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Summary. - The present paper describes first full genome sequence of the Garlic virus D (GarV-D) from
northern India with a genome size of 8425 bp long ssRNA. The infected leaves and bulbs of garlic variety
Yamuna Safed (G-282) plants suspected for GarV-D infection were collected with the aim to identify con-
tagion virus during March, 2018. The total RNA was extracted from the pooled garlic plants using TRIzol
reagent and sequenced using an Illumina HiSeq 2000 platform. BLASTn search in the NCBI database
identified contagion as GarV-D (MK518067). It shared 83.63-85.83% nucleotide sequence identities with
other (GarV-D) isolates from Argentina (KF550407, KF555653, KR819505) and 83.15% with isolates from

China (MF795136, MF363012).
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Introduction

Garlic (Allium sativum), a spice or condiment, is used
as carminative and gastric stimulant throughout India.
The allicin present in aqueous extract of garlic reduces
cholesterol concentration in human blood and inhalation
of garlic oil or garlicjuiceis recommended in cases of pul-
monary tuberculosis, rheumatism, sterility, impotency,
cough and red eyes (Bayan et al.,2014). Garlic extracts also
exhibit antibacterial, antifungal, antiviral and platelet
activator properties in experimental conditions (Allison
etal.,2012; Adleretal.,2002; Adetumbiet al.,1986; Nai-Lan
etal.,1993).

India is a major garlic cultivating country and ranks
second in total world production. It produces 1617.34
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Abbreviations: CP = coat protein; GarV-D = Garlic virus D; NABP
=nucleicacid binding protein; NTBP = viral nucleicacid binding
protein, TGB = triple gene block protein

metric tons of garlic from an area 0f 280.95 thousand hec-
tares with the average production of 5.09 tons/ha (Patidar
et al., 2018). Yamuna Safed (G-282) is one of the major
varieties of garlic that has creamy white bulbs of about
4.5-6 cm in diameter with 15-16 cloves, mainly grown in
Madhya Pradesh, Maharashtra, Haryana, Gujarat, Punjab,
Rajasthan, Uttar Pradesh and Chhattisgarh states of India
(Mishra and Vikram, 2017).

Production and productivity of garlic is limited by
several bioticand abiotic factors, especially viral diseases
that areresponsible for decreasing yield and diminishing
bulb and clove quality (Lunello et al.,2007). Due to sexual
sterility, the agamic propagation of garlic is preferred,
which results in natural infections by multiple plant vi-
ruses. The mixed viral infection in garlic results in mosaic
pattern, chlorotic streaking, mottling, and twisting with
curling of leaves and stunting of plants, that ultimately
leads to the formation of small bulbs and cloves, and
reduction in the yield up to the 78% (Conci et al., 2003;
Lunello et al., 2007). To control such viral diseases, their
molecular level identification is mandatory. The complete
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Genome organization of GarV-D Yamuna safed-3 (MK518067) showing six predicted open reading frames
and their corresponding products
Replicase, triple gene block (TGB1 and TGB2), coat protein (CP), nucleic acid binding protein (NTBP).

genome sequence-based study is one of the tools which
can be employed for molecular characterization of Garlic
virus D (GarV-D).

In India, six garlic 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 com-
mon latent virus; GarCLV and Shallot latent virus; SLV), To-
spovirus (Iris yellow spot virus; IYSV) have 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). Recently, GarV-D was identified and
characterized in India with Allex-NABP (for amplification
with generic allexivirus primers) or DCPF/DCPR primers
(for amplification with GarV-D specific primers) (Khan et
al., 2015, 2016; Chodorska et al., 2014).

Materials and Methods

Sample collection. The samples of infected leaves and bulbs
of garlic cultivar Yamuna Safed (G-282) plants suspected for
GarV-D infection were collected from Horticulture Research
Centre, S. V. Patel University of Agriculture and Technology,
Meerut during March, 2018. The collected samples were pro-
cessed to detect and identify viruses infecting garlic plants.

