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Abstract

Background Citrus plants are prone to infection by different viroids which deteriorate their vigor and production. Citrus
viroid V (CVd-V) is among the six citrus viroids, belongs to genus Apscaviroid (family Pospiviroidae) which induces symp-
toms of mild necrotic lesions on branches and cracks on trunk portion.

Methods and results A survey was conducted to evaluate the prevalence of CVd-V in core and non-core citrus cultivated
areas of Punjab, Pakistan. A total of 154 samples from different citrus cultivars were tested for CVd-V infection by RT-
PCR. The results revealed 66.66% disease incidence of CVd-V. Citrus cultivars Palestinia Sweet lime, Roy Ruby, Olinda
Valencia, Kaghzi lime, and Dancy were identified as new citrus hosts of CVd-V for the first time from Pakistan. The viroid
infection was confirmed by biological indexing on indicator host Etrog citron. The reported primers used for the detection of
CVd-V did not amplify, rather showed non-specific amplification, which led to the designing of new primers. Whereas, new
back-to-back designed primers (CVd-V AF1/CVd-V AR1) detected CVd-V successfully and obtained an expected ampli-
fied product of CVd-V with 294 bp. Sequencing analysis confirmed the new host of CVd-V showing 98-100% nucleotide
sequence homology with those reported previously from other countries while 100% sequence homology to the isolates
reported from Pakistan. Based on phylogenetic analysis using all CVd-V sequences in GenBank, two main CVd-V groups
(I and II) were identified, and newly identified isolates during this study fall in the group I.

Conclusion The study revealed that there are some changes in the nucleotide sequences of CVd-V which made difficult
for their detection using reported primers. All isolates of Pakistan showed high sequence homology with other isolates of
CVd-V from Iran and USA whereas; the isolates from China, Japan, Tunisia, and Africa are distantly related. It is evident
that CVd-V is spreading in all citrus cultivars in Pakistan.
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Introduction

Pakistan is a citrus-growing country where 0.198 mil-
lion hectares area is under citrus fruits cultivation that
is higher than other horticultural fruit crops grown in the
country [1]. Being an important export crop of Pakistan,
Punjab produces more than 97% citrus as compared to
other provinces. The cultivated area of citrus in Punjab
is 183,210 hectares due to adequate water, and favora-
ble environmental conditions for the citrus growth [2].
Citrus crop is threatened by many pathogens and among
them Viroids are notorious. Viroids are the smallest, low
molecular weight, infectious obligate endo-parasites hav-
ing circular, single-stranded RNAs. Viroids have no pro-
tein coat, they multiply and replicate through RNA in the
host plant and cause-specific diseases in plants, that’s why
known as an important viral like phytopathogenic agent
[3-6]. All reported viroids from different host plants are
divided into two different families named Pospiviroidae
(having specific central conserved region and replicate in
the nucleus) and Avsunviroidae (having no specific central
conserved region and replicate in the chloroplast) [7-9].
Citrus plants are infected by different seven viroid
species belong to the family Pospiviroidae and divided
into different distinct genera based on their biological
and physiological properties, such as Citrus exocor-
tis viroid (CEVd, Pospiviroid), Citrus hop stunt viroid
(CHSVd, Hostuviroid) [10], Citrus bark cracking viroid
(CBCVd, Cocadviroid), Citrus bent leaf viroid (CBLVd,
Apscaviroid), Citrus viroid III (CVd-II1, Apscaviroid),
Citrus viroid V (CVd-V, Apscaviroid) and Citrus viroid
VI (CVd-VI, Apscaviroid) [11-13]. Potato spindle tuber
viroid (PSTVd) was the first known viroid which belongs
to the family Pospiviroidae. The likely secondary structure
of the member of Pospiviroidae consists of five structural
domains, the right terminal, central conserved, patho-
genicity, variable, and left-terminal domain [14]. CVd-V
belongs to the genus Apscaviroid of family Pospiviroi-
dae [15—17]. The species of Apscaviroid do not produce
well-defined disease but the effect was observed on the
plant in the form of stunting and yield reduction [18, 19].
Genomic study of CVd-V indicates 293-294 nucleotides
bases, higher GC contents, with strong TCR (Terminal
Conserved Regions) and characterized by a rod-like con-
formation with 68.7% paired nucleotides. CVd-V has a
single unique character as compared to a member of the
genus Apscaviroid with a lower Central Conserved Region
(CCR) and strand of CVd-V have C197-U transition that
changes the C-G base pair with G-U base pair [20].
Recently, CVd-V was reported in citrus cultivars from
Pakistan by Cao et al. [20] with 294 nucleotide bases. It
was also reported from Japan due to its unusual ability to
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replicate in Aralantia citroides (a citrus relative resistant
to or unaffected by all previously known citrus viroids
including CVd-1, CEVd, CVd-1V, CVd-II, and CVd-III
[21]. It induces the symptoms of mild necrotic lesions and
fissure (cracks), occasionally chockfull with gum in the
stems of indicator plants Etrog citron (Citrus medica L.).
Inoculated indicator plants were-placed in controlled con-
ditions where the temperature was 28 °C + 2, and showed
symptoms of bark scaling, cracking of stems, leaf curling,
and lesions on the mid-vein of a leaf [22]. Synergistic
effect of CVd-V with other viroids in mixed infection on
indicator plant (Etrog citron) pronounced the leaf symp-
toms and dwarfing [23, 24]. Synergistic effect of CVd-V
with CBLVd and CVd-III on Etrog citron showed severe
epinasty and stunting with multiple lesions in the mid vein
of the plant [25]. Although CVd-V was reported in citrus
cultivars from different regions of the world, however,
recently it was reported from Turkey, Nepal, Pakistan [20,
26], California [27], and Australia [17].

