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The culinary and medicinal attributes of Alliums are derived from the high levels 

of nonprotein sulfur compounds which they contain. When onion cells are disrupted, the 

vacuolar enzyme alliinase hydrolyses the cytoplasmic S-alk(en)yl cysteine sulfoxide 

flavour precursors to produce pyruvate, ammonia and the many volatile sulfur 

compounds associated with flavour and odour. cDNA clones of alliinase have been 

previously isolated by immunoscreening an onion cDNA expression library. 

In this thesis, a genomic library of A. cepa was constructed and screened using the 

alliinase cDNA clone as a probe. Positively hybridising clones were screened initially 

using aJIiinase specific primers. Sequencing of PCR products, intact lambda and plasmid 

clones was performed to determine the sequence of the clones. One of the clones 

isolated encoded the previously isolated cDNA clones, while another contained a number 

of nucleotide differences. Both clones contained four small introns within the coding 

region. The predicted proteins of each clone are very similar, but nucleotide differences 

within the upstream, downstream, intron and mRNA regions may influence gene 

expression. 

An aJIiinase promoter from one of the genomic clones was cloned adjacent to a p
glucuronidase gene to determine the promoter functionality. These constructs were used 

for Agrobacterium mediated transformation of tobacco, and microprojectile 

bombardment of onion mini-bulbs. In tobacco, the alliinase promoter was expressed to 

a limited extent in some vascular tissue. Expression in onion minibulbs, although only 

evaluated transiently, indicated that this is a functional monocotyledonous promoter, 

which may have many applications in the genetic manipulation of onions. The 

expression level of the alliinase promoter was approximately half that of CaMV 35S 

promoter suggesting that features of the mRNA and protein are mainly responsible for 

the high expression level of alliinase. 



Chapter 1. 

Let first the onion flourish there, 
Rose among roots, the maiden-fair, 
Wine-scented and poetic soul, 
Of the capacious salad bowl. 

To be a Gardner 
Robert Louis Stevenson (1850-1894) 

Allium cepa flavour biochemistry and the role of alliinase 
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The cultivation of Allium cepa (onion) and A. sativum (garlic) predates written 

history. Onions and garlic are poor sources of calories, protein, fat and carbohydates 

(Freeman 1979), and have been cultivated exclusively for their flavour and medicinal 

attributes. The prominence of garlic and onions as food and therapeutic agents over 

centuries of human use is due to the sulfur-containing compounds formed within their 

bulbs. 

Intact onions yield no flavour or aroma. When an onion cell is lysed, the enzyme 

alliinase (which is localised in the vacuole) is able to hydrolyse the S-alk(en)yl cysteine 

sulfoxide (ASCO) flavour precursors, present in the cytoplasm, to start a largely non 

enzymatic-cascade that results in the production of a wide range of sulfur compounds. 

It is these compounds which give Alliums their characteristic flavour and aroma. 

The basic biochemistry of this reaction was formulated 45 years ago with the work 

of Stoll and Seebeck (1951) who studied flavour production in A. sativum. They 

deduced that the flavour precursor alliin (2-propenyl-L-cysteine sulphoxide (2-PECSO» 

was converted by the enzyme alliinase to produce allicin, the major flavour product in 

garlic. Since then, the biochemistry before, during, and after this reaction has been 

extensively investigated in both A. cepa and A. sativum. 

This section will describe the sulfur biochemistry of flavour production in onions, 
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emphasising the role of alliinase. Despite some important differences, the biochemistry 

of A. cepa and A. sativum is essentially the same and an understanding of A. cepa flavour 

biochemistry requires reference to and comparison with that of A. sativum. 

taxonomy and gelletJIC structure of A. cepa 

The common onion A. cepa, a herbaceous biennial, is one of the worlds oldest 

cultivated plants, probably originating in southwestern Asia. The original wild form is 

no longer in existence (Dowker 1990). Alliums have been classified in several different 

taxonomic families, but the most recent analysis (Dahlgren et al. 1985) has placed them 

into the family Alliaceae in the following taxonomic heirachy: 

Class Monocotyledones 

Superorder Lilijlorae 

Order Asparagales 

Family Alliaceae 

Tribe AlUeae 

Genus Allium 

Although there are more than 600 different species of Allium, relatively few are 

commercially important edible crops. In addition to A. cepa and A. sativum these 

include A. porrum (leek), A. schoenoprasum (chive), A. ascalonicum (shallot), A. 

