
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/315973305

Molecular	Characterization	and	Phylogenetic
Analysis	of	Coat	Protein	Gene	of	Leek	Yellow
Stripe	Virus	Infecting	Garlic	in	India

Article	·	April	2017

DOI:	10.24838/ip.2017.v70.i1.48991

CITATIONS

0

READS

77

4	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Identification	and	development	of	immuno-diagnostic	technique	View	project

Virus	vector	interaction	in	Citrus	View	project

Nitika	Gupta

ICAR-Directorate	of	Floricultural	Research,	Pune

7	PUBLICATIONS			4	CITATIONS			

SEE	PROFILE

V.	K.	Baranwal

Indian	Agricultural	Research	Institute

118	PUBLICATIONS			672	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Nitika	Gupta	on	03	October	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/315973305_Molecular_Characterization_and_Phylogenetic_Analysis_of_Coat_Protein_Gene_of_Leek_Yellow_Stripe_Virus_Infecting_Garlic_in_India?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/315973305_Molecular_Characterization_and_Phylogenetic_Analysis_of_Coat_Protein_Gene_of_Leek_Yellow_Stripe_Virus_Infecting_Garlic_in_India?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Identification-and-development-of-immuno-diagnostic-technique?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Virus-vector-interaction-in-Citrus?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nitika_Gupta14?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nitika_Gupta14?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nitika_Gupta14?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Baranwal2?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Baranwal2?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Indian_Agricultural_Research_Institute?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/V_Baranwal2?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nitika_Gupta14?enrichId=rgreq-700d470c51daea5ad75e4498b3702e3c-XXX&enrichSource=Y292ZXJQYWdlOzMxNTk3MzMwNTtBUzo1NDUyNjY3NTU2ODY0MDBAMTUwNzAxMzEzMzY1OA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Indian Phytopath. 70 (1) : 114-121 (2017)
DOI  10.24838/ip.2017.v70.i1.48991

Molecular characterization and phylogenetic analysis of coat
protein gene of Leek yellow stripe virus infecting garlic in
India

NITIKA GUPTA1,2, R.K. JAIN1, G.P. RAO1 and VIRENDRA KUMAR BARANWAL1*
1Plant Virology Unit, Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi 110 012, India
2Present Address: ICAR-Directorate of Floricultural Research, College of Agriculture Campus, Shivajinagar, Pune 411 005,
Maharashtra, India

Received: 14 December 2016/ Accepted: 8 February 2017/ Published online: 23 March 217
© Indian Phytopathological Society 2017

ABSTRACT: The coat protein (CP) gene of two isolates of Leek yellow stripe virus (LYSV) from India was sequenced and
found to be 864 bp, encoding a protein with 288 amino acids. The CP sequences of both the isolates were deposited in
GenBank with accession numbers KF724857 and KP168262 corresponding to the isolates AC-50 and PGS-14, respectively.
The Indian isolates of LYSV shared maximum nucleotide (nt) and amino acid (aa) identities of 85% and 90% respectively
with that of Myanmar isolate (AB551622). Nt and aa based sequence identities of two Indian LYSV isolates with the
corresponding sequences of 34 other LYSV isolates from worldwide revealed that, Indian isolate shared 77-84% and 80-90%
identity respectively among themselves. It showed 5.3 % diversity between the Indian isolates and 23 % diversity among
the isolates reported worldwide. Amino acid sequence comparison showed high variability at N-terminal region of CP gene
of LYSV. Phylogenetic analysis of CP sequences of 36 isolates comprising India and other isolates from world segregated
them into two major groups (major group I and major group II). The Indian isolates were clustered with isolates of Myanmar
(AB551622) and Japan (AB194640) in subgroup III of major group II. The phylogenetic analysis revealed that Indian isolate
is closely related to an isolate from Myanmar (AB551622). The present study comprises the first report on unravelling the
molecular variability existing among the LYSV isolates.
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Garlic (Allium sativum L.) is one of the most important
culinary spice crops of the world. It is widely used as
antibiotic, anti-cancerous, anti-diabetic, anti-oxidant and
poses lipid lowering properties (Keusgen, 2002). Garlic
is a sulfur-containing edible plant which contains several
active compounds including alliin, allicin, S-allyl-cysteine,
S-methyl-cysteine and several other bio-active molecules
in varying concentrations. These compounds occuring
in garlic supplements are responsible for the health
effects (Upadhyay, 2016). Garlic has been used for
centuries for medicinal benefits such as promoting heart
health, reducing cholesterol and triglycerides; it inhibits
platelet aggregation (thins blood) and lowers blood
pressure (Kuesgen, 2002). On the other hand, it is
carminative and gastric stimulant thus aiding in digestion
and absorption of food.

