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Abstract

ABSTRACT

Garlic (Allium sativum) is the second most widely cultivated Allium species
grown in the world. The production of Pakistani garlic varieties is hampered by a
number of factors. Among them scarcity of genetic data and functional characterization
of the genes involved in garlic quality are the major constraints for improvement in
breeding programmes. Analyzing the diversity of key gene families involved in plant
architecture and adaptation among five different local and exotic garlic cultivars was
attempted in this study. For this purpose, four cultivars namely “Local Red, NARC G1,
China White and an Advance line” were selected. The Allium genome search revealed
12 key genes involved in yield and quality parameters like flavour, sulphur metabolism,
bulbing and colour of the clove. Out of these 4 genes, Ft-Like (FT), Anthocyanidin
Synthase (ANS), Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR)
were selected for phylogenetic and gene expression studies. Homologous sequences of
these genes were retrieved from the NCBI and Ensembl plants databases. Phylogenetic
trees of FT, ANS, LFS and SIR form different plant species exhibited clustering into
their corresponding clades. Realtime-RT-PCR analysis confirmed the expression of
these yield related genes in both the bulb and leaves of five different cultivars of garlic
(Allium sativum). The expression of these yield and quality related genes was stronger
in China white as compared to other varieties. FT gene exhibited strong expression in
Local red bulb. FSR gene was least expressed in the Local Red but moderately
expressed in China White. SIR was strongly expressed in both bulb and leaf tissue of
all the varieties under study. Morphological analysis was also carried out to compare
the yield potential in different cultivars. From the mean value analysis and LSD values,
“China white” variety performed better with regard to Plant Height, Stem Diameter,
Flag Leaf Length, Flag Leaf width, Smaller Leaf length, Smaller Leaf width, No of

cloves and 100 clove weight.

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. \%



Chapter 1 Introduction

1 INTRODUCTION

1.1 Background of Alliums sativum

Allium sativum L. (Garlic) belongs botanically to the Lillaceae family and
Allium genus (Amarakoon and Jayasekara, 2017). It is one of the most used bulb crop
after Allium cepa (Onion). Garlic is widely used in medicinal and for cooking purposes.
In Pakistan Allium consumers are increasing day by day but its production is not
meeting the increasing demand (Durak et al. 2004; Srivastava et al. 2005; Katzer et al.

2005; Kabir et al. 2011)

According to the “theplantlist.org” Allium genus is huge including 972
recognized species that are dispersed and grown worldwide including the dry and
irrigated zones on earth (Fritsch and Friesen, 2002). Due to evolution of species Allium
are now grown in diverse areas, They are preferably grown in sunny and dry areas in
moderately humid and dry environment because of which they have great difference in
their structure, leaves, bulb and flowers (Hanelt, 1990). Due to cultivation is wide range
of environment there is selection of specific key genes that control the structure and
help plant to cope with diverse environmental factors and become difference from their
wild relatives (Doebley et al. 2006; Baldwin et al. 2013). After analyzing the key genes
linked in the formation of underground organ and plant structure, wild species can
provide great information about key gens controlling the adaptation and selection
during different biotic and abiotic stresses (Ross-Ibarra et al. 2007). Allium sativum
(Garlic) grow up to height of 1.2 meter and its underground storage organ is called bulb.
Garlic can be grown in variety of climate most favourable is mild climate, soft neck
and hard neck garlic are two most common types of garlic that is grown all over the

world (Iciek et al. 2009).

There are two major types of garlic grown all over the world, one is soft neck
and other is hard neck shown in figure (Burba 2013a, b). Garlic is consumed in various
way depending on the region of use, Most of the people use it in its green and fresh
form (e.g. chopped, sliced or minced) and while in most other countries it is also used

in dry form (e.g. powdered). In Asian and African continent garlic leaves are also used

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. 1



Chapter 1 Introduction

in the dietary products and it is also the major component of the nutraceutical industry

(Cavagnaro and Galmarini 2007).

Figure 1.1 Difference between the Hardneck garlic and Softneck garlic difference
among different parts of garlic are shown including clove, complete bulb, cloves
arrangement and plant structure (Adapted from Jim Aderson, Flare Farm, and
Okanogan, WA 2018)

Recent research have shown that there are about thirty five thousands protein
codding regions present is alliums as compared to plants having smaller genome plants
like Arabidopsis having twenty seven thousands and Oryza sativa (Rice) containing
thirty seven thousands (Sohn et al. 2016; Wendel et al. 2016). Alliums having the larger
genome is not because of the single gene family, Key traits of alliums involve sulphur
assimilation, production of flavonoids, fertility, flowering and bulbing (Sohn et al.
2016; Wendel et al. 2016). Huge amount of duplication of DNA occurred in the Alliums

as a result single gene family have undergone enormous expansion DNA (Jakse et al.

2008; King et al. 1998).

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. 2



Chapter 1 Introduction

1.2 Cultivation of Allium

According to the FAO 2017 data garlic is the 4™ most cultivated leguminous
vegetable after tomatoes, potatoes and Cassava. More than 20 eatable Allium species
are grown and consumed by humans all over the world including, Garlic, Onion, Leek,
Japanese bunching onion and Shallot (van der Meer, 1997). Allium for their beautiful
growing plant and unique flower, they are also used for decorative purposes in parks
and home lawns. Allium aflatunense is used as an ornamental plant. Production of
Allium seed is also cost-effective activity as gross production of allium vegetable was
$ 61,348 million (FAO, 2017). According to the statistics 70% dry Allium cepa, 25 %
dry Allium sativum, 4% green Allium cepa and 1 % leeks are used worldwide (FAO,
2017).There is increase in production of Alliums especially Allium sativum and Allium
cepa production increases significantly since 2000 because per capita consumption

increasing day by day due to awareness of their potential in medical field (FAO, 2017).

According to the FAO statistics 2017 garlic is sown worldwide in one and half
million hectares as a result twenty five million tons of garlic is produced every year
(FAO, 2017). Since 1970, with the passage of time and increasing amount of consumers
the production of garlic is raised about ten times and production area is increased four
times (FAO, 2017). Every year it add up massive amount of money to different
countries economy, in 2014 the gross production value was about 15,129 million US
dollars. Garlic is used in various forms like dried or fresh, dry processed garlic is used
mostly in the dietary, cooking and health purposes. The favorable conditions for
production is temperate regions, Most of the garlic growing countries trade its product
for generating revenue as they can be stored for longer period of time and its quality

did not degrade (FAO, 2017).

China leads the production of garlic producing about eighty percent of the total
world production, India is at 2nd position in production countries of garlic. China
producing more than 10 times the production of Indian garlic. Other leading producing
counties include Brazil , Argentina , Uzbekistan , USA , Spain , Myanmar , Russia ,
Egypt , South Korea . According to the FAO statistics the list of leading importers of
the garlic include Pakistan, Germany, Vietnam, Brazil, Russia, Italy, Vietnam, France

and USA (FAO, 2017). Leading producing countries include China they are producing

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. 3



Chapter 1 Introduction

both the fresh and dry garlic and exporting to the international market, the average dry
yield of garlic is sixteen tons per hectare. A few countries also producing thirty tons per
hectare of dry garlic also. Garlic is extensive crop it needs proper agronomic practices,
water and fertilizer to give good yield at the end. According to the literature the
production of garlic 45 years ago was increasing very slowly while 15 years ago there
is peak in the production. China is the main contributor in drastic increase in production
of garlic it is reported that Republic of Korea is among the larger consumer of garlic as
ten kg of garlic is consumed by each person each year. Average garlic consumption is
increasing day by day from last decade as consumers know the importance of it in our
daily life it increases from 1.6 kg to 3kg of dry garlic per person per year (Cavagnaro

and Galmarini 2007; Gonzalez et al. 2009).

1.3 Economic and medicinal benefits

Organo sulphur compound is the most commonly found in garlic, it is reported
that this compound have anti-cancerous activity (Borkowska et al. 2013). Due to garlic
medicinal benefits it is well known as therapeutic medicinal plant. In the whole it is
used in various dietary and medicinal ailments, Garlic was first time published as a
medicinal plant in the book of Zoroastrian holy written in the late sixth century BC

(Dannesteter, 2003; Zain al-abden et al. 2017)

In Asia most of the people use Allium sativum (garlic) in their daily food diet
and it is common ingredient of every dish preparation (Kabir et al. 2011; Assefa et al.
2015). Pakistan garlic yield is not satisfactory as compared to the world’s average
production yield that is 9.67 tons per hectare, Production yield in Pakistan is around
8.99 tons per hectare because of which we are spending lot of foreign exchange money
to import garlic. Pakistani garlic cultivars have very low yield potential to meet our
dietary demands. Because of shortage of land garlic is only grown over an area of 8

thousands hectares. (Economic Survey of Pakistan, 2018)

Chemical composition shows that most of the Allium sativum bulb consists of
water about 65% other elements is garlic bulb are organo sulphur about 2.3%, protein
in the form of allinase 2%, amino acid 1.2 % and fiber content is 1.5 % (Divya et al.
2017). According to the recent research garlic is reported having beneficial impacts on

the human health, Most common health benefits include increase in detoxification of
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foreign compounds, antioxidant , antimicrobial risk, reduction of cardiovascular
diseases, inhibiting platelet aggregation; and risk reduction of cancer . Sliced garlic and
ginger chopped stored in 95 percent of ethanol can prevent drug pathogen, clinical study
indicate that anti-microbial activity (Karuppiah and Rajaram, 2012) it is reported
through experimentation that Allium sativum (Garlic) products can be used to treat heart
related ailments (Aviello et al. 2009; Colin-Gonzélez et al. 2012; Chan et al. 2013;
Santhosha et al. 2013). To decrease the risk of systolic blood pressure aged garlic is
used that can be made by slicing the garlic and then storing it in the diluted ethanol of

20 % (Iciek et al. 2009; Ried et al. 2013; Borkowska et al. 2013).