Recent spread of CVd-V in different parts of the world
raised interest in conducting a study that may cover the
geographic distribution of CVd-V in Pakistan, particu-
larly, in Punjab, the most contributing province in citrus
production. It is also pertinent to mention here that now
it has been proved that citrus viroids are among the major
problems for the citrus industry hampering per acre yield
[1, 28, 29]. To evaluate the existence and dissemination
of CVd-V in core and non-core citrus cultivated areas of
Punjab, a survey was conducted to identify the new citrus
hosts of CVd-V using RT-PCR with reported and newly
designed primers.

Materials and methods
Survey of citrus orchards and samples collection

A survey was conducted from April 2018 to May 2019 for
the collection of viroid-infected samples from citrus cul-
tivated areas of Punjab, Pakistan. A total of 154 samples
were collected from seven Districts (Sahiwal, Sargodha,
Khanewal, Rahim Yar Khan, Multan, Layyah, Toba Tek
Singh) of Punjab, Pakistan. Samples were collected from
8 to 25 years old citrus cultivars, i.e., 12 from ‘Feutrell’s
Early’, 53 from ‘Kinnow’ mandarin (Citrus reticulata), 32
from sweet orange (C. sinensis), 21 from sweet lime (C.
limettioides), 21 from grapefruits (C. paradisi), 4 from
lemon (C. jambhiri), 8 from tangerines (C. tangerina) and
3 from tangelos (C. tangelo). All collected samples were
showing characteristic symptoms including bark cracking,
mild leaf bending, lesions on the mid-vein of leaf, and severe
stunting.
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Biological indexing

Biological indexing was done by collecting CVd-V
infected bud woods from three infected citrus cultivars
of sweet orange, sweet lime, and Kinnow, and stored in a
refrigerator. One percent solution of sodium hypochlorite
was used to disinfect the buds and other grafting related
helping material (scissors, forceps, and surgical blades).
Each pot contained one indicator Arizona 861-S1 Etrog
citron plant. The T-grafting method was performed to fix
the infected CVd-V buds on an indicator plant Arizona
861-S1 Etrog citron already grafted on rough lemon root-
stock [30, 31]. The indicator plants were given a T-cut
30 cm above from the soil surface; bud was adjusted into
the cut and wrapped carefully for 2 weeks. Grafted plants
were maintained at hot temperature in the greenhouse at
32-40 °C in day and 24-32 °C at night. The symptoms of
CVd-V were observed 2-3 months after grafting.