Virus genome sequencing. To determine the causal agent(s),
total RNA was isolated using TRIzol reagent (Chomoczynski,
Sacchi, 1987) from a pooled sample of garlic plants. The small
RNA deep-sequencing technology (Kreuze et al., 2009) was
employed for virus identification. A small RNA library was
prepared as described previously (Chen et al., 2012) and librar-
ies were sequenced using an Illumina HiSeq 2000 at NxGenBio
Life Sciences, New Delhi. Complete sequence of GarV-D genome
identified in this study was deposited in GenBank Acc. No.
MK518067 and designated as GarV-D Yamuna safed-3 isolate.

Confirmation of GarV-D by PCR. To reconfirm the GarV-D
infection in the garlic plants, PCR primers (GarV-D-7000F
5'-GGGGCATGGTTTGTGTTAAGTT-3' and GarV-DR-8424

(5'-GTCGCGTGGACATAAGTTGTT-3') targeting CP and NTBP re-
gion were designed from the sequence with Acc. No. MF363012,
to generate ~1200 bp product in RT-PCR. The viral RNA was
isolated with Thermo Scientific GeneJET plant RNA purifica-
tion mini kit (Thermo Scientific, USA) and RT-PCR reaction
was performed with Thermo Scientific Revert Aid reverse tran-
scriptase (Thermo Scientific) and DreamTaq DNA polymerase
(Thermo Scientific). Thermocycling conditions consisted of 30
min at 52°C, followed by denaturation for 30 s at 94°C, primer
annealing for 45 s at 58°C and elongation for 1 min at 72°C for
35 cycles,and a final elongation step of 10 min at 72°C. The PCR
amplicons were sequenced in the both directions by Sanger
sequencing methods at DNA sequencing facility, Biokart India
Pvt Ltd, Bangalore.

Bioinformatics data analysis. To identify possible viruses in
garlic sample, ssRNA sequences were assembled and analyzed
as previously described (Li et al.,2012). The sequence reads were
assembled using CLC Genomic workbench 7.0.4 (CLC Bio) and
genome annotated using Blast2GO. The pair wise nucleotide
sequence identities were calculated using BioEdit version 7.05.3
software package (Hall et al., 1999) and phylogenetic analysis
was done using MEGA X (Kumar et al., 2018).

Results and Discussion

Garlic plantsin field conditions might be infected with
Garlic virus D (GarV-D) and several other Garlic viruses
such as Garlic virus A (GarV-A), Garlic virus B (GarV-B),
Garlic virus C (GarV-C), Garlic virus E (GarV-E), Garlic
virus X (GarV-X) etc. (King et al., 2012). In current study,
upon high throughput sequencing sample yielded a total
number of 34 873 264 reads and after trimming 199 718
reads were mapped to the reference sequence submitted
from China (Acc. No. MF363012).

