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Abstract

Garlic (Allium sativum) is an important cash food crop, and the biotechnology industry has considerable interest
in the plant because of its medicinal importance. These medicinal properties are attributed to organosulphur
compounds as the accumulation of these compounds varies according to genotype, locality, light quality, and
cultivation practices. In this study, we compared a newly developed garlic variety NARC-G1 by National Agricultural
Research Centre (NARC), Islamabad, Pakistan with three different garlic cultivars and highlighted the distinctive
attributes like phenotypic characteristics, the content of allicin, elemental profile, and gene polymorphism.
Phenotypic analysis showed NARC-G1 has significantly higher bulb weight (66.36g + 18.58), single clove weight
(5.87g + 1.041), and clove width (17.41mm + 0.95) which directly correlates to the size of the garlic. The analytical
analysis showed the highest allicin content (4.82 +0.001) in NARC-G1. Genotyping of the alliinase in all four cultivars
showed indels in the gene resulting in distinguishable changes in organosulphur compounds’ profile. NARC-G1 is
unique from other garlic cultivars and could be the best choice for mass production with proper cultivation and
irrigation management. Moreover, for Pakistan NARC-G1 could be a potential contender to earn the industrial
benefits with inland cultivation instead of importing garlic alleviating the economic burden.

Keywords: garlic (Allium sativum), alliinase gene, NARC-G1 garlic, ICP-OES, HPLC-based allicin quantification.

Resumo

0 alho (Allium sativum) é uma importante cultura alimentar de rendimento e a inddstria biotecnolégica tem um
interesse consideravel na planta devido a sua importancia medicinal. As propriedades medicinais sdo atribuidas
aos compostos organossulfurados, enquanto o acimulo de sulféxidos de cisteina (CSOs) varia de acordo com
genotipo, localidade, qualidade da luz e praticas de cultivo. Neste estudo, comparamos uma variedade de alho
recém-desenvolvida NARC-G1 pelo Centro Nacional de Pesquisa Agropecuaria (NARC), Islamabade, Paquistdo, com
trés diferentes cultivares de alho, e destacamos os atributos distintivos, como caracteristicas fenotipicas, contetdo
de alicina, perfil elementar e gene polimorfismo. A analise fenotipica mostrou que o NARC-G1 tem peso de bulbo
significativamente maior (66.36g + 18.58), peso de um tnico dente (5.87g + 1.041) e largura do dente (17.41mm *
0.95), o que se correlaciona diretamente com o tamanho do alho. A andlise analitica indicou maior teor de alicina
(4.82 £ 0.001) no NARC-G1. A genotipagem do gene da aliinase em todas as quatro cultivares mostrou indels no
gene, resultando em mudancas distinguiveis no perfil das CSOs. O NARC-G1 é Ginico em relac¢do a outras cultivares
de alho e pode ser a melhor escolha para produgdo em massa com cultivo adequado e manejo de irrigacdo. Além
disso, para o Paquistdo, o NARC-G1 pode ser um potencial candidato para obter os beneficios industriais com o
cultivo no interior, em vez de importar alho, aliviando o 6nus econémico.

Palavras-chave: alho (Allium sativum), gene da aliinase, alho NARC-G1, ICP-OES, quantificacdo de alicina baseada
em HPLC.
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1. Introduction