Jistulosum (Japanese bunching onion), A. chinense (Rakkyo), A. ampeloprasum 

(ransoms), A. victorialis (caucas) and A. tuberosum (Chinese chives). Within these 

cultivated Alliums, RFLP analysis of chloroplast DNA suggests that A. cepa is 

taxonomically distant fromA. sativum, with a number of other Allium species including 

A. Jistulosum more closely related to A. cepa (Havey 1992a, b). RAPD analysis has 

recently been applied to Allium species revealing that the wild A. roylei is the most 

closely related species to A. cepa (Wilkie et al. 1993). 
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A. cepa is a diploid species (2n 16), containing 32 pg of DNA per genome 

equivalent which is equal to 1.55 x 1010 bp per single chromosome set (Arumuganathan 

& Earle 1991). A. cepa has the lowest GC content of any angiosperm (-35%), and 

36.3% of the cytosines are methylated (Matassi et al. 1992). Unlike A. sativum, A. cepa 

contains no satellite DNA (Stack & Comings 1978). At least 30% of the Allium 

genome is repetitive, with these repeated sequences interspersed with sequences of lower 

repetition (Evans et al. 1983). 

The chloroplast DNA of A. cepa i..:; 155 kb in size. It contains two inverted repeats 

of 26 kb each that divide the genome into 16 kb and 86 kb single copy regions. This 

structure and the gene order on the chloroplast DNA are similar to that seen in most 

angiosperms (Katayama et al. 1991). 

The molecular characterisation of nuclear genes from Allium species has been 

limited to the isolation of a few cDNA clones. cDNA clones encoding mannose-binding 

lectins (Van Damme et al. 1992a) and chitinases (Van Damme et al. 1993) have been 

isolated from A. sativum. Both appear to be encoded by small gene families. cDNA 

clones of two isoforms of Dnal proteins have been isolated from A. porrum (Bessoule 

et ai. 1994). As will be discussed later, cDNA clones of alliinase have been isolated 

from A. cepa, A. sativum and A. ascalonicurn. 

1.1.2 Agricultural and economic importance of onions 

Members of the Allium genus are one of the few truly universal vegetables grown 

and used worldwide. Onions rank fourth world wide, for area grown and volume (Dore 

& Marie 1993). World production of onions and garlic was estimated at 30 and 7.6 

million tonnes respectively in 1993 (FAO 1994). 

In 1994, onions became New Zealands third largest horticultural export crop, 

behind apples and kiwifruit, with 85% of the onions grown in New Zealand exported. 

New Zealand is the worlds tenth largest onion exporter by volume. The large increases 
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in the quantity of onions exported recently (Table 1.1) can be attributed to improvements 

in bulb quality, active market diversification (with Europe now New Zealands biggest 

market), and the world shortage in 1994. This increased export of bulbs has been 

supported by increased production, particularly in the Waikato and Canterbury regions, 

and improvements in yield per hectare (Dunbier 1995). 

Year (l Jan -31 Dec) Quantity (tonnes) FOB million $NZ 

1988 61814 25.6 

1989 46695 20.9 

1990 71 155 38.5 

1991 56020 29.4 

1992 85073 40.6 

1993 91977 50.6 

1994 135948 81.0 

Table 1.1 New Zealand fresh onion exports 1988-1994. (FOB= Free 

on Board). Source: Statistics NZ 1995 

Imports of onions totalled $2.65 million in 1994, comprising 1,099 t of fresh 

onions ($0.9 M), 362 t of dried onions ($1.5 M) and 72 t of preserved onions ($0.24 M) 

(Statistics NZ 1995). 

Almost 90% of NZ onions are grown in the warmer AucklandlWaikato region 

with selections of the pungent long-keeping cultivars, Pukekohe Longkeeper and Early 

Longkeeper, predominantly grown. Approximately 2 000 t of the onions grown in NZ 

are processed into either frozen rings, dried onions or mixtures (Statistics NZ 1995). 