In this study, for GarV-D, 7809 bp long near complete
genome in form of single contig was obtained. The 5' and
3'UTR sequences were amplified by primers designed
from the previously available GarV-D genome using
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primer blast software (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/). Thus, verified complete genome of
the GarV-D, reported in the present study comprised of
8425 nucleotides (Fig. 1) and was deposited in GenBank
under the accession number MK518067 and designated
as GarV-D isolate Yamuna safed-3 (G282). The genome se-
quence contained a 5'UTR (1-97 nt) and ORF 1(98-4786 nt;
1562 aa) encoding a 176 kDa polypeptide which is thought
to be a virus-specific RNA replicase. A conserved motif
SGx3Tx3NTx22GDD, which is the proposed active site of
the RNA-dependent RNA polymerase (RdRp), was found
at amino acid positions 1301-1359 aa (Fig. 2) and the NTP
binding motif Gx,Gx,GKS, which assumed to be involved
in helicase activity, was found at position 765-772 aa. In
addition to these, a leucine zipper pattern L-X -LX -L-X -
L, which has not previously been described, was found at
position 159-180 aa in present isolate. ORF 2 (4885-5598
nt; 237 aa) encodes a 26 kDa protein that has similarities to
the TGBI (triple gene block protein; pfam 01307). The TGBI,
protein family have role in plant viral movement and in-
clude several known plant viral movement proteins from
a number of different ssRNA plant virus families includ-
ing potexviruses, hordeiviruses and carlaviruses. ORF3
(5612-5923 nt; 103 aa) encodes an 11 kDa protein which has
similarities to the TGB2 protein (pfam01443). TGB2 protein
ishomologoustothose of other allexi-, carla- and potexvi-
ruses. ORF 4 (6034-7128 nt; 364 aa) encodes 40 kDa serine
rich protein (pfam05549). ORF 5 (7176-7928 nt; 250 aa) en-
codes a 27 kDa protein showing similarity to the viral coat
protein (c102836). ORF 6 (7928-8314 nt; 128 aa) encodes a 14
kDa protein which has similarities to the viral nucleic acid
binding protein (NTBP) (cl05203) (Chen et al., 2001) and
a 3'UTR that spans from 8315-8425 nt. BLASTn (Altschul
et al., 1990) searches in the NCBI databases revealed that
GarV-D Yamuna safed-3 shared 83.63-85.83% nucleotide
sequence identities with other GarV-D isolates reported
from Argentina (KF550407, KF555653, KR819505), 83.15%
with isolates from China (MF795136, MF363012).

During construction of NJ based phylogenetic tree
with MEGA X (Kumar et al.,2018), GarV-D Yamuna safed-3
(MK518067) showed maximum identity to other isolates
of GarV-Dreported from Argentina (KF550407, KF555653,
KR819505) (Celli et al., 2016) or China (MF795136,
MF363012) and were grouped in the same clade (Fig. 3).
Phylogenetic tree indicated that probably all reported
isolates are closest to ancestral isolates.

The pairwise sequence identities of GarV-D Yamuna
safed-3 with respective sequences of selected isolates of
GarV-D from Argentina (KF550407, KF555653, KR819505)
(Celli et al., 2016) and China (MF795136, MF363012) were
generated at nucleotide level using BioEdit version 7.0.5.3
software package (Hall et al., 1999). At the nucleotide
level, GarV-D Yamuna safed-3 sequence shared 82.9 to

MK518067 GarV-D
AHA90833 GarV-D
ALR24278 GarV-D
YP 008855206 GarV-D
AVK94126 GarV-D
AGG13306 GarV-X
NP 659010 GarV-E
ABQ96641 GarV-B
AEV51805 GarV-B
AFV61767 GarV-X
NP 569132 GarV-C
AGG13300 Garv-C
AEV51816 GarV-C
AGG13294 GarV-C

Fig.2

Conserved motif sequences of active sites of RNA-dependent
RNA polymerase (RdRp)
RNA-dependent RNA polymerase sequence with conserved motif
SGx,Tx,NTx,,GDD of isolates GarV-D, GarV-X, GarV-E, GarV-B, and
GarV-C.
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Fig.3

Phylogenetic analysis of GarV-D isolates in the full length
genome sequence using Neighbour joining algorithm of Mega X
software
The evolutionary distances were computed using p-distance
method with 1000 bootstrap replicates. The scale bar indicates the
number of substitutions per site. Shallot virus X (NC003795) was

used as out-group.

85.5% identities with these isolates (Table 1). The amino
acid similarities of individual predicted open reading
frames of GarV-D Yamuna safed-3 (MK518067) were
also compared with other isolates of GarV-D (KF550407:
Argentina; KF555653: Argentina; KR819505: Argentina;
MF363012: China and MF795136: China) (Table 2). Bioinfor-
matic analysis revealed that despite the wide geographic
distribution and different growing conditions of hosts,
GarV-D Yamuna safed-3 maintains an amino acid simi-
larity between 94.8 to 96.8% and 89.8 to 91.4%, with other
isolates indicating high spatial and temporal genetic
stability of the coat protein (CP) and nucleic acid binding
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Table 1. Pair wise comparison of nucleotide sequences of complete genome of GarV- D (Acc. No. MK518067) with other
isolates of garlic viruses

. . =) /! % o =t
202 s o2 o2 2 E EE E
" % =% ® % =% § 2% s & & 8§ & g
N - I A 2 2 aE % .8 & & ,.%
S SEREB8EB8E S5 K 2F &5 38 2% BS g5 85 33
S ¥E 95 o5 FN 2% & Nw 9% 9 -3 A q a & &=
Xg @ vy 98 2§ Be o X BE QX X 97 JH 9 9
BT 93 93 ¥ RE RE BE Q2 2% 52 9% 82 92 82 8K
X5 pp oD 2w L3 2% 8% 8% 2% 2% 8% 8% 8% 82
S=n X< X4 < 20 20 2E 40 S 09 B 20 <0 <0 2w

MK518067 GarV-D India ID

KF550407 GarV-D- Argentina 855 ID

KF555653 GarV-D Argentina 837 84 ID

KR819505 GarV-D Argentina 833 863 888 ID

MF795136 GarV-D China: Xm 829 824 861 83 ID

MF363012 GarV-D China-Xm 829 824 861 83 1 ID

MK503771 GarV-X India 59.2 59.9 589 59.3 59 59 ID

AJ292229 GarV-X-YH China 606 60.7 603 609 605 605 854 ID

JQ807994 GarV-X Australia 60 602 59.7 601 599 599 856 93.7 ID

GVU89243 GarV-X Korea 59.6 595 588 59.6 594 594 838 879 865 ID

JX429969 GarV-X SG4 Spain 60 601 59.7 603 599 599 836 91.8 90.6 907 ID

NCO003375 GarV-A Japan 617 613 618 618 616 616 553 56 556 553 557 ID

AJ292230 GarV-E China 692 694 70 696 69.8 698 594 60 597 591 595 609 ID

AB010302 GarV-C Japan 606 60.5 602 607 60.7 607 637 648 637 637 64 558 605 ID

NC003795 ShVX Russia 575 572 577 573 573 573 53 541 535 532 536 631 569 547 ID

Table 2. Percentage amino acid sequence identity of pair wise combination of replicase, TGB 1, TGB 2, ORF 4 (serine rich protein), coat
protein, ORF6 (nucleic acid binding protein) of GarV-D (Acc. No. MK518067) with other complete sequences of GarV-D isolates
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replicase triple gene block protein 1
MK518067 GarV-D India ID ID
KF550407 GarV-D-SW9 Argentina 92.9 ID 86.4 ID
KF555653 GarV-D-SW10 Argentina 91.5 91.5 ID 83.9 86.9 1D
KR819505 GarV-D Argentina 91.4 90.9 95.7 ID 86.9 91.5 86.9 ID
MF363012 GarV-D China 91.4 91.8 91.4 91.6 ID 84.8 86 89 86.9 ID
MF795136 GarV-D China: Xiamen 91.4 91.8 91.4 91.6 100 ID 84.8 86 89 86.9 100 ID
triple gene block protein 2 ORF 4 (serine rich protein)
MKS518067 GarV-D India 1D ID
KF550407 GarV-D-SW9 Argentina 89.3 ID 78.0 ID
KF555653 GarV-D-SW10 Argentina 90.2 88.3 ID 80.7 75.5 ID
KR819505 GarV-D Argentina 89.3 96.1 91.2 ID 76.6 95.0 75.2 ID
MF363012 GarV-D China 88.3 90.2 88.3 90.2 ID 79.3 73.6 88.4 73.3 1D
MF795136 GarV-D China: Xiamen 88.3 90.2 88.3 90.2 100 ID 79.3 73.6 88.4 73.3 100 ID
coat protein ORF6 (nucleic acid binding protein)
MK518067 GarV-D India ID ID
KF550407 GarV-D-SW9 Argentina 96.8 1D 914 ID
KF555653 GarV-D-SW10 Argentina 95.2 95.6 ID 89.8 92.9 ID
KR819505 GarV-D Argentina 96.8 96.4 96.0 ID 85.9 91.4 875 ID
MF363012 GarV-D China 96.8 96.4 96.0 100 ID 89.8 94.5 93.7 89.0 ID
MF795136 GarV-D China: Xiamen 94.8 95.2 96.8 94.8 94.8 ID 89.8 94.5 93.7 89.0 100 ID
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protein (NABP) genes (Table 2). Similarly, GarV-D Yamuna
safed-3 (MK518067) also showed amino acid identities of
91.4-92.9% in replicase, 83.9-86.4% in TGBI, 88.3-90.2% in
TGB2 and 76.6-80.7% in serine rich protein regions with
other GarV-D viruses (Table 2).

The 5' and 3'UTR sequence of GarV-D Yamuna safed-3
shared 97.3% nucleotide sequence identity with other
GarV-D isolates from Argentina (KR819505, KF550407);
China (MF795136, MF363012) and UK (L38892); 96.4%
with Korea (AF519572), Argentina (KF555653) and Japan
(AB010303) isolates and 89.3% with Spain (KF632716), Aus-
tralia (JX997951),and Japan (AB010300) isolates. In 5'and
3'UTR regions highly conserved regions were perceived.
Phylogenetic analysis of 5'and 3'UTR sequences indicates
very low diversity.

From the preliminary sequence assemblies and analy-
ses, in addition to a near complete sequence of GarV-D,
several other viruses, including Garlic virus X (GarV-X),
Garlic common latent virus (GarCLV) and Leek yellow
stripe virus (LYSV) were also identified. Owing to mixed
infection, the disease symptoms observed could not be
attributed to a single virus alone.

Thegarlic plants, which were tested positive for GarV-D,
were again tested for GarV-D using primers set GarV-D-
7000F/ GarV-D-8424 R and revealed an amplification of
~1200 bp. The nucleotide sequences of CP and NTBP re-
gion (1223 bp) were submitted to GenBank under the Acc.
No. MN996259. In Blast analysis, the sequence showed
maximum nucleotide identity of 81.10% with 93.5% query
coverage to GarV-D isolate-591 from Spain (KX889819),
GarV-D isolate 619 from China (KX889806) and 87.2%
identity with GarV-D from Korea (AF519572) with 97%
query coverage. GarV-D, Meerut (MN996259) showed an
identity of 76.2-76.6% at nucleotide level and 89.9% at
amino acid level with partial sequence of CP and NTBP
region submitted from Ludhiana, Punjab, India under Acc.
No. KP862055 and KR534889, respectively.

The virus isolates identified from different regions of
the globe showed that all known isolates have diverged
from a common ancestor isolates. In due course of time,
they might have spread to different geographical regions
by different means such as transport of biological mate-
rial of plant origin, etc. (Bereda et al., 2015, 2017). GarV-D
in garlic plants was earlier reported in Pacific Northwest
(Gieck et al., 2009), Democratic Republic of Congo (Ma-
jumder et al.,2018), Poland (Chodorska et al.,2013; Bereda
et al.,2015) and Australia (Wylie et al., 2014).

Based on phylogenetics, genomics analysis and avail-
ableinformationin scientific databases, to the best of our
knowledge, this is first report of the complete genome
sequence of Garlic virus D from Allium sativum variety
Yamuna Safed (G-282) from India. This report will en-
courage researchers to investigate impact of this virus

on garlic production in India and reinforce the need of a
garlic-seed certification programme to improve the health
conditions of the crop. However, biological studies are
needed to identify mechanisms of transmissions and to
assess effects of single/mixed infection on garlic plants.
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