Production and productivity of garlic is limited by
several abiotic and biotic factors, especially viral diseases
which are responsible for decreasing yield and
diminishing bulb and clove quality. Since agamic
propagation of garlic is preferred due to its sexual sterility,
garlic plants in the field are naturally infected with mixture
of plant viruses. In India, six viruses belonging to four

different taxonomic groups namely, Allexivirus (Garlic
virus X; Garv-X), Potyvirus (Onion yellow dwarf virus;
OYDV and Leek yellow stripe virus; LYSV), Carlavirus
(Garlic common latent virus; GarCLV and Shallot latent
virus; SLV), Tospovirus (Iris yellow spot virus; IYSV) has
been reported to infect garlic (Ghosh and Ahlawat, 1997;
Majumder and Baranwal, 2009; Gawande et al., 2010;
Baranwal et al., 2011; Gupta et al., 2013). Mixed viral
infection results in mosaic pattern, chlorotic streaking,
mottling, twisting with curling of leaves and stunting of
plants, leading to the formation of small bulbs and cloves,
and reduction in the yield to the tune of 78% with respect
to bulb weight (Lot et al., 1998; Conci et al., 2003; Lunello
et al., 2007). Potyviruses are responsible for the major
economic loss in garlic globally, causing severe bulb
weight reduction (Lunello et al., 2007; Bagi et al., 2012).

Leek yellow stripe virus (LYSV) is a member of the
genus Potyvirus, belonging to the family Potyviridae.
LYSV has flexuous, filamentous particles of 815-820 ×
11-13 nm, harbouring a single molecule of linear ssRNA
of approximately 10.2 kb (Bos et al., 1978; Davis, 2008).
LYSV is considered as the most important virus infecting
garlic due to its wide distribution and severe symptom
production (Van Dijk, 1993; Van Dijk et al., 1994). The
infected plants exhibit mosaic and yellow stripe
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symptoms on leaves and may produce smaller,
malformed bulbs resulting in severe yield reduction and
poor quality which varies depending on the cultivars (Lot,
1998; Takaki et al., 2005). LYSV is transmitted by aphids
and may easily re-infect virus-free garlic plants in the
fields (Yoshida et al., 2012). LYSV infects garlic, leek
(Allium porum) and other Allium species and represents
a virus of great economic importance. A number of
reports have described the incidence and epidemiology
of LYSV in Greece (Dovas et al., 2001), Italy (Dovas and
Volvas, 2003), Brazil (Fajardo et al., 2001), Argentina
(Conci et al., 2002), Japan (Takaichi et al., 2001) the
USA (Pappu et al., 2005) and India (Gupta et al., 2013).

In the present study, garlic plants exhibiting light
yellow striping on the leaves and stunting symptoms were
collected from the field of ICAR-IARI, New Delhi and were
tested for the presence of LYSV using different diagnostic
protocols. The coat protein gene of the LYSV was
characterized to determine genetic variability and
phylogenetic relationships among the LYSV species.

MATERIALS AND METHODS

Collection of isolates

The bulbs of twenty one garlic accessions were collected
from the field of Division of Vegetable Science, ICAR-
IARI, New Delhi, India and tested for the presence of
LYSV through double antibody sandwich enzyme linked
immunosorbent assay (DAS-ELISA) using polyclonal
antiserum against LYSV (Bioreba, Switzerland) (Gupta
et al., 2013). Based on the ELISA positive reaction for
LYSV, two isolates of LYSV were selected: AC-50 and
PGS-14. Leaves from tissue cultured, virus-free garlic
plants produced at Division of Plant Pathology, ICAR-
IARI, New Delhi were used as healthy control.