Total RNA extraction and RT-PCR assays

100 mg of citrus plant leaf/bark sample was expunged in
the centrifuge tube and grounded with plastic micropes-
tle with the help of liquid nitrogen. 500 pl of Plant Tria-
zol RNA Regent (Invitrogen Inc., USA) was added into
crushed sample and mixed well. The sample tubes were
incubated at room temperature for few minutes. Tubes
were centrifuged for 2 min at 12000 rpm after incuba-
tion and supernatant was transferred carefully to the new
1.5 ml tube. 100 pl of 5 M NaCl and 300 pl of chloro-
form were added in the supernatant, mixed thoroughly and
centrifuged at 12000 rpm. The top separated phase was
transferred to new 1.5 ml tube. 2-Propanol was added in
an equal volume and incubated for 10—15 min at room
temperature to precipitate RNA. After incubation, the
tubes were centrifuged at maximum speed for one minute
and pellet of RNA was suspended and dried. Nuclease
free water was added to dissolve the pellet and stored at
— 20 °C. DNase treatment was given to extracted RNA
samples. The RNA concentration and purity was checked
by Nano-drop.

cDNA synthesis

cDNA was synthesized by RevertAid™ First-Strand cDNA
kit (Applied Bio-system, USA) using the protocol of Fiore
et al. [32]. A reaction mixture for each sample contained 5 pl
of RNA, 1 ul 10 mM dNTPs, 1 pl random DNA hexanucleo-
tides, 1 pl reverse transcriptase and 3 pl nuclease-free water
was prepared. The reaction profile included denaturation at
65 °C for 5 min, reverse transcription with M-MLVRT at
42 °C for 60 min, and the terminal temperature of 85 °C
for 10 min.

Primer designing

Specific primers of viroids were-designed using the software
Mega X. The primers were designed to test CVd-V having
complete sequences with Accession Numbers retrieved from
NCBI. Designed primers were analyzed by BLAST search
to confirm the specificity for detection. Newly designed
back-to-back specific primers were CVd-V AF1 (AGG
AGWAGAAAGTACTCACCTG) and CVd-V ARI1 (CTW
CTCCTCTGCTTTTATT) with the amplicon product size
of 294 bp (Table 1).

RT-PCR optimization with newly designed primers

After RT reaction, PCR amplification of CVd-V was done
by using 1 ul of cDNA as a template with mixture contain-
ing 1 ul of each target specific reported primers (10 mM)
CVd-V by Cao et al. [20], 0.5 pl of 10 mM dNTPs, 1.7 pl of
25 mM MgCl,, 0.3 ul of Taq DNA polymerase (Invitrogen),
2.5 ul of 10x buffer and make up the total volume of 25 ul
with nuclease free water. Conditions for the amplification
of CVd-V were; initial denaturation at 95 °C for 5 min, fol-
lowed by 35 cycles of 95 °C for 30 s, 57 °C for 30 s and
72 °C for 45 s and a final extension at 72 °C for 10 min. The
amplified product was confirmed by gel electrophoresis in
1.5% agarose with the expected 294 bp band size of CVd-V.

Purification of PCR products, sequencing,
and phylogenetic analyses

Purification of PCR products was performed by FavorPrep
PCR Clean-up mini-kit (Favorgen Bioteck Corp; cat. no:
FAPCKOO1-1). Purified PCR products were sequenced

Table 1 Primers of CVd-V used

Sequences 5'-3’ Size

References

X Viroid Primer name
during the study
CVd-v CVd-VF
CVd-VR
CvVd-v CVd-V AF1
CVd-V AR1

GACGAAGGCCGGTGAGCAGTAAGCC
GACGACGACAGGTGAGTACTTTC
AGGAGWAGAAAGTACTCACCTG
CTWCTCCTCTGCTTTTATT

294 bp Caoetal. [20]