Onions, for both domestic consumption and export, offer considerable opportunity 

for improvement. The colour, bulb-shape, pungency, flavour, quality, and storage

capacity all need to be optimised for different markets. In particular, the development 

of milder, long-storing onions would have immediate potential (Dunbier 1995). 
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1.1.3 Theurapeutic benefits of Alliums 

Onions and garlic have been used for thousands of years as a folk medicine. The 

Codex Ebers, an ancient Egyptian medical papyrus dated 1555 Be, included garlic in 

22 of its medicinal preparations for the treatment of heart problems, headaches, bites, 

worms and tumors (Block 1986, Bellamy & Pfister 1992). 

Since the time of the ancient Egyptians, garlic and onions have been used for the 

treatment of amoebic dysentry, animal bites, asthma, baldness, birthmarks, bums, 

cardiovascular disorders, cancer, chest colds, chicken pox, cholera, common cold, 

cyanide poisoning, dermatitis, diabetes, diptheria, dysentry, earaches, flatulence, 

haemorroids, headaches, high blood pressure, indigestion, influenza, insect stings, 

intestinal diseases, laryngitis, leprosy, measles, pneumonia, powder bums, respiratory 

ailments, rheumatism, tuberculosis and typhus (Stoll & Seebeck 1951, Block 1986, 

1992, 1994, Anon. 1990, Miitsch-Eckneret al. 1992). Onions even gained official 

recognition from the British government during World War I, as a public appeal was 

made in order to supply enough onions to the front for use as an antiseptic in the 

treatment of festering wounds and the prevention of gangrene (Block 1986, Bellamy & 

Pfister 1992). 

An increasing number of these therapeutic claims have being scientifically 

investigated both through the isolation of active compounds from Alliums, and through 

epidemiological studies. In all cases, it is the sulfur derived compounds of Alliums which 

have been shown to be the active agents (Horie et al. 1992, Block 1992, 1994, Weber 

et al. 1992, Kawakishi & Morimitsu 1994). 
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1.1.4 Flavour biochemistry of Alliums 

1.1.4.1 Sulphur composition of intact onions 

Non-protein sulfur amino acids comprise 1 to 5 % of the dry weight of A. cepa 

(Block 1992). These sulfur compounds can be divided into the S-alk(en)yl cysteine 

sulfoxides (ACSOs), y-glutamyl peptides, S-substituted cysteines and cycloalliin. 

Quantitative profiling of the endogenous levels of these compounds is important for the 

control of flavour in Alliums, and the standardisation of Allium raw materials for use in 

medicinal preparations (Thomas & Parkin 1994). 

1.1.4.1.1 S-alk(en)yl cysteine sulfoxides flavour precursors 

The S-alk(en)yl cysteine sulfoxides (ACSOs), when hydrolysed by the enzyme 

alliinase, give rise to the flavour and pungency of onions. In Allium species four 

different ACSOs have been found. These are: 

1. (+ )-S-methyl-L-cysteine sulfoxide (MCSO) 
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(+ )-S-propyl-L-cysteine sulfoxide (PCSO) 

I 
HOOC 

3. trans-( + )-S-( l-propenyl)-L-cysteine sulfoxide (l-PECSO) 

CH CH 
~3 

2 

4. (+ )-S-(2-propenyl)-L-cysteine sulfoxide (2-PECSO, also referred to as alliin). 

H 

I 
CH2 C~ CH 

C/~S/~/ 2 

I I CH 

HOOC 0 

It is the quantitative and qualitative differences in these four ACSOs which give 

each Allium their characteristic flavour. For example, the characteristic flavour and 

lachrimatory effect of A. cepa is due to the high proportion of I-PECSO it contains, 

while the flavour of A. sativum is due to its high 2-PECSO content (Lancaster & Boland 



9 

1990). 

Despite more than 30 years of anlaysis, conflicting reports on the levels of ACSOs 

in different Alliums are still being published (Thomas & Parkin 1994, Randle et al. 

1995). This is probably due both to the large influence that cultivar and environmental 

conditions have on ACSOs and also to differences in methods of analysis (Lancaster & 

Boland 1990). 

