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Fig 1- Grapfruit inoculation by grafting with citrus
greening agent in greenhouse
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Fig 2- NBS552 amplification from infected grapefruit
plant cDNA (wells 1-4 at left of marker), healthy one

(wells 1-4 at right of marker) and M: DNA 100 bp size
marker (Fermentase).
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Poncirus trifoliata (AF5a06028.1), Gossypium raimondii (KU317325.1), Vaccinium macrocarpon (KF386162.1), Daucuscarota L PGEM-T .5, ;s

4ol 5 5l eslaial UNCBI s 5 5 50 (AJ300556.1 ), Geranium maderense (KP940515.1), Rhazya stricta (KJ485850.1), Helianthus annuusand Oenothera

T-Coffe

Fig 3- A: ORF sequence include of 171 bp, B: Physical map of NBS552 Gene with other genome regions after annotation and C: Comparative alignment of
cloned gene into the vector pGEM-T with Poncirus trifoliata (AF5a206028.1), Gossypium raimondii (KU317325.1), Vaccinium macrocarpon (KF386162.1),
Daucus carota (AJ300556.1), Geranium maderense (KP940515.1), Rhazya stricta (KJ485850.1), Helianthus annuusand Oenothera sequence in the NCBI

using T-Coffe.

\yay QM)S)*’L.’, A% o)lmfb A% 0599 /w) @N‘ 9 c_iw.:j (W0


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.2.8.8
https://gebsj.ir/article-1-170-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1394.4.2.8.8 ]

e g Conglilo (5 (Suiloghilgn (o) y

Mg gy pe) e

Poncirus trifoli

100

Vaccinium macrocarpon
I e
100 Daucus carot

100

Geranium maderense

Rhazya stric

Helianthus annuus

oenothera bertian

in P LR EQCAERRS ERT XWA VY HNLEZETFTARTICTIYs¥V S S L LV FLTILRCECESGSSMDNHNG|L RIS L

S1/L |F W T L W C

KEY Helix Sheeat Disordered

Annotations u z E

Disordered Dompred DomSSEA
protein binding Boundary Boundary

MEGA4 153l 5 51 eslizal L NCBI el L s s slies 05 ple Lol dlaen JIg (Snisks oty VL -0 IS

PSIpred )‘ salai! L; J‘f»l Q)JL%; )‘ ol lv\} NBS552 Qj ‘_x;‘:))‘,’. 63: )LZ>-L.~: Oﬁlf,

Fig 5- Up: Phylogenetic tree of cloning sequence with different similar genes in NCBI database using MEGA4 software,

Down: Structure of second protein structure of NBS552 gene isolated from Iranian grapefruit using PSlpred

G Aol g S

Coedl (2L S slagolen il B 5 B s L
2 2bSL sS4 sl glaod LT 5 oLt
W ool 4 s b el Caenl P (g5,5liS
S Joomte a5 OLS A5 SLEL 55 oL L slagssles
Sas Al DI Rl e Ll e 05 Ul Gy b
Sy peda A=l o Ol A 55 o shlae OLaily 4 Do ~—

Sben i 31 K DS e e e (Soles
-0l & ax 5 L Js (Salehi et al. 2010) ol ol ) 55 LS
S5 aen A5 DS Joy o Soben ol JU S
Sl nl B0 1 IS pde O 3 ilad o3l 15 LS e
A A2l b sed Sl 5l SSU ks a0 @
S 2UsS oy oy oS Jold el Ol e e
53 e S5 bl e kS B o)l (5255 daes 5
s SL (Akhtar and Ahmad 1999) ol o5 oS IS a3
s s LaS ey e KIS s epe b
(Sindhuja and Ehsani 2010) .S o3 1 |, LS e Ol sy 5

S ol presd el resd a L3 (B cnl ees
13018 ke ol 3 s e Jal 5F N wsl Aol 3|
LYY 0wl dewd 51l plie 515 oS 255 ags
Al Sl Jsho 515 (5 T eyl 53 35 e ol
0k ;S G Olge 4 Sl s 3,8 e p 53 1OV JITA anl
VE/E ol glaaeldenl IS slias 5y opl 53 AS e les
wnl Lol & 5 e L (ghyls analind ¥ slows ) 51 aS Ao
s e L L
0Lz BLOCKS oL 5l aslizal b oty 5 Shae puns
oWl sy e 500 teS Do Do bl e (255 45 5l
o3l gl nl 5035 b s e bradykinin receptor .S, ool sl
Siley 5l 50 @Lﬁ ol o dd Chli S A Gl o8
TS Olge i oS 33 0L (s S Bda @ bsy e