294 bp This study

@ Springer



11436

Molecular Biology Reports (2022) 49:11433-11441

using Sanger sequencing technology. The sequences were
aligned with Mega X software and compared with other iso-
lates of GenBank using online BLAST on NCBI [33]. After
cleaning, the sequences were submitted to database, and
accession numbers were obtained. Configuration was done
using MUSCLE expertise and maximum probability phylo-
genetic trees of citrus viroid were constructed using Mega
X software version 10.1.8 [34]. The evolutionary distances
were computed using the Maximum Composite Likelihood
method [35] and are in the units of the number of base sub-
stitutions per site, the percent nucleotide sequence identity
was calculated. For the construction of the phylogenetic tree
of CVd-V, seventeen other CVd-V sequences were obtained
from GenBank. Apple scar skin viroid ASSVd; DQ362906)
was used as outgroup in the analysis. All isolates of citrus
viroid were reported with their accession number, country
name, and citrus cultivar. Percentage identities with other
viroids were also noted.

Results
Symptoms of observation

During the survey, many characteristic symptoms of viroids
including bark cracking, browning of leaf tips, petioles
necrosis, mild leaf bending, lesions on the mid-vein of
leaves, and severe stunting were observed on all samples of
citrus from several locations (Multan, Sahiwal Citrus germ-
plasm, Sargodha, Toba Tek Singh, Layyah, Rahim Yar Khan,
and Khanewal) of Punjab, Pakistan. It was observed during
field surveys that Kinnow mandarin plants were showing
severe bark scaling as compared to other citrus cultivars,
while others were showing yellowing, severe stunting, gum-
mosis, and leaf curling.

Molecular detection of Citrus viroid V (CVd-V)
through RT-PCR

For the detection of CVD-V, reported primers were used
[20]. However, those primers were unable to produce spe-
cific PCR products. Therefore, newly designed specific
viroid primers by MEGA X were used for the detection.
Newly designed primers detected CVd-V successfully with
the amplification product of 294 bp (Fig. 1). CVd-V was
detected in 102 out of 154 samples from different citrus cul-
tivars through RT-PCR, with an average of 66.66% disease
incidence. Cultivar-wise disease incidence of CVd-V was
also calculated from all collected samples. Maximum dis-
ease incidence was observed on grapefruit (85.71%) as com-
pared to other cultivars, tangerine (75%), Feutrell’s Early
“mandarin” (75%), sweet lime (71.42%), tangelos (66.66%),
Kinnow mandarin (62.26%), sweet orange (53.12%), and
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Fig.1 Gel electrophoresis analysis shows amplified products
of 293 bp from symptomatic leaves (Lane 1-9) collected from
Khanewal, Sargodha, Lay Layyah, and Sahiwal. Lane M represents
100 bp Ladder (Invitrogen) and lane N: negative control

lemon (50%) (Table 2). Palestine Sweet lime (C. limet-
tioides), Roy Ruby (Citrus paradisi), Olinda Valencia (C.
sinensis), Kaghzi lime (C. aurantifolia) and Dancy (C. retic-
ulata) were identified for the first time from Pakistan as new
citrus host plants of CVd-V, using newly designed primers.
Furthermore, the co-infection of CVd-V was also established
with other viroids in most tested samples.

All grafted citron plants produced moderate to severe
symptoms of viroids infection (Fig. 2). Moderate symptoms
related to CVd-V (leaf curling, bark scaling, necrosis of mid-
veins) initiated in 6-8 weeks. Severe bark scaling symptoms
by viroids infection on citrons plants were produced with an
infected scion of Dancy ‘sweet orange’. Additionally, inocu-
lated with viroid-infected scion, Etrog citron plants were
tested by RT-PCR (Table 3).

Disease incidence of district-wise collected samples
was also calculated after testing through RT-PCR with
an expected amplification of 294 bp. Maximum disease
incidence was found to be in core citrus-growing areas
(Sargodha, Sahiwal, and Toba Tek Singh) of Punjab, Paki-
stan (Table 4).

The obtained sequences of CVd-V with their accession
numbers are given in Table 5. All five isolates have shared
a high nucleotide sequence identity ranging from 98 to
100%.