Randle et al. (1995) investigated the influence of sulfur fertility on the levels of 

ACSOs in three onion cultivars. Their results (Table 1.2) indicate that as the levels of 

sulfur in the soil increases both the level and ratio of ACSOs changes. At low sulfur 

fertility MCSO was the dominant ACSO, accumulating even at the expense of onion 

growth. As sulfur fertility increased, 1-PECSO became the dominant ACSO. The 

ACSO ratios varied significantly between cultivars. Interestingly at low sulfur fertility, 

95% of bulb sulfur was chanelled into the flavour pathway, but at high sulfur fertility this 

dropped to only 40%, suggesting significant use of sulfur in other pathways. 

mS 

0.1 

0,48 

0.85 

1.6 

3.1 

Ratio of ACSOs Ratio of flavour compounds 

I-PECSO MCSO PCSO ACSOs yGIPECSO 2-CARB 

Table 1.2 Relative amounts of flavour precursors present in onion 

cultivars 'Savannah Sweet' (SS) and 'Southport White Globe' (SWG) 

at five different sulfur fertility levels. Based on Randle et al. (1995). 

mS= meq S per litre of nutrient solution. yG 1PECSO = y-glutarnyl 

I-PECSO, 2-CARB = 2-carboxypropyl glutathione, ACSO, 1-

PECSO, MCSO and PCSO as per text. 
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Other environmental influences such as inigation, temperature, relative humidity, 

sunlight hours, nitrogen nutrition and storage conditions also affect both the levels and 

relative ratios of the ACSOs (Randle & Bussard 1993, Vavrina & Smittle 1993, Block 

1994). 

The developmental stage of the tissue also affects the flavour precursor content. 

Younger leaves produce more flavour precursors than older leaves (Lancaster et ai. 

1986). During bulbing, there is an increase in the ACSO level which gradually decreases 

as the bulb matures (Lancaster et al. 1984). There is also a flavour gradient within 

bulbs, with flavour increasing from the outermost scales to the innermost (Freeman 

1979). 

MCSO appears to be regulated differently to the other ACSOs with developmental 

and environmental regulation demonstrated. Lancaster et ai. (1988) found that 

undifferentiated white garlic callus contained only MCSO. Development of white roots 

led to low level expression of all the ACSOs, but optimal expression required the 

formation of chloroplasts. Plants grown in darkness also had increased levels of MCSO 

(McCallion & Lancaster 1984). 

The ACSOs are found in the cytoplasm of onion cells, physically seperated from 

alliinase (Lancaster & Collin 1981). Analysis of I-PECSO suggests that it is associated 

with the endoplasmic reticulum (Edwards et ai. 1994). 

1.1.4.1.2 y-Glutamyl peptides, cyc10alliin and the S-substituted cysteines 

Twenty four y -glutamyl peptides, 18 of which contain sulphur, have been isolated 

fromAllium species (Lancaster & Boland 1990). y-Glutamyl-trans-(+)-S-(1-propenyl)

cysteine sulfoxide is the major peptide component in onions (130 mg/lOO g fw (Carson 

1987», representing approximately 50% of the potential flavour and odor precursors 

(Whitaker 1976). The presence of large quantities of y-glutamyl peptides in dormant 
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bulbs and seeds suggests that these peptides may function as storage sources of nitrogen 

and sulfur for use in sprouting or germination. y-Glutamyl peptides may also have a role 

in the transport of amino acids across cell membranes. 

Up to 30% of the total sulfur in a dormant onion bulb is in the form of cycloalliin 

(3-methyl-1,4-thiazane-5-carboxylic acid S-oxide) (Whitaker 1976) which is inert to 

onion enzymes (Schwimmer & Mazelis 1963). Cycloalliin can be produced as a 

degradation product of 1-PECSO after heating in alkaline conditions (Ueda et al. 1994). 

Low levels of S-2-carboxy propyl cysteine, S-methyl and S-propenyl cysteine have also 

been detected in onion tissue. 

Neither cycloalliin nor any of the y-glutamyl peptides are capable of being 

converted to flavour compounds in crushed onion, although they may contribute to 

flavour on cooking, due to thermal decomposition (Carson 1987). 