.CA-\#‘OJ}.ZL;LQ.«JM.; ;Li.&);w::jﬁ

- \y¥ar uw)sﬂl{, Al o)Lo.JJb A 0599 /w) w‘sc&m} (WA


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.2.8.8
https://gebsj.ir/article-1-170-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1394.4.2.8.8 ]

P>yl g g ol

e g Conglilo (5 (Suiloghilgn (o y

& 0blS Jels a4 5 Poncirus trifolia sls el asls
S &y g 8 NBSB52 0 a5yl ax s LB .ol 2L
BERP T RGICSTa dal.:f d;ﬁ:w‘wﬁjl}@
Jie Olse 4 Ll S 13 (S g 3mST Blonday coslin oSl
Cosl p3)ls oS Rhazya stric olS L cul oly5 oS gy olS

Sols @Lﬁ cilises Glaa S 5 e slis

s patie Sl il cilisee glasdUT bl

Rl 0l JIs Lol cald sds L Jls saskd
L NBSB52 005 calid ) 23,03 NCBI s sl o 0alS
ST s 05 ol S sl Olas NCBI s 3550 el sl
53 LNBS-LRR a3l 5l o5 ol 51l ol Li> 0lalS

LS s sl ol asdlas cpl (l)ls JE (63 508 Cunslin
05 JWml Gy b 5l S o e g Gole 4 Joomte wm )l 5

k;a.w‘ eJ.».:T 4)JUQ.G L.S\f

Akhtar M, Ahmad 1. 1999. Incidence of citrus greening
disease in  Pakistan. Pakistan Journal of
Phytopathology 11: 1-5.

Bove JM. 2006. Huanglongbing: a destructive, newly-
emerging, century-old disease of citrus. Journal of
Plant Pathology 88: 7-37.

Fao. 2013. FAOSTAT. Food and agricultural commaodities

production. Available at
http://faostat.fao.org/site/339/default.aspx. FAO,
Rome, Italy.

Ghayeb Zamharir M, Alizadeh A and Kachoei S. 2014,
Phylogenetic analysis of divergent structural
organization of nucleotide binding domain encoded
by resistance genes and gene homologes in Citrus.
International Journal of Agriculture and Crop
Sciences 7:379-385.

Gholampour H, Ghayeb Zamharir M, Karimi J,
Farrokhi N, Alizadeh A and Taheri P. 2014.
Identification of genes differentially expressed during
interaction of Grapefruit infected with Candidatus

e 0 g0 J.ALC« “ QL.SJ.A 6[.%.&,..:.& 9 alises rG)‘ JZ.S‘}
LSJL*.‘.J VJW aS ol LJLJ‘J; L.EJ'H'A DL k;.w‘ A:))L‘-:ﬂ A:JLSJA
o5 SOU bl el edalin Jlogy 55 SUS5e s e e
C. madurensis «(C. reticuluta cv. Honey Mandarin) L.
CAd Ll @Se 5 4 Coaurantium cv. Calamondin
\() (5)) C)L«SJA J.vw 0 4P d)La.:.' JUJ‘J QL»;J /O' L/?O 3 /V()
-5 oo Lsw b 5l (Sa T 51 e ele i (oS e 5l &S
g Dsline il LS oo A 5 b Ll s

(Sindhuja and Ehsani 2010)

S Klesls olis L Sldlae 3 sl ety (glaesls

0 40 JAL& LSJ:SL’ “ Q,‘Aju.o)b Pl u,:.io NBS552 L)j JAUGJ
sl 05 op! (Gholampour et al. 2014) 5,5 LS o 5

5 Sl PCR Gy b Sl Slal by 5 elS 51 L ol
22 05 Gl & e ooled AL OIS PGEM e s
5L ol ol el JZTTB596 05 Ll L
Ol 53 S5 pmdige Go b 51 05 () KlS 5 slula

]

S das e L el ey, s sk 4 LS il
ASMJj }ﬁ&\)dobjdob)uu\,jg}ﬂuyla\;—up

Liberibacter asiaticus in disease late stage. Journal of
phytopathology 162  (11-12): 811-819, doi:
10.1111/jph.12273.

Hajivand S, Thohirah LA, Kamaruzaman S, Siti NAA,
Nu APA. 2009. Differential Species Reacation to
Huanglongbing (HLB) Disease by Grafting Method
in Malaysia. American Journal of Agricultural and
Biological Sciences 4(1): 32-38.

Lawrence L, Ram C, Ning H, Pamela C and Frederick
M. 2000. Isolation and characterization of disease
resistance gene homologues from rice cultivar IR64.
Gene 255: 245-255.

Leonard JT, Grace MB, Buzard GS, Mullen MJ and
Barbagallo CB. 1998. Preparation of PCR Products
for DNA Sequencing. BioTechniques 24: 314-317.

Mariangela C, Irving J, Maria L, Marco A, Silvia O,
Juliana F, Alessandra A, Raquel L, Marcelo S and
Marcos A. 2007. Differential expression of genes
identified from Poncirus trifoliata tissue inoculated
with CTV through EST analysis and in silico

WWAF limo) 9 5l 1Y o bl ¥ 0590 / (s § (Sl § Sl (qwikigeo -


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.2.8.8
https://gebsj.ir/article-1-170-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1394.4.2.8.8 ]

e g Conglilo (5 (Suiloghilgn (o) y

Mg gy pe) e

hybridization. Genetics and Molecular Biology 30(3):
972-979.

Matsuba Y, Nguyen TT, Wiegert K, Falara V,
Gonzales-Vigil E, Leong B, Schafer P, Kudrna D,
Wing RA, Bolger AM. 2013. Evolution of a complex
locus for terpene biosynthesis in Solanum. Plant
Cell 25: 2022-2036.

Sagheer A, Zhou C, Zhou Y, Cao M, Wang X. 2012.
Distribution and research advances of citrus tristeza
virus. Journal of Integrative Agriculture 11(3): 346-
358.

Salehi M, Faghihi M, Bagheri A, Zakeri M and
lzadpanah K. 2010. Further studies on citrus
huanglongbing disease in Southern Iran. In
proceeding of 19th Iranian plant protection congres,
31 July- 3 August, IRIPP, Tehran. P: 473. (In Farsi
with English abstract)

Salehi M, Faghihi M, Khancheh R, Bagheri A, Zakeri
M and lzadpanah K. 2012. Distribiution of citrus
huanglongbing disease and its vector in southern Iran.

Iranian journal of plant pathology 48 (2): 195-208. (In
Farsi with English abstract)

Simone G, Helaine C. 2007. Putative resistance genes in
the CitEST database. Genetics and Molecular Biology
30(3): 931-942.

Sindhuja S and Ehsani R. 2010. Mid-infrared
spectroscopy for detection of Huanglongbing
(greening) in citrus leaves. Talanta 83: 574-581.

Song HW, Liu YX, Hu GB, Qin YH, Lin SQ. 2011. An
improved method for total RNA isolation from
recalcitrant loquat (Eriobotrya japonica Lindl.) buds.
Pakestan Journal of Botany 43(2):1-9.

Ute A and Kim DB. 2008. Gene expression in Citrus
sinensis (L.) Osbeck following infection with the
bacterial pathogen Candidatus Liberobacter asiaticus
causing Huanglongbing in Florida. Plant Science 175:
291-306.

- \y¥ar uw)sﬂl{, Al o)Lo.JJb A 0599 /w) w‘sc&m} (WA


https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.2.8.8
https://gebsj.ir/article-1-170-en.html

[ Downloaded from gebs.ir on 2025-11-18 ]

[ DOR: 20.1001.1.25885073.1394.4.2.8.8 ]

Genetic Engineering and Biosafety Journal
Vol4, Number2, Fall 2015 and Winter 2016, Bi-seasonal

I solation, cloning and bioinformatic study of a resistance gene against
an Asian strain of citrus greening librobacter in grapefruit plant

Masoud Tohidfar' and Maryam Ghayeb Zamharir®

1. Biotechnology group, Department of New Technology and Energy Engeenier, Shahid Beheshti
University, Tehran, |. R. Iran.

2. Department of Plant Disease, Iranian Research Institute of Plant Protection (IRIPP), Agricultural
Research Education and Extension Organization (AREO), Tehran, Iran.

*Corresponding Author, Email: zamharir2005@yahoo.com

ABSTRACT

itrus greening disease is the most important bacterial diseases of citrus and is

present in the southern region of Iran. Due to the nature of the pathogen, disease

control is difficult. cDNA-AFLP analysis shows that the expression pattern of

NBS-LRR (Nucleotide Binding Site- Leucine-Rich Repeats) genes was
upregulated in grapefruit plant interacting with Candidatus Leiberibacter aciaticus. In
this study we have isolated the NBSH52 gene from grapefruit by PCR and clone it by
ligation of this product to pGEM-T vector transformed E. coli bacteria. Sequencing
analysis reveaed an open reading frame for a gene of 171 bp that encodes a protein of 57
amino acids. Results of bioinformatic analysis showed that this gene contains regions
that are conserved in different plant species. The NBS552 protein is associated with
membranes and its extracellular secretion islow. The aim of this study was isolation and
cloning of NBS52 genes from the grapefruit genome and characterization of the genes
in view of their potential for practical usein plants.
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