Garlic (Allium sativum) is an aromatic herbaceous
plant that belongs to the family Alliaceae and is the most
ancient, cultivated plant that originated for the first time
in Central Asia and is now cultivated throughout the world
for economic, pharmaceutical, and nutritional purposes.
Garlic is rich in volatile and non-volatile compounds
which play a role in bioactive and therapeutic activities
serving as an antioxidant, anti-inflammatory, antibacterial,
antifungal, and immunomodulatory (Amagase et al.,
2001; Mikaili et al., 2013). Due to unique flavor, aroma,
and diverse nutritional properties, garlic is widely used in
cuisines across the globe (FAO, 2015). Due to the known
diverse health benefits of garlic, studies had been invested
in exploring the role of active phytochemicals (Nazir and
Chauhan, 2019; Petropoulos et al., 2018). Phytochemical
analysis showed the presence of various bioactive
metabolites of diverse compositions such as saponin,
tannin, carbohydrates, cardio glycoside, alkaloids, flavonoid,
glycoside, and organosulfur compounds encompassing
diallyl thiosulfonate (allicin), diallyl sulfide (DAS), diallyl
disulfide (DADS), diallyl trisulfide (DATS), E/Z-ajoene,
S-allyl-cysteine (SAC), and S-allyl-cysteine sulfoxide
(alliin) (Amagase, 2006; Boonpeng et al., 2014; Mikail,
2009; Percival, 2016; Ried and Fakler, 2014; Schafer and
Kaschula, 2014; Seckiner et al., 2014). Amongst all allicin,
one of the most important bioactive compounds, is
derived in considerable amounts from alliin. For humans,
allicin possesses remarkable therapeutic role, however
the production of allicin in garlic is the result of defense
response to the external harmful stimuli such as crushing,
cutting, grinding, and heating (Liu et al., 2017). Allicin is a
volatile compound and responsible for the characteristic
pungent smell as well as anti-microbial, antifungal,
anticancer, antiatherogenic, and antioxidant properties
(Fry etal., 2005; Leontiev et al., 2018; Rabinkov et al., 1998).
Type and concentration of bioactive compounds extracted
from garlic depend on a set of parameters including the
cultivar, phenotypic traits, stage of maturation, location, and
genetic variability. Considering these factors, comparative
phenotypic and phytochemical screening of various garlic
cultivars explored for the variable presence of bioactive
compounds, mineral content, and macromolecules
(Prati et al., 2014).

In multiple studies, the allicin content were quantified
using HPLC in geographically and genetically different
garlic cultivars suggesting the cultivation pattern and
geographical distribution changes the genetic basis of garlic
varieties, affecting the bioactive content (Ipek et al., 2015;
Kumar et al., 2019; Yoo et al., 2010). Since the enzymatic
reaction of the alliinase produces the bioactive compound
in garlic, the studies analyzed the genetic profile of the
gene. These studies revealed the existence of multiple
variationsi.e., insertion/ deletion in the exonic and intronic
regions which play the significant role in differential
expression of the alliinase gene hence responsible for the
allicin content in individual garlic genotypes (Ovesna et al.,
2015; Sayadi et al., 2020).

In Pakistan, National Agricultural Research Centre
(NARC) Islamabad developed a new garlic variety NARC-G1.
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This garlic variety has extraordinary yield and phenotypic
traits in comparison to other locally cultivated varieties,
for instance, Italian garlic, Desi Gulabi garlic, and Chinese
garlic thus making NARC-G1 garlic a superior candidate
for the agriculture and industrial sector. Larger bulb
size, better plant height, and vigorous compatibility
with harsh environment makes NARC-G1 candidate of
interest for national and international agricultural benefit
(Khan et al., 2018). The new variety NARC-G1, is under
investigation not only for mass production but also to
gain pharmaceutical and therapeutic benefits. Previously
very few studies investigated the phenotypic traits of
NARC-G1 however, genetic basis for the production and
content of phytochemicals in NARC- G1 in comparison
with the other breeds of garlic cultivated in the region
remain elusive to date. In our novel study, we explored
the differential presence of bioactive compound allicin
between NARC-G1 and other garlic varieties utilizing HPLC
and conducted the elemental profiling of each garlic variety.
Furthermore, we have explored the genotypic variation of
the alliinase gene among all the garlic cultivars. Through
this novel work, we have found the unique attributes of
NARC-G1 garlic and shed light on how these traits can
make it an exceptional and best choice for agriculture
and industrial use.

2. Materials and Methods

2.1. Plant cultivation for phenotypic analysis

Four garlic varieties: Italian, Desi Gulabi, Chinese,
and NARC-G1 were cultivated over Three seasons
from 2018 to 2020 during September at Bioresources
Conservation Institute, NARC Islamabad (33.67, 73.13)
with a plant-to-plant distance of 8 cm with distal end
upward. The experiment was laid in five replications
using randomized complete block design with a random
selection of 5 bulbs for each garlic cultivars (Khan,
2021). All the planted cultivars were harvested in April
of following year and the parameters for morphological
analysis were recorded.

2.2. Elemental analysis through ICP-OES

All reagents, diluents, and eluents were prepared using
type-1 water having 18 MQ.cm resistivities from the
Millipore water system (Milli-Q® Merck KGaA, Darmstadt,
Germany). Nitric acid (65% (v/v) obtained from Merck
(Merck KGaA, Darmstadt, Germany) while multi-element
stock solution having all the analyzed elements bought
from Sigma-Aldrich, USA.

2.2.1. Sample preparation

The samples were analyzed in triplicate employing
ICP-OES (Avio 500, Perkin Elmer, USA). The cloves from
different garlic bulbs were sliced and dried in a Biichi TO-
50 (Biichi, Switzerland) drying tube at 65 °C under moderate
vacuum until constant weight and successively ground.
After grinding, 0.1 g of garlic powder was introduced into
a Teflon digestion vessel together with 10 mL of nitric
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acid and 10 mL of Type-1 water. The mineralization was
conducted in a Multiwave Eco microwave oven (Anton Paar
GmbH, Anton-Paar-Strasse Austria.) with Rotor vessels
(HVT50-T16) at constant power (1000 W). The sample
temperature was increased to 200 °C in 10 min and was
kept at 200 °C for 40 min. The digested samples, cooled at
room temperature, were transferred to a volumetric flask,
and diluted to 50 mL with type-1 water. For the detection of
analytes following parameters were employed; the plasma
gas (14Lmin™ argon (Ar)), auxiliary gas (0.8 Lmin™ Ar),
nebulizer (1.0Lmin™" Ar), RF power (1500 W), a peristaltic
pump (1.5mLmin™"), and axial viewing distance of
15mm were controlled in the Syngistix ICP software.
The wavelengths were examined simultaneously.

2.3. Detection of allicin through HPLC

2.3.1. Reagents and chemicals

All reagents and chemical for analysis were HPLC-grade.
Allicin standard was prepared according to the procedure
of Institute for Nutraceutical Advancement (INA) method
110.001 (Prati et al., 2014) using recycling preparative HPLC
(Model LC908W; Japan Analytical Industry (JAI) Co., Ltd,
Japan) with stationary phase octadecylsilane (ODS) 20 x
270 mm. For elution, 50:50 water to Methanol (Merck,
Darmstadt, Germany) was used. The allicin content was
determined on the spectrophotometer (Evolution 201 UV/
Vis, Thermo Scientific, USA) using an extinction coefficient
of 10.0 mg/mL at 220 nm. Propylparaben (99.6%, Sigma-
Aldrich) was employed as certified reference standard.

2.3.2. Analytical HPLC system

Chromatography was performed by using a Waters®
HPLC analytical liquid chromatography (Waters
Corporation, 34 Maple Street Milford, USA) equipped with
an Auto-Injector (Model 2707), Photodiode array (PDA)
Detector (Model 2996), and Stationary phase: Waters®
Symmetry C18 Column, 5 pm, 4.6 mm X 250 mm and
Breeze 2 software used for data processing.

2.3.3. Preparative HPLC system

For Preparative separation, recycling preparative HPLC
(Model LC908W, JAl, Japan), equipped with UV Detector
310 and RI Detector RI-5, 20 mm x 270 mm JAIGEL-
0ODS-L-80 C18 column with 2 mL/min flow rate was used.

2.3.4. Sample preparation

The outer skin of garlic cloves was peeled off and
cloves were weighed. The 0.5 - 0.8 g of weighed cloves
were crushed in a manual garlic press rinsing with the
addition of 25 mL chilled type Il water (5 °C) in a beaker
quantitatively and stirred in magnetic stirrer adding extra
25 mL water keeping the temperature at 5°C. All samples
were filtered through a 0.45 pum filter membrane for HPLC
analysis.

2.3.5. Chromatographic conditions

All analysis were performed at room temperature
(23 £2 °C) under isocratic conditions. The separation was
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conducted using a Waters® Symmetry C18 Column (5 pm,
4.6 mm x 250 mm column). The mobile phase consisted
of methanol-water (50:50 v/v) which was degassed and
filtered in a PVDF 0.45 pm, (HVLP04700 Durapore® 47 mm
Millipore®, USA) membrane filter under negative pressure.
The UV detection was conducted at 220 nm at flow rate
of 1.0 mL/min. Propylparaben (10 pg/mL) was used as the
internal standard.

2.4. Genotyping of alliinase gene

For genotyping of alliinase gene of NARC-G1 and other
cultivars, DNA extraction was performed utilizing method
describe in literature (Rogers and Bendich, 1994). Firstly,
garlic cloves were washed with distilled water followed
by washing with 70% ethanol (Sigma-Aldrich, USA).
Garlic samples were dried and grounded mechanically.
Out of ground samples, 100 g of plant material was
collected in a microcentrifuge tube (CITOTEST, China).
Cetyltrimethylammonium bromide (CTAB, Fischer
Scientific, USA) was added with proteinase K (Thermo
Scientific, USA) and mixed thoroughly using a vortex (VM-
10 WiseMix®, Witeg Labortechnik, Germany). The sample
was incubated for 10 minutes and centrifuged (Model
No:144816, Sartorius, Sigma, USA). The supernatant was
separated and RNAse A (Thermo Scientific, USA) was
added, the sample was incubated for another 10 minutes
at 60°C. After incubation Chloroform (Sigma-Aldrich, USA)
was added followed by centrifugation. The upper phase
transferred in a new tube containing isopropanol (Merck
KGaA, Germany). The sample was centrifuged, and a DNA
pellet was obtained. The DNA pellet was dissolved in T.E
buffer. The DNA was stored at -20 °C. Extracted DNA is
visualized on 0.8% agarose gel (bio-WORLD, USA).

The gene-specific primers were designed on alliinase
gene (Accession No: KR270357.1 NCBI; additional data are
given in Appendix S1). All the samples were subjected to
PCR (T100 Thermal cycler, BIO-RAD, USA) and the PCR
products of the alliinase gene were sequenced through
Sanger sequencing. All the obtained sequences were
aligned with reference sequence using Clustal OMEGA
software, to check the variation (indels) among all the
garlic cultivar for the alliinase gene.

2.5. Statistical analysis

For statistical analysis IBM SPSS Statistics for Windows,
Version 25.0 was used. All the phenotypic parameter across
separate groups were analyzed using post-hoc Tukey’s
test (Appendix S2). Furthermore, the results of elemental
analysis were analyzed statistically for mean (Appendix
S3). Standard error bars show the significance < 0.05.

3. Results

3.1. Phenotypic analysis

All the garlic cultivars planted were analyzed for the
following phenotypic traits upon harvesting: plant height
(cm), bulb thickness (mm), number of leaves per plant,
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number of cloves per bulb, weight of single bulb (g), weight
of single clove (g), and clove width (mm) (Figure 1).

The plant height among the cultivars showed a
significant difference with Italian garlic having minimum
height among the cultivars (57.0 £ 5.67). The difference
between NARC G-1 and Chinese garlic plant height showed
least difference (66.38 £4.12 and 68.0 + 3.24 respectively).
Chinese garlic showed significantly better results for bulb
thickness (56.06 + 2.39) and number of leaves per plant
(11.40 £ 1.51) as compared to Italian and Desi Gulabi garlic
cultivars. Number of cloves per bulb showed completely
different results with NARC G-1 having least number of
cloves per bulb (7.53 * 0.65) as compared to Desi Gulabi
garlic (16.60 % 2.70), which had the highest. For weight
of single bulb (66.36 + 18.58), weight of single clove
(5.87 £1.041), and clove width (17.41 £ 0.95) NARC G-1 was
significantly superior to Chinese, Italian and Desi Gulabi
garlic. The graphical representation of phenotypic analysis
among cultivars is showed in Figure 2 while the results of
all the traits are in Appendix S2.

3.2. Elemental analysis

Utilizing ICP-OES technique, elemental profiling at
various wavelengths was performed. Among all the cultivars
no traces of metals like Silver (Ag), Aluminum (Al), Boron

Italian Garlic

Desi Gulabi Garlic

W hole Plant

Whole Bulb

Single Cloves

(B) Barium (Ba), Chromium (Cr), Copper (Cu), Lithium (Li),
Lead (Pb), Molybdenum (Mo), Antimony (Sb) and Titanium
(Ti) were detected (Appendix S3). Highest Calcium (Ca)
amount (3.36 pg/g) detected at wavelength of 318 nm in
NARC-G1 while in Desi Gulabi garlic (1.17 ng/g), Italian garlic
(0.21 pg/g) at the wavelength of 317 nm whereas no traces
detected in Chinese garlic. Phosphorous (P) detected in all
the cultivars at wavelength of 215 nm with least amount
in NARC G-1 (3.68 ng/g). Iron (Fe) was only detected in
NARC-G1 in good amount (1.35 ng/g). Potassium (K) and
Magnesium (Mg) were detected in all the garlic cultivars
at the wavelength of 766 nm with NARC G-1 garlic having
2.041g/g and 1.26 pg/g, respectively. Sodium (Na) present
inall the cultivars except Italian garlic at the wavelength of
590 nm. Nickle found at wavelength of 232 nm in traces in
NARC-G1 (0.05 pg/g) and Italian Garlic (0.08 pig/g). Traces
of silicon (1.67 pg/g) were detected only in NARC-G1 at
the wavelength of 252 nm. All the garlic cultivars hold
traces of Cadmium (Cd), a toxic heavy metal, detected at
a wavelength of 229 nm.

3.3. Detection of allicin through HPLC

The peak obtained was diagnosed by HPLC using a UV
detector at a wavelength of 220 nm. The chromatogram

Chinese Garlic

Figure 1. Phenotypic analysis of garlic cultivars A-C, D-F, G-I and J-L: show the representative images of Italian, Desi Gulabi, Chinese &

NARC-G1: whole plant, whole bulb, single cloves, respectively.

41
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Figure 2. Significance level of phenotypic traits among garlic
cultivars (Italian, Desi Gulabi, Chinese & NARC-G1) 2A: plant height
of cultivars; 2B: bulb thickness; 2C: number of leaves per plant;
2D: number of cloves; 2E: weight of single bulb; 2F: single clove
weight; 2G: clove width. (The ns=non-significant, *=significant
difference, **= very significant difference, ***=highly significant).
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obtained for the standard of allicin, and internal standard
shown in Figure 3.

The concentration of allicin was measured in all the
garlic cultivars using an equation of standard allicin curve.
With retention time (5.25 min) the recovery of allicin
obtained a maximum concentration of 4.82 + 0.001 in
NARC-G1 (Figure 4) while Desi Gulabi, Chinese and Italian
garlic gave the concentration of 2.934 +0.001, 1.813 £ 0.011,
and 0.011 £ 0.0006 (Table 1) respectively.

3.4. Genotyping of allicin

The alliinase gene was amplified through PCR using
overlapping primers across the gene. The PCR products
revealed variable sizes in all the selected cultivars (Figure 5).
The PCR products were subjected to Sanger sequencing,
followed by multiple sequence alignment (MSA), which
revealed multiple indels in the alliinase gene of garlic
cultivars (Table 2). The nucleotide sequences of all the
garlic cultivars were submitted to GenBank, NCBI.

4. Discussion

This novel study investigated the allicin content as
well as gene responsible for its production in the newly
developed garlic variety, NARC-G1, in comparison with
3 garlic varieties (Italian, Desi Gulabi and Chinese)
being commonly cultivated in Pakistan. Additionally, a
comparative study encompassing morpho-biochemical
profile i.e., phenotypic, and elemental analysis aimed to
compare integral attributes among these garlic varieties.

As previously reported the geographical distribution
impact the traits of an individual plant due to genetic
variability (Gonzalez et al., 2009; Mohammadi et al.,
2014). Therefore, this comparative study of NARC-G1 garlic
with Italian garlic, Desi Gulabi garlic and Chinese garlic
extrapolated to understand the impact of geographical
variation on NARC-G1. Sood et al. (2000) reported as

5342/ ALLICIN STANDARD

Vol

Vergem)

1124/ PROPYLPARABEN

Temetonm)

Figure 3. a: The chromatogram for standard allicin retention time 5.34; b: peak for internal standard Propylparaben retention time 7.712.
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5.200 1 ALLICIN

Volige(m)
"

7.685 | PROPYLPARABEN

Time(min)

Figure 4. Chromatogram for allicin in NARC-G1garlic with internal standard.

Figure 5. Alliinase gene amplification with overlapping primers
across the gene on 2% gel L1= DNA 100 bp Ladder, L2= DNA 1 kb
Ladder, amplified gene fragments from 1-19 with primer sets 1-4
(Appendix S1).

Table 1. Recovery of allicin from different cultivars and stages;
recovery of allicin through HPLC in all the four garlic cultivars
(Italian, Desi Gulabi, Chinese and NARC-G1) with retention time
and mean of recovery concentration.

Retention

Cl(l;li:;“l:rs Component Time Recovery
(min) (ng.mg )
Italian Allicin 5.23 0.0110
5.28 0.0111
5.31 0.0122
Mean = 0.011 + 0.0006
Desi Gulabi Allicin 5.32 2.921
5.31 2.928
5.28 2.955
Mean = 2.9 +0.017
Chinese Allicin 533 1.822
5.33 1.799
5.38 1.813
Mean = 1.811 £ 0.011
NARC-G1 Allicin 5.22 4.823
5.21 4.820
5.25 4.821

Mean = 4.821 £ 0.01.
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garlic is a sterile crop and grown vegetatively, it shows a
prominent variation in phenotypic characteristics including
the size of the bulb, weight of the cloves, plant height,
and the number of cloves. Earlier studies have reported
that bulb size and weight significantly affect the plant
height which helps in fixing the essential compounds
for photosynthesis (Panthee et al., 2006), consequently
making plant height integral in increasing the plant’s overall
growth (Lencha and Buke, 2017). On the contrary, in our
study there was exception to the general trend of positive
correlation of bulb size with plant height and number of
leaves. However, NARC-G1 showed unique attributes where
no significant correlation between the plant height and
number of leaves detected as NARC-G1 garlic bulb weighs
almost three times more than other cultivars. The NARC
G-1 plant showed higher bulb weight along with thicker
stem resulting in the growth of the strong plant rather than
theoretical expectations i.e., tall plant with more numbers
of leaves. This trend was consistent across five repeats in
same experimentation settings. Our study showed notable
exception to previously reported findings by Ipek et al.
(2005) that the genotype of the plant influences the number
of cloves per bulb and weight of clove in a garlic bulb, where
NARC-G1 comprised the least number of cloves per plant
but the weight and width of the single cloves were double
than all the other cultivars. Consequently, affecting the
strength and growth of NARC-G1 garlic even if the mean
of plant height and bulbs size is comparatively lower than
Chinese garlic. In this study, we concluded exceptional
findings related to NARC-G1 where the plant makes up
lesser numbers of cloves however, the weight and size of
a single clove are much greater than the other cultivars.
Essential elements of garlic reported to have integral role
inregulating blood circulation, bone formation, blood-sugar
control, and metabolism (Sher et al., 2012). The geographic
variation highly affects the genetic attributes of garlic
influencing the concentration of various elements in plant
(Camargo et al., 2010). Since no elemental analysis study
previously reported for NARC-G1, therefore, we performed
a comparative elemental analysis of NARC-G1 with other
cultivars to pinpoint the elemental differentiation. Garlic is
known to have good amount of Fe, a vital nutrient essential
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Table 2. Indels in alliinase gene of all the garlic cultivars.
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Garlic Insertion Deletion site
Variety After Site Sequence Site Sequence
Italian a) 1048 a) TAAAATGA a) 144-147 a) TAA
b) 1773 b) ATGAATGA b) 534-536 b) AA
c) 1953 c) ATTAA
d) 1985 d) GCAACACAAGC
Desi Gulabi a) 376 a) ACGG a) 428-429 a) AC
b) 1766 b) TATGAATGACTGATGCA b) 166-169 b) ATAC
) 1985 ¢) ATAGG
Chinese a) 350 a)GT a) 45 a)A
b) 491 b) GGGAC b) 454-457 b) ATTA
c) 1718 c) CATATGAATGACTGATC c) 107-109 c) ATA
d) 1890 d) ATG d) 1052-1079 d) ATAACCCAGAAGGTCTGCTTCGCCATG
e) 1932 e) GATG e) 1088-1100 ) AGGGATGCAAAT
f) 1972 f) cC
NARC-G1 a) 920 a) TACT a) 154-159 a) TTATTA
b) 935 b) ATCTG b) 406-414 b) GTTGATCTC
c) 950 c) ATCTGTA c) 425-435 ¢) TTCACACACAC
d) 444-466 d) TATAATATCAATGTAGCTATAGC
e) 1996 e) AC

for the cellular activities of all living organism while Si
play integral role in building the bone mineral density
and bone formation (Price et al., 2013; Ancuceanu et al.,
2015). Our data showed essential elements: Fe and Si were
only detected in NARC-G1 unlike previously reported data
where Si and Fe are detected in all garlic type (Sajid et al.,
2014; Petropoulos et al., 2018). These results suggest a
further exploration of physiological mechanism involve
in the synthesis of Fe and Si in various garlic species.
Furthermore, Ca found in highest concentration only
in NARC-G1. No traces of Zn and Mn were detected in
NARC-GT1 garlic as compared to the rest of the cultivars.
Vanadium (V) known to be an essential element for treating
diabetes is found in traces in NARC-G1 and Desi Gulabi,
this trend of elements concentration is consistent with
earlier studies (Khan et al., 2016; Polyakov et al., 2020).
While discussing the significances of minerals in garlic
exceptionally we found traces of Cd in all the garlic cultivar
with the maximum amount in NARC-G1 garlic which
could be dangerous and reported to be a carcinogenic
(Kellen et al., 2007). One plausible explanation for the
presence of Cd in garlic could be the contamination of soil
and water with heavy metals. Cadmium is a pervasive heavy
metal in nature accumulated due to industrial discharge,
fossil fuel burning and sewage disposal (Singh et al.,
2013). Garlic is reported to have a substantial amounts
of heavy metals accumulation like cadmium and lead in
monocultures and interplanting due to high underground
biomass and extensive root system (Jiang et al., 2001).
This suggests that the soil and water sources may have
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heavy metal contamination. Pakistan is known to have
extensive water and soil contamination of heavy metals.
Different agricultural practices including the irrigation of
sewage water resulting in penetration of heavy metals in
the food chain (Waseem et al., 2014; Nawab et al., 2015;
Hussain et al., 2021). Because of current study’s limitations,
agronomic practices i.e., the soil health and water irrigation
practices were not focused thus, the elemental analysis
revealed the contamination of toxic heavy metal (Cd).

The quantity of bioactive compounds varies from
cultivar to cultivar imparting the effect on active
compounds content (Prati et al., 2014; Szychowski et al.,
2018). To expand the comparison of NARC-G1 and other
garlic cultivars, we performed HPLC based quantification
to comparatively study the organo-sulfur compounds
especially allicin. The HPLC results showed the highest
concentration of allicin detected in NARC-G1. The obtained
HPLC chromatogram depicted sharp peaks confirming that
the NARC-G1 is two-fold richer in allicin concentration in
comparison to all the selected garlic cultivars. According
to British Pharmacopoeia (1998), the minimum allicin
content to ensure pharmaceutical and economic viability
of garlic powder products is 4.5 mg/g. Yeh and Liu (2001)
and Yang et al. (2001) reported that allicin is an active
biochemical compound with potent medicinal and
therapeutic effects thus, the higher concentration of allicin
in NARC-G1 (4.82 £0.001 mg/g) than all the other cultivars
make it the best choice for therapeutic, pharmaceutical,
and food consumption.
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Alliinase enzyme is a core contender to initiate the
metabolic pathway to produce allicin (Lancaster et al.,
1988; Kim et al., 2009; Lanzotti, 2012). At the molecular
level, the alliinase enzyme is encoded by the alliinase gene
alternatively called alliin lyase. As study by Ovesna et al.
(2015) detailed the nature of the gene and suggests the
gene shows prominent level of nucleotide variation (indels)
affecting the expression of the enzyme responsible to
produce organosulfur compounds in garlic. In parallel to
morpho-biochemical studies, we performed a detailed PCR
based genotyping of the alliinase gene in NARC-G1 and all
the cultivars to identify and compare the level of nucleotide
variation in the alliinase gene. Our result coincides with
the earlier studies showing the major nucleotide insertions
and deletions in the alliinase gene among all the garlic
varieties. In NARC-G1, maximum deletions of nucleotide
sequences and insertion of three to seven nucleotides at
various locations were found in the alliinase gene. These
extensive nucleotide variations in NARC-G1 garlic could
be the reason for imparting higher content of bioactive
molecule allicin, making it a pharmaceutical and economic
viable garlic variety. For future studies, we can expand the
genetic analysis for the variation to whole-genome through
transcriptome analysis for identification of nucleotide
variation and polymorphism in NARC-G1 garlic.

5. Conclusion

In this novel study for comparative analysis of
NARC-G1 with other garlic cultivars, we performed
a detailed comparison to identify the phenotypic
traits, chemical & analytical composition, and genetic
variations. All the results suggest that NARC-G1 is a
unique garlic cultivar with a large bulb size and desirably
higher allicin content. Moreover, the elemental and
analytical assessments suggest NARC-G1 garlic is a
good nutritional garlic cultivar. Given all the results we
conclude that NARC-G1 could be beneficial for industrial,
nutritional, and pharmaceutical use. Additionally, due to
NARC-G1 outstanding morphological traits, it can be the
best choice for agriculture purposes.
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Supplementary Material

Supplementary material accompanies this paper.

Appendix S1: Set of primers for amplification of overlapping region of alliinase gene.

Appendix S2: Agronomic traits of four garlic cultivars.
Appendix S3: Elemental data of essential and non-essential elements through ICP-OES in four garlic cultivars: Italian garlic, Desi Gulabi

garlic, Chinese garlic and NARC-G1.

This material is available as part of the online article from https://www.scielo.br/j/bjb
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