The sequence of isolates of CVd-V characterized here
were analyzed along with sequences of other isolates avail-
able in database. The phylogenetic tree was constructed
keeping 1000 bootstrap value. The phylogenetic tree divided
into two main groups. Group one has all sequences obtained
during this study and sequences from Japan, Spain, South
Africa, USA, Iran, Pakistan, China, Tunisia and North
Africa. Group two has only one sequence (JQ348931) which
was previously reported from Pakistan. The Neighbor-Join-
ing tree depicted that the four out of five isolates of CVd-V
characterized here are grouped with the isolate from Iran
(GQ466068), while the isolate R-214 (MN885656) segre-
gates with Spain isolate EF617306 (Fig. 3). The sequence
identity of these seven isolates including five of the current
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Table 2 Percent incidence of CVd-V in citrus cultivars tested by RT-PCR

Sr.no. Cultivars Collection districts Total no.  Tested Positive *D.I of
of samples for CVd- CVd-v

\% (%)

1 ‘Kinnow’ mandarin Layyah, Toba Tek Singh, Rahim Yar Khan, Multan, Khanewal 53 53 33 62.26

2 ‘Feutrell early’ mandarin Layyah, Rahim Yar Khan, Multan 12 12 9 75

3 Sweet orange Rahim Yar Khan, Multan, Khanewal, Sargodha, Sahiwal 32 32 17 53.12

4 Grapefruit Rahim Yar Khan, Multan, Khanewal, Sargodha, Sahiwal 21 21 18 85.71

5 Sweet lime Khanewal, Layyah, Sargodha, Sahiwal 21 21 15 71.42

6 Lemon Sargodha, Khanewal, Sahiwal 4 2 50

7 Tangerines Sargodha, Sahiwal 8 6 75

8 Tangelos Sargodha, Sahiwal 3 3 2 66.66

*Disease incidence

study ranges from 98 to 100% (Supplementary Table). Other
closely related isolates include Pakistan (JQ348930), USA
(MF477859, MF477876), and Iran (KY654684). The iso-
lates from China, Japan, Tunisia, and Africa are distantly
related in the tree showing comparatively less identity with
our isolates. Roy Ruby isolate (R-214; MN885656) showed
100% homology with the isolate of Spain (EF617306). The
isolate from Olenda Valencia (O-250; MN885657) was also
100% identical to the isolate from Iran (GQ466068). Our
isolate were assembled and analysed using a CLUSTALV
algorithm of Lasergene sequence analysis software (DNA
Star Inc., Madison, WI, USA), showed 85.2% sequence
homology among each other (Fig. 4). Although our iso-
lates showing close homology among each other, however
comparing with the isolates from the world these isolates
grouped with Iraninan isolates (GQ466068) and Spanish
isolate (EF617306).

Discussion

Citrus viroids are becoming a threat to the citrus produc-
tion of Pakistan. Viroid species such as CEVd, CVd-II,
CVD-I, CVd-III, CVd-1V, and CVd-V have been identified
from citrus cultivars of Pakistan [20]. In this study, we
identified some new citrus hosts of CVd-V from Pakistan.
Previously reported primers were unable for specific PCR
amplification of viroids [20]. This is because one of the
primer pair (reverse primer) was unable to anneal with
CVd-V and did not show sequence homology with other
viroids upon BLAST analysis. This was further confirmed
by sequence alignment of the CVd-V available in data-
base, in which reverse primer did not match with CVd-V
sequences, attachment of forward and reverse primers are
given in figure (Supplementary Fig.) Thus, new back-to-
back primers (CVd-V AF1/CVd-V AR1) were designed

Fig.2 Symptoms shown by grafted Etrog citron plants infected with CVd-V control plant (A) severe epinasty 3—5 months after grafting (B)
severe bark cracking 3-8 weeks after grafting (C) severe stunting as compared to healthy control (D)
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Table 3 Results of biological indexing and RT-PCR analyses for detection of CVd-V

Isolate ID District Cultivar name Symptoms on citron Detection of
CVd-V through
RT-PCR

