTGAAGATCAATGAGAGCCTG N
2_CCavd/ Cachexia TTGCCCCGGGGCTCCTTTCTC/ Francis et al., 1995, Levy &
H°-CCavd CTCTTCTCAGAATCCAGCGA Hadidi.,1993
. GGTGGAAACAACTGAAGCTT/ : .
CEV+/ CEV- Exocortis COGTAGTCTCCAGAGAGAAG Palacio & Duran-Vila 1999
: GCTTCCTGGAAAAGCTGATG/
CPV1/CPV2 Psorosis TCTGTTTTTIGTCAACACACTCC Barthe et al., 1998
HSVd-RT GTGTTGCCCCGGGGCTCCTTTCTCTGG
HSVd-F1/ GGGGCAACTCTTCTCAGAATCC/
HSVd-R1 GGGGCTCCTTTCTCAGGTAAGTC
CEVd-RT CTTCCTCCAGGTTTCCCCGGGGATCCC
CEvg—Fll GGAAACCTGGAGGAAGTCG/
CEVd-R1 . CCGGGGATCCCTGAAGGA . .
CVA-III-RT Viroides CCAACTTAGCTGCCTTCGTCGACGACG Banihashemian et al., 2009
Cvd-IlI-F1/ GGCAGCTAAGTTGGTGACGC/
CVd-IlI-R1 TTCGTCGACGACGACAGGTA
CBLVd-RT GCTGACGAGCCTTCGTCGACGACGACC
CBLVd-F1/ GGCTCGTCAGCTGCGGAGGT/
CBLVd-R1 TTCGTCGACGACGACCAGTC
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Figure 1. Symptoms of citrus quick decline disease in
southern Kerman. (a) asymptomatic sweet orange; (b)
early decline symptoms; (c) early decline symptoms

Vvs. an asymptomatic tree on the left; (d) sever decline
symptoms
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Figure 2. Agarose gel electrophoresis of PCR products obtained from citrus trees: a) using P89-f/P89-r primer pair, b)

using X1 for/X1rev primer pair. C: Negative control, H: healthy citrus tree, P: positive control, J1-J3: citrus decline
symptomatic trees, M: 100 bp DNA size marker
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Table 2. Detection of Ca. Phytoplasma and Ca. Liberibacter using PCR and Illumina MiSeq sequencing techniques in
leaf and root samples collected from citrus plants with and without symptoms

Plant sample
No. tree Sanitary status Root Leaf
MiSeq PCR MiSeq PCR
1 Asymptomatic - - P -
2 Asymptomatic P - N -
3 Asymptomatic N - P -
4 Symptomatic LP LP P -
5 Symptomatic LP LP N -
6 Symptomatic N P P P
7 Symptomatic LP LP - -
8 Symptomatic LP L P P
9 Symptomatic LP L P -

aid obsy b Sl 5l plaSae — il Sbo, sSLspd Lol obo) Lwdlignd P ooy sbvosls Bis b g diged Jdoigas 1205 pue N
N: not analysed or deleted sample, P: Candidatus phytoplasma was detected, L: Candidatus Liberibacter was detected, -: none of the pathogens were detected.
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Figure 3. Comparison between population densities of Ca. phytoplasma and Ca. Liberibacter in root and leaves of
asymptomatic and symptomatic citrus plants on Bakraee root stock
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Figure 4. Results of ELISA test with specific antibody of Tristeza. N control: negative control, P control: positive

control, CTV-N: a citrus plant infected by tristeza virus from Sari area, A1, A4, C1, C3, C9, C12, D1, D3, D11, D14,
and D18: samples from citrus with decline symptoms from southern Kerman
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Figure 5. dsSRNA extraction profile on 1% agarose gel: a) before digestion, b) after digestion by RNase, 1) asymptomatic
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