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Table 1. Characteristics of primers used in conventio
asiaticus

nal and nested PCR tests to detect Ca. Liberibacter

Primer

Annealing Amplicon

name Sequence °C) size (bp) Target Reference
on 5-GCGCGTATGCAATACGAGCGGCA-3' " 160 165 Jagoueix et al.,
Ol2c 5-GCCTCGCGACTTCGCAACCCAT-3' rDNA 1996
CGO3F  5- RGGGAAAGATTTTATTGGAG-3' 800

56 (nested-PCR) 165 Zhou etal,

CGO5R  5'-GAAAATAYCATCTCTGATATCGT-3' RNA 2007
A2 5'- TATAAAGGTTGACCTTTCGAGTTT-3' 669 (Laf) 6- Hocquellet et
J5 5'- ACAAAAGCAGAAATAGCACGAACAA-3' 703 (Las) operon al., 1999

vt SBOg3T 33 oolitul 3350 s SB4S & -T Jous
Table 2. Temperature cycles used in PCR tests
Primers Cycle number Reaction steps Annealing temp. (°C) Duration
All primers 1 Inltlal_ 93-94 3-4-min.
denaturation
OI1/OI2&CGO3F/CGOSR 35 Denaturation 94 40 sec.
A2/J5 35 Denaturation 94 30 sec.
A2/J5 35 Annealing 60 45 sec.
A2/J5 35 Extension 72 1 min.
All primers 1 Final extension 72 10 min.

1- Transilluminator UV
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Figure 1. Symptoms of HLB in some inoculated plants in greenhouse. a: Mottling and
interveinal chlorosis in local orange, b: Mottling in Valencia orange leaves, ¢: Blotchy mottle
in sour orange leaves, d: Yellowing and Fe deficiency like symptoms in Local mandarin
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Table 3. Symptoms of HLB disease in the graft inoculated hosts at intervals of three months up to two

years
Symptoms (months after inoculation by grafting)
Citrus genotypes 3 6 9 12 15 18 21 24
. IC, IC, MM, IC, MM, PY,IC, M, Y, M, IC, VY, Y,M,IC,VY,
Valenciaorange NS NS i\t ro7nDf  FelznDf  FelznDf Fel/ZnDf Fe/Zn DF
MM, IC, MM, M,Y, Fe/Zn M,Y, Fe/Zn
Local orange NS NS NS IC, MM Fe/Zn Df Fe/Zn Df Df Df
. MM, MM, IC, MM, IC, MM, IC, MM,
Localmandarin = NS NS NS o7 e FoiznDf  FelznDf  Felzn Df Fe/Zn Df
Kinnow mandarin NS NS NS MM IC, MM IC, MM IC, MM Y, M\VY,
IC, IC, MM, IC, MM, IC, MM, IC, MM, Y, M, IC, VY,
Orlandotangelo NS NS /it £o7nDf  FelznDf  FelznDf  Felzn Df Fe/Zn Df
. IC, MM, IC, MM, M, IC,Fe/Zn
Grapefruit NS NS NS MM MM Fe/Zn Df Fe/Zn Df Df
IC, Fe/Zn IC, MM, M,Y, Fe/Zn
Sweet lemon NS NS NS NS MM Df Fe/Zn Df Df
Lisbon lemons NS NS NS NS NS MM Y, M, VY, Y, M, VY,
Mexican lime NS NS NS NS NS MM IC, MM IC, MM
MM, Fe/Zn IC, MM, M,Y, Fe/Zn
Sour orange NS NS NS NS MM Df Fe/Zn Df Df

* These symptoms were observed in at least one of the three replicates inoculated for each genotype.
No symptom (NS); Interveinal chlorosis (IC); Vein yellowing (VY); Mottling (M); Mild mottling (MM); Symptom-like Fe and Zn
deficiencies like symptoms, (Fe/Zn Df); Yellowing in a part of the plants (PY); General yellowing (GY); Blotchy mottle (BM).

HLB (Sslow 0905 8598 5 caigil 14 b0 S0d1S (pilislg & o5 £ Jour
Table 4. Analysis of variance related to the effect of citrus genotypes on incubation period

of HLB disease

Coefficient
Source of variation Degrees of Sums of Mean of F statistic of
freedom squares Square -
variation
Genotype 9 27.4 39.1 #x*
Exp. Error 20 0.7 - 6.6
Total 29 - -

** Significant at 1%,
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Table 5. Mean comparison of the incubation period of HLB disease in

citrus genotypes

Citrus genotypes Incubation period
Mexican lime 180a
Lisbon lemons 16.7a
Sour orange 140hb
Sweet lemon 140b
Local orange 11.7¢
Grapefruit 12.3¢
Kinnow mandarin 113c
Local mandarin 113c
Orlando tangelo 9.0d
Valencia orange 8.7d
LSD 1.425

Means with at least one similar letter had no significant difference based on LSD at 5% of

probability level.
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Table 6. Analysis of variance related to effect of PCR method and citrus genotype on detection

of Ca. Liberibacter asiaticus

. Degrees of Sums of Mean of . Coefficient

Source of variation F statistic s
freedom squares Square of variation

PCR 1 54000 54000 0.45 **
Genotype 9 123840 13760 11.5 13.6
PCR x Genotype 9 7200 800 0.7 ns
Exp. Error 40 4800 1200 -
Total 59 133040 - -

ns**, ns= Significant and non-significant at 1%, respectively
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Table 7. Mean comparison of the number of days between grafting and HLB diagnosis

times in different citrus cultivars

First positive detection of CLas

(day post inoculation)

Genotype Direct-PCR Nested-PCR Average (Host)
Mexican lime 7340 a 320 ab 7330 A
Lisbon lemons 320 ab 280 bcd 300 AB
Sour orange 320 ab 260 cde 290 AB
Sweet lemon 320 ab 240 de 280 B
Local orange 300 abc 220 ef 260 BC
Grapefruit 280 bed 240 de 260 BC
Kinnow mandarin 260 cde 180 fg 220 CD
Local mandarin 260 cde 180 fg 220CD
Orlando tangelo 220 ef 180 fg 200D
Valencia orange 220 ef 140 g 180 D
Average (Method) 284 A 224 B

+ There is no significant difference at the 5% level of the LSD test between the averages in the left column and the
bottom row in capital letters (comparing the individual effect of two factors) and also 11 Averages in the middle two
columns of the table in lowercase (comparing the interaction of two factors), which have at least one letter in common.
a= Each number is the average of 3 numbers related to 3 grafted seedlings of each cultivar
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1- Fastidious
2- Parasitic plant dodder (Cuscuta spp.)
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Abstract
Background and Objectives
Citrus greening (HLB) is one of the most damaging citrus diseases worldwide. As well,
the three most important causal agents of this disease in the world include "Candidatus
(Ca.) Liberibacter asiaticus ("CLas"), Ca. Liberibacter africanus ("CLaf"), and Ca.
Liberibacter americanus ("CLam™). Accordingly, these were reported from Asian-
American, African, and American countries, respectively. Of note, "CLas" species is found
as the most important causal agent of this disease in all countries in the world, including
Iran. It seems that the most effective way to reduce HLB is finding those cultivars that are
resistant or tolerant to HLB. Accordingly, in the present study, an attempt was made to
evaluate the reaction of a number of common citrus cultivars to this bacterium.
Materials and Methods
In the present research, ten commercial rootstocks and cultivars of the common citrus in
the south of Iran, including Mexican lime, sour orange, mandarin orange, Kinnow
mandarin, Orlando tangelo mandarin, local orange, Valencia orange ,sweet lemon,
grapefruit, and Lisbon lemons were prepared as seedlings. After checking their health,
they were inoculated with the citrus greening agent and then kept in an insect-free
greenhouse at night at 25°C and during the day at 30°C.By passing two months from the
inoculation, the pathogen was detected by performing specialized tests in inoculated
seedlings. Thereafter, three two-year-old seedlings from each one of the above-mentioned
rootstocks and cultivars were grafted with two infected buds. Two months after the
inoculation, normal and nested PCR tests were performed on the vein tissue extract of the
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infected seedlings, once every two months, for a 12-month duration. Finally, both
sensitivity and relative resistance of cultivars were evaluated based on the average number
of days until the detection of the first Ca. L. asiaticus by PCR and also the incubation
period of the disease, in each seedling.

Results

The causal agent of this disease ("CLas™) was detected at the earliest time(in Valencia
oranges and Orlando tangelo mandarin after 180 and 200 days, respectively) after the
inoculation with infected graft, compared to other cultivars and rootstocks. Among the
studied species, the "CLas" was detected in both Mexican lime and Lisbon lemon with the
longest delay (by passing 330 and 300 days from the inoculation, respectively). According
to the results, "CLas" was detected in sour orange and sweet lemon 290 and 280 days after
the inoculation with infected graft, respectively. Based on the average number of days until
the detection of the first Ca. L. asiaticus by PCR and also the incubation period of the
disease, in each seedling, Mexican lime and Lisbon lemon were found as the most tolerant
species and Valencia oranges and Orlando tangelo mandarin were found as the most
susceptible ones to HLB. Moreover, sour orange and sweet lemon seedlings were
moderately susceptible ones; and grapefruit, local orange, local, and Kinnow mandarin
were moderately tolerant to HLB.

Discussion

Due to the reason that this bacterium does not grow in conventional medium, in this study,
it was not possible to multiply it in artificial medium and then contaminate the plant with
it. Therefore, performing the inoculation through grafting the seedlings with HLB infected
buds was considered as the most appropriate method for seedlings inoculation with the
pathogen. The faster the pathogen can settle and multiply and the symptoms appear in the
host, the greater the susceptibility of the host to the disease. Early pathogen’s detection and
symptoms’ observation in some hosts such as Valencia oranges and Orlando tangelo
mandarin, indicate better bacterial proliferation in both cultivars. Notably, no symptoms
of the disease were observed in Mexican lime and Lisbon lemons after 15 months, and
one year after the inoculation in sour orange and sweet lemon plants. There is evidence
that all known citrus cultivars are affected to this pathogen with different degrees of
susceptibility. Based on the results of this study and the results of previous researchers in
the world, it seems that researchers should look for the sources of resistance factors to HLB
in more species and cultivars. Correspondingly, these sources can be used in the following
two ways: used as a rootstock or scion, and used in the efforts of breeders to produce a
resistant cultivar.
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