RNA isolation and RT-PCR

Primer LYSVCP-F (GCTGGTGAGGAGATTGATG) and
primer LYSVCP-R (CTGCATATGCGCACCATC) were
designed and synthesized at Sigma Aldrich Co. India for
amplification of 864 bp LYSV CP gene. Total RNA was
isolated using the RNeasy Plant Mini Kit (QIAGEN
GmbH, Hilden, Germany) as per manufacturer’s
instructions. RNA was first reverse transcribed into cDNA.
The total 20 µl reverse transcription PCR mixture
containing 0.2 µM reverse primer (LYSVCP-R), 5U
MuLVRT (MBI, Fermentas, Inc., Hanover, MD, USA), 2
µl of 5X reaction buffer and 0.3 mM dNTPs was incubated
at 42°C for 45 minutes. The resultant/synthesized cDNA
served as templates for subsequent PCR amplification
using primers specific to the CP of LYSV. The PCR
reaction mixture of 50 µl contained 10 µl of cDNA, 2µl of
10 mM dNTPs, 2.5 mM MgCl2, 2 µl each of forward and
reverse primers (100 pmol/µl), 5 µl of 10X PCR reaction
buffer, 5U Taq polymerase (MBI, Fermentas, Inc.,
Hanover, MD, USA) and autoclaved double distilled water
to make up the volume. The thermo cyclic programme
was: hot start at 94°C for 5 min, denaturation at 94°C for
30 sec, annealing at 58°C for 45 sec and extension at
72°C for 1 min. After 35 cycles the final extension was

performed at 72°C for 10 min. All the amplifications were
carried out in Mastercycler Gradient (Eppendorf, USA).
The amplified products were analyzed by agarose gel
electrophoresis and stained bands were visualized using
an UV-transilluminator (Biorad, USA).

Cloning, sequencing and sequence analysis

The purified PCR products corresponding to the CP gene
of two LYSV isolates (AC-50 and PGS-14) were cloned
into pGEMT-Easy vector (Promega, Madison, USA) using
T4 DNA ligase (supplied with cloning kit). Two positive
clones for each isolate were selected by standard colony
PCR (Sambrook et al., 2001) with CP specific primers
as well as, by restriction digestion of purified plasmid
with EcoRI. Selected clones were sequenced using the
vector derived primers T7 and SP6 using an AB 13130
Genetic analyzer (Chromous Biotech, Bangalore, India
and Xcelris, Ahmadabad, India). The consensus
sequences were aligned through multiple alignments with
Clustal X version 2 (Larkin et al., 2007). The sequences
of the two Indian LYSV isolates along with other LYSV
CP sequences retrieved from GenBank data base were
used for sequence comparisons. Percent identity was
calculated for the full CP of the different LYSV isolates
using the BioEdit sequence alignment editor version 7.1.3
(Hall, 1999). Neighbour Joining phylogenetic tree was
constructed using the program MEGA6 (Tamura et al.,
2013). The evolutionary distances were computed using
the p-distance method with 1000 bootstrap replications.
To identify variable and conserved region in the CP, the
protein variability server (http://imed.med.ucm.es/PVS/)
was used. To determine the conserved domains in the
CP sequence, online protein analysis tools such as
SMART (Letunic et al., 2009) and MEME (Bailey et al.,
2006) were used.

RESULTS

Cloning, sequencing and sequence analysis

An amplicon of 864 bp corresponding to the complete
CP gene of LYSV was amplified using primer pair

Fig. 1. Agarose gel electrophoresis showing specific RT-PCR
amplification of full coat protein (CP) gene of Leek yellow
stripe virus (LYSV) isolates. Lane M: 100 bp DNA ladder;
lane 1 (LYSV positive sample), lane 2 & 3 (cultivar PGS-
14 & AC-50), lane 4 (LYSV negative sample)
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LYSVCP-F and LYSVCP-R for the two isolates viz. AC-
50 and PGS-14 (Fig. 1). Complete coat protein sequence
obtained for the two isolates were confirmed through
basic local alignment searching tool (BLAST) and
consensus CP sequences of the two isolates were
deposited in GenBank under accession numbers
KF724857 and KP168262 corresponding to AC-50 and
PGS-14, respectively. In Indian isolates, length of the
CP was found to be 864 nucleotides (288 amino acids)
which shared nucleotide identity of 94.7% between them.
In nucleotide BLAST, CP gene of Indian isolate showed
maximum identity of 85% with Myanmar isolate
(AB551622) with 100% query coverage. Comparison of
36 LYSV CP sequences (including isolates in the present
study) from different parts of the world, revealed 77-84%
and 80-90% identity in nucleotide and amino acid regions,
respectively among themselves (Table 1). When CP gene
of 36 LYSV isolates from India and other isolates from
the world was compared, it showed 5.3% diversity
between Indian isolates with an overall diversity up to
23% among different isolates worldwide (Table 1).

