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Abstract

Over the past decade, symptoms of abnormal fruit coloration and deformation have been observed in mandarin (Citrus reticulata)
trees in the Siyahoo region of Hormozgan Province, resulting in significant economic losses due to reduced marketability. To
investigate the potential involvement of phloem-limited prokaryotes (Candidatus Liberibacter asiaticus, Candidatus Phytoplasma spp.,
and Spiroplasma citri), forty symptomatic and five asymptomatic trees were examined. Sampling was primarily conducted on the
peduncles of symptomatic fruits, and DNA was extracted from both peduncles and midribs. Molecular detection of the target pathogens

was performed using PCR assays with specific primer sets. Results revealed that Ca. Liberibacter asiaticus, the causal agent of the

Asian form of citrus huanglongbing (HLB), was consistently identified in all trees exhibiting fruit discoloration and deformation. In
contrast, phytoplasmas were not detected in any symptomatic trees, while Spiroplasma citri, the causal agent of citrus stubborn disease,
was identified in only four trees with symptomatic fruits and leaves. None of these pathogens were detected in the five asymptomatic
trees. Sequencing of selected PCR products, BLAST search and phylogenetic analyses confirmed the presence of Ca. L. asiaticus in
symptomatic trees. Overall, PCR detection demonstrated a strong association between Ca. L. asiaticus and fruit malformation and

uneven coloration, confirming the presence and spread of HLB in mandarin orchards of the Siyahoo region.
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Table 1: Sﬂecifications of primers employed in conventional PCR and nested-PCR assays for detecting Candidatus Liberibacter asiaticus, Spiroplasma

citri, and phytoplasmas
Jlasl gles
P . 5K andad o0
’;J.M ot sl 5 " i"ﬁ) Glods) ok g Sda 4U r--é@)‘bs-:‘ &
pamer Sequence GIS Amplicon size Target  Microorganism  Reference
An?oeé;mg (op)
oIl 5'-GCGCGTATGCAATACGAGCGGCA-3’ 56 1160 Las* Ja%ouelx et
165 rDNA al. 1996
Ol2c 5’-GCCTCGCGACTTCGCAACCCAT-3' r
CGO3F 5'- RGGGAAAGATTTTATTGGAG-3' 56 800 Las Zhou et al.
(nested-PCR) 2007
CGO5R 5-GAAAATAYCATCTCTGATATCGT-3'
A2 5- TATAAAGGTTGACCTTTCGAGTTT-3' 60 69 (Laf) 3-operon Las, Laf HOCFL:JL%ISIS et
al.
J5 5-ACAAAAGCAGAAATAGCACGAACAA-3 703 (Las)
P1 5-AAGAGTTTGATCCTGGCTCAGGATT-3’ 53 1800 235 & 16S Phyt Deng &
rRNA Hiruki, 1991;
P7 5-CGTCCTTCATCGGCTCTT- 3’ Schlneligg,;r5 et
al.,
R16F2n 5'-GAAACGACTGCTAAGACTGG-3' 55 1250 16S rRNA Phyt Leigeésal.
R16R2 5-TGACGGGCGGTGTGTACAAACCCCG-3' (nested-PCR) '
P58-6T 5 _GCGGACAAATTAAGTAATAAAAGAGC -3 56 450 PuFt,%téve Spir Ytl)kozrgé 89t
al.,
adhesin-
like gene
P58-4r ‘5- GCACAGCATTTGCCAACTACA -3’

Las* :Ca. L. asiaticus; Laf: Ca. L. africanus; Phyt: Phytoplasma; Spir: Spiroplasma citri
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Figure 1: A, Healthy-PCR negative Siyahoo mandarin fruit; B, C, and D: Symptoms of malformation accompanied by abnormal coloration on
Siyahoo mandarin fruits; E, Asymmetrical fruits with small, dark, and shriveled seeds.