1.1.4.2 Biosynthesis oj sulfur compounds in onions 

Sulfur is taken up from the soil by the roots as sulfate (SO/) which is reduced, 

usually in the chloroplasts, to sulfide. The enzyme cysteine synthase then catalyses the 

formation of cysteine from sulfide and O-acetylserine in either the chloroplast or 

cytoplasm (Saito et al. 1994). The exact mechanism of this process is still poorly 

understood (Schmidt & Jager 1992). Cysteine is the principal starting metabolite for 

the synthesis of methionine, glutathione and protein derivatives. In most plants, 90% of 

the elemental sulfur is in the form of cysteine and methionine which are then 

incorporated into proteins (Giovanelli et aI. 1980). In AlliuTns, however, most of the 

sulfur is in the form of the non-protein amino acid derivatives described in the previous 

section. Through a series of pulse chase experiments using 35S labelled sulfate, 

Lancaster and Shaw (1988) deduced a biosynthetic pathway for these y-glutamyl 

peptides and ACSOs in onions (Figure 1.1). 
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Figure 1.1 Proposed biosynthetic pathyway of the flavour precursors 
of Allium species 

Adapted from Block (1992). 
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The biosynthesis of2-PECSO inA. sativum may occur through different pathways 

(see box in figure 1.1) which, as yet, have not been clearly deduced (Block 1992, 

Ohsumi et al. 1993). 

Although almost all of the compounds involved have been isolated from Allium 

species, (Lancaster & Boland 1990) few of the enzymes involved have been studied. 

Ohsumiet al. (1993) have demonstrated the presence inA. sativum of an S-alk(en)yl-L

cysteine specific oxidase that could oxidise the 2-propenyl-L-cysteine and the y

glutamyl-ACSOs. 

Lancaster and Shaw (1994) recently purified y -glutamyl transpeptidase (EC 

2.3.2.2) from onions. y-Glutamyl transpeptidase in onions is a glycosylated 

monopeptide with a Mr of 56 700 Da and it possesses pH dependent transferase and 

hydrolase activities in vitro. 

Above pH 6.0 the transferase activity is dominant displacing the amino acid of the 

y-glutamyl peptide with another as illustrated by the following reaction. 

y-glutamyl-ACSO" amino acid ..... yaglutamyl-amino acid ACSO 

At the cellular pH of onion cells (pH 5.5-6.0), hydrolysis of the y-glutamyl 

substrates is the predominant reaction. This glutaminase activity is illustrated by the 

reaction: 

ymglutamyl-ACSO H20 ..... ACSO .. glutamate 

y-Glutamyl transpeptidase activity in onions differs with both the developmental 

stage and the tissue sampled (Figure 1.2, Lancaster & Shaw 1994). 



y -Glutamyl transpeptidase activity in A. cepa 

Legend 

• Green leaf 

Leaf base 
80 Bulb 

Root 
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Seedling Spring onion Bulbing onion Stored onion Sprouted onion 

Developmental Stage 

Figure 1.2. y-Glutamyl transpeptidase (GGT) activity detec ted in A. cepa 

tissu at different developmental stages. Adapted from Lancaster & Shaw 

(1994). 
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Ceci & Curzio (1992) found httl y-glutamyltranspeptidase activity during !.he fIr t 90 

days of storage of garlic bulbs. During the second 90 days of storage there was an increase 

in the activity of y-gluta.myl tran p ptidase and Havour inten ity, as y-glutamyl 

transpeptidase began mobilising the y-glLltan1yl peptide pool, releasing the ACSO . In the 

final 90 days of storage a shoots began emerging, there was a continued increase in y

glutamyl Lranspeptidase activity and generaJ metabolic activity with a concurrent decreas m 

primary sulfur compounds and flavour intensity. 
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y -Glutamyl transpeptidase is clearly a key enzyme in Allium flavour production. 

Maximum hydrolysis of the y-glutamyl peptides by y-glutamyl transpeptidase occurs in 

actively growing tissue as the onion utilises the ACSOs for growth and accumulates 

them as a defensive mechanism. This activity is absent in dormant onion bulbs but 

reappears as the bulbs metabolic activity increases during the production of shoots. 

1.1.4.3 Compounds produced after cell lysis 

The products of the reaction between alliinase and the flavour precursors are the 

highly reactive sulfenic acids and/or sulfines which, through condensation, form 

thiosulfmates. These thiosulfinates participate in a cascade of nonenzymic (and possibly 

enzymic) rearrangements to produce a wide range of organosulfur compounds (Figure 

1.3, Lancaster & Boland 1990). The actual compounds produced depend not only on 

the ACSO flavour precursors, but also on the conditions during and after lysis. Over 80 

different volatiles have been reported in freshly cut and steam-distilled extracts of 

Alliums (Lancaster & Boland 1990). 