Multiple alignment of 36 CP amino acid sequences
revealed that, most of the variability was located within
the N-terminal 50 amino acids (Fig. 2 & 3). The C-terminal
region was highly conserved in all the isolates of LYSV.
This data was also supported by the protein variability
plot generated through protein variability server at a

variability threshold of 1.0 (http://imed.med.ucm.es/PVS/)
(graph not shown). Protein variability server (http://
imed.med.ucm.es/PVS/) detected the occurrence of a
single conserved fragment (≥6 amino acids) with no
variable residues (under the variability threshold of 1.0)
in the CP gene of 36 LYSV isolates, which is located
between 20-26 amino acid (D K S I E Q R) position from
N-terminal to C-terminal. Pfam search predicted the
presence of one conserved domain in LYSV CP which
belonged to the protein family PF00767 (Pfam: Poty_coat
from 52-286). This protease is found in genome
polyproteins of potyviruses. SMART search also revealed
the presence of other different conserved domains like
Beta-trefoil DNA-binding domain (3-138), FERM C-
terminal PH-like domain (40-112), BAF - Barrier to
autointegration factor, act as a DNA-bridging protein (71-
143), eIF5A- Eukaryotic elongation factor 5A hypusine,
DNA-binding OB fold (148-204).

Three motifs were predicted by MEME online
program. Motif 1 had following signature sequences,
VNVGTTGTFSVPRIKQI[PS]QKGI[SA]IPMDGGKSILNL
DHLLQY KP[NS]QL[NC]ISN with aa position from 54-
103 while, motif 2 had following signature sequences
LMVWCIENGTSPNING[TV]WTMMDG[DE]EQV[EA]
[YF]PLRP[IV]VEHA [KQ]PTLRQIMAHFS as signature
sequence aa position from 136-185 and motif 3 had

Fig. 2. Multiple alignment of coat protein (CP) of 36 Leek yellow stripe virus (LYSV) isolates from diverse geographical origin showing
variability in amino acid sequences at the N-terminal of CP
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Fig. 3. Multiple alignment of coat protein (CP) of 36 Leek yellow stripe virus (LYSV) isolates from diverse geographical origin showing
less variability in amino acid sequences at the C-terminal of CP

Table 1. Sequence identity (%) of coat protein (CP) gene of Leek
yellow stripe virus isolates

Accession number Country Nucleotide Amino acid
in GenBank identity (%) identity (%)