VAV VErg Whul ¥ oyled AF Wi 1 Al lag e 5 BT

Blotchy ; ¢s,5 8,5, e sl ol (S50 oS i oo a8 (6355 5 (S e s palle @l sl (S50 s iy S Y IS
HLB L > mottle

Figure 2: Right: Siyahoo mandarin tree showing symptoms of decline, dieback, and leaf chlorosis. Left: Siyahoo mandarin leaves
exhibiting vein chlorosis and blotchy mottle caused by HLB disease
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Figure 3: Right: Mandarin fruit with abnormal coloration; Left: Peduncle of symptomatic fruit used for DNA extraction and
detection of phloem-limited prokaryotes via PCR assay.
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Table 2: Results of direct-PCR and nested-PCR assays for the detection of phloem-limited prokaryotes in Siyahoo mandarin trees bearing

PCR Result Plant organ Symptom Region Tree
number
Ca. Phytoplasma Spiroplasma citri Ca. Liberibacter
asiaticus
Nested- Direct- Nested- Direct- Nested- Direct-
PCR PCR PCR PCR PCR PCR
. ; N _ T + Peduncle AFCx Siyahoo, Zakin 1
_ - N - + + Peduncle AFC Siyahoo, Zakin 2
- - N + + Peduncle AFC Siyahoo, Zakin 3
- - N - + + Peduncle/Midrib AFC Siyahoo, Zakin 4
- - N - + + Peduncle AFC Siyahoo, Zakin 5
} } N ) + + Peduncle AFCM=# Siyahoo, Zakin 6
- - N + + + Peduncle AFCM Siyahoo, Zakin 7
R - N - + + Peduncle AFCM Siyahoo, Zakin 8
- - N + + + Peduncle AFCM Siyahoo, Zakin 9
- - N - + + Peduncle AFCM Siyahoo, Zakin 10
R - N - + + Peduncle AFCM Siyahoo, Zakin 11
- - N - + + Peduncle AFCM Siyahoo, Zakin 12
- - N - + + Peduncle/Midrib AFCM Siyahoo, Zakin 13
R - N - + + Peduncle AFCM Siyahoo, Zakin 14
- - N - + + Peduncle AFCM Siyahoo, Zakin 15
- - N - + + Peduncle AFCM Siyahoo, Zakin 16
- - N - + + Peduncle/Midrib AFCM Siyahoo, Zakin 17
- - N + + + Peduncle AFCM Siyahoo, Zakin 18
- - N - + + Peduncle AFCM Siyahoo, Zakin 19
R - N - + + Peduncle AFCM Siyahoo, Zakin 20
- - N - + + Peduncle AFCM Siyahoo, Zakin 21
- - N - + + Peduncle AFCM Siyahoo, Zakin 22
R - N - + + Peduncle AFC Siyahoo, Dargaz 23
- - N - + + Peduncle AFC Siyahoo, Dargaz 24
_ - N + + + Peduncle AFC Siyahoo, Dargaz 25
_ - N - + + Peduncle/Midrib AFC Siyahoo, Dargaz 26
- - N - + + Peduncle AFCM Siyahoo, Dargaz 27
- - N - + + Peduncle AFCM Siyahoo, Dargaz 28
- - N - + + Peduncle AFCM Siyahoo, Dargaz 29
- - N - + + Peduncle AFCM Siyahoo, Dargaz 30
- - N - + + Peduncle AFCM Siyahoo, Dargaz 31
- - N - + + Peduncle AFCM Siyahoo, Dargaz 32
- - N - + + Peduncle AFCM Siyahoo, Dargaz 33
- - N - + + Peduncle AFCM Siyahoo, Dargaz 34
- - N - + + Peduncle/Midrib AFCM Siyahoo, Dargaz 35
- - N - + + Peduncle/Midrib AFCM Siyahoo, Dargaz 36
- - N - + + Peduncle AFCM Siyahoo, Dargaz 37
- - N - + + Peduncle AFCM Siyahoo, Khersin 38
- - N - + + Peduncle AFCM Siyahoo, Khersin 39
- - N - + + Peduncle AFCM Siyahoo, Khersin 40
R R N - - - Peduncle/Midrib AS#xx Siyahoo, Khersin 41
- - N - - - Peduncle/Midrib AS Siyahoo, Zaki 42
- - N - Peduncle/Midrib AS Siyahoo, Banglayan 43
_ R N - - - Peduncle/Midrib AS Siyahoo, Forfoj 44
_ R N - - - Peduncle/Midrib AS Siyaho (Segh) 45

N: The test was not performed
*AFC: Abnormal fruit coloration

**AFCM: Abnormal fruit coloration and malformation

+xxAS: Asymptomatic fruit from a healthy tree

symptomatic and asymptomatic fruits
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Table 3: Isolate name, collection site, host, and accession numbers corresponding to their sequenced genes.