P-236 Sahiwal Palestina sweet lime Bark shelling, leaf curling +

Kw-159 Rahim Yar Khan ‘Kinnow’ mandarin Moderate symptoms +

0-250 Sahiwal ‘Olinda Valencia’ sweet orange Moderate leaf curling +

R. 213 Sargodha ‘Roy Ruby’ grapefruit Bark shelling, leaf curling +

Kw- 160 Rahim Yar Khan ‘Kinnow’ mandarin Moderate leaf curling +

D-202 Sargodha ‘Dancy’ tangerine Severe bark scaling +

Table 4 District-wise disease

o Location Tested samples Positive for Incidence (%) Field symptoms

incidence (%) of CVd-V CVdV
Multan 26 17 65.38 BC and St.
Khanewal 31 18 58.06 St. and DB
Sahiwal 27 21 77.77 BC,LC
Toba Tek Singh 12 8 66.66 BC and St.
Layyah 19 13 68.42 DB and St.
Sargodha 18 12 66.66 BC and DB
Rahim Yar Khan 21 13 61.9 BC
Total 154 102 66.66
BC bark cracking, St stunting, DB dieback, LC leaf curling

Table 5 List of isolates with geographic location characterized during this study

Sr. no. Viroid Location/District Host Accession no. References Country

1 CVd-v Sahiwal Palestina sweet lime MN885660 This study Pakistan

2 CVd-v Sargodha ‘Roy Ruby’ grapefruit MN885656 This study Pakistan

3 CVd-v Sahiwal Kaghzi lime MN885558 This study Pakistan

4 CVd-v Sahiwal ‘Olinda Valencia’ sweet orange MN885657 This study Pakistan

5 Cvd-v Sargodha ‘Dancy’ tangerine MN885659 This study Pakistan

6 CVd-v - Atalantia citroides EF617306 Serra et al. [12] Spain

7 CVd-v California madurensis Lour MF477876 Dang et al. [27] USA

8 CVvd-v El Manar C. sinensis KC460711 Elleuch et al. [13] Tunisia

9 Cvd-v Punjab ‘Kinnow’ mandarin JQ348924 Cao et al. [20] Pakistan

10 Cvd-v Azadi, Mashhad Solanum lycopersicum KY654684 Ebrahimi et al. [4] Iran

11 Cvd-v - Grapefruit GQ466068 Hashemian et al. [24] Spain

12 Cvd-v Punjab ‘Saccari’ sweet orange JQ348928 Cao et al. [20] Pakistan

13 CVd-V Seminole tangelo EU433392 Serra et al. [12] Spain

14 CVvd-V CRI, Nelspruit Etrog medica KY110720 Steyn et al. [31] South Africa

15 CVd-v Tunis C. limon JQO072089 Hamdi et al. [10] Tunisia

16 CVd-v Tunis C.sinensis KC460712 Elleuch et al. [13] North Africa

17 CVd-v Tunis C. sinensis KC460712 Elleuch et al. [13] North Africa
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100 — KC460712 North Africa
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L KC460711 (TN-1R) North Africa
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EF617306 (ST) Spain

JQ348930 (SL) Pakistan
MF477876 (VC-10) USA
KY654684 (EBI-1) Iran

ss | GQ466068 (IR) Iran

. MF47785S (RG-3) USA
3

67

EUA433392 (ST) Spain

— JQ348931 (AL) Pakistan

*# MN885656 (R-214) Pakistan

¥ MN885658 (K-225) Pakistan

AB560863 (TS-2) Japan

JQO072089 (C. limom) Tunisia

AB560862 (TS-1) Japan
o7 L HM042755 (HA-1) China
ss L HM042754 (NI-8) China

¥ MN885659 (D-201) Pakistan
* MN885657 (O-250) Pakistan

KY110720 (R141030) South Africa

0.050

DQ362906 ASSVd

Fig.3 Phylogenetic analysis of Citrus viroid V (CVd-V) sequences. Shown is a Neighbor-Joining phylogenetic dendrogram based upon align-
ment of nucleotide sequences of the CVd-V isolates produced as a part of the study presented here with selected CVd-V