KF724857 India 77.2-94.7 80.2-98.6

KP168262 India 77.9-94.7 80.6-98.6

DQ841554 Mexico 77-96.9 80.2-96.8

AB194656 Japan 78-99.8 81.6-99.6

AB194642 China 77-99.5 80.9-99.6

AB194641 China 77.5-98.6 80.6-98.6

AB194640 Japan 77-81.3 79.9-85.7

AB194639 Japan 77.8-98.1 80.2-98.6

AB194638 Japan 76.5-87.5 79.9-93

AB194637 Japan 77.8-98.6 81.3-99.3

AB194636 Japan 77.9-99.3 81.6-99.3

AB194635 Korea 77.6-99.6 80.6-93

AB194634 Korea 77.5-99.6 80.6-93

AB194633 Korea 77.9-85.9 79.9-90

AB194632 Japan 77.3-99 80.2-98.2

AB194631 Japan 78-99 80.2-98.2

AB194630 Japan 79-93 80.9-95.8

AB194629 Japan 77.2-95.6 80.6-98.9

AB194628 Netherlands 78.5-99.6 79.9-98.9

AB194627 Netherlands 78.4-99.6 79.5-98.9

AB194626 Japan 78-99.1 81.6-99.6

AB194625 Japan 78.6-99.7 79.5-99.6

AB194624 Japan 78.6-99.7 79.9-99.6

GU373816 China 78.8-88.5 83.3-93.4

AB551622 Myanmar 76.8-84.9 79.5-90.6

DQ402056 New Zealand 77.8-99.5 81.3-99.6

GQ475418 Italy 76.6-99.8 79.9-99.6

GQ475417 Italy 76.7-99.8 79.9-99.6

GQ475416 Italy 76.5-99.6 79.9-99.3

GQ475415 Italy 76.7-100 80.2-100

GQ475414 Italy 76.7-100 80.2-100

GQ475413 Italy 76.7-100 80.2-100

GQ475412 Italy 76.5-99.7 80.2-100

GQ475411 Italy 76.6-99.8 79.9-99.6

AF228415 Brazil 78-88.5 81.6-93.4

AF071525 Israel 77.4-93.7 79.9-95.5

signature sequences, YIEMRN[SA]EQAYMPRYGLQRN
LTDM[GS]LARYAFDFYEVTSR TPVRAREAHAQ with aa
position from 191-240 in CP of all the isolates of LYSV.

Phylogenetic analysis of CP sequences of 36
isolates containing Indian and other isolates of LYSV from
world separated them into two major groups (major group
I and major group II). Major group I was further divided
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Fig. 4. Phylogenetic analysis of coat protein (CP) of LYSV infecting Allium species. The evolutionary history was inferred using the
Neighbor-Joining method. The bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary
history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50/bootstrap replicates are collapsed.
The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are
shown next to the branches. The evolutionary distances were computed using the p-distance method and are in the units of the
number of base differences per site. Evolutionary analyses were conducted in MEGA6. OYDV was taken as an out group

into two sub groups (sub group I and II) and major group
II was separated into 4 sub groups (sub group I, II, III,
IV). LYSV isolates from leek were clustered into subgroup
II of major group I and the length of CP was 267 nt. Indian
isolates were clustered with isolates of Myanmar
(AB551622) and Japan (AB194640) into subgroup III of
major group II and the length of CP was 864. The CP
gene of OYDV (FR873734) was used as an out-group.
This phylogenetic analysis revealed that, Indian isolates
of LYSV is closely related to LYSV isolates representing
Myanmar and Japan (Fig. 4).

DISCUSSION

The identification and characterization of viruses infecting
garlic are based on serology, host range and sequence
data of coat protein (Kobayashi et al., 1996; Tsuneyoshi
et al., 1998; Fajardo et al., 2001). Recent advancements
in molecular biology have provided a new paradigm for
the classification and identification of viruses. Molecular
characteristics such as the viral genome sequences, coat
protein (CP) sequences and genome organizations are
useful for distinguishing virus species, strains and
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determining the relationships between genera, species
and subspecies of distinct viruses. Genome sequence
based detection and characterization have been
employed successfully for garlic viruses such as OYDV,
LYSV, SLV, GarCLV and allexiviruses. It has been very
useful in classification, their definite detection and
differentiation from other species within the same genus
infecting garlic (Tsuneyoshi et al., 1998; Takaichi et al.,
1998; Fajardo et al., 2001, Chen et al., 2001; Dovas et
al., 2001; Adams et al., 2005).

Amongst all the genes of the potyviral genome, the
coat protein (CP) is the most frequently selected for
studies of genetic diversity. The 3'-terminal position of
the CP in the viral genome has contributed to the
availability of a large number of CP sequences for
different potyviruses and compar ison of CP aa
sequences has allowed discrimination between species
and strains (Shukla and Ward, 1988; Adams et al., 2005;
Desselberger et al., 2009). An updated comparison of
CP sequences has led to assign members of the family
Potyviridae into genera, distinct species, related species,
and strains (Ward and Shukla et al., 1994; Adams et al.,
2005).