Isolate code Organism Name Collection site/ Host Accession numbers
16S rRNA Operon beta
Seyl *Las Siyahoo (Zakin)-Mandarine MG212520 MG493276
Sey2 Las Siyahoo (Zakin)-Mandarine MG212521 MG493277
Sey3 Las Siyahoo (Zakin)-Mandarine MG212522 MG493278
Sey4 Las Siyahoo (Zakin)-Mandarine MG212523 MG493279
Sey5 Las Siyahoo (Zakin)-Mandarine MG212524 MG384706
Sey6 Las Siyahoo (Zakin)-Mandarine MG212525 MG384707
Sey7 Las Siyahoo (Zakin)-Mandarine MG212526 MG384708
Sey8 Las Siyahoo (Zakin)-Mandarine MG212527 MG384709
SC1_Siyahoo **SC Siyahoo (Zakin)-Mandarine _ _

el 0358 s IS e B oS pll I e - Spiroplasma citri :Sc *#* «Candidatus Liberibacter asiaticus :Las*

-: Sequencing was not performed

> Ca. Liberibacter asiaticus (s SL OI11/012¢ olaztl S5l cin Lol 355 (Gbiiz 1V10) PCR U samme 5505 501 -8 K3
b S Y SH5LM g s wle gl okt yo 0 sl S(JLW Ol ¥ 5 Y laKaly wois J xS ) Sl ids s 58T J5
(058l SLT041)

Figure 4: Electrophoresis of PCR products (1160 bp) amplified using the specific primer pair O11/O12c for Ca. Liberibacter
asiaticus on a 1% agarose gel. Line 1: Positive control; line 2, 3: healthy mandarin; lines 4, 5, 6: trees with symptomatic fruits. M: 3
kb ladder (SL7041, Sinaclon)
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AB480100-Indonesia
EU224393-Maleysia
AB4B0073-Japan
AB480085-Vietnam
JQ8B7445-Mexico
DQ471900-USA-Florida
DQ302750-Taiwan
AB480086-Thailand
HQ335313. 1-Iran-Sistan(1
KP221664-fran-KJ1
KP221663-lran-HSP1
KP221662-tfran-HRP1
KP221660-ran-HR 1
gg | KPOB3236-iran-8SP1
KP221659-ran-551
® MG212527-Iran-Sey8
® MG212526-Iran-Sey7
® MG212525-Iran-Seys
® MG212524-Iran-Sey5
® MG212523-Iran-Sey4
® MG212522-Iran-Sey3
® MG212520-Iran-Sey1
® MG212521-lran-Sey?2
I DQ432003-China-Jiangxi
DQ432005-China-Guangdong
'—l DQ432002-China-Hunan
- FJ186314-india
DQ471901-Las-Brazill

1.22533-1_af-Nelspruit
S E?E- EUS35004-Lsol-Newlealand
AYT742824-tam-Brazil2
?g:xz44258-Leur-NewZealand
L—— NR 102476-L..crescens

DQ337580-Rhizobium sp.
U91515-Phlomobacter fragariae

94

o

91

002

sl sl s sl S5U 4 by e Candidatus Liberibacter asiaticus slaali- 51 16S FRNA 05 sba JI5 olal s edel csas 135l e pa 0 IS
Ca. 8L lealir® coslodd s i Vet Caulon b plhdcw s Slis s, 4 MEGALL 15l 5 L &S SSLOS 53 250 glaglizr 5l (0 5 0Ll

cLas .wla § 515 S, Ll gl Sl 3l e 05,8 K s sy 528 Ll 5 0,0 5l Ca. L. asiaticus glaali L HLS 53 gal KOG 5l L. asiaticus
Ca. L. europaeus :Leu «Ca. L. solanacearum :Lsol «Ca. L. americanus :Lam <Ca. L. africanus :Laf «Ca. L. asiaticus

Figure 5: Phylogenetic tree constructed from 16S rRNA sequences of Candidatus Liberibacter asiaticus isolates associated with Siyahoo mandarin,
other Iranian samples, and reference sequences from GenBank. The tree was generated using MEGA11 software with the Maximum Likelihood
method and 1,000 bootstrap replicates. ®: Isolates of Ca. L. asiaticus from Siyahoo mandarin, together with other Iranian and international Ca.
L. asiaticus isolates, form a distinct cluster separate from other Ca. Liberibacter species. Las: Ca. L. asiaticus; Laf: Ca. L. africanus; Lam: Ca. L.

americanus; Lsol: Ca. L. solanacearum; Leu: Ca. L. europaeus
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