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Abstract

In the present study, we screened 32 Indian garlic (Allium
sativum) germplasm to identify bolting genotype using three
mitochondrial DNA based molecular markers, P1, P2, and
P3. In two different combinations P1+P2 and P1+P3. 1.4 kb
amplicon was obtained with P1+P2 bolt marker in all the 32
screened accessions which showed the inherent ability of
bolt with accessions and further needs to impose to intense
winter. Further, the consistency of result was confirmed with
P1+P3 mitochondrial DNA based marker which produces
the amplicon of 3.7kb size, on the basis of non-
synchronization in molecular profiling, the whole population
has been classified in two groups, i.e. bolting and not bolting
based on presence or absence of both or one of them. Group-
1 includes 22 (656, 662, 663, 664, 665, 667, 668, 669, 675, GG-
1, GG-2,G-41, G-355,AC-50,AC-183,AC-316, SG-1, CG-1,
Phule Baswant, Bhima Purple, Bhima Omkar, and AKG-2)
accessions having the amplicons of both P1+P2 and P1+P3
markers 1.4 and 3.7 kb respectively which indicates chimeric
gene arrangement. Group-2 consists of 10 accessions
showing 1.4 kb amplicon with P1+P2 marker, including
bolting genotypes (one complete, G-5 and nine, G-3, 654,
671, Ranibennur Local, Gadag Local, GG-4, G-282, AC-378,
Godavari) hence it can be concluded that Indian garlic
genotypes do not need chimeric gene arrangement for
bolting. This is the first step towards the identification of
short day bolted garlic in India.
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Introduction

Garlic (Allium sativum L.) is the second most important
crop after onion belongs to the family Amaryllidaceae.
Garlic is a perennial crop cultivated from ancient times,
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contains high nutritional, nutraceutical and medicinal
value. Garlic foodstuffs are widespread around the world
because of its antibacterial, antifungal, anti-
cardiovascular, antidiabetic and anticancer properties (Liu
et al. 2007; Li et al. 2016; Ried, 2016; Varshney and
Budoff, 2016; Fan et al. 2017). Being sexually sterile,
garlic follows clonal propagation worldwide (Shemesh
et al. 2015). Presently, plant tissue culture techniques
are being used for garlic improvements like directed
mutagenesis, genetic engineering and polyploidy
breeding (Park et al. 2002; Fan et al. 2017). The tissue
culture techniques are the most effective virus
eradicating and rapid propagating tool for garlic but it
has limitations and requires a wide range of improvement.
The clove carries the extreme load of viruses and seed
born diseases which not only reduces its yield potential
but also deteriorates the quality of seed material (Tapkyn
et al. 2013; Gimenez et al. 2016). Genetic improvement
through breeding techniques also could not applicable
due to non-flowering ability. Due to the sexual sterility
in garlic, possibilities of its improvement are very less
for higher yields, better quality, and resistance to pests
and disease. Therefore, the induction of flowering in
garlic becomes a prerequisite to overcoming the above-
cited limitations. Further restoration of the sexual
reproduction in garlic is anticipated to exchange different
inheritable traits via classical breeding. Additionally, garlic
propagation via seed will remarkably change the scenario
of the garlic seed industry. This seed multiplication will
reduce the cost of virus elimination, damage caused by
propagules transmitted diseases and pest, cost of storage
and loss of propagules during storage. Therefore many
workers attempted to restore fertility in garlic (Konvicka,
1984; Etoh et al. 1988) and suggested the presence of
vegetative top sets is the major cause of sterility. Among
all the varying attributes of garlic, the bolting habit has
been the primary characteristic used to classify the garlic
clones. On the basis of bolting ability garlic clones are
divided into three classes, Complete bolting, incomplete
bolting, and non-bolting. In complete bolting, plants many
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flowers and top sets produced on a long thick flower
stalk, while incomplete bolting includes plants producing
a short thin flower stalk having a few large topsets,
and mostly flowers formation are unusual, and non-
bolting plants normally do not form flower stalk and
produce cloves within incomplete scape. The
degeneration of tapetum leads this sterility (Novak 1972);
which is induced by disease pathogens like mycoplasma,
rickettsia, viruses (Konvickal973); deletions of
chromosomal regions (Ethoh 1985); competition
between floral and vegetative buds (topsets) for nutrients
during inflorescence development (Koul and Gohil
1970). However, fertility restoration in bolting garlic was
achieved by the constant elimination of developing
topsets (Cheng 1982; Etoh 1983; Pooler and Simon
1994; Jenderek 1998). Therefore bolted garlic will be
the primary requirement to stimulate flowering in garlic
along with environmental manipulations like photoperiod,
nutrient and growth hormones. Ipek et al. (2007)
identified a DNA based bolt marker having a close
association with bolting in garlic. On the basis of this
present experiment planned to screen the Indian garlic
genotypes for bolting trait and its association with
morphological behavior. This will brings the possibilities
of identification of genotypes with stimulated flowering.