As functions of only a small fraction of known
proteins have been determined experimentally, the use
of computational sequence analysis has become
essential for the annotation of novel genes and prediction
of protein structure and function. Many proteins are multi-
domains in characters and possess multiple functions
that are often performed by one or more component
domains (Schultz et al., 1998). Similarly, CPs of the RNA
viruses are remarkably multifunctional proteins and
hence made up of many domains and motifs (domains
collection that performs wide spectrum function) (Tatineni
et al., 2011; Vaira et al., 2012). In the present study,
different protein analyses tools were used to detect the
conserved domains within the CP of LYSV, which plays
structural and functional role like Beta-trefoil DNA-binding
domain, FERM C-terminal PH-like domain, BAF - Barrier
to autointegration factor, act as a DNA-bridging protein
and eIF5A- Eukaryotic elongation factor 5A hypusine,
DNA-binding etc. This study revealed that, the CP is not
only having structural role but also has regulatory
function. Annotation of molecular function in sequence
database is difficult to interpret giving that the term
function may describe phenomenon occurring at distinct
levels, such as those of amino acids, domains, proteins,
molecular complexes, cells, organs, organism, etc.
Nevertheless, the annotated domains and motifs are the
first step to begin with and can provide useful hints toward
experimental characterization of function at different
levels. Although, we could predict the existence of
different motifs and domains in the CP, further functional
studies will throw a light on their role on virus survival,
transmission, synergism with other co-infecting viruses
and induction of disease.

When CP gene of LYSV isolates, including two
Indian isolates compared, LYSV Indian isolates shared
maximum nt and aa sequence identity with the Myanmar
isolate (AB551622) and also exhibited 5.3% diversity

between Indian isolates with an overall diversity up to
23% among different isolates worldwide. Amino acid
sequence of the coat protein, especially the N-terminal
region, has been proved to be useful in Potyvirus
taxonomy (Shukla et al., 1988; Riechmann et al., 1992).
Multiple alignment of aa sequence data clearly showed
that, the N-terminal of CP of LYSV is highly variable which
has also been substantiated by Wei et al. (2006).

In general, high sequence variability among different
LYSV isolates is well documented (Fajardo et al., 2001;
Chen et al., 2002). A comparison of nucleotide and/or
amino acid sequences of CP has led to the partition of
LYSV isolates into two phylogenetic groups (Chen et al.,
2002; Tsuneyoshi et al., 1998). Takaki et al. (2005)
proposed a distinct (third) group for the isolates from
Northern Japan that are closely related to LYSV isolates
from leek. Our findings presented here could represent
independent evolution of geographically distant virus
isolates and/or selection pressure; implying adaptation
of the virus (Fajardo et al., 2001). Based on phylogenetic
analysis, the group I included 17 garlic and 2 leek LYSV
isolates originating from Italy, Japan, Netherlands and
Israel. These isolates showed nucleotide and amino acid
identities of 76.5-100% and 79.9-100%, respectively. The
group II comprised 17 garlic LYSV isolates originating
from China, Japan, Brazil, Myanmar, Korea, New
Zealand, Mexico and India. These isolates exhibited
similar identities, i.e., 77-99.6% for nucleotides and 79.9-
99.6% for amino acids.

Overall, phylogenetic studies revealed that, Indian
isolates of LYSV clustered along with the isolates from
Myanmar and Japan in subgroup III of major group II.
Phylogenetic studies showed that, geographical origin
and evolutionary process of the garlic viruses could not
be correlated. Several investigators have reported that,
vegetative propagation of garlic over several generations
and easy exchange of biological propagation materials
between countries might have resulted in high variability
and rapid evolution of garlic viruses (Koo et al., 2002).
The genetic variability is also probably due to the frequent
mixed infection occurring in the same garlic plant that
favours interactions between different genotypes of the
same species or closely related species.

In conclusion, complete nucleotide sequencing of
LYSV isolates reported till today along with several
isolates representing other garlic growing regions of the
world can shed more light on the understanding of
diversity and evolution of LYSV. The broad distribution
and occurrence of garlic viruses reinforce the need of a
garlic-seed certification programme in India, which is
essential to improve the health conditions of the crop.
Thus, the use of virus-free propagation material is
strongly recommended and it is essential that commercial
crops be completely separated from propagation crops
in order to avoid contamination.
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