and used for the detection which obtained an expected
amplified product of CVd-V with 294 bp. Palestinia Sweet
lime, Roy Ruby, Olinda Valencia, Kaghzi lime, and Dancy
were identified as new citrus hosts of CVd-V for the first
time from Pakistan with these newly designed primers.
Whereas, Cao et al. [20] reported CVd-V from Kinnow
and Feutrell’s Early, Mosambi, Saccari, sweet oranges,
grapefruits, sweet limes, acid limes, sour orange, lemon,
and Jatti Khatti for the first time from Pakistan. However,
earlier Cao et al. [36] described most citrus cultivars in
Pakistan as the host of two or three viroid species. CVd-V
produces mixed infection with other viroids and indicator
plants showed leaf curling on co-infection with CBLVd
[12, 37]. New host Atalantia citroides a citrus host of
CVd-V was also identified from Japan by Ito et al. [38]
and, only this viroid can replicate in A. citroides [12]. Dis-
ease incidence of CVd-V was about 66.66%, whereas Cao
et al. [20] reported very high incidence because different
citrus cultivars were tested in this survey rather than test-
ing only samples of Kinnow Mandarins, which are heavily
infested. The reason for this high viroid disease incidence
in Punjab is that the most of the commercial mandarin
and sweet orange cultivars are grafted on rough lemon
rootstock, which is highly susceptible to viroid diseases.

| K-225 (MN885658)
98

l D-201(MN885659)

R-213 (MN885660)

0-250 (MN885657)

R-214 (MN 885656)

Fig.4 Phylogenetic tree of Citrus viroid V (CVd-V) shows the inter-
action

So, it is hereby recommended to use some new disease-
resistant rootstocks.

The Neighbor-Joining tree depicted that the CVd-V
isolates detected from Pakistan were closely related to
the isolates reported from Iran (GQ466068, KY654684),
Spain (EF617306), Pakistan (JQ348930), and the USA
(MF477859, MF477876). The central clade with a small
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branch length consisting of 11 sequences shows these
closely related isolates. While, the isolates reported from
China, Japan, Tunisia, and North and South Africa are com-
paratively farther. The closeness of the sequences is also
reflected from their sequence distances and percent identity
values.

Biological indexing on Etrog citron showed the charac-
teristic symptoms of moderate to severe form and confirmed
by RT-PCR results with amplification of 294 bp. Synergistic
effect of CVd-V with other viroids for mixed infection on
indicator plant (Etrog citron) improved leaf symptoms and
dwarfing [23]. Synergistic effect of CVd-V with CBLVd and
CVd-III on Etrog citron showed severe epinasty and stunt-
ing with multiple lesions in the mid vein of a plant. Because
of mixed infection of viroids in the main citrus cultivars
of Pakistan, the impact of CVd-V could not be assessed
under normal conditions. Although numbers of the genus
Apscaviroid do not prompt definite infections, rather they
affect gradually in the form of stunting growth and fruit yield
decline. Predictable indexing will provide more evidences
of the spreading of CVd-V in the world. CVd-V has a wide
host range in citrus cultivars as studied by Serra et al. [12].
During this study, it was identified from new citrus culti-
vars which were not previously investigated from Pakistan.
Now, this viroid is distributed worldwide in citrus cultivars.
Recently it was reported from Turkey, Nepal, and Pakistan
[20, 26] and California [27]. The movement of CVd-V in
various geographic regions is presumably the result of the
proliferation of contaminated bud wood and the universal
trade of plant materials. The natural effect of these move-
ments on CVd-V needs further infectivity assay. In Pakistan,
unfortunately most of the citrus nurseries were not registered
by the Government and were being handled by non-technical
persons. This results in the production of infected plants.
Infected bud wood and infected tools are major sources of
the spread of viroids. Serious quarantine measures and rules
should be imposed to prevent the spread of CVd-V and all
other viroids. The nursery should be propagated by techni-
cal labor. Hygienic tools should be used in the field dur-
ing cultural practices. The nursery should be propagated by
technical labor.

Conclusion

The infection of CVd-V is increasing in Pakistan and infect-
ing new citrus hosts with small variation in the genome
which led to the designing of new primers for its detection.
Nurseries and contaminated tools are the main cause of
spread of CVd-V. It is imperative to exploring sources of
resistance against CVd-V and serious quarantine measures
and rules should be imposed to prevent the spread of CVd-V
and all other viroids.

@ Springer
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