Materials and Methods

Indian garlic accession: A total of 32 accessions were
chosen for the study from different agro-climatic zones
of India (Table 1). Accessions were selected on the basis
of their three years phenotypic behavior for bolting in
normal atmospheric conditions of respective locations.
All the thirty-two genotype showing phenotypically
diverse characters were grown in half kg plastic pots
containing a mixture of sand and soil in a 1:1 ratio under
glasshouse condition.

DNA extraction and molecular characterization of
bolting genotype: For the DNA isolation, tender leaves
were collected from three weeks old plants and the DNA
was extracted from 200 mg leaf samples by using
modified cetyltrimethyl ammonium bromide (CTAB)
method (Fiitterer et al. 1995). The quality of DNA was
checked electrophoretically on 0.8% agarose gel and
the concentration measured using a nano
spectrophotometer (Eppendorf Mini-Fluorometer) at
260/280 nano meter. The characterization of bolting
genotype done by earlier reported bolting specific
molecular marker by Ipek et al. (2007), P1, P, and P,

with their respective sequences
(5’AAGGAGCATCACGTTGGCTTTG 3,
5’CAGCAGCCAGGT GCGAAGC3’ and

5’GGGAAAGGGTAGAAGAATGGG3’). The two
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combinations of bolting markers P +P, and P + P, made
and PCR amplification was carried out in a volume of
15 iL reaction mixture contained 1 iL template DNA,
1.5iL 10x PCR buffer, 0.35 iL of dNTPs (25 mM), 0.3
iL MgCl12 (1.5 mM), 1.2 iL random primer (10 pM),
0.25 iLTag-DNA polymerase, and 10.4 iL sterile Milli-
Q water. The PCR was performed in a thermal cycler
(DNA Engine Dyad® ALD1234; Biorad, USA) and the
PCR machine was programmed as initial denaturation
at 94°C for 5 minutes, followed by 40 cycles of
denaturation at 94°C for 30 seconds, annealing at 55°C
for 45 seconds and extension at 72°C for 1 minute and
final extension at 72°C for 7 minutes. The amplicons
were analyzed by electrophoresis on 1% agarose gels
in TAE buffer with a 1 kb DNA ladder (Gene Ruler
Ladder, Thermo Fisher, Mumbai, India) and
photographed using a gel documentation system
(Alphalmager™ 3400, USA).

Results and Discussion

Garlic (Allium sativum L.) cultivars are mainly sterile
and propagated vegetatively. In India among whole garlic
diversity, accessions from the northern part of the
country have the ability to develop scape, however, two
accessions from Central Institute of Temperate
Horticulture (CITH) Srinagar are reported as being able
to develop sterile florets. In Indian subtropical parts like
Maharashtra, Karnataka and Madhya Pradesh few lines
consistently develop scape, especially during Kharif
season. The variation in lowering with respect to the
environment, location and season reported by
Kamenetsky et al. (2004) and proposed induction need
for flowering in garlic bolting lines. In India especially
for a short day, garlic flowering induction is the utmost
for a breakthrough in improvement. Ipek et al. (2007)
developed a mitochondrial gene-based Bltm marker
which differentiates bolting lines from non-bolting and
incomplete bolting lines. In the present report
mitochondrial DNA based bolt markers were used to
screen 32 garlic accessions diverse in their geographic
origin (Table 1). Amplification of bolt marker (1.4 kb)
was observed in all the accessions has the ability to bolt
(Fig. 1A). However when we correlate the bolting
behavior of these accessions at their native condition,
G-3 and G-5 only form bulbils or florets respectively
(Fig. 2A & 2B) at long day garlic center CITH, Srinagar
(34.083656, 74.797371) and Gadag local, G-654, G-
671NE, G-282, G-44 shows axis scape induction at
Rajgurunagar, Pune location (18.851743, 73.881408)
and further axial bulbil formation (Gadag Local, G-
671NE) at Maharashtra and Karnataka region(Fig. 2 C)
this shows that other might have inherent capacity and
needs to be triggered by imposing suitable environment
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or this could be due to low expression of associated
genes due to environmental interaction. These results
were confirmed by amplifying another reliable ettt Al ettt ototeted
mitochondrial DNA based markers (3.7kb, Fig. 1B) — Law

which depict bolting behavior along with the chimeric

arrangement of the gene. Amplification of this marker T EEE T
observed in only twenty-two accessions (Fig. 1 and 1
Table 2) illustrates the chimeric gene arrangement. The e e e —e
other ten genotypes have shown amplification of only bt bdd bl hde
1.4kb indicating the absence of chimeric gene
arrangement. Here, out of these ten accessions, seven

ecotypes (G-3, G-5, Gada.g local, G._282’ .G'671’ G_' with P1-P2 and 3.7kb band is amplified in 22 accessions
654, and GG-4) are showing scape induction at their with P1-P3 combination. The 3.7kb band lacking accessions
native locations and bulbil formation in G-3, G-5, Gadag show bolting.

local genotypes. Therefore, this can be concluded that Fig 1: (a) 1.4 kb amplicons; M-ladder, GeneRularTM DNA
Indian garlic genotypes do not have chimeric gene ladder Mix; 1, G-3; 2, G-5; 3,654; 4, 656; 5,662; 6, 663;7, 664;
arrangement for bolting or scape induction. Ipek et al. 8,665;9,667;10,668; 11,669; 12,671; 13,675; 14, Ranibennur
(2007) identified that in garlic 3.7kb region is a local; 15, Gadag local; 16, GG-1; 17, GG-2; 18, GG-4; (b) 1.4

mitochondrial part where 4.8 kb chloroplast DNA is kb amplicons; M-ladder, GeneRularTM DNA ladder Mix 19,
inserted into the mitochondrial genome. In fact, the G-41,20, G-282;21, G-355; 22, AC-50; 23, AC-183; 24, AC-

mitochondrial . tive t e 316;25, AC-378;26, Godavari; 27, SG-1; 28, CG-1; 29, Phule
ochondrial genome 1s more sensiive 10 genetic g, want: 30, Bhima Purple; 31, Bhima Omkar; 32, AKG-2)
aberrations like insertion or deletion than the plastid (c) 3.7 kb amplicons; M-ladder, GeneRularTM 1kb DNA

genome. Further, they also explained that the sequence ladder; 1, G-3;2, G-5; 3, 654; 4, 656; 5, 662; 6,663; 7, 664; 8,
of the gene of the chimeric region is variable than other 665;9,667;10,668; 11,669; 12,671; 13, 675; 14, Ranibennur
crops viz Arabidopsis, rice and wheat. In addition to local; 15, Gadag local; 16, GG-1; 17, GG-2; 18, GG-4; (d) M-
this, they also described the occurrence of nucleotide ladder, GeneRularTM 1kb DNA ladder; 19, G-41; 20, G-282;
changes due to mutation in the chimeric region which 21, G-355;22, AC-50;23, AC-183; 24, AC-316; 25, AC-378;
leads to non-functionality of the plastid gene sequence. 26, Godavari; 27, SG-1; 28, CG-1; 29, Phule Baswant; 30,
In our study primer P1+P2 combination amplified 1.4kb Bhima Purple; 31, Bhima Omkar; 32, AKG-2)

M1 23 45 6 7 89 10 111213 1415 161718

MR == ~ we-- -

Figure 1: Banding pattern of primer combinations P1-P2
and P1-P3, the 1.4kb band is amplified in all 32 accessions

Table 1: Geographic origin and bolting status of garlic genotypes at India

Sr. no. Genotype Origin/ Source Status Sr. no. Genotype Origin/ Source Status

1 G-3* J&K Complete bolting 17 GG-2 Gujarat Non-bolting
2 G-5* J&K Complete bolting 18 GG-4 Gujarat Non-bolting
3 654 Sikkim Non-bolting 19 G-41 NHRDF, Nashik Non-bolting
4 656 Sikkim Non-bolting 20 G-282 NHRDF, Nashik Non-bolting
5 662 Sikkim Non-bolting 21 G-355 NHRDF, Nashik Non-bolting
6 663 Sikkim Non-bolting 22 AC-50 ICAR-DOGR, Pune Non-bolting
7 664 Sikkim Non-bolting 23 AC-183 ICAR-DOGR, Pune Non-bolting
8 665 Sikkim Non-bolting 24 AC-316 ICAR-DOGR, Pune Non-bolting
9 667 Sikkim Non-bolting 25 AC-378 ICAR-DOGR, Pune Non-bolting
10 668 Sikkim Non-bolting 26 Godavari Maharashtra Non-bolting
11 669 Sikkim Non-bolting 27 SG-1 ICAR-DOGR, Pune Non-bolting
12 671 Sikkim Non-bolting 28 CG-1 ICARDOGR, Pune Non-bolting
13 675 Sikkim Non-bolting 29 Phule Baswant ~ Maharashtra Non-bolting
14 Rannibennur Local Karnataka Non-bolting 30 Bhima Purple ICAR-DOGR, Pune Non-bolting
15 Gadag Local Karnataka Incomplete bolting 31 Bhima Omkar ICAR-DOGR, Pune Non-bolting
16 GG-1 Gujarat Non-bolting 32 AKG-2 Gujrata Non-bolting

*Genotypes showing the formation of bulbils along with sterile flowers at CITH, Srinagar, India

Table 2: Grouping of accessions on the basis of amplification of DNA based Bltm marker

Group  Ampliconsize No. of accessions Bolting/ Flower Name of accessions
giving amplification

1 Both 22 Absent 656, 662, 663, 664, 665, 667, 668, 669, 675, GG-1, GG-2, G-41, G-355,
1.4 and 3.7 kb AC-50, AC-183, AC-316, SG-1, CG-1, Phule Baswant, Bhima Purple,

Bhima Omkar and AKG-2.
2 1.4kb 10 Present G-3,G-5, 654, 671, Ranibennur Local, Gadag Local, GG-4, G-282, AC-

378, Godavari
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Figure 2: Field performance of various garlic varieties: (a
and b) completely bolted long day garlic varieties G-3 and
G-5; (c) incomplete bolted short day garlic variety Gadag
Local and (d) bolting free short day garlic variety.

region which possesses the psbA gene derived from the
cox 3 gene and primer P1+P3 amplified 3.7kb region
which contains protein-coding gene rp123, rpsi9, rpi2
and ycf2 and one tRNA gene trnH-GUG (Celifiski et al.,
2017). Hence in the case of garlic, the plastid genome
diversity focusing genomic region is playing a major
role in flowering behavior (Ipek et al. 2007). Earlier the
alteration in flowering behavior by environmental
manipulation was achieved by Kamenetsky et al. (2004).
The field performance and flowering incidence
comparison can be predicted using B/tm marker, which
will be helpful for determining the usefulness of this
marker over diverse locations. As Indian complete bolted
line only possesses 1.4 kb region it shows that there is
nearly 1.4kb from chloroplast further incomplete and
non-bolted garlic lines show amplification of both 1.4
and 3.7 kb region which explains diverse fragment
insertion of plastid genome among Indian garlic
population. These findings also revealed that bolting and
non-bolting are not directly related to this marker in
Indian conditions. Generally, the plastid genome is proven
to be useful in phylogenetic relationships between
species (YangJ. et al 2017) and the same can be explored
to find an evolutionary pattern of Indian garlic with
special focus to degeneration of its fertility. The present
reports is showing the linkage of bolting with
mitochondrial and plastid genome and provide the future
site to study the molecular evolutionary history of Indian
garlic in connection to sterility.

Conclusion

Out of 32 screened genotypes, bolting and scape
induction behavior at native conditions of ten genotypes
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correlated with Bltm marker (P1+P2) amplification of
1.4 kb. These genotypes showed the potential for
flowering and further use in breeding purposes through
environmental manipulation like photoperiod,
temperature, storage period and growth hormones.
Hence it is interesting to note that the bolting behavior
of Indian garlic genotypes does not link with chimeric
gene arrangement. Further, this can be validated by
assessing plastid genome diversity among them. This
will generate information on evolutions that occurred in
the plastid genome of short day garlic genotypes. The
present report is showing the link of bolting with
association mitochondrial, and plastid genome and
provides a future site to study the molecular evolutionary
history of Indian garlic in connection to sterility.
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g JEFTT B TR d8gdT P 32 SHAsdl H AN
ATscIhif~gde SI.UAN. IMemRd anfdqes ATay, -1, T—2
3R W—3 P SWINT H=I §U dfecT PR dTel TGl B
AN BRI B oY SirE fhAT TWAT| QT ST HATS
d -1 + -2 3R dl—1 + d-3, 14 fFAd &
Tl Bl W 32 Sieel S fed T ufaftear 4 di.
—1 + W—2 g gl g1 e faan wam, R wfafteat
S A g P ST &rar SR A Afddl B weT dRA
DI AGLIHAT o | 3HD 3felrdr YR Bl Rerar &1 gfte
g W1 + V-3, ARCIHigTd A R forgds @
qrer & o S 3.7 fhelad oS & Uil b SreH
P 8, Mg BT H IR Jeadred & AER (ST A
A TP B IURART I7 SFuRATT & AMER) R T ATl Pl
31 Rl I g SR sy # afied fasar T g,
Aqg—1 d 22 (656, 662, 663, 664, 665, 667, 668, 669, 675,
SSfL—1, SiSfl—2, Sft—41, Sil—355, U¥—50, TM—183,
THL—316, TASH—1, HSN—1, el q9ad, W91 qua, A
PR @R TH.ofl—2) Afaferd 8 aFf -1 + f—2 &R
f—1 4+ fi—3 s 14 3R 37 fFAH S =TS &
TAIBIA et IFRTH & St 6 dAde (@rgalR®d) ohiF
ARy B 3R BT 21 WE—2 W W1 + N2 REs
B G 14 [Haleg dHE B e o™ ard 10
gfafted! gy T o+ g vl (Sh—5 gofeuor aiR A,
SN—3, 654, 671 ISR I, TS WIHR, S.of—4,
Sfl—282, TXN.—378 3R WEm@™ 3Mif¥ed wu W) Aftaferd
9 Y T o wadT @ fF aRA dga o wel
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B g B oY Hax ST &1 TR B awghdT el B |
g ST MR H ey fawiig oegd H YW & ugar bl
feem + ugen W ® 1
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