Due to the dominance of 1-PESCO, often only 5-7 % of the ACSOs present in 

onions are detected in the thiosulfinates produced. The major product from 1-PESCO 

is the lachrimatory factor, thiopropanal-S-oxide, which is either lost as a volatile or 

transformed into a cyclic structure (zwiebelane) or an a-sulfinyl disulfide (cepaene) 

(Figure 1.3, Kawakishi & Morimitsu 1994). 

Thiopropanal S-oxide is a 19:1 mixture of the (Z)- and (E)- isomers. A detailed 

discussion of the biochemistry of thiopropanal S-oxide is presented by Block (1992). 

The exact mechanism for the lachrimatory factor triggering crying is unknown, but it is 

suggested that lachrimators (such as tear gas) undergo rapid reduction by NADPH 

following reception in nerve cell membranes triggering the tear ducts. 
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Figure 1.3 Volatile sulfur compounds formed in A. cepa following 
cleavage of alk(en)yl cysteine sulfoxides (ACSOs) by alliinase 

(1) ACSO 
(2) S-alk(en)yl sulfenic acid 
(3) thiopropanal S-oxide 
(4) thiosulfinate 
(5) monosulfide 
(6) disulfide 
(7) thiosulfinate 
(8) dimethyl thiophene 
(9) trisulfide 
(10) pyruvate 
(11) prop anal 

Reproduced with permission from Lancaster & Boland (1990). 
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1.1.4.4 Alliinase 

The official specific name for the enzyme alliinase is alliin alkyl-sulfenate-lyase (EC 

4.4.1.4). As has been noted by Whitaker (1976), this naming is more historical than 

strictly accurate with the enzyme acting on more substrates than just alliin. This enzyme 

is also known as alliin lyase, S-alk(en)yl-L-cysteine sulfoxide lyase, cysteine sulfoxide 

lyase and C-S lyase. 

Alliinase is one of the major proteins (along with the smaller lectins (Van Damme 

et ai. 1992b» found in Allium bulbs comprising up to 6% of the total soluble protein in 

an A. cepa bulb (Nock & Mazelis 1987). 

Alliinase catalyses the release of the S-alk(en)yl sulfoxide group from the ACSO 

substrate. The reaction mechanism is via a pyridoxal phosphate - Schiff base derivative 

which then undergoes beta elimination (Figure 1.4, Jansen et ai. 1989b). The products 

of this reaction, a-iminopropionic acid and the sulfenic acid, are both chemically 

unstable. a-iminopropionic acid spontaneously hydrolyses to pyruvate and ammonia, 

whilst the reactive sulfenic acid can combine with a range of coreactants, often another 

sulfenic acid, to result in a wide range of thiosulfinate derivatives (Figures 1.3, 1.4). 

Alliinase was first isolated from garlic in 1947 by Stoll and Seebeck (1951). 

Because of difficulties in purification, particularly solubility problems, consensus on the 

biochemical properties of alliinases from A. cepa and A. sativum has been slow to 

emerge (Table 1.3). Extraction requires a polyalcohol cosolvent and with A. sativum, 

the presence of 10 11M pyridoxal phosphate in the buffers. 

The A. cepa and A. sativum alliinases appear to be comprised of subunits of 

approximately 50 000 Da. The onion alliinase is probably a dimer, while the garlic 

enzyme may be a trimer. Both enzymes are glycosylated, although they seem to differ 

in carbohydrate composition. The degree of homology of alliinases from garlic, onion 

and leek has been compared by the immunological cross-reaction of native and 

deglycosylated alliinases with a range of alliinase polyc1onal antibodies (Ro & Mazelis 
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Onion alliinase Garlic alliinase 