Clinical studied have shown that most of the patient higher blood pressure can
be coped with the use of garlic. It can also be used as a antihypertensive agent (Omar,
2013, Stabler et al. 2012 Garlic is the remedy that can be used for lowering high
cholesterol of the patients without any sort of health risk as compare to the conventional

medicine (Wang et al. 2012; Ried et al. 2013; Allison et al. 2012)

1.4 Yield related genes evolution in Allium species

Due to the evolution all the plants genomes undergoes wide range of variation
in their genome size and genes families among different species due to rearrangements
including duplication of genome and deletion of amino acids. Plants can now easily be
adopted in the diverse environmental conditions (Varshney et al. 2014). Allium genome
consist of all the gene families that are present in the monocots such as Oriza sativa
(rice) with smaller genome size. All the Allium species have large genome size
because they have repetitive DNA sequences in their genome. After the access to the
latest tools of sequencing, plant genome sequences have provided tremendous

information to identify the key genes playing role in the yield (Varshney et al. 2014)

All Allium species have huge genome size of 16 Gbps as compared to other
plants and very complex composition of structure that cause hindrance in sequencing
of their genome. (Khosa et al. 2016; McCallum 2007).While comparing Onion (A4//ium
cepa ) genome size and Oryza sativa (Rice) genome size it is concluded that A//ium
cepa genome size is fourty times larger than oriza sativa genome , Rice genome is well
annotated and provide ample amount of information to compare with other plants of

different families (Jakse et al. 2008; McCallum 2007). After examining the whole
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genome of different species of plant it is discovered that huge genome size is due to the
intensification of the DNA repetitive sequences and replication of the whole genome,

(Wendel et al. 2016).

Another example is that forefather of the rice species had 5 chromosome and
with the passage of time genome duplication occurred and first resulted in ten
chromosome and later then existing twelve chromosomes in the Oryza sativa (Rice)
(Wendel et al. 2016).The history of Allium species is about four thousand years old,
different drawing of allium plants has been found carved on the Egyptian pyramids
walls that shows Allium was used as a daily dietary component. Growing of allium on
different cropping areas caused evolution of vital yield related gens that play key role
in the formation of bulb and structure of the plant, those key genes help to differentiate
current cultivars from their ancestors (Baldwin et al. 2013; Doebley et al. 20006).
Cultivation and distribution of allium species in different areas undergone wide range
of changes in their gene families and attributes, those key gene families can be
examined to drive out the information related to the key gene selection and evolution
from their ancestors (Ross-Ibarra et al. 2007). While comparing the large genome of
the Allium with other plants it is concluded that large genome is not due to the
duplication of any single gene family. According to the recent research the Allium cepa
have 35 thousand protein coding genes as compare to the plants having smaller genome
size like Arabidopsis having 27 thousand and rice having 37 thousand protein coding

genes (Sohn et al. 2016; Wendel et al. 2016).

Cultivation and distribution of allium species in different areas undergone wide
range of changes in their gene families and attributes, those key gene families can be
examined to drive out the information related to the key gene selection and evolution
from their ancestors (Ross-Ibarra et al, 2007).While comparing the large genome of the
Allium with other plants it is concluded that large genome is not due to the duplication
of any single gene family. According to the recent research the Allium cepa (onion)
have 35 thousand protein coding genes as compare to the plants having smaller genome
size like Arabidopsis having 27 thousand and rice having 37 thousand protein coding
genes (Sohn et al. 2016; Wendel et al. 2016). Allium genome comprehend less amount
of gene families member so, instead of large scale genes duplication the Allium genus

undergone huge amount of DNA repetitive sequences expansion (Jakse et al. 2008;
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,King et al. 1998).Transcription factor gene family have different number of distinct
genes in them that is most probably due to the alteration in gene family caused by
genome duplication and deletion Though Allium cepa and Oryza sativa have same

number of transcription factors (Guo 2013).

1.5 Evolution of bulbing and flowering genes in Alliums Species

PEBD (Phosphatidylethanolamine-binding domain proteins) is encoded by the
FT gene family that is present in every plant genome (Turck et al. 2008; Kardailsky et
al. 1999).The amount of those genes are present on distinct number among different
plant species , In Oryza sativa (Rice) thirteen FT-like genes are found while in the
model plant Arabidopsis there are only six Ft like gens are found including FT like
genes(FT), Mother of FT (MFT), Twin sister of FT (TSF), Brother of FT (BFT),
Arabidopsis thaliana relatives of centroradialis (ATC) and Terminal flower like 1
(TFLT) (Zheng et al. 2016; Turck et al. 2008) shown in Table 1.1. After conducting the
phylogenetic analysis it is concluded that PEBP-gene family subdivided into three
families Mother of FT (MFT), FT like genes (FT) and TFL1 (Terminal flower like
1)(Karlgren et al. 2011).

TFL1 and FT-like gene of PEBP-gene family have conserved sequence in
almost every plant species but they perform opposite function to each other. TFL1
supress the formation of flowering while the FT-like gene act as initiator for flowering
(Wickland and Hanzawa 2015; Turck et al. 2008). FT-like genes are expressed in the
leaves of the plant under favourable environmental condition and then the produced
protein is transported to the upper portion of the leaves to initiate blossoming and

storage organ formation (Turck et al. 2008; Kardailsky et al. 1999).

Eudicots have almost 6 times less amount of FT like genes as compare to the
monocots. Monocots have higher number of FT like genes as compare to dicots it might
be due to the partial duplication of their genome sequence (Zheng et al. 2016). Research
reported that 6 FT like genes copies were found in bulb onion (Al/lium cepa) genome.
After conducting the phylogenetic association it was discovered that all 6 of them fit in
to the FT like clade (Lee et al. 2013). FT-like genes are reportedly involved in the
activation of flowering signal but few members of this family are also involve in other

functions like bulbing and tuber formation in several plant species (Pinand Nilsson
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2012). Formation of bulb might be carried out by FT like gene in Allium species and
it also enhance the growth of Poplar, Tomatoes heterosis, tuber formation in potatoes
and opening of stomatal cells in plants (Kinoshita et al. 2011; Lee et al. 2013; Krieger
et al. 2010; Navarro et al. 2011; Hsu et al. 2011)

Table 1.1 FT like genes present in different pants

Name of plant No of copies Function References
Allium 6 Bulb formation , Lee et al. (2013)
Inflorescence
Oryza sativa 13 Inflorescence Zheng et al. (2016)
Zea mays 15 Inflorescence Zheng et al. (2016)
Sorghum bicolor 11 Inflorescence Zheng et al. (2016)
Solanum 3 Tuber formation,  Navaro et al. (2011)
tuberosum Inflorescence

Allium bulb have 3 FT like genes namely ACFT1, ACFT4 and ACFT?2 that are
also involve in the inflorescence period of model plant Arabidopsis (Lee et al. 2013).In
Allium Species flowering is promoted by the AcFT1 gene while on the other hand
Flowering is supressed by the AcFT4 gene. AcFT2 play a very minute role in the
flowering period of both Allium species and Arabidopsis. FT like gene expression
analysis indicate that during the favourable conditions at juvenile stage the expression
of the AcFT4 gene is upregulated while suppressing s the effect of AcFT1 gene same
phenomena occur in both short and long day plant species . Alliums under supressed
condition the expression changes antagonistically as AcFT4 expression is supressed
and AcFT1 gene expression is upregulated for the development of underground part

(Bulb) (Lee et al. 2013).

Phylogenetic, functional and expression study of FT like genes shows that
ACFT4 supress the formation of bulb so act an inhibitor of bulbing while AcFtl
regulate the formation of the bulb in Allium so act a promoter of bulbing (Lee et al.
2013). Further experiment indicate that if there is over expression of the AcFT4 gene

in the Allium it will not form underground storage organ (bulb) because of it same

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. 8



Chapter 1 Introduction

structure like leeks if produced on the other hand if AcFT1 is over expressed in the

Allium species there will be formation of bulb like structure (Lee et al. 2013).

There are number of genes that control the photoperiodic regulation of
flowering and photoperiodic formation of underground part (Bulb) in the Allium
(Brewster 2008). Different developmental process of bulbing and flowering are enabled
by the response of circadian clock genes. Those genes are regulated in response to the
change in the season (Sanchez and Kay, 2016).There are number of key genes that play
important role in the formation of flowering and bulbing, In the Model plant
Arabidopsis there is up regulation of clock gens and formation of FT protein that moves
to upper part (shoot apical meristem) of the plant and promote formation of bulb

(Johansson and Staiger 2015; Sawa et al. 2007).

Most of plants have only 1 copy of the FKF1 and GI genes but those plants who
have undergone multiple duplication of genome such as Allium cepa (onion) there is
only one copy of those genes (Table 1.2) (Taylor et al. 2010).In A/lium cepa (Onion)
only 2 gene duplicates of the FKF1 and GI are present, that concluded that the genome
duplication occurred only in certain part of the Allium genome as a result only few
genes have multiple copies (Taylor et al. 2010). Similarly in the plants like potatoes,
initiation of tuber formation as a response to day-length is promoted by the StFKF1 and

StG1 that activate StSP6A (orthologue of the FT like genes) (Kloosterman et al. 2013).

Table 1.2 Different bulbing genes homologues indicated in several plants

Name of plant GIGANTEA FKF1 References
Arabidopsis 1 1 Higgins et al. (2010)
Rice 1 1 Murakami et al. (2007)
Higgins et al. (2010)
Barley 1 1 Higgins et al. (2010)
Maize 2 2 Dong et al. (2012)
Soybean 3 2 Lietal. (2013)
Medicago 1 - Kim et al. (2013)
Onion 2 1 Taylor et al. (2010)

Comparative Genomics and Gene Expression Analysis for Yield and Quality Traits in Garlic. 9
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1.6 Evolution of flavonoid biosynthesis genes in Allium Species

RNA sequencing facilitated in recognising the key genes responsible for the
formation of flavour in Alliums (Schwinn et al. 2016; Khosa et al. 2016).There is plenty
of variation in the formation of flavonoids compounds in Alliums, Mainly flavonoid
biosynthetic pathway help in the formation of three compounds such as production of
bright yellowish chalcones, yellow flavonoids and red anthocyanins (Khar et al. 2008;
Masuzaki et al. 2006). There are more than one key gene reported that is involved in
the formation of the flavonoids Chalcone isomerase (CHI), Chalcone synthase (CHS),
Dihydroflavonol 4 reductase (DRF) and ANS gens (anthocyanidin synthase) .if there
is slightly mutation in these genes there will be formation of a different shade (Khar et

al. 2008; Masuzaki et al. 2006)

It is reported that there are multiple copies of the DRF gene and ANS gene
found in different species while in Allium cepa (bulb Onion) contain only 1 copy of the
gene (Table 1.3). ANS and DRF genes have different catalytic activity and expression
in various organs, Due to gene duplication there are multiple number of copies having
diverse function DRF (Dihydroflavonol 4-reductase) enzyme (Huang et al. 2012).
Anthocyanidin synthase (ANS) gene is activated by the different transcriptional factors
including, WDR (WD-repeat proteins), bBHLH and R2R3-MYB. Genes involved in the
biosynthesis of flavonoid are directly activated by WDR, bHLH and R2R3-MYB
transcriptional factors (Xu et al. 2015)

Lately, there are four new transcription factors identified R2ZR3-MYB that play
a vital part in the production of flavonoid biosynthesis in A//ium cepa (Bulb Onion)
There is overexpression of CHS, DRF, MYB1 and ANS gene in the red Allium cepa
(Bulb Onion). Experiments indicate that if the MYB1 gene is knock-downed there will
be increase in anthocyanin production while if there is high expression of MYBI1 gene
it will lead to decrease in production of anthocyanin (Schwinn et al. 2016). Allium cepa
(Bulb onion) MYBI1 gene is very similar to the dicots and anthocyanin-MY B mutant of
snapdragon. Overexpression of MYB1 gene in transgenic Allium cepa resulted in the
formation of strong red colour in both leaf and callus while there was no strong

pigmentation in the control plants of Allium cepa (Schwinn et al. 2016).
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Table 1.3 Different anthocyanin production pathway genes homologues indicated
in several plants

Name of plants DREF gene ANS gene References

Arabidopsis 1 1 https://www.arabidopsis.org/

Tomato 1 1 Bongue Bartelman et al.
(1994)

Potato 1 1 De Jong et al. (2003)

Rice 1 2 Shih et al. (2008)

Lotus japonicus 6 - Shimada et al. (2005)

Onion 1 1 Kim et al. (2004a, b)

Populus trichocarpa 2 2 Huang et al. (2012)

1.7 Evolution of sulphur assimilation genes in Allium species

The Allium is the bigger genera having six thousand reported species. Most
studied and widely used species of this genera are Allium cepa (Onion), Allium sativum
(garlic), Allium ascalonicum (shallots), Allium schoenoprasum (Chives) and Allium
ampeloprasum (leeks) (Poojary et al. 2017). Alliums are rich in Biological active
compounds (BAC) (Radulovi¢ et al. 2015; Zeng et al. 2017). They have huge quantity
of flavonoids (Nishimura et al. 2016). Chemical composition indicate that Allium are
made up of both oil soluble secondary phytochemical metabolites for example OSC
secondary phytochemical metabolites and water soluble components like sugars, amino

acids, vitamins and different enzymes (Koca and Tasci, 2016).

Most of the raw Allium cloves compose of 59% water and other elements
present are 0.5% lipids, 2 % eatable fibres, 6% proteins and 33% carbohydrates. There
are Vitamin B1, B2, B6, C and E , pectin, adenosine, postglandians, lectins, essential
amino acids, biotin, nicotininc, phospholipids, fatty acids and glycolipids (Koca and
Tasci, 2016).The Allium genera have 2.3 % of medicinal OCS , while Allicin is the
present more only in Alliums (Koca and Tasci, 2016). Most of the allium species are
popularly reported to have protective chemicals for human health (Bianchini and
Vainio, 2001; Nicastro,Ross and Milner, 2015).Alliums are reported to have the anti-
hyperhomocysteinic, hypolipidemic, anti-thrombotic , hypocholesterolemic and
antihypertensive properties that can decrease heart related diseases risk (Saljoughian et

al. 2017).
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Most of the Allium species have hypoglycaemic, hypotensive, hepatoprotective,
neuroprotective, antiamensic, anti-asthmatic, anti-mutagenic, anti-oxidant, anti-
spamdic, anti-diabetic, anti-protozoal, anti-viral, anti-microbial (Wang et al. 2013;
Bisen et al. 2016; Prakash etal. 2007; Santas etal. 2008; Nile et al. 2017).Polyphenols
and organ-sulphur are bioactive compounds of Alliums and also present in other plant
species,they control most of the health related activities (Putnik et al. 2011; Rosello-
Soto et al. 2018; Zhu et al. 2018; Putnik Barba et al. 2017; Rosello-Soto et al. 2018;
Fidelis et al. 2018) . Organo-sulphur and polyphenols are very sensitive compounds
because of which during processing most of their concentration abolish (Giacometti et
al. 2018; Putnik et al. 2018; Bursa¢Kovacevi¢ et al. 2018; Barba et al. 2017). Both the
compounds are helpful in the process of digestion (Arreola et al. 2015)

Human body is not that efficient to absorb all of those bioactive compound so,
Bio-availability is a huge factor influencing the concentration (Granato et al. 2016)The
pungent taste of the Allium sativum (Garlic) is mainly because of the bio active
compounds like organo sulphur that is rich in health benefits (Rahman, 2007; Tepe et
al. 2005). Alliin is the bio-active compounds mostly present in the unharmed bulb of
Alliums subsequently to organosulfur that is converted to Allicin while chopping

(Amarakoon and Jayasekara, 2017).

It 1s reported that photosynthetic plant species, fungi and most of the bacterias
have the genes that carry out the sulphate assimilation pathway as a result of that wide
range of sulphur containing compound such as alliins and glucosinolates and sulphur
containing amino acids are produced (Takahashi et al. 2011). Concentration of the
organo sulphur compounds is different among different allium species, most of the
research is carried out on the Allium cepa (bulb onion). It is reported that there are
multiple key genes in onions and Garlic that are involved in the synthesis of organo
sulphur compound (Sun et al. 2016; Kamenetsky et al. 2015; and McManus et al. 2012;
Brewster 2008)

SiR (sulphite reductase) is the key factor that control the production of sulphur
compound, it help in the reduction of sulphite as a result sulphur compound is formed
in the alliums (McManus et al. 2012; Takahashi et al. 2011). There is only one copy of

sulphite reductase present in the Allium cepa genome while Oryza sativa have 2 copies
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of SiR (Kopriva 2006; McManus et al. 2012).1t is identified after conducting the garlic
transcriptome analysis that there are huge number of isoforms that tiger different key

enzymes to help out in the production of sulphur compound (Kamenetsky et al. 2015).

Most of the key genes of sulphur production are expressed in other part of
Alliums excluding bulb, cysteine sulphur-oxides are produced in the roots and leaves

of the plants then they are transferred to the cloves (Kamenetsky et al. 2015).
1.8 Aims and Objective
The main objectives of the research are as under:

e Phylogenetic relationship of the selected yield related genes among A/lium
sativum (Garlic) and Allium cepa (Onion)
e Expression analysis of selected yield and quality related genes in tissues

including i.e. bulb, stem and leaves of five different genotypes of garlic
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2 MATERIALS AND METHODS

2.1 Selection of Allium sativum cultivars

Five different soft neck and hardneck Allium sativum cultivars NARC-G1,
Local white, Local Red, China white and Advance line were selected for the
comparison of yield related genes (Figure 2.1). These selected cultivars are commonly
grown all over the Pakistan. Seeds were collected from BCI (Bio-Resource

Conservation Institute) of National Agricultural Research Centre (NARC), Islamabad.

Figure 2.1 Different varieties of garlic selected for research study (A.NARC-G1, B.
Local white, C. Local Red, D. China white)

2.2  Morphological analysis

The fallowing morphological data was recorded during the field trials including
height of the plant, stem width, flag leaf length and width, smallest leaf length and
width, number of cloves and weight of the cloves. All the data was recorded randomly
from different plants from each replication to remove chances of error. The data of stem
diameter was observed in millimetres using digital Vernier calliper, Number of cloves

(garlic seeds) were computed physically by hand and digital balance was used to
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determine the weight of the cloves. All field data was analysed in various statistical
tools namely Statistics 8.1 and Minitab to compute ANOVA (analyses of variance) that
shows the difference among different parameters. If that difference among parameters
was significant then they were carried out for further analysis to determine the LSD test

(Least significant differences).

2.3 Identification of yield related genes

Published literature was used to identify 12 different genes from which only
four key genes were selected involved in the yield and quality parameters including
bulbing, flavonoid synthesis, Aroma, colour formation and biosynthesis of Sulphur
shown in Table 2.1. CDS Sequences of the 4 genes Ft-Like Gene, Anthocyanidin
Synthase (ANS), Lachrymatory Factor Synthase (LFS) And Sulphite Reductase (SIR)
were retrieved from two different well known databases NCBI and Ensembl Plants.
Basic Local Alignment Search Tool (BLAST) was used to search homology among

different yield related genes in Allium cepa and Allium sativum species.

Table 2.1 Selected gene for research work

SrNo.  Name of gene  Expression Function References
1 FT-like gene Bulb and Blubbing and Lee et al. (2013)
Flower Flowering
2 Anthocyanidin Bulb Colour Kim et al. (2004)
synthase (ANS) formation
3 Lachrymatory Bulb Flavonoids Imai et al. (2002)
factor synthase production
(LFS)
4 Sulphite Bulb Organo-sulphur  Kopriva 2006;
Reductase (SIR) formation McManus et al. 2012).

2.4 Phylogenetic analysis of yield related genes

Allium cepa and Allium sativum yield related genes sequences were aligned with
each other using Clustal W alignment (Thompson et al. 1997). Neighbour Joining (NJ)
algorithm was used for the construction of phylogenetic tree with the help of MEGA 7
software (Tamura et al. 2013).
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The implication of nodes was calculated using a bootstrap study of 1,000
replicates. For the surety of different domains that shows the topology of Neighbour
joining tree, pairwise gape deletion mode was used in MEGA 7.0. The phylogenetic
tree was constructed after aligning all the gene sequences in Clustal W in MEGA 7.0

(Thompson et al. 1994).

2.5 Primers designing for gene expression

Primers 3 software was used for designing the primers of Allium sativum (Rozen
and Skaletsky, 1999) to examine the expression of yield related genes FT-like, ANS,
LFS and SIR in three different tissues i.c. bulb, stem and leaves of Allium sativum
cultivars. Those primers were then checked with the help of two different softwares
Multiple Primer Analyzers (Thermofisher Scientific) and primer stat (Stothard 2000).
The specificity of the designed primers was tested by UCS PCR at UCSC-In Silico PCR
genome browser (https://genome.ucsc.edu/) (Rhead et al. 2009). The designed primers

for yield related gene expression analysis are given in (Table 2.1)

Table 2.2 List of primers used for gene expression

S.No Name Sequence

1 ANS-Forward 5’-ATGCCCATAGAAAGCGTGATAATT-3"
2 ANS-Reverse 5’-ATGCAGTCGCGTGAGTCGAGGTCG-3’
3 LFS-Forward 5’-ATGGAGCTAAATCCTGGTGCACCT-3’
4 LFS-Reverse 5’-ATGCTTGCTCTGGCTTTGTATTTG-3’

5 FT-Forward 5’-ATGATGGATTCGGATCCGTTAAGG-3’
6 FT-Reverse 5’-GGAGCATCTGGGTCCACCATTACA-3’
7 SIR-Forward 5’-ATGGAAGCGATGGCGGCGACTGCG-3’
8 SIR- Reverse 5’-CTCAGGAACAGCTACAGCCGTAAT-3’
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2.6 Plant and sample preparation

Collected Seeds of 5 different varieties of Allium sativum from plant Bio
Resources Conservation Institute (BCI) of National Agricultural Research Centre
(NARC), Islamabad were grown at NARC. Morphological studies of four varieties
were completed including plant height, No of cloves, bulb weight, stem thickness, leaf
length and leaf width. Morphological data is given in the Table No 3.1. Further study
regarding gene expression, comparative and phylogenetic study of gene expression and

bioinformatics study was also completed in NIGAB

Figure 2.2 Different growth stages of garlic in field
1: Sowing in line 2: emergence of garlic 3: three leaf stage 4: bulbing stage 5: garlic
plant at bulbing stage

Samples were collected after 2 months of sowing at bulb formation stage from
the field of NARC, Islamabad. Those collected samples were then transferred to the
National Institute of Genomics and Advanced Biotechnology labs for further study

purpose.
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Figure 2.3 Different varieties at bulbing stage
1% local red, 2" NARC Gl1, 3™ Local white, 4™ Local white

2.7 Extraction of RNA

Total RNA from the 3 different tissues such as bulb, leaves and stem of Allium
sativum cultivars namely NARC-G1, Local white, Local Red and China white was
extracted by using GeneJET Plant RNA Purification Mini Kit (Thermo Scientific).
100mg of fresh tissues in liquid nitrogen were grinded mechanically in mortar and
pestle. Grinded samples were then transferred in Eppendorf-tubes having 500 pL of
RNA Lysis buffer. Samples were then incubated for three minutes at 56°C. Incubated
samples were then centrifuged for 5 min at >14,000 rpm. Afterward 450 to 550 puL of
supernatant (upper transparent part) was transferred into a new micro centrifuge tube.
250 pL of ethanol having 96% concentration was added .Mixed solution was then
transferred to a collection tube. Column was then centrifuged for at 11000 rpm for one
minute. Afterward solution obtained in the flow through was discarded. 700 pL of WB-
1 (Wash buffer 1) was transferred to the purification column then centrifuged at 11000
rpm for 1 minute. Purification column was then transferred to new 2 mL collection tube
while discarding both collection tube and flow through. 500 uL of WB-2 (Wash Buffer
2) was transferred to the purification column followed by centrifuge at 11000rpm for 1
min. Solution containing in Flow through was discarded. Again 500 pL of WB-2 (Wash
Buffer 2) was added followed by for 1 minute. Purification column was not discarded
and put into to a new 1.5 mL collection tube. For the processes of elution of RNA from

the purification tube 50 puL of nuclease free water was poured and then centrifuged at
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11000 rpm for 1 minute for 1 min. RNA obtained at the bottom of the tube was

immediately transferred to -20°C for further use.

2.8 Gel Electrophoresis

It was used to analyse extracted RNAs from different tissues of Allium sativum
samples. 1% agarose gel was prepared in a flask using 55ml distilled water, 6ml of 10X
Tris-acetic TAE buffer and 0.5 grams of agarose (Appendix I). The mixture was then
heated in a microwave oven for a few seconds until dissolved completely when solution
become transparent then cool down for few mins. 1.5 ul 3 ml ethidium-bromide was
transferred to the prepared solution for RNA bands visualization. Solution is then
transferred into gel tray having combs already in the place. After several minutes when
the gel got solidified combs were removed carefully. S5ul RNA form each extracted
sample of different tissues were loaded into the wells along with 3l of 6-X blue-dye
(Thermofisher). First well of each row was loaded with 1kb of ladder as a standard. The
loaded gel was then run in gel caster containing 1x TAE buffer for forty minutes at 80
volts. After completion of time gel was then analysed under UV Trans illuminator to

confirm the presence of bands.

2.9 Quantification of RNA

Before proceeding synthesis of cDNA the quality, quantity and integrity of
RNA was determined by wusing the Thermofisher TM Nano DropTM
Spectrophotometer. The quantification wavelength of the spectrophotometer was
adjusted at 260/280nm for all purified samples. The samples with low quality or

quantity were again extracted for uniform expression of the genes.

2.10 Synthesis of cDNA

cDNA synthesis was carried out by means of Thermo Scientific Revert Aid
reverse transcriptase-III, First Strand cDNA Synthesis Kit (Appendix II). All the
reagents were dissolved, vortex for the short period of time to make them gentle in use.
2ul RNA, 1pl (10mm) reverse primer and 25l water were mixed in an Eppendorf tube
and vortex for few seconds to mix reagents homogenously Fallowed by 5 minutes

incubation at 65°C. Incubated samples were then cool down in ice for 1 minute.
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Moreover, the ingredient 5-X reaction-buffer, 4ul of RNAse inhibitor 1ul and 10mM
dNTPs 4ul and 1ul reverse transcriptase enzyme were added and fused then incubated

for sixty minutes at 42°C. Hence, the total reaction was carried out for 5 minutes at 70

°C.

Table 2.3 Quantificion values of total RNA obtained from Nano drop
Spectrophotometer

sr. No. SAMPLE VALUE (260/280nm) RNA (uL) WATER (uL)

1 AB 258.16 7.75 5.75
2 AS 514.88 3.9 9.6

3 AL 1800 1.11 12.4
4 BB 452.83 4.42 9.08
5 BS 473.39 4.22 9.28
6 BL 1519 1.32 12.18
7 CB 1132 1.76 11.75
8 CS 275.67 7.25 6.25
9 CL 858.41 2.33 11.17
10 DB 818.98 2.44 11.06
11 DS 451.79 4.43 9.07
12 DL 1076 1.86 12.14
13 EB 338.51 5.90 7.60
14 ES 530 3.77 9.73
15 EL 1016 1.97 11.52
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2.11 qRT-PCR expression analysis

The expression of yield related genes i.e. Ft-Like gene, Anthocyanidin Synthase
(ANS), Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR) in various
tissues were checked using comparative ACT method in real-time PCR (Applied
Biosystems) with Step-One-Plus software. Gene specific primers was used. The kit
used for RT-PCR was Taqg Man SYBER GREEN (Appendix III) (Fermentas).
Elongation factor (EF) was used as endogenous control and the target genes were Ft-
Like Gene, Anthocyanidin Synthase (ANS), Lachrymatory Factor Synthase (LFS) and
Sulphite Reductase (SIR). The total reaction volume was kept 10ul in which Sul
SYBER Green was used. Tubulin was used as an endogenous positive control to
determine whether or not the reverse transcription and/or PCR reaction conditions are
optimal. The profile of RT-PCR was set as denaturation for ten minutes at 94°C,
followed by 2nd stage 40 cycles of 40 seconds at 95°C, forty cycles of 32 seconds at
58°C, forty cycles of 32 seconds at 72°C, the 3rd stage of 40 cycles of 15 seconds at
95°C and forty cycle of 32 seconds at 56°C. Finally, melt curve study was complete at
52°C to 95 °C. Amplification plot, melt curve plot, ACT values and standard curve data

were recorded. These all data were more analysed with Step-One Plus software system
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3 RESULTS

3.1 Identification and sequence analysis of yield and quality related genes in

Alliums

A set of 12 individual yield and quality related genes of Allium species were
identified from previous published literature and online data bases. There are plenty of
key genes that are involved in the yield related parameters that are expressing in
different parts of the plant like underground storage organ (Bulb), leaves and stem
(Table 3.1) 4 different yield related genes under the parameters including bulbing,
flavonoid synthesis, Aroma, colour formation and biosynthesis of Sulphur were
selected for research i.e. genes FT-Like Gene, Anthocyanidin Synthase (ANS),
Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR). Sequences of these
4  selected genes  were retrieved from  the  databases  NCBI
(https://www.ncbi.nlm.nih.gov/) and Ensembl Plants (http://plants.ensembl.org/).
Basic Local Alignment Search Tool was used to search homology among different yield
related genes in Allium cepa and Allium sativum species (htpp: // www. ncbi. nlm.

nih.gov/Blast/).

3.2 Morphological Analysis

Plants were grown in the field of National agriculture research centre, Islamabad.
Morphological data was taken when complete bulbing stage was achieved by plants.
Plants were selected randomly form the field, Plant Height (cm), Stem Diameter(cm),
Flag Leaf Length (cm), Flag Leaf width(cm), Smaller Leaf length(cm), Smaller Leaf

width(cm), No of cloves,100 clove weight (gm) data were recoded.

The data analysis regarding the mean values of stem diameter shown in Table No
of different varieties of Garlic. Results indicate that a significant difference was
observed among different varieties. The mean values show that maximum diameter of
the stem was observed in variety China White having maximum stem diameter of
(2.6cm) fallowed by variety local white, and local red while the minimum stem

diameter was observed in NARC G1.
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Table 3.1 In silico study of 12 yield and quality related genes identified in Alliums

1. ACFT1

2. ACFT4

3. STSP6A

4. Anthocyanidin synthase
(ANS)

S. Di-hyroflavonol 4-
Reductase (DRF)

6. Chalcone synthase

To Chalcone isomerase

8. MYB Factors
MYBI1

9. Sulphite Reductase
(SiR)

10. GIGANTEA

11. Lachrymatory Factor
Synthase (LFS)

Bulb and Flower

Bulb and Flower

Bulb

Bulb

Bulb

Bulb
Bulb

In all plants parts

Cysteine sulphoxides Synthesized
in Leaves And Roots and then
translocated to the storage organ

Bulb and Flower

Bulb

During juvenile stage of bulb

During juvenile stage of bulb

Formation of underground
storage organ

During bulbing Stage

Bulbing and Flowering

Bulbing
Bulbing

Formation of underground
storage organ

All stages of growth

Initiates Bulbing and
Flowering

Flavonoid synthesis

Promoter of Bulbing and Flowering

Inhibitor of Bulbing and Flowering

Bulb formation initiation

Colour formation

Colour formation

Colour formation
Colour formation

Regulate colour formation

reduction of sulphite for the synthesis of
sulphur compounds in bulb onion and
other plants (Takahashi et al. 2011
Initiates Transcription of FT which
initiate Bulbing and Flowering

Initiate enzyme activity for the synthesis

of flavour

6 copies

6 copies

1 copies in
Allium cepa
1 copies in

Allium cepa

1 copies in

Allium cepa

2 Copies

2 copies

Lee et al. (2013)

Lee et al. (2013)

Kloosterman et al.
(2013
Kim et al. (2004)

Kim et al. (2004)

Masuzaki et al. (2006)
Masuzaki et al. (2006)

Schwinn et al. (2016)

Kopriva (2006)
McManus et al. (2012)

Taylor et al. (2010)

Imai et al. (2002)

Masammura et al. 2012
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The data relating the mean values for height of the plant of different varieties of
Garlic are given in Table 2. Average height of the different varieties shows that China
white have the maximum height of 91.2 cm followed by the Local Red 86.4 cm, Local
White 81.4 cm, China White 91.2 cm, Advance line 74.6 cm and NARC G1 53.2cm.
Diameter of the stem was recorded with the help of digital Vernier calliper its shows
that china white have maximum stem diameter of (2.6 cm) followed by other varieties
Advance line 1 (2.02 cm) Local red (1.74 cm) , local white (1.72 cm), NARC G1 (1.62
cm) . Flag leave is the biggest leave of any plant and have maximum exposure to the
sun light. Flag leaf length and width data analysis shows that china white have the
maximum length and width as compare to Local white, Local red and NARC G1

respectively.

The data about the mean values for number of cloves bulb-1 of different varieties
of Garlic are given in Table 1. There is a clear significant variation in number of cloves
bulb-1 of different varieties. The mean values show that a greater number of cloves
bulb-1 (30) was noted in variety Local white followed by variety Buner Local (21) and
variety China White (15) Advance line (11) respectively, while the smaller number of
cloves bulb-1 (10) was recorded by variety NARC-G1

Table 3.2 Mean values of different yield related morphological parameters

_— Plant | Stem | FlagLeaf E':;gf S'L’::";r Si‘:;';’r Noof | 100clove
arieties Height | Diameter Length width length width cloves weight
em) | (em) e | T | em) (em) (gm)
China white | 91.2 2.6 67.2 2.62 54.8 2.32 15 700
Local red 86.4 1.74 54.6 1.9 41.2 1.44 21 103
Local white 81.4 1.72 55.2 2.04 40.4 1.88 30 244
Advance line | 74.6 2.02 51 2.02 40.2 1.82 11 680
NARC G1 53.2 1.62 46.6 2.42 31.8 2.16 10 775

The data relating the mean values for 100 clove weight in grams of different
varieties of Garlic are given in Table 2. There is a highly significant variation in single
clove weight about different varieties of Garlic. The mean values explain us that the
maximum clove weight (775g) was noted in variety NARC-1 followed by variety China
white (700 g), Advance line (680 g), Local white (244g) and Local red (103g)
respectively. Apart from NARCI all the other two varieties are statistically similar to

each other.
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Table 3.3 LSD values for different morphological parameters

Stem Flag Flag | Smaller | Smaller 100
Plant No of
Varieties Diameter Leaf Leaf Leaf Leaf clove
Height cloves
Length | width | length width weight
China White 90.06 a 2.62a 67 a 558a 558a 232a 15.6 ¢ 703 b

Local Red 86.6 ab 1.753 ¢ 548b | 4093b | 4093b 142 ¢ 18.06b | 10533 e

Local White 81.46 be 1.73 ¢ 5513b | 40.33b | 40.33b 1.86b 2893 a | 144.66d

Advance line 7633 ¢ 2.06b 526b | 41.06b | 41.06b 1.8b 11.53d | 665.33 ¢

NARC Gl 52.73d 1.62 ¢ 47 ¢ 3173 ¢ | 31.73¢ 2.16a 9.86 ¢ 781.67 a

Note: values followed by the same letter are not significantly different.

3.3 Phylogenetic analysis of yield related genes in Allium sativum.

The phylogenetic tree was generated for 40 yield related genes of Allium cepa
and Allium sativum using neighbour joining method in the MEGA 7 programme. The
evolutionary relationship of all yield related genes FT-Like gene, Anthocyanidin
Synthase (ANS), Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR)
sequences were retrieved from the NCBI data base. The un-rooted linear tree was
generated with the help of MEGA 6.06 programme using multiple sequence alignment
with Clustal w. To show the evolutionary relationship among yield related genes ¢ and
of both garlic and onion distance based method was used with the p-distance strategy.
The clade or branch length of a tree shows the evolutionary rate. During generating of
phylogenetic tree complete deletion strategy was used to remove distinct and unwanted
gaps. To ascertain the accurate gene in the class of its specificity bootstrap value of
1000 replicate was used. FT-Like gene, Anthocyanidin Synthase (ANS), Lachrymatory
Factor Synthase (LFS) and Sulphite Reductase (SIR) gene with definite functional and
developmental relevance are arranged in a distinct clade, characterize their functional

and sequential conservation.
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Figure 3.1 Evolutionary relationships of ANS gene The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length = 3.38421338 is shown. 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 tree is drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Composite Likelihood method and are
in the units of the number of base substitutions per site. The analysis involved 19
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 562
positions in the final dataset. Evolutionary analyses were conducted in MEGA7.The
scale symbolizes the nucleotide substitution rate.
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Figure 3.2 Evolutionary relationships of FSR gene The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length =0.98116689 is shown. 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 tree is drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Composite Likelihood method and are
in the units of the number of base substitutions per site. The analysis involved 6
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1342
positions in the final dataset. Evolutionary analyses were conducted in MEGA7. The
scale symbolizes the nucleotide substitution rate.
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Figure 3.3 Evolutionary relationships of FT gene The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length =3.11067148 is shown. 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 tree is drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Composite Likelihood method and are
in the units of the number of base substitutions per site. The analysis involved 9
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 177
positions in the final dataset. Evolutionary analyses were conducted in MEGA7. The
scale symbolizes the nucleotide substitution rate.
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Figure 3.4 Evolutionary relationships of LFS gene The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length =3.11067148 is shown. 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 tree is drawn to scale, with branch lengths in the same units as those of
the evolutionary distances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Maximum Composite Likelihood method and are
in the units of the number of base substitutions per site. The analysis involved 9
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 177
positions in the final dataset. Evolutionary analyses were conducted in MEGA7. The
scale symbolizes the nucleotide substitution rate.
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3.4 RT-PCR expression of yield and quality related genes in four different

garlic varieties

The expression level of yield related genes FT-Like gene, Anthocyanidin
Synthase (ANS), Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR)
in four different varieties Local red, local white, NARC G1 and China white were
examined with the help of Real-Time PCR analysis. The plant tissues selected for the
expression of yield related genes were bulb, stem and leaves at complete bulbing stage.
Threshold cycle (ACT) value shows the difference in the expression of yield related
genes in different varieties. Results indicate that there was more expression of all the
genes in tissues of variety China white, Minimum expression was observed in the local
red and local white, while the expression of genes in NARC G1 was moderate. Tubulin

was used as an endogenous positive control.

All the genes were expressed in all varieties under studies, The study carried
out suggested that there was noticeable difference among the expression of genes in
different varieties, FT like gene play an important role in the formation of bulbing ,
Anthocyanidin synthase (ANS) was more expressed in the Local red because of its red
pigment, while Lachrymatory factor synthase (LFS) was expressed almost same in

every variety.
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Figure 3.5 Yield related genes expression by RT-PCR. This figure shows the
Amplification plot of different yield related genes in Local Red, Local white, China
white and NARC Gl in its various tissues bulb stem and leaves. There is significant
difference in the peaks at different escalating copy numbers at different time intervals

Figure 3.6 the expression graph of different yield related genes in China white. The bars
on the graph represent the difference in genes expression in 2 different tissues. Tubulin was
used as an endogenous positive control.

FT Bulb and SIR leaf there is higher level of yield related genes expression in
china white and local white as compare to the other two varieties local red and NARC
G1, FT-like genes were more expressed in all the varieties as compared to other gene.
In A2 there is lower level of expression of yield related genes among different garlic
varieties. ANS is least expressed in all the varieties, the results suggest that all the yield
related genes have different expression among different garlic varieties. All the genes

were least expressed in the local variety that is Local red.
3.5 Gel Electrophoresis of yield related genes in different varieties of garlic

The product obtained after completion of the real-time PCR were run on to the
Agarose gel. The bands of yield related genes were observed with the help of ethidium

bromide stained in 1% agarose gel (Appendix I). To determine the size and presence of
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the gene 50bp ladder was used. The tray containing 1x TAE buffer was set on 90 volts
for 40 minutes. The presence of band were confirmed after 40 minutes under Ultra
Violet Trans-illuminator (UV trans-illuminator). Tubulin was used as an endogenous

positive control gene.

L - Leaf
China white |we= B - Bulb
-

Local red

Figure 3.7 Electropherogram for expression of yield related genes by RT-PCR.

Expression of different yield related genes of both local and exotic varieties on the
agarose gel. The bands emerged on the gel indicate the expression of each gene. There
were also few unspecific bands found but all the target genes are denoted with a red
line. In all the varieties there was differential genes expression found. These results
indicate that the expression of FT-like gene was more in Local white and China white
varieties ANS gene was rarely expressed in most of the garlic varieties. The expression
of FSR was found more in both Local white and china white varieties. Similarly, the
expression of LFS was lower in Local Red and NARC G1 varieties.
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4 DISCUSSION

Garlic is the second most widely cultivated Allium species mainly grown in
temperate region. Its current worldwide production is 24.9 million tons per annum,
cultivated in 1.5 million hectares. Garlic gross production value for 2014 was
US$15,129 million (FAO 2017). The sequencing of the bulb garlic genome and other
Allium species has been hampered by their very large genome size (16 Gbps) and
complex structure (Khosa et al. 2016). The bulb garlic genome is about 40 times larger
than the rice genome (0.4 Gbps) (Jakse et al. 2008). Analysing the diversity of key gene
families involved in plant architecture and adaptation within and among domesticated
Allium and their wild allies may provide insights into the key genes under selection

during domestication and dispersal (Ross-Ibarra et al. 2007).

Expression analysis of yield related genes with real-time PCR for FT-Like gene
(FT), Anthocyanidin Synthase (ANS), Lachrymatory Factor Synthase (LFS) and
Sulphite Reductase (SIR) (Lee et al. 2013) was further revealed by different gene
expression found in two different tissues of the garlic cultivars. The expression of these
genes present in both leaves and bulb of every variety. The expression of FT-Like gene
was more in the leaves of each variety as compared to bulb tissues, results indicate that
bulbing is activated by the Ft-like gene in the leaves while the formation of protein is
carried out in the bulb portion. Due to which least expression was observed in the bulb
tissues. Turck and Kardailsky reported similar results that FT-like genes are expressed
in the leaves of the plant under favourable environmental condition and then the
produced protein is transported to the lower portion of the bulb to initiate blossoming
and storage organ formation (Turck et al. 2008; Kardailsky et al. 1999). Current study
shows that there was more expression of ANS gene in the Local Red bulb tissues due
to its dark red cloves colour, while least expression was observed in the NARC-G1 due
to its yellowish clove membrane. It is also reported that Anthocyanidin synthase (ANS)
gene is activated by the different transcriptional factors including, WDR (WD-repeat
proteins), bHLH and R2R3-MYB. Genes involved in the biosynthesis of flavonoid are
directly activated by WDR, bHLH and R2R3-MYB transcriptional factors (Xu et al.
2015). There are more than one key gene reported that is involved in the formation of

the flavonoids including Chalcone isomerase (CHI), Chalcone synthase (CHS),
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Dihydroflavonol 4 reductase (DRF) and ANS gens (anthocyanidin synthase) .if there
is slightly mutation in these genes there will be formation of a different shade (Khar et

al. 2008; Masuzaki et al. 2007).

There was presence of SiR gene in both the tissues of the each garlic genotype.
The Expression was more observed in the Local Red due to its small clove size and
pungent smell, least expression was observed in the NARC-G1 due to its large size. It
is reported that there are multiple key genes in onions and Garlic that are involved in
the synthesis of organo sulphur compound (Sun et al. 2016; Kamenetsky et al. 2015;
McManus et al. 2012; Brewster 2008). SiR (sulphite reductase) is the key factor that
control the production of sulphur compound, it help in the reduction of sulphite as a
result sulphur compound is formed in the alliums (McManus et al. 2012; Takahashi et

al. 2011).

Presently describe, yield related genes of the Allium sativum FT-Like gene,
Anthocyanidin Synthase (ANS), Lachrymatory Factor Synthase (LFS) and Sulphite
Reductase (SIR) gene when compared at the genomic level show similarity. Their
phylogenetic analysis expresses an important correlation at the sequence level. The
phylogenetic study indicates that FSR gene as compared to other genes have fever
dynamicity which is balanced in the connection of genomics but bear a few
duplications. All of the genes have undergone massive duplication during the evolution
of the plant. In the view of previous literature, it is approved that these genes are
playing a key role in the yield related parameters like bulb formation, taste, colour and

plant developmental processes.

Bioinformatics and comparative study were carried out to reveal the genomic
maintenance for the evolutionary and functional correlation between Yields related
gens of the Garlic (4Allium sativum) FT-Like gene (FT), Anthocyanidin Synthase
(ANS), Lachrymatory Factor Synthase (LFS) and Sulphite Reductase (SIR) gene
having functional and genetic conservation among them. The results showed significant
difference in the studied attributes of the garlic varieties. A lot of evolutionary dynamic
expression was found in those yield related genes among exotic and local species
NARC GI1 Local red, Local white, Advance line and china white. There was pattern of

conservation among these yield related genes sequences were also found. The basic
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relationship between these Allium species were clearly indicated by comparative study.
A lot of syntenic patterns and conservation was found which shows that there is a lot
of relevance in their sequence and function. Results indicated that there is duplication

event among these species.

Future perspective

In future, further analysis of yield related genes is required. This study will be
helpful to find all Yield related genes of the garlic (4l/lium sativum) in five different
garlic varieties bulb and leaves tissues. Editing of these yield related genes will be
possible with CRISPR-Case-9 to improve the quality and quantity of the garlic species.
Bioinformatics, comparative study of these genes will be useful in future research work.
The different expression patterns of yield and quality related genes are also helpful to
study the nature of garlic plants and their pathways related to transcription and
regulation. Further analysis of yield related genes may be possible which are involved
in the regulation of different pathways related to aroma, taste, bulbing and flowering.
It will be useful to use different computational tools to find more yield and quality
related genes in Allium species. The expression of different genes will be involved in
improving quality and yield can be further analyzed for future study purposes. This
study will bring up more information about future research projects related
improvement of local garlic varieties for better yield and good quality garlic. The
comparison of Garlic (Allium sativum) with other plants genome will also provide
helpful information in studying different pathways involved in improvement of current

varieties.
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Appendices

APPENDICES
Appendix-I

10X TAE Buffer Composition
Reagent Quantity
Tris-Base 242¢

Glacial Acetic Acid  57.1g

0.5 EDTA 100ml
1X TAE Buffer

Reagents Quantity
50X TAE 20ml
Distilled Water 980ml

Appendix-11
Synthesis of first strand cDNA

Total RNA extracted was used as a template for synthesis of cDNA according
to the manufacturer instructions using the Reverse Transcriptase II1 Kit

(Fermentas).

PCR mixture performed in 25ul reaction volume. Following reagents were used

for the synthesis of first strand cDNA:
4ul 10X Reverse Transcriptase Buffer
3ul 10nM dNTPs mixture

1ul gene specific primer

4ul RNA

1ul Reverse Transcriptase

12pl double nuclease free water
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PCR conditions were used as follows:
65°C for 5 minutes

Chilled sample for 1 minute

55°C for 60 minutes

72°C for 10 minutes

Final hold 4 °C for «

Appendix-II1

Quantitative real time —-PCR

To determine the expression of yield related genes in Allium sativum different

tissues, Real Time PCR was used using SYBER green master mix.

For 25ul reaction PCR reagents detail are as follow:

SYBER Green Master mix 12
Forward primer 0.8
Reverse primer 0.8
DNA template 3
Double distilled water up to 25

For amplification of yield related genes with gene specific primer PCR profile

is as follow:

Initial denaturation at 94°C for 10 minutes

Denaturation at 95°C for 40 seconds

Annealing at 58°C for 32 seconds 37 cycles
Extension at 72°C for 32 seconds

Final extension at 95°C for 15 seconds

Melt curve analysis at 52°C to 95°C

Final hold 4 °C for o
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Appendix-1V
Allium cepa clone Pooll FT-like protein gene, complete cds GenBank: KC677631.1

>KC677631.1:5-202,843-904, 2857-2897, 2969-3204 Allium cepa clone Pooll FT-like
protein gene, complete cds

ATGGCAAGAGAAAGTGACCCATTAATTGTAGGTAGAATAGTTGGTGATGTAATATCTCCATTCACAAGAA
GTGTTCCTTTAAGGGTAATATACCCAGCAAAAGAGGTAGCCAATGGGCGTGAGTTTAAACCATCACAAAT
AACTCAGCAACCTAGAGTTGAGATCGGAAGTGATGATCTCAGAACCTTCTATACGCTAGTGATGGTGGAC
CCAGACGCCCCTAGCCCAAGTAATCCACACCTTAGGGAATACTTGCATTGGATGGTGTCAGACATTCCAG
GAGGTACAGGATCGAACTTTGGGCGAGAAACCGTCTGCTATGAAAGCCCGAGACCAACAGCTGGTATCCA
CCGTTTCGTTTTTATCCTGTTCCAGCAGCTTGGGCGCCAAACTGTATATGCACCGAACTGGCGGCAAAAC
TTTAATACTCGAGAATTTGCAGAAAATTACAACCTTGGGTCTCCAGTTGCTGCAGTTTACTTCAACTGCC
AGAGAGAATCAGGATCTGGTGGGAGGAGAATATACACGGATTACTAA

Allium sativum flowering locus T mRNA, complete cds GenBank: KP711810.1

>KP711810.1 Allium sativum flowering locus T mRNA, complete cds
ATGATGGATTCGGATCCGTTAAGGTTGGGTAGAATAGTAGGTGATGTTATAGACCCGTTTACCAGAAGGG
TGTCGCTTAGGGCTGTCTACTCATGCAGAGAAGTTGCAAATGGACGCGAGTTTAGGCCTTCTCAAGTTGC
CCTACAGCCAAGAATTGAAATTGGCGGCGGTGACCTTAGAAACTCCTATGCACTTGTAATGGTGGACCCA
GATGCTCCAAGCCCAAGCAATCCCCATCTAAGAGAATACTTGCACTGGTTGGTCACAGACATTCCAGGAA
GCACAAGTGCAAGCTTCGGTCAAGAAAGGATATGCTATGAAAGTCCAAGGCCATCCTTAGGAATACACAG
GTTTGCCTTCATATTATTTCAGCAGCTTGGTCGCGAGACCGTGTGCTCTCCAAACTATAGGCAGAACTTC
AGCTCCAGAGTTTTTGCAGAAGTATACAACTTGGGTTCTCCTGTTGCTGCTCTTTATTTCAACTGCCAGA
GAGAAGCTGGTTCAGGTGGGAGGAGAACTTATACATGA

Allium cepa anthocyanidin synthase (ANS) gene, ANS-L allele, and complete cds
1071bp GenBank: EF192598.1

>EF192598.1:3090-3586, 3694-4267 Allium cepa anthocyanidin synthase (ANS) gene,
ANS-L allele, complete cds

ATGCCCATAGAAAGCGTGATAATTGCACCACCAGCTCCAAGAGTAGAGACCCTCTCGAAATCCAACCTCC
ACTCCATTCCTTTGGAATACATCCGGCCAGAGCACGAGCGGGCCTGCCTAGGCGATGCATTAGAACAGCT
TCACAACTCCAACTCCGGCCCACAAATTCCGATAACCGACCTCGACTCACGCGACTGCATTGAGAAAGTG
ACCAAAGCAGCCAAAGAATGGGGAGTCATGCACATTGTGAACCATGGAATCTCTAGCGAGTTGATGGAGA
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AAGTGCGTGCAGCTGGCAAGGCTTTTTTCAATCTCCCACTCGCGAGGCTAAAGAGGAATATGCTAACGATCA
ATCTAAAGGGAAGATCCAAGGGTATGGAAGTAAACTGGCAAATAATGCAAGCGGGCAACTCGAGTGGGAG
GACTACTTTTTTCATCTCATTTTTCCTGATGACAAGGTCGATCTCTCCGTTTGGCCTAAACAGCCTTCCG
ACTACATTGAAATTATGCAAGAGTTTGGAAGTCAGCTGAGAATATTAGCCAGCAAAATGCTATCCATACT
TTCATTGGGCTTACAACTACCAACCAAGGACAGGCTAGAACAAGAACTAAAAGGACCAGAAGACTTACTT
CTCCAGCTGAAAATAAACTACTACCCAAAATGCCCCCAGCCACATCTGGCATTAGGAGTGGAAGCCCACA
CGGACGTGAGTGCCTTATCGTTCATACTGCACAACAACGTTCCAGGCCTTCAAGTGTTGTACGAGGGTGA
ATGGGTAACTGCGAAACTCGTTCCAGATTCCTTGATTGTCCATGTTGGGGATTCGCTTGAAATTTTGAGT
AATGGGATTTACAAAAGTGTGTTGCATCGCGGTTTGGTTAATAAGGAGAAGGTGAGGATTTCTTGGGCTG
TGTTCTGTGAACCGCCAAAGGATGCTGTTGTGCTTAAGCCATTGGATGAGGTTGTGACAGACGATGCGCC
CGCAAGGTACACTCCTCGCACGTTTGCACAGCATCTGGAACGGAAGTTGTTTAAAAAGAAAGTTGGAGAT
TTGGATGACTCTGATGTTTGA

Allium cepa anthocyanidin synthase (ANS) gene, ANS-h1 allele, complete cds 1071
bp GenBank: EF192475.2

>EF192475.2:3505-4001,4108-4681 Allium cepa anthocyanidin synthase (ANS) gene,
ANS-h1 allele, complete cds

ATGACCATAGAAAGCGTGATAATTGCACCACCAGCTCCAAGAGTAGAGACCCTCTCGAAATCCAACCTCC
ACTCCATCCCTCTGGAATACATCCGGCCCGAGCACGAGCGGGCCTGTCTAGGCGATGCATTAGAACAGCT
TCACAACTCCAACTCCGGCCCACAAATTCCGATAACCGACCTCGATTCAAGCGACTGCATTGAGAAAGTG
ACCAAAGCAGCCAAAGAATGGGGAGTCATGCACATTGTGAACCATGGAATCTCTAGCGAGTTGATGGAGA
AAGTGCGTGCAGCTGGCAAGGCTTTTTTCAATCTCCCACTCGAGGCTAAAGAGGAATATGCTAACGATCA
ATCTAAAGGGAAGATCCAAGGGTATGGAAGTAAACTGGCAAATAATGCAAGCGGGCAACTCGAGTGGGAG
GACTACTTTTTTCATCTCATTTTTCCTGATGACAAGGTCGATCTCTCCGTTTGGCCTAAACAGCCTTCCG
ACTACATTGAAATTATGCAAGAGTTTGGAAGTCAGCTGAGAATATTAGCCAGCAAAATGCTATCCATACT
TTCATTGGGCTTACAACTACCAACCAAGGACAGGCTAGAACAAGAACTAAAAGGACCAGAAGACTTACTT
CTCCAGCTGAAAATAAACTACTACCCAAAATGCCCCCAGCCACATCTGGCATTAGGAGTGGAAGCCCACA
CGGACGTGAGTGCCTTATCGTTCATACTGCACAACAACGTTCCAGGCCTTCAAGTGTTGTACGAGGGTGA
ATGGGTAACTGCGAAACTCGTTCCAGATTCCTTGATTGTCCATGTTGGGGATTCGCTTGAAATTTTGAGT
AATGGGATTTACAAAAGTGTGTTGCATCGCGGTTTGGTTAATAAGGAGAAGGTGAGGATTTCTTGGGCTG
TGTTCTGTGAACCGCCAAAGGATGCTGTTGTGCTTAAGCCATTGGATGAGGTTGTGACAGACGATGCGCC
CGCAAGGTACACTCCTCGCACGTTTGCACAGCATCTGGAACGGAAGTTGTTTAAAAAGAAAGTTGGAGAT
TTGGATGACTCTGATGTTTGA
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Allium cepa genotype dark red F3 line anthocyanidin synthase gene, complete cds
GenBank: AY585678.1

>AY585678.1:1-497,605-1166 Allium cepa genotype dark red F3 line anthocyanidin
synthase gene, complete cds

ATGCCCATAGAAAGCGTGATAATTGCACCACCAGCTCCAAGAGTAGAGACCCTCTCGAAATCCAACCTCC
ACTCCATTCCTTTGGAATACATCCGGCCAGAGCACGAGCGGGCCTGCCTAGGCGATGCATTAGAACAGCT
TCACAACTCCAACTCCGGCCCACAAATTCCGATAACCGACCTCGACTCACGCGACTGCATTGAGAAAGTG
ACCAAAGCAGCCAAAGAATGGGGAGTCATGCACATTGTGAACCATGGAATCTCTAGCGAGTTGATGGAGA
AAGTGCGTGCAGCTGGCAAGGCTTTTTTCAATCTCCCACTCGAGGCTAAAGAGGAATATGCTAACGATCA
ATCTAAAGGGAAGATCCAAGGGTATGGAAGTAAACTGGCAAATAATGCAAGCGGGCAACTCGAGTGGGAG
GACTACTTTTTTCATCTCATTTTTCCTGATGACAAGGTCGATCTCTCCGTTTGGCCTAAACAGCCTTCCG
ACTACATTGAAATTATGCAAGAGTTTGGAAGTCAGCTGAGAATATTAGCCAGCAAAATGCTATCCATACT
TTCATTGGGCTTACAACTACCAACCAAGGACAGGCTAGAACAAGAACTAAAAGGACCAGAAGACTTACTT
CTCCAGCTGAAAATAAACTACTACCCAAAATGCCCCCAGCCACATCTGGCATTAGGAGTGGAAGCCCACA
CGGACGTGAGTGCCTTATCGTTCATACTGCACAACAACGTTCCAGGCCTTCAAGTGTTGTACGAGGGTGA
ATGGGTAACTGCGAAACTCGTTCCAGATTCCTTGATTGTCCATGTTGGGGATTCGCTTGAAATTTTGAGT
AATGGGATTTACAAAAGTGTGTTGCATCGCGGTTTGGTTAATAAGGAGAAGGTGAGGATTTCTTGGGCTG
TGTTCTGTGAACCGCCAAAGGATGCTGTTGTGCTTAAGCCATTGGATGAGGTTGTGACAGACGATGCGCC
CGCAAGGTACACTCCTCGCACGTTTGCACAGCATCTGGAACGGAAGTTGTTTAAAAAGAAAGGTTGGAGA
TTTGGATGA

Allium cepa cultivar CUDH2107 ferredoxin sulfite reductase mRNA, complete cds 1,890
bp linear mRNA GenBank: JX020763.1

>JX020763.1 Allium cepa cultivar CUDH2107 ferredoxin sulfite reductase mRNA,
complete cds

ATGGAAGCGATGGCGGCGACTGCGATGGCAAAGGATCCGACGGGGCAGATGATGCTGAGTGGATTTCAAG
GGCTCAGATCGGTTGGGTCGGTTCCGGTTGGAAGGTCCGTTAAGGCGTTGCCGATTCCGTCTTCTTTTTC
TTCTTCCGTTATTACGGCTGTAGCTGTTCCTGAGGTCAAAAGAAGCAAGGTAGAAATCTTTAAAGAACAG
AGCAACTTTCTCAGATATCCACTAAATGAGGAGTTGTTAACTGATGCACCAAATATAAACGAAGCTTCCA
CCCAGCTAATAAAATTCCATGGTAGTTATCAGCAATACGACAGAGATGAACGTGGTAAAAGATCTTATTC
GTTTATGCTTCGAACAAAGAATCCATGCGGAAAAGTCCCAAACGAGTTGTACATAGCTATGGATACTCTT
GCTGATGAATTTGGAATTGGAACCCTTCGGTTAACCACGAGACAGACATTTCAATTGCATGGCATTTTAA
AGAAGAACCTCAAAACTGTGATGAGTACTATTATTCATAATATGGGGTCGACTCTTGGGGCTTGTGGGGA
TTTGAACCGAAATGTTCTTGCACCTGCTGCACCATACACTAAAAAGGAGTATGTTTTTGCTCAAGAGACC
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GCAGATAATATTGCTGCTCTTCTTACACCTCAATCAGGTTTTTACTATGATATGTGGGTAGATGGTGAGA
AAATCATGACTTCAGAGCCACCCGAAGTTACAAAAGCAAGAAATGACAATTCTCATGGCACTAATTTTCC
TGATTCACCCGAGCCAATTTATGGCACTCAATTTTTGCCACGAAAGTTCAAAATTGCAGTCACTGTGCCA
ACTGACAACTCAGTTGATATCTTAACCAATGATATTGGTCTCGTCGTAATATCTGATAGTAATGGGGAGC
CTCAGGGTTTTAATCTCTATGTTGGTGGAGGAATGGGAAGAGCGCATAGAACTGACACCACTTTTCCTCG
TTTGGCTGAGCCATTGGGTTATGTACCAAAAGAAGATATATTATATGCTATCAAAGCAATTGTCGTTACC
CAAAGAGAAAATGGAAGAAGAGATGACCGTAAATATAGCAGAATGAAGTATCTGATTAGTGCATGGGGAA
TTGAGAAATTCCGTGATGTTGTTGAGCAATATTATGGAAAGAAATTTGAGGCATTCCGTGAGTTACCTGA
ATGGGAGTTTAGGAGTTATCTAGGTTGGCATGAACAGGGCAGCGAGAAATTGTTCTGTGGCCTACACATT
GATAATGGTCGTCTTAAGGGCCAAGCAAAGAAGACTTTAAGAGAAATTATTGAAAAGCACAACCTGAGTG
TGAGAATCACCCCAAATCAAAACATGATTTTGTGTGACATTGATCCTTCCTGGAAAGAGTCTATCAATGC
AGCTCTTTCTCAAGTTGGTATTCTGGAACCTCAATACGTAGATCCTCTGAATATCACATCTATGGCATGT
CCTGCTCTGCCTCTATGTCCACTAGCAATTGCAGAAGCTGAGAGAGGGATACCTGATATTCTCAAAAGGG
TGCGAGCAGTTATTGATAAGGTAGGTATGGGGAAAGAAGAATCAGTGGTGATTAGGATAACTGGTTGTCC
TAATGGCTGTGCCAGACCTTACATGGCTGAGCTAGGGTTTGTTGGTGATGGCCCAAATAGCTACCAGATA
TGGCTTGGAGGAACACCTAACCAGAGTACACTAGCGAAGTGTTTTATGAATAAGGTGAAGATCCAAAAAT
TTGAGAGCGTTTTAGAACCGCTGTTCAATGACTGGAAAGTAAATCGCAAGACAGAAGAATCATTTGGTGA
ATTTACAAACCGAATTGGCTTTGAAAAGCTGCTTGAGGTTGTAGAGCAGTGGGATAGTTCTAAAAATTAA

Allium cepa var. aggregatum Ifs mRNA for lachrymatory factor synthase, complete
cds GenBank: AB094593.1

>AB094593.1:55-564 Allium cepa var. aggregatum 1fs mRNA for lachrymatory factor
synthase, complete cds

ATGGAGCTAAATCCTGGTGCACCTGCTGTAGTCGCTGATAGTGCTAACGGAGCTCGAAAATGGAGCGGCA
AAGTCCATGCTTTGCTTCCAAATACAAAGCCAGAGCAAGCATGGACACTACTAAAAGACTTTATTAACCT
TCACAAGGTCATGCCTTCGTTGTCAGTCTGTGAACTGGTAGAAGGTGAGGCCAATGTTGTTGGTTGTGTT
CGCTACGTTAAAGGTATAATGCACCCAATAGAAGAGGAATTTTGGGCCAAGGAGAAGCTGGTGGCGCTGG
ATAATAAGAACATGAGCTACAGTTATATTTTTACTGAGTGTTTTACAGGGTACGAGGATTACACGGCTAC
CATGCAAATAGTGGAGGGTCCTGAGCACAAGGGAAGTAGATTTGACTGGTCTTTTCAGTGCAAGTATATC
GAGGGTATGACTGAATCTGCATTCACCGAGATTCTGCAGCATTGGGCTACTGAGATAGGTCAGAAAATCG
AAGAGGTTTGCAGTGCTTGA
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Allium chinense Ifs mRNA for lachrymatory factor synthase, complete cds
GenBank: AB094592.1

>AB094592.1:54-563 Allium chinense 1fs mRNA for lachrymatory factor synthase,
complete cds

ATGGAGCAAAATTCTGGTACGCTTGCTGTAGTCACTGATGGTGCTAAAGGAGCTGCAAAATGGAGAGGCA
AAGTCCATGCTTTGCTTCCAAATACAAAACCAGAGCAAGCATGGACACTACTAAAAGACTTTATTAACCT
TCACAAGATCATGCCTTCGTTGTCAGTTTGTGAACTGGTTGAAGGCCAGGCCAATGTTGTTGGTTGTGTT
CGCCACGTTAAAGGTATAATGCACCCAATGGAAGAGGAATTTTGGGCCAAGGAGAAGCTGGTTGCACTGG
ATGATAAGAACATGAGCTGTAGTTATATTTTTGTTGAGTGTTTTACAGGGTACGAGGATTACACAGCTAC
CATGCAAATAGTGGAGGGATCTGAGCACAAGGGATGTAGATTTGACTGGTCTTTTCAGTGTAAGTATATC
GAGGGTATGACTGAATCTGCATTCACCGATGTTCTGCAGCATTGGGCTACTGAGATTGGTCAGAAAATTG
AAGAGATTTGCAATGCTTGA

Allium cepa Ifs mRNA for lachrymatory factor synthase, complete cds GenBank:
AB089203.1

>AB089203.1:53-562 Allium cepa 1fs mRNA for lachrymatory factor synthase, complete
cds

ATGGAGCTAAATCCTGGTGCACCTGCTGTAGTCGCTGATAGTGCTAACGGAGCTCGCGAAAATGGAGCGGCA
AAGTCCATGCTTTGCTTCCAAATACAAAGCCAGAGCAAGCATGGACACTACTAAAAGACTTTATTAACCT
TCACAAGGTCATGCCTTCGTTGTCAGTCTGTGAACTGGTAGAAGGTGAGGCCAATGTTGTTGGTTGTGTT
CGCTACGTTAAAGGTATAATGCACCCAATAGAAGAGGAATTTTGGGCCAAGGAGAAGCTGGTGGCGCTGG
ATAATAAGAACATGAGCTACAGTTATATTTTTACTGAGTGTTTTACAGGGTACGAGGATTACACGGCTAC
CATGCAAATAGTGGAGGGTCCTGAGCACAAGGGAAGTAGATTTGACTGGTCTTTTCAGTGCAAGTATATC
GAGGGTATGACTGAATCTGCATTCACCGAGATTCTGCAGCATTGGGCTACTGAGATAGGTCAGAAAATCG
AAGAGGTTTGCAGTGCTTGA

Allium cepa clone 4F10-155 lachrymatory-factor synthase (LFS) gene, complete
cds GenBank: JN798504.1

>JN798504.1:13357-13866 Allium cepa clone 4F10-155 lachrymatory-factor synthase
(LFS) gene, complete cds

ATGGAGCTAAATCCTGGTGCACCTGCTGTAGTCGCTGATAGTGCTAACGGAGCTCGAAAATGGAGCGGCA
AAGTCCATGCTTTGCTTCCAAATACAAAGCCAGAGCAAGCATGGACACTACTAAAAGACTTTATTAACCT
TCACAAGGACATGCCTTCGTTGTCAGTCTGTGAACTGGTAGAAGGTGAGGCCAATGTTGTTGGTTGTGTT
CGCTACGTTAAAGGTATAATGCACCCAATAGAAGAGGAATTTTGGGCCAAGGAGAAGCTGGTGGCGCTGG
ATAATAAGAACATGAGCTACAGTTATATTTTTACTGAGTGTTTTACAGGGTACGAGGATTACACGGCTAC
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CATGCAAATAGTGGAGGGTCCTGAGCACAAGGGAAGTAGATTTGACTGGTCTTTTCAGTGCAAGTATATC
GAGGGTATGACTGAATCTGCATTCACCGAGATTCTGCAGCATTGGGCTACTGAGATAGGTCAGAAAATCG
AAGAGGTTTGCAGTGCTTGA

Allium sativum mRNA, similar to onion lachrymatory factor synthase sequence

GenBank: AB164240.1
TGCTAAAGAAGCACCAAAATGGACTGGCAAAGTCTACGCATTGCTTCCAAATACAAAGGCAGAGCAAGCAT
GGACACTGCTAAAAGACTTTGTTAACCTTGACAAGGTCATGCCTTCATTGTCAGTTTGTGAATTGGTAGAA
GGTAAGGCCAATGTTGTCGGTTGTGTTCGCTTCGTTAAAGGCTTGATGCACCCAATGGAACAGGAATTTTG
GGCCAAGGAGAAGCTGGTGGCACTGGATGACATGACCATGAGCTACAGCTATATTTTTACTGAGTGTTTTA
CCGGGTACGAGGATTACACGGCTACCATGCAAATAGTCGATGGATGTGCGGACAAAGGATGTAGATTTGAC
TGGTCGTTTCAGTGCAAGAACGTTGAAGGTATGACTGCATCTGCGTTCGCCGATGTTCTGCAGCATTGGGC
TACTGAGATTGGTCAGAAAATTGAAGAGATTTGCAATGCTTGATCACAAGCATCGGTTCTGGTTGTGATGC
ATTGTGTGTTTCAAGTCACCGTCTTGTGATTTAATAATATGCATGTAATCTGTAAGCCTGGATGTTGTGTT
TTCAATAAAAAAGAAATTGCCTTGTGCAATGTTCTAATCCTAAATAAAAAAAA
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kkkkkkhkkk*k

kkkkhkkkhkkk

A
455
GTCAGCTGAG

GTCAGCTGAG
GTCAGCTGAG

kkkkkkhkkk*k

A
515
CAACCAAGGA

CAACCAAGGA
CAACCAAGGA

kkhkkkkkhkkkk*k

R R
575
AAATAAACTA

AAATAAACTA
AAATAAACTA

kkkkhkkkhkkk

A
635
CGGACGTGAG

CGGACGTGAG
CGGACGTGAG

kkkkkkhkkk*k

A
695
ACGAGGGTGA

ACGAGGGTGA
ACGAGGGTGA

kkhkkkkkhkkkk*k

R R
755
ATTCGCTTGA

ATTCGCTTGA
ATTCGCTTGA

kkkkhkkkhkkk

A
815
ATAAGGAGAA

ATAAGGAGAA
ATAAGGAGAA

kkkkkkhkkk*k

kkkkhkkkhkkk

A
465
AATATTAGCC

AATATTAGCC
AATATTAGCC

kkkkkkhkkk*k

A
525
CAGGCTAGAA

CAGGCTAGAA
CAGGCTAGAA

kkhkkkkkhkkkk*k

e
585
CTACCCAAAA

CTACCCAAAA
CTACCCAAAA

kkkkhkkkhkkk

A
645
TGCCTTATCG

TGCCTTATCG
TGCCTTATCG

kkkkkkhkkk*k

A
705
ATGGGTAACT

ATGGGTAACT
ATGGGTAACT

kkhkkkkkhkkkk*k

R R
765
AATTTTGAGT

AATTTTGAGT
AATTTTGAGT

kkkkhkkkhkkk

A
825
GGTGAGGATT

GGTGAGGATT
GGTGAGGATT

kkkkkkhkkk*k

kkkkhkkkhkkk

A
475
AGCAAAATGC

AGCAAAATGC
AGCAAAATGC

kkkkkkhkkk*k

A
535
CAAGAACTAA

CAAGAACTAA
CAAGAACTAA

kkhkkkkkhkkkk*k

e
595
TGCCCCCAGC

TGCCCCCAGC
TGCCCCCAGC

kkkkhkkkhkkk

A
655
TTCATACTGC

TTCATACTGC
TTCATACTGC

kkkkkkhkkk*k

A
715
GCGAAACTCG

GCGAAACTCG
GCGAAACTCG

kkhkkkkkhkkkk*k

R R
775
AATGGGATTT

AATGGGATTT
AATGGGATTT

kkkkhkkkhkkk

A
835
TCTTGGGCTG

TCTTGGGCTG
TCTTGGGCTG

kkkkkkhkkk*k



EF192598.1
EF192475.2
AY585678.1
Clustal Co

EF192598.1
EF192475.2
AY585678.1
Clustal Co

EF192598.1
EF192475.2
AY585678.1
Clustal Co

845

TGTTCTGTGA
TGTTCTGTGA
TGTTCTGTGA

kkkkhkkhkkk*k

A
905
ACGATGCGCC

ACGATGCGCC
ACGATGCGCC

kkhkkkkkhkkkk*k

A

965
TTAAAAAGAA
TTAAAAAGAA
TTAAAAAGAA

kkhkkkkkkkk*k

855

ACCGCCAAAG
ACCGCCAAAG
ACCGCCAAAG

kkkkhkkhkkk*k

A
915
CGCAAGGTAC

CGCAAGGTAC
CGCAAGGTAC

kkhkkkkkhkkkk*k

A

975
AG- TTGGAGA
AG- TTGGAGA
AGGTTGGAGA

%k kkhkkkkk*k

865

GATGCTGTTG
GATGCTGTTG
GATGCTGTTG

kkkkhkkhkkk*k

A
925
ACTCCTCGCA

ACTCCTCGCA
ACTCCTCGCA

kkhkkkkkhkkkk*k

A

985
TTTGGATGAC
TTTGGATGAC
TTTGGATGA-

*kkhkkkkhkkkk*k

875

TGCTTAAGCC
TGCTTAAGCC
TGCTTAAGCC

kkkkhkkhkkk*k

A
935
CGTTTGCACA

CGTTTGCACA
CGTTTGCACA

kkhkkkkkhkkkk*k

A

995
TCTGATGTTT
TCTGATGTTT

885

ATTGGATGAG
ATTGGATGAG
ATTGGATGAG

kkkkhkkhkkk*k

A
945
GCATCTGGAA

GCATCTGGAA
GCATCTGGAA

kkhkkkkkhkkkk*k

GA
GA

895

GTTGTGACAG
GTTGTGACAG
GTTGTGACAG

kkkkhkkhkhkk*

A
955
CGGAAGTTGT

CGGAAGTTGT
CGGAAGTTGT

kkhkkkkkhkkkk*k
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