VAYSAVY AYAY Sl / ¥ ojleds / 0F Wl / alS slagslow

'Candidatus Phytoplasma 4 Cod OLS o glady pe 5 golas STy oL 5

aurantifolia’

rj'.?.af‘fj) J..«P-‘ 3 %YJL&T 6-;\.«‘ M‘ c\o.bb'L.bJ J&

O\ ZARVARIENCYPR API) LA VAT RO I gy

o AS>

Pe) Figed M s Y Skl Db S 5 sl b Obersh 5 Dlieew D e p labll Jals Ol 5l a5 bl
'Candidatus Phytoplasma (1 Jole &8 55 sed Syl ol ) aas 95 55 .4 ls [Citrus aurantifolia (Chrism.) Swing.] (r.lY
Sl olew Capde ool 3l S cwl 03 S 50l Ol pl Cge 53 1) 3 5 sed Ol 51 deol Of,158 AEL e aurantifolia'
Saolr Golew 4 pslie gl DS 0 Gk pd A5 Rash 5 e Bl Jeomie g pslhe Bl (oS LS 4 S ged
C) 53 sB& S 5 3k s Ol e 4 (C limon (L) Burm. F.) “IS,5° (35 god (W 55 lgzr 5o st opl slp 390 55 godd
C) ‘e’ &, 5 (C limonia Osb.) © 5lusS” 55 ged «(C. reshniHort. ex Tan.) - kb |5 &S (junos Sieb. ex Tan.
Gobew Jolo L OS3I0 T Kaw B9y & YU udlly 51 & ped ol VA slaw b, 8 & 4 pdlly Ol 4 (sinensis (L.) Osb.
(PCR) LI o (2 05031 53 GHST5 5 Sa)l olem oMo H56b 5 51 ol Siabe (s s ks Siule 5 sed Syl
Slowdly g2 3529 A 51 LOT o 51 48 A A Sl (ol @S by W G3ae 51 e Jlu 53 s 9L 351 (Il
bl cow A5 gbsy Ly gud 0T s &S e LB glady d ng Cute Npmd YA 5 e L s YO S5 ped Syl

g e e S a5l (sole 4 palie Lok (ool DS o O i 4y i s MBI e 5 Ll 1B (5 A o g

(5 5) ool DS o sl 523 01 ) i s34 1051 9 A

a.asadi@abrii.ac.ir ; asadiabkenarasad@gmail.com : 55 ;S gy (LSS J gie
d‘]‘.’.‘ gCM..-) gd% OK.M.;‘J JAK«:«J‘) U’“iJﬁ 3 <«.ZJ:¥_0L;§ ojjg \
S et adlaie (55,5L5S (635 55 s oA 53 (SIS (55 5SS g oKim s «(S3ILES g5 5 LESsel el Olajla Y

QM oK&J‘: g&)’)jm cmb ;Jgfog ojjf Y‘



'Candidatus Phytoplasma aurantifolia' & c.d ©LS 5 sbady un 51 galdas STy b5l 0 Ken 5 03l3L5,

Reaction assessment of a number of citrus hybrids to ‘Candidatus
Phytoplasma aurantifolia’
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Abstract

South citrus growing belt of Iran including Hormozgan, Sistan-Baluchestan, Bushehr, Fars and Kerman
provinces, has a long history of cultivation of acid lime (Mexican lime) [Citrus aurantifolia (Chritm.)
Swing.]. In two recent decades due to witches' broom disease of lime (WBDL), caused by 'Candidatus
Phytoplasma aurantifolia’, thousands of acid lime trees have been killed in the south of Iran. Using resistant
or tolerant varieties is one of the important strategies for controlling WBDL . The aim of this study was
producing new acid citrus hybrids resistant to the WBDL disease. Four types of crosses were carried out. The
female parent was ‘Eureka’ lemon [C. limon (L.) Burm. F.] and the male parents were ‘Yuzu’ [C. junos Sieb.
ex Tan.], ‘Cleopatra’ mandarin [C. reshni Hort. ex Tan.], ‘Kusaie’ lime (C. limonia Osb.) and ‘Hamlin’
orange [C. sinensis (L.) Osb.]. From the above parents, 79 hybrid plants were successfully inoculated with
the 'Ca. P. aurantifolia' by inverted T-budding. Appearance of disease symptoms and nested-PCR assay were
used to assess inoculated hybrids for resistance. Two years post-inoculation 63 hybrids remained
symptomless. Among symptomless hybrids, 35 and 28 hybrids were negative and positive for presence of
WBDL phytoplasma, respectively. Symptomless hybrids negative for WBDL phytoplasma are under more
phenotypic evaluation and may be promising as new acid citrus resistant to WBDL.
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'Candidatus Phytoplasama aurantifolia'

Table 1. Crosses made between ‘Eureka’ lemon and four other citrus species to produce hybrids for reaction

assessment to 'Candidatus Phytoplasama aurantifolia'.

Cross

Pollinated No.of No.of No.of No.ofplants No. of plants No. of plants No. of plants

flowers fruits seeds hybrids inoculated with WBDL without without
with 'Ca. P.  symptoms WBDL WBDL
aurantifolia* and PCR+  symptoms symptoms
and PCR- but PCR+
Eureka x Cleopatra 10 7 162 31 15 2 4 9
Eureka x Yuzu 58 31 722 227 26 4 3 9
Eureka x Hamlin 53 25 446 125 21 5 12 4
Eureka x Kusaie lime 47 25 431 90 17 5 6 6
Total 168 88 1761 473 79 16 35 28

*'Ca. P., 'Candidatus Phytoplasama'
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Fig. 1. Inoculation of two citrus hybrids with agent of witches' broom disease of lime using graft inoculation: a, a
‘Eureka’ x ‘Kusaie’ lime hybrid plant showing symptoms of witches' broom disease of lime (WBDL) including
yellowing and shortened internodes; b, a ‘Eureka’ x ‘Hamlin’ orange hybrid plant showing no symptoms of

WBDL phytoplasma in spite of appearance of WBDL phytoplasma symptoms in infected bud.
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Table 2. Primers used in nested PCR to detect witches' broom disease of lime phytoplasma in inoculated

hybrids.

Primer name Primer sequence (5'-3") Amplified product (bp) Target gene  Reference

P, AAGAGTTTGATCCTGGCTCAGGTT 1788 rRNA operon Schneider et al. 1995
P AAGAGCCGATGAAGGACG

fe; GAGTTAGATAGAGGCGAGTG 136 16S rRNA Askari et al. 2011
re; TAATCCTGTTTGCTCCCCAC
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Fig. 2. Electrophoresis of nested PCR products (136 bp) using P1/P7 (first round) and fe;/re; (ccond rounay Primer
pairs fordetection of WBDL-phytoplasma in hybrids plants analyzed in this study. lanes 1 to 13, 56 and 57,
hybrids resulted from ‘Eureka’ x ‘Cleopatra’ mandarin; lanes 15 to 33, and S8 to 63, hybrids resulted from
‘Eureka’ x ‘Yuzu’; lanes 34 to 42 and 64 to 74, hybrids resulted from ‘Eureka’ x ‘Hamlin’ orange; lanes 44 to 55
and 75 and 76, hybrids resulted from ‘Eureka’ x ‘Kusaie’ lime; C, negative control (sour Orange); M , 100 bp
molecular size marker (Fermentas).
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