% of total soluble proteins 6%a 12% 

MW Native (kDA) 150b 140c 200a 108d 130e 144c 85" 90f 

MW subunit (kDA) SDS 50 53 50 54 65 47- 42 52 
PAGE 51 

MW glycosylated subunit 54 56 49 50 

Subunits 3 3 4 2 3 3 2 2 

pH optimum pH 85a
, 85-8.8g pH 5.8, 6.y,d, (4.5-5.0 & 7.0)h 

Isoelectric point pH 8.0a pH 7.0a
, 6.35f

, 4.9d 

% Carbohydrate 4.6a,5.8b 5.5a,6.0f 

Arabinose 1 9 

Xylose 1 5 

Mannose 78 43 

Galactose 10 8 

Glucose 10 34 

Substrate specificityi Relative Affinity Relative Affinity 

MCSO 5 5 

peso 2 1 

I-PECSO 1 not determined 

2-PECSO not determined 2 

S-ethyl CSO 3 1.5-2 

Table 1.3 Experimentally determined properties of the alliinases from A. cepa and A. 
sativum. a (Nock & Mazelis 1987), b (Tobkin & Mazelis 1979), c (Lancaster & Boland 
1990), d (Jansen et al. 1989a), e (Kazaryan & Goryachenkova 1978)/ (Rabinkov et al. 
1994), g (Schwimmer & Mazelis 1963)~ (Lawson & Hughes 1992), 1 is maximum 
affinity, based on data from a,d,e. 
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1993). This was a more sensitive ELISA technique than previously published negative 

results (Nock & Mazelis 1989) and it was found that native garlic and onion enzymes 

do have some structural homology, but garlic and leek are more related in primary 

peptide sequence. 

Pyridoxal phosphate has been demonstrated as an essential co-factor which also 

gives alliinase a characteristic absorption peak at 420 nm Pyridoxal phosphate inhibitors 

such as sodium cyanide, aminooxyacetate and aminooxypropironate all inhibit the 

activity of alliina'iC (Lancaster & Boland 1990). Empirical measurements predict one 

very tightly bound pyridoxal phosphate per subunit (Tobkin & Mazelis 1979). 

The substrate specificity of alliinase has been investigated by a number of 

researchers (Table 1.3). Examination of the Michaelis constants (~ values) of the 

alliinases with a variety of substrates suggests that the alliinases of A. cepa and A. 

sativum are similar, with alliinase having a lower affinity to MCSO than the other 

substrates. In conjunction with a number of inhibitor studies (Schwimmer et al. 1964, 

Jansen et al. 1989b) it appeared that the alliinase substrate must have an alphatic 

substituent on the sulfur of the L-cysteine sulfoxide and the amino group must be 

unsubstituted (Carson 1987). On the basis of rotenone inhibition studies, Jansen et al. 

(1989b) proposed that there is a flavine-co-enzyme associated with alliinase, although 

an obvious role for it in alliinase hydrolysis of ACSOs could not be postulated. 

It was generally reported that freezing onion tissue inactivated alliinase 

(Schwimmer & Guadagni 1968, Whitaker 1976). Willer et al. (1994) demonstrated 

that alliinase was not denatured by freezing per se but by cellular processes occuring 

during slow freezing and thawing of onion tissue. Onion tissue when frozen in liquid Nz, 

stored at -80 a C, homogenised in liquid N2 and thawed in a high-salt buffer containing 

ethylene glycol, retained alliinase activity. It was suggested that disruption of the cellular 

environment and localised changes in pH and ionic strength during freezing were 

responsible for inactivation of alliinase. Cell proteases were not thought to be involved. 
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1.1.4.4.1 Phylogenetic and cellular distribution of alliinase 

Alliinases are most likely present in all members of the Allium genus. In addition 

to A. cepa and A. sativum, alliinase has been isolated from A. porrum and A. fistulosum 

(Fujita et al. 1990). Although generally less specific in their substrate specificities, alliin 

lyases have also been purified from bacteria (Jacobsen et al. 1968, Kamitani et al. 1990), 

mushrooms (Iwami & Yasumoto 1980), ornamental shrubs (Schwimmer & Kjaer 1960) 

and a variety of bras sic as (Hall & Smith 1983, Ho & Mazelis 1993). 

Rabinkov et al. (1994) found that the specific activity of alliinase increases from 

the leaves to the bulb. Total activity was ten times higher in the bulb than the leaves. 

