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Abstract

A disorder on Satsuma mandarin, Citrus unshiu (Yu.Tanaka ex Swingle) trees with bark scaling of the trunk, ring spot or mosaic
pattern symptoms on mature fruits especially around the calyx and extended yellow ring spot on the old leaves observed over the recent years
in Mazandaran province. The results of virus mechanical inoculation on Gomphrena globosa indicator plants and indexing on different citrus
stock and biological properties of the studied isolates indicated the presence of the type B citrus psorosis virus in samples. Molecular
detection of CPsV was done by using RT-PCR and specific designed primers in which a desired amplicon with a size about 600bp amplified
in infected samples collected from the orchards and greenhouse. Phylogenetic analysis of the representative isolates on the basis of
nucleotide sequences of the CPsV-coat protein, categorized the representative isolates into two distinct groups which the group one further
divided into three subgroups. Iranian isolates were clustered in the second subgroup beside the Americans and Japanese isolates and showed
the lowest identity with the isolates from Latin American and African countries.
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Fig 1. Symptoms of Citrus psorosis virus infection in different parts
of the Citrus unshiu (Yu.Tanaka ex Swingle) plants in east of
Mazandaran province. a) chlorotic ringspot on leaves, b) necrotic
tissue on the skin of the fruit with chlorotic halo in the margin c) ring
spot on the skin of the fruit and d) chlorotic local lesions on the
leaves of the Gomphrena globosa indicator plant inoculated

with the viral isolate from the east of the Mazandaran province, two
weeks after inoculation.

Sso eddslaml ol ¢80 lal LS e sadle

Shedd 55 ale DS e (s slaeds 5 ok sladlg
A S 8 ST sm 0 53 03 Sy g G b
Godm slap s ol &8 (S3adsm Jsl s 500 Jsax)
i 3 F o) g s K 085 sl s ome 0
35555 p 53 05,5 Ll (Y JK2) 5 S sl S 2 (55,5 2,5 slaes
o35 Pl (Sob gy pB) o 1y (SuSlas 5 S slaa)
=R ol o3, SSOL Sl 035 S Vg
0 dsd) (F JS8)sy otalin 1B o Sils 5, oy, 5
Sl 3l et o 03,0 (SLacS i (53l 0350 (pimas
03501 o o IS s 5200 gl (55 B 3 51 (Kb
55 Pl a2l ladises 5o alis (Ol L laal 0l

oy ml

SO 0kt sdel Jeeas ladissl 53 16,0 4 ges
e St QU iy oVl L (e 3 5
i e glaS 3 4SS ) 05 S sl
Comed 53 Jln S 0 5n ey (S0 SsEb= iE 0
\ﬁ@_ﬁu;ﬁ.\sujuzbﬁwjua.umgm
Ol s Gy copmaman () JSCE) Al alis [Ss Dl 5
2 placsls wilale 5 Jad gbssl b ks, s
sdaliv o dies glaple o ﬁwwjoujﬂﬁ
B el Jad s (S edle &S 55 e AS
ol I OE 5 5 8 L gt Ll () JS8) 5 oalits
edalie LB Sl Dlils b 53 5 B e (3ls
IS L it e ey Il SIS 0l 5 s
g ol ,3T 55 s A ol esles @Sl g DA
oy A ST 55 050 (S5 2Dl L3 edalie LG
Lo e 5 e by e 5 03503 00 by 500
05 L DS 0 5o s Ol S DA (S A e
ol gl sy Sl a2dS Slidss s s U
e 50 sl ol sle 0L 5 Velazquez Slad>s
Ol S 5 55 e 5l 5 sllan §5)5my s 23
old DL ansdS 53 prizean LS e s LS O sos
53 Olea S 5l el gl A seons hle o5 el
Velazquez et al., ) il o &oslite Jlo 5 s (ajf J b
.(2010; Achachi et al., 2014

on o sy S peslas S5 albe igile 0 gal
=3 4=l 3l o axis 9> b Gomphrena globosa S o6
S5 e |, S5 S e slae S
o a5 O 0550 03801 OV JK2) 5 55 alael 1) Satnas
mé\d:ﬁwﬁw.(vk}ﬁ)M%‘ij
Alioto etal., ) Cwl sl 3,058 L3 CPsV L =5S wlbe sl

.(1999; Falaki et al., 2013; Achachi et al., 2014


https://en.wikipedia.org/wiki/Walter_Tennyson_Swingle
https://en.wikipedia.org/wiki/Walter_Tennyson_Swingle

Q|

S5l 3 a5 ks SUS o sla Il S3 T a b e e -Y IS5
Citrus unshit oy 23 531 S50 5l e 1o CPSV wlir b o
S 85 o 33,8 (@ 01,05l Okl 3,2 45 (Yu.Tanaka ex Swingle)
Glaad 55,55 d oy e S g5 555 gasd b =6 S s

SASSE s lelS LS s 4 by la S
Fig 2. Symptoms for CPV infection in different citron seedlings
indexing with the CPsV isolated from the Citrus unshiu (Yu.Tanaka
ex Swingle) plant in east of the Mazandaran province a) interveinal
chlorosis on Sour orange plant leaf b) yellow spots on the leaf of
Citrumelo, c and d) marginal leaf necrosis on the leaves of the
Clementine mandarin and Tangor mandarin citrons, respectively.
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Tablel. Indexing of Citrus psorosis virus isolate, obtained from
Satsuma Mandarin trees in East of Mazandaran

Host Biological group Symptoms
Sour orange 1 cl
Citrumelo Swingle 1 cl
Troyer citrange 1 cl
Tangelo mandarin 2 tns
Tangor mandarin 2 tns
Clementine mandarin 2 tns
Duncan grapefruit 2 tns

S ol dd 35,50 oy gls Sl

cl: Chlorotic lesions, tns: tip necrosis of leaves
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Fig 3. An amplicon with a size about 600 bp obtained for a section of
the coat protein gene of CPV from different infected citrons
including 1) Citrus unshiu; 2,3,4 and 5) sour orange, citrumelo,
clementine mandarin, tangor mandarin and 6) CPsV inoculated
Gomphrena globosa, indicator plant. C-: healthy virus free control
obtained from the healthy mandarin orange grown in the research

greenhouse. M. 100bp molecular weight marker
(Fermentas, Germany).
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Fig 4. Filamentous particle of CPsV (L-form) isolated from the crude
unshiu mandarin orange extract infected with CPV in Mazandaran
province. Viral particles prepared by the ISEM technique for the
imaging by the Philip transmission electron microscope model EM-
208. The location of the particles is indicated by an arrow
(Bar. 200nm).
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Table .2 Accession numbers, region and hosts of different strains of CPV in GenBank for phylogenetic analysis.

Nucleotide (nt) and amino acid (aa)

Accession no. Isolate Origin Host sequences identity with reference * (%)

nt aa
MK978768 KhO Iran C. unshiu 100 100
MK978769 No2 Iran C. unshiu 99 100
MK978770 Pn9 Iran C. unshiu 98 100
MK978771 V5 Iran C. unshiu 99 100
AM235968 S5-d Spain Citrus sinensis 93 95
AM235973 S4-b Spain Citrus sinensis 93 95
AM235954 S3-3 Spain Citrus sinensis 92 95
AM235984 Al-b Argentina Citrus sinensis 85 99
AM235997 A2-a Argentina Citrus sinensis 85 99
AM235990 A3-b Argentina Citrus sinensis 86 99
AF036926 6 USA Citrus sinensis 100 100
AM235975 C3-a USA Citrus sinensis 97 100
AM235978 Fl-c USA Citrus sinensis 99 100
AM235977 CRSV-6 (F1-b) USA Citrus sinensis 99 100
AB537976 TSS Japan Citrus hybrid cultivar 98 100
MG673946 CHN-3 China Citrus sp 98 100
MH220931 CHN-HN China Citrus sp 93 100
HG964696 Syr.C7 Syria Navel orange 91 90
AY194908 NA18 Italy Monreale clementine 94 100
AY 194900 NAL Italy Sour orange 94 100
AY194913 NA42 Italy Navel orange 94 100
MG673940 CHN-1 China Citrus sp 94 100
EF618547 INIFAP-Nuevo Mexico Mars Orange 94 100
AY194909 NA21 Italy Monreale clementine 94 100
KT989887 Tun22 Tunisia Maltaise ovale 93 92
KF857205 M8 Morocco Sweet orange 95 86
EF618548 INIFAP-Sonora Mexico Valencia orange 93 100
AY542958* Bas-1 Japan Tulipa

*: Tulip mild mottle mosaic virus, Ophiovirus (Acc.No. AY542958) choosed as an outgroup
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Fig 5. Phylogenetic tree constructed using nucleotide sequences of CPsV nucleocapsid protein coding region of 4 selected Iranian isolates in
comparison to 23 related CPV isolates with complete nucleotide sequences in NCBI. Genetic distance and cut off are 0.05and 80% respectively.
Bootstrap values less than 50% are omitted from the phylogroups. Tulip mild mottle mosaic virus (TMMMV) (Accession No. AY542958) selected as
an out-group.
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