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Abstract: Garlic common latent virus (GarCLV, Carlavirus), in co-infection, often worsens the severity of other Allium 
viruses on the garlic (Allium sativum Linnaeus). The nucleotide (nt) and amino acid (aa) sequences of the TGB and 
CP genes were analysed to get the first deep insight into the genomic variations and population structure of GarCLV. 
Global recombinant-free isolates were clustered into three clades in both the nt-based phylogenetic trees of TGB and 
CP. The clade 3 isolates shared low similarity percentages among themselves, as well as to the clade 1 and 2 isolates. 
Most major aa changes in the CP were observed on its 5' and 3' ends. Clade 2 obtained the lowest S, η, k, and π values 
for both the TGB and CP, which indicated low variations among its isolates. Both TGB and CP have undergone a nega-
tive selection, with CP being under stronger negative pressure than TGB. Neutrality tests estimated the non-significant 
negative values to all clades for TGB and CP, except Tajima's D for clade 2 of the TGB. The results of the Ks*, Kst*, Z*, 
and Snn tests suggested that all three phylogroups were divergent to each other for both TGB and CP. The high Fst on 
all the clade comparisons for both TGB and CP showed a large gene flow among three clades.

Keywords: molecular variability; population structure; selection pressure; similarity percentages

Allium crops often come under threat of serious 
heavy yield losses caused by virus infections belong-
ing to  different taxonomic groups (Lot et al. 1998; 
Shahraeen et al. 2008). The  Garlic common latent 
virus (GarCLV, Carlavirus) is found globally in gar-
lic (Allium sativum Linnaeus), its main host (Shah-
raeen et al. 2008; Parrano et al. 2012). The  virus 
was also reported to infect onions (Allium cepa Lin-
naeus) and leeks (Allium ampeloprasum Linnaeus) 
(Shahraeen et al. 2008; Santosa & Ertunc 2020).

Complete GarCLV genome sequences are approx. 
8  600 bp long, and have six open reading frames 
(ORFs). ORF2, ORF3, and ORF4 are a triple gene 
block (TGB) which encodes proteins that  facilitate 
virus movement from cell-to-cell (Yadav & Majum-
der 2019). ORF5 contains a coat  protein (CP) en-
coding sequence (Yadav & Majumder 2019). Earlier 

phylogenetic analyses on the  complete nucleotide 
(nt) sequence of  the CP region showed that  most 
GarCLV isolates were divided into two major groups 
only, which had relatively low diversities between 
them (Parrano et al. 2012; Pramesh & Baranwal 
2013; Torrico et al. 2015). However, the  presence 
of  a third phylogroup that  was predicted by  Par-
rano et al. (2012) has been proven recently by San-
tosa and Ertunc (2020). Isolates belong to the third 
group seem to be much less common in the nature 
and have higher genetic variability than the  iso-
lates in  the two other groups, indicating that  they 
were products of a recent evolution of isolates from 
the two other groups.

Studies on GarCLV, particularly on its molecular 
characteristics, still occur less than on other Allium 
viruses (Yadav & Majumder 2019), perhaps due 
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to  the fact that virus infections in garlic were con-
sidered harmless since they are so common, and do 
not produce clear symptoms. The virus, however, is 
now regarded as quite important, since it is often in-
volved in the "garlic viral complex" with other viruses 
such as the Leek yellow stripe virus (LYSV, Potyvirus) 
and the Onion yellow dwarf virus (OYDV,  Potyvi-
rus) which increases the severity of the other virus 
infections (Fajardo et al. 2001). The recent addition 
of  a sequence of  many new isolates from different 
countries and hosts to the National Center for Bio-
technology Information (NCBI) GenBank allowed 
for  the first detailed global genetic diversity and 
population structure studies of  GarCLV, which are 
presented in this study.

MATERIAL AND METHODS

GarCLV isolates and recombination analy-
sis on their TGB and CP genes. The TGB and CP 
genes coding sequences were analysed in this study. 
The  nucleotide sequence of  the TGB genes, which 
has  three slightly overlapping ORFs (2, 3 and 4), is 
1 182 bp long (encoding three proteins with a total 
of 406 aa), has a covering position of 5 981–7 162, 
while the CP gene is 960 bp long (encoding a protein 
of  319 aa), has  a covering position of  7  196–8 155 

in the GarCLV genome; reference isolate: accession 
no. JF320810.

Thirty-five isolates which have the  complete nt 
sequences of  the TGB and CP were obtained from 
the NCBI GenBank and used in the recombination 
analysis on each of the TGB and CP genes. Forty-one 
isolates which have only full CP sequences were also 
included (for a total of seventy-six isolates) in the CP 
gene analysis (Table 1).

All the  sequences were aligned together using 
ClustalW (version 1.6) with the default parameters 
in  MEGA7 software. The  possible recombination 
event on each of  the TGB and CP genes was  ana-
lysed using the  Recombination Detection Program 
(version RDP v.4.56). Only a recombination event 
that was supported by five or more of RDP, GENE-
CONV, BootScan, MaxChi, ChiMaera, SiScan, and 
3Seq algorithms with a Bonferroni-corrected P-val-
ue of < 0.05 was considered credible (Martin et al. 
2015). The recombinant isolates were omitted from 
any further analyses of this study.

Phylogenetic tree and identity percentage anal-
yses on TGB and CP genes. The Neighbour-Joining 
algorithm was applied in the MEGA7 software, with 
uniform rates among the sites and the complete de-
letion of  the gaps/missing data, to construct a phy-
logenetic tree based on each of the TGB and CP nt 

Origin Host Available genome 
region sequence Accession numbers References

Argentina garlic CP KJ801305 – KJ801307, KJ124845 – KJ124848 Torrico et al. (2015)

Australia garlic
TGB and CP JF320810, JQ899445 Wylie et al. (2012)

CP MH686303, MH686304 –
Brazil garlic CP AF228416 Fajardo et al. (2001)

China garlic
TGB and CP

MN059105 – MN059112, MN059114 – 
MN059121, MN059123 – MN059129, 

MN059132 – MN059140
–

CP HQ873853 – HQ873855 Parrano et al. (2012)
Germany garlic CP AB004805, X81138 Tsuneyoshi et al. (1998)

India garlic
TGB and CP KX255694 Yadav & Majumder (2019)

CP KF010516, JQ818255, JQ818256, JQ818257 Pramesh & Baranwal (2013)
Netherlands garlic CP AB004804 Tsuneyoshi et al. (1998)
Poland garlic CP KF862692 – KF862703 Chodorska et al. (2014)
South Korea garlic CP DQ520092 –
Turkey onion CP MN070134, MN070135, MN102094 Santosa & Ertunc (2020)
USA garlic CP GQ475420, GQ475421, HQ873862, HQ873863 Parrano et al. (2012)

Table 1. Origins, hosts and accession numbers of the GarCLV isolates/strains analysed in this study

CP – coat protein; TGB –  triple gene block
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sequences (Hall 2013). The Tamura 3-parameter with 
1 000 bootstrap replicates was used to  test the sta-
tistical significance of  the isolate clusters (Tamura 
1992). The nucleotide (nt) and amino acid (aa) identi-
ty percentages of each of the TGB and CP genes were 
determined using the  Sequence Demarcation Tool 
(SDT) (version 1.2) (Muhire et al. 2014).

Amino acid variations in  TGB and CP genes. 
The differences in alignment of each of the TGB and 
CP genes aa sequence were examined using BioEdit 
(version 7.2.5) (Hall 1999). In  the CP comparison, 
several isolates, which were highly similar to other 
isolates in their respective clade, were selected, then 
the  aa positions in  the selected isolates that  show 
major variations among the  different clades were 
listed in a table.

Genetic diversity and polymorphism analysis. 
The  confidence intervals of  the number of  haplo-
types (h), haplotype diversity (Hd), number of vari-
able sites (S), total number of mutations (η), average 
number of nt differences between the sequences (k), 
nt diversity (per site) (π), total number of  synony-
mous sites (SS), total number of  non-synonymous 
sites (NS), and the ratio of non-synonymous to syn-
onymous nt diversity (ω = dN/dS) on the compared 
TGB and CP nt sequences were calculated using 
DnaSP (version 6.12.03) (Rozas et al. 2017). The gene 
is under positive (diversifying), neutral, and negative 
(purifying) selection when the ω ratio is > 1, = 1 and 
< 1, respectively (Rozas et al. 2017).

Neutral selection analysis. Tajima's D, Fu and Li's 
D*, and Fu and Li’s F* statistical tests (without out-
group, window length: 100 sites and step size: 25 sites) 
were performed using DnaSP (Rozas  et al. 2017). 
The  differences between the  number of  segregating 
sites and the average number of nucleotide differenc-
es became the basis for Tajima's D test (Tajima 1989). 
The differences between the number of singletons and 
the total number of mutations are the basis for Fu and 
Li's D* test, whilst the differences between the num-
ber of singletons and the average number of nucleo-
tide differences between the  pairs of  sequences are 
the basis for Fu and Li's F* test (Fu & Li 1993).

Gene flow and genetic differentiation among 
populations. The  Ks*, Kst*, Z*, Snn and Fst values 
(Hudson et al. 1992; Hudson 2000) which determine 
the genetic differentiation on the TGB and CP nt se-
quences among phylogroups were calculated using 
DnaSP (Rozas et al. 2017). Kst* will be near zero if 
there is no genetic differentiation (null hypothesis) 
(Tsompana et al. 2005). A smaller Z* means a smaller 

genetic differentiation among the population (Hud-
son et al. 1992). The value of Snn describes a range 
of  the exact same population (value of  0.5) (null 
hypothesis) to  distinctly differentiate the  popula-
tion (value of 1) (Hudson 2000). The null hypothesis 
in Ks*, Kst*, Z*, and Snn is rejected by a significant 
P  value (Hudson et al. 1992; Hudson 2000; Tsom-
pana et al. 2005). Fst ranges between the exact same 
population (value of 0) to fully distinct populations 
(value of  1) (Hudson et al. 1992; Tsompana et al. 
2005). Fst > 0.25, in most cases, indicates a large gene 
flow and a big genetic differentiation in  the tested 
populations (Gao et al. 2016).

RESULTS

Recombination analysis on nucleotide se-
quences of  the TGB and CP genes. Recombinant 
events in the CP gene of three isolates were detect-
ed by  at  least five independent methods (Table 2). 
The analyses did not detect any recombinant event 
in the TGB genes.

Phylogenetic tree and identity percentage 
analyses on the  TGB and CP genes. Both phylo-
genetic trees clustered all the isolates into three lin-
eages (clades). Each isolate that provided TGB and 
CP gene nt sequences was clustered in the identical 
clade in  both phylogenetic trees [Figure S1 – See 
the electronic supplementary material (ESM)].

The identity analysis on the  mostly Chinese iso-
lates showed that  the nt and aa sequences of the 
TGB  genes were rather low conserved. In  both 
the TGB and CP comparisons, the nt and aa similar-
ity percentages among the  isolates in  clade 3 were 
observed to  be lower than that  of among isolates 
in clade 1 and 2. The clade 3 isolates also had high 
nt and aa differences to  the clade 1 and 2 isolates. 
In both the TGB and CP analyses, the isolates gener-
ally had a higher aa than nt similarity percentages to 
the other isolates in their respective clade and to the 
isolates in the other clades (Table 3). 

Amino acid variations in the TGB and CP genes. 
The major aa differences in CP gene among the three 
clades were mainly at the 5' and 3' ends. The chang-
es in  the clade 3 isolates that  differentiated them 
to the clade 1 and 2 isolates occurred at position 14, 
18, 26, 27, 29, 112, 233, 240, and 296. The  changes 
in clade 2 occurred at position 15, 47, 224, 229, and 
282. The changes in clade 1 occurred at position 12, 
16, and 19. Isolates no.  KF862692 and KF862701, 
which belong to  clade 1 according to  the nt based 
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phylogenetic tree, had the  same aa residues with 
the isolates in clade 2 and/or 3 instead of with the iso-
lates in clade 1 at position 12, 15, 16, 19, 27, 112, 224, 
and 282 (Table 4). The major aa changes in the TGB 
genes of the clade 3 isolates occurred in a scattered 
way along its coding region (Figure S2 in ESM).

Genetic diversity and polymorphism analysis. 
In  the TGB genes' comparison, there were twenty-
one different haplotypes among the thirty-five tested 
isolates. The S, η, k, and π values were observed to be 
the highest in clade 3. The highest ω was obtained 

in  clade 2, while the  lowest ω belonged to  clade 1 
(Table 5). In  the CP gene analysis, fifty-seven dis-
tinct haplotypes were detected among the seventy-
three tested isolates. Clade 2 had the lowest S, η, k, 
and π. Clade 1 had the highest S and η whilst clade 3 
had the highest k and π. The maximum ω was ob-
tained by  clade 1, while the  minimum ω belonged 
to clade 2 (Table 5).

Neutral selection analysis. Non-significant nega-
tive values of Tajima's D, Fu and Li's D*, and Fu and 
Li's F* statistical tests were observed in most clades 

Table 2. Recombination analysis of the GarCLV CP gene nucleotide sequences

Table 3. Similarity percentage among the GarCLV phylogroups

*Position in alignment; R – RDP; G – GENECOV; B – BootScan; M– MaxChi; C – Chimaera; S – SiScan; 3S – 3Seq

Recombinant isolate 
(origin)

Parents: major (origin)/
minor (origin)

Breakpoints* 
(begin-end)

RDP-implemented method 
(P-value)

KF862693 (Poland) JQ899445 (Australia)/
KF862695 (Poland) 256-326/889-29 (278-939)

R (3.024 × 10–5)
B (2.005 × 10–2)
M (1.47 × 10–7)
C (1.42 × 10–8)

S (9.009 × 10–5)
3S (1.58 × 10–11)

KF862702 (Poland) KF862692 (Poland)/
JQ899445 (Australia) 751-17/163-246 (882-221)

R (1.543 × 10–3)
G (3.53 × 10–6)

B (1 × 10–8)
M (2.261 × 10–2)
C (4.199 × 10–9)

KJ020285 (India) JQ818257 (India)/ 
KF010516 (India) 370-446/901-6 (428-914)

R (1.555 × 10–7)
G (1.073 × 10–13)
B (7.016 × 10–6)

M (1.719 × 10–11)
S (6.294 × 10–11)

3S (7.596 × 10–15)

Phylogroup
Similarity (%)

TGB CP
nucleotide amino acid nucleotide amino acid

All 73–100 76.4–100 77.1–100 83.4–100
Clade 1 89.9–100 93.1–100 84.9–100 85.6–100
Clade 2 97.5–100 97–100 97.7–100 97.2–100
Clade 3 82.6–100 88.9–100 78.9–100 91.8–100
Clade 1 vs 2 86–87.7 89.2–92.6 87.8–94 86.5–98.7
Clade 1 vs 3 73–74.6 76.4–79.3 77.1–84.6 83.4–94.7
Clade 2 vs 3 73.7–75.2 77.3–81.5 79.7–84 89.3–94

TGB –  triple gene block; CP – coat protein

https://www.agriculturejournals.cz/publicFiles/372690.pdf
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Phylogroups N h Hd S η k π SS NS dS dN ω
TGB
All 35 21 0.928 480 617 122.936 0.10401 273.28 905.72 0.24745 0.06109 0.2469
Clade 1 13 5 0.538 191 202 45.064 0.03813 271.40 907.60 0.10093 0.01950 0.1932
Clade 2 19 14 0.965 84 92 14.374 0.01216 274.35 904.65 0.02554 0.00814 0.3187
Clade 3 3 2 0.667 206 206 137.333 0.11619 274.67 904.33 0.29153 0.06338 0.2174
CP
All 73 57 0.983 467 643 92.623 0.09658 223.45 730.55 0.34809 0.01935 0.0556
Clade 1 41 33 0.956 351 422 70.965 0.07392 223.17 733.83 0.26260 0.01686 0.0642
Clade 2 26 19 0.975 73 75 11.335 0.01182 224.05 729.95 0.03790 0.00390 0.0069
Clade 3 6 5 0.933 304 367 150.533 0.15681 225.53 731.47 0.56172 0.03096 0.0551

Table 5. Summary of the genetic diversity and polymorphism analyses of the GarCLV TGB and CP genes from the 
different populations

Table 6. Summary of the demography test statistics between the GarCLV TGB and CP gene populations

Table 7. Genetic differentiation estimates for the lineages of the GarCLV, based on the TGB and CP gene sequences 
comparison

*P < 0.05; ns – not significant; NA – not available, at least four isolates were needed in the calculation; TGB –  triple 
gene block; CP – coat protein

*,** and *** levels of significance at 0.05, 0.01 and 0.001, respectively; ns – not significant; αKs*, Kst*, Z* and Snn – test statistics 
of the genetic differentiation; βFst – coefficient of the gene differentiation, which measures the inter-population diversity

N – number of isolates; h – number of haplotypes; Hd – haplotype diversity; S – number of variable sites; η – total 
number of mutations; k – average number of nucleotide differences between sequences; π – nucleotide diversity (per 
site); SS – number of synonymous sites analysed; NS – total number of non-synonymous sites analysed; dS – synonymous 
nucleotide diversity; dN – non-synonymous nucleotide diversity; ω – dN/dS; TGB –  triple gene block; CP – coat protein

Phylogroups Tajima's D Fu and Li's D* Fu and Li's F*
TGB
All –0.68523ns –0.06387ns –0.33534ns

Clade 1 –1.41283ns –1.31276ns –1.53498ns

Clade 2 –1.88128* –0.46965ns –1.85434ns

Clade 3 NA NA NA
CP
All –1.04996ns –1.85010ns –1.82238ns

Clade 1 –1.04639ns –2.15115ns –2.08724ns

Clade 2 –1.64290ns –2.29517ns –2.45524ns

Clade 3 –0.41267ns –0.13860ns –0.21700ns

Comparison αKS*
αKst* P value αZ* P value Snn P value βFst

TGB
Clade 1 vs 2 2.4671 0.3434 0.0000*** 4.5379 0.0000*** 1.0000 0.0000*** 0.8045
Clade 1 vs 3 2.3614 0.3079 0.0030** 3.3592 0.0030** 1.0000 0.0050** 0.6995
Clade 2 vs 3 2.6585 0.2151 0.0010** 4.1768 0.0010** 1.0000 0.0010** 0.7511
CP
Clade 1 vs 2 3.3943 0.1614 0.0000*** 6.0780 0.0000*** 1.0000 0.0000*** 0.5793
Clade 1 vs 3 4.0792 0.0528 0.0000*** 5.7912 0.0000*** 0.9575 0.0000*** 0.4153
Clade 2 vs 3 2.7078 0.1892 0.0000*** 4.9376 0.0000*** 0.9688 0.0000*** 0.5586
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for both the TGB and CP comparisons. The only sig-
nificantly negative value of Tajima's D was obtained 
in clade 2 for the TGB genes (Table 6).

Gene flow and genetic differentiation among 
populations. The  Ks*, Kst*, Z*, and Snn values ob-
tained from each of  the TGB and CP gene com-
parisons among their respective clades were all 
significantly different, which means these clades 
are distinct to each other, and deserved to be clus-
tered separately. The Snn values were also very high 
(0.9574–1.0000) in all the comparisons. The lowest 
Fst values in  the TGB and CP genes comparisons 
were obtained from clade 1 vs 3 (0.6995 and 0.4152, 
respectively), which indicated low genetic differenc-
es between the related populations (Table 7).

DISCUSSION

Molecular variation studies on the GarCLV, thus 
far, have mostly been limited to  the construction 
of phylogenetic trees based on the CP gene sequenc-
es which divide the  isolates into two or three phy-
logroups (Parrano et al. 2012; Pramesh & Baranwal 
2013; Torrico et al. 2015; Santosa & Ertunc 2020). 
Moreover, variations in  the TGB genes have never 
been reported before. Therefore, the  nt and aa se-
quences of the TGB and CP genes of the recombi-
nant-free GarCLV isolates were observed to better 
understand the molecular diversities and population 
structure of the virus.

Torrico et al. (2015) indicated recombinant events 
on accession no. KF862693, KF862694, KF862701, 
KF862702, and KF862703. However, this study, 
which involved many more isolates, only detect-
ed credible recombinant signals on the  CP genes 
of KF862693 and KF862702. Recombinancy was also 
found on the CP of KJ020285. These three isolates 
with multiple parents were not included in the fur-
ther analyses, to give more accurate phylogenetic re-
lationships among the tested isolates.

The results of  the Neighbour-Joining analysis 
which clustered each isolate with the  known TGB 
and CP sequences into the  identical clade in  both 
phylogenetic trees raised the  possibility to  pre-
dict the other gene characteristics even when only 
the sequence of one of  the genes is available. They 
also suggested that the evolutionary processes in the 
TGB and CP were simultaneous and in  same di-
rection. MN070134, MN070135, and MN102094, 
the  only non-garlic isolates available in  the Gen-
Bank, did not create any distinct clade, probably be-

cause the Carlavirus TGB and CP protein functions 
were not associated with host specificity (King et al. 
2011). The clade 1 isolates, which appeared to be an-
cestors of clade 2 and 3, were shown to have spread 
to diverse regions of the world.

The clade 3 isolates have high genomic differ-
entiations with the  clade 1 and 2 isolates in  both 
the TGB and CP. In the TGB and CP comparisons, 
many of the nt changes in the clade 3 isolates gener-
ated synonymous substitutions since these isolates 
shared a low nt, but retained relatively high aa iden-
tities to  the isolates in clade 1 and 2. Nevertheless, 
all the  isolate variations in  the CP were still higher 
than the molecular threshold for the Carlavirus spe-
cies' demarcation (less than 72% nt or 80% aa iden-
tity) (King et al. 2011). The major aa changes in the 
CP were mostly present on the 5' and 3' ends, while 
the  middle region remained conserved (Table 4). 
In the TGB, especially on the clade 3 isolates, the aa 
changes occurred throughout its coding region 
(Figure 2S in ESM). The  high nt and aa diversities 
among the isolates currently belonging to clade 3 in-
dicated that each of them likely had evolved locally 
from their respective ancestor in clade 1 or 2. They 
also predicted the construction of even more phylo-
groups when the sequence of new isolates that do not 
fit into clade 1 and 2 become available in the future. 

The obtained data on the global GarCLV popula-
tion showed a very high Hd for both the TGB and 
CP, which means there were many different haplo-
types among the tested isolates. The lowest S, η, k, 
and π values based on both the TGB and CP analy-
ses were all found in clade 2, proving low diversities 
among its isolates. Many of the clade 2 isolates were 
reported as the same haplotypes and, thus far, were 
exclusively found in  China and California (USA) 
(Parrano et al. 2012), indicating the  heavy genetic 
exchanges between the  two regions. The  highest 
k and π values obtained by clade 3 for both the TGB 
and CP, which showed high diversities among its 
isolates, were in line with the phylogenetic tree and 
identity percentage analyses results. 

The ω values for  all the  isolates in  the TGB and 
CP genes comparisons were lower than 1, suggest-
ing that  the TGB and CP experienced a negative 
selection, the  CP (0.0556) was  under a stronger 
negative pressure than the TGB (0.2469). A strong-
er negative pressure on the  CP than on the  TGB 
was  also observed on the  Potato virus M (PVM), 
another Carlavirus (Ge et al. 2014). The  clade 1 
and 2 isolates were under more intense negative 
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evolutionary constraints compared to  the isolates 
in the other clades in the TGB and CP, respectively. 
Among the clade 1 and 2 isolates, the purifying se-
lections were more vigorous in the CP (0.0642 and 
0.0069,  respectively) than in  the TGB (0.1932 
and  0.3187, respectively), which resulted in  more 
diverse nt changes in  the TGB than the  CP cod-
ing sequence of  their offspring (clade 3 isolates). 
The generated nonsynonymous substitutions in the 
nt sequences of  the TGB likely negatively affected 
the clade 3 isolates' fitness, which could help to ex-
plain the clade 3 isolates scarcity in nature.

Tajima's D, Fu and Li's D*, and Fu and Li's F* 
tests assigned non-significant negative values to all 
the clades and overall populations for both the CP 
and TGB. Hence, the  results demonstrated a low-
frequency polymorphism and positive selection 
(population expansions) on those populations. The 
calculation of  Tajima's D on clade 2 of  the TGB 
was more convincing, as it was supported by a sig-
nificant P value.

The results of the Ks*, Kst*, Z*, and Snn tests, which 
were all supported by significant P values, revealed 
that  all three phylogroups were significantly dif-
ferent from each other for  both the  TGB and CP 
comparisons. All the Snn values of  the phylogroup 
comparisons reached a high point (> 0.95), support-
ing the suggestion that there are high genetic varia-
tions among the clades. The high Fst values (> 0.25) 
on all the clade comparisons in both the TGB and 
CP showed a large gene flow (genetic variations) 
among the compared clades. However, the obtained 
Fst showed a larger variability between clade 1 vs 2 
than the other comparisons for both the TGB and 
CP, which contradicted the  other results of  this 
study. This  might be due to that clade 1 consisted 
of isolates from geographically distant regions. A re-
port on PVM clustered its populations not only ac-
cording to phylogroups, but also to the population 
origins, so that Fst among them could be more ac-
curately estimated (Ge et al. 2014).

CONCLUSION

The discussion presented in this paper shed some 
light on the  molecular diversities and population 
structure of the GarCLV. The virus isolates were di-
vided into three lineages according to the TGB and 
CP gene analyses. Further analyses are still needed, 
especially on newly sequenced isolates in the future 
that do not belong to clade 1 and 2.
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