Very high lyase activity was found in the roots, but there was no immunological cross 

reaction with alliinase, suggesting the presence of a distinct alliin lyase. Lancaster and 

Co llins (1981) used cell fractionation studies of protoplasts from onion bulbs to 

demonstrate that alliinase is compartmentalized in the vacuole. Ellmore and Feldberg 

(1994) used general histology and enzyme-specific antibodies to determine the 

distnbution of alliinase within the garlic clove. Sections stained with aniline blue-black 

to detect general protein revealed dense deposits within the parenchymatous bundle 

sheaths, especially around the phloem. Autofluorescence under blue light, presumably 

due to the pyridoxal-Sf-phosphate cofactor, was only visible in bundle sheath cells. 

Together with an alliinase activity stain and immunocytochemical staining with a 

polyclonal antibody, it was found that alliinase was concentrated in bundle sheath cells, 

usually one layer thick, scattered amongst more numerous storage mesophy I cells. High 

levels in bundle sheaths place the enzyme near the phloem where it, or related products, 

can be rapidly translocated during development (Ellmore & Feldberg 1994). 

Similar green autofluorescence has been observed in the vacoules of onion guard 

cells where it was attributed to flavoproteins. Ellmore and Feldberg (1994) suggested 

that the autofluorescence may have been caused by the presence of the alliinase cofactor 

pyridoxal-Sf-phosphate. The presence in onion guard cells of alliinase would ideally 

situate it as a defense mechanism to retard the entry of microbial pathogens through the 

stomata. 
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1.1.4.4.2 cDNA clones of alliinase 

Using different approaches, cDNA clones of alliinase have been independently 

isolated by three separate research groups (Table 1.4). 

Clark (1993) used rabbit antibodies raised to the purified alliinase protein and 

immunoscreened an onion cDNA library constructed with mRNA from sprouting A. 

cepa bulb shoots. The cDNA clones isolated differed slightly in the 3' untranslated 

region (3 'UTR). Van Damme et at. (1992b) designed a degenerate oligonucleotide 

probe spanning amino acids 1-7 from the N-terminal protein sequence of alliinase. This 

probe was used to screen a cDNA library constructed with mRNA isolated from young 

garlic bulbs and shoots. Both the leaf and bulb cDNA libraries yielded identical cDNA 

sequences. The garlic alliinase was used as a probe to isolate alliinase clones from A. 

cepa and A. ascalonicum cDNA libraries. 0.5-1 % of the colonies in each library 

contained alliinase sequences, suggesting the accumulation of high levels of alliinase 

mRNA in these tissues. Rabinkov et al. (1994) sequenced a total of 76 amino acids (aa) 

of alliinase enzyme. Based on a 6-aa sequence near the N-terminal end, mixed 

oligonucleotide primers were synthesised which, together with oligo d(T)3o, were used 

in a RT -PCR reaction on RNA from garlic leaves. This generated a 450 bp PCR 

product which was cloned into a plasmid vector, sequenced and then used as a probe to 

isolate clones from cDNA libraries. One partial clone and one full length clone were 

isolated, the latter showing some sequence divergence in the 3' region. 

Southern hybridisation of A. cepa genomic DNA with a full length alliinase cDNA 

probe suggested that alliinase was encoded by a small gene family of three or four 

closely related members (Clark 1993). Reprobing with the 3' UTR of this alliinase 

cDNA clone revealed strong hybridisation to only a single band. 

The alliinase cDNA clones hybridise to a single band of the same size in northern 

analysis of garlic, onion and shallot RNA (Van Damme et al. 1992b). This single band 

is probably about 1.7 to 1.8 kb (Clark 1993, Rabinkov et al. 1994) (Van Damme et al. 



(1992b) may have over-estimated the of this fragment since the distance between 

the 1.77 and 2.0 kb markers on their published gel was half the size of the hybridised 

band!), which is consistent with the cDNA sequence data. This single band has been 

detected in tissue grown in light and darkness and at all stages within the first 14 days 

after seedling germination (Clark 1993). Northern analysis performed by Rabinkov et 

ai. (1994) detected this alliinase transcript in garlic shoot, leaf and bulb tissue, but not 

in the roots. Strong alliinase activity in the roots, however, suggested that the root 

tissue expressed a distinct alliinase isozyme with very low homology to the bulb enzyme 

(Rabinov et al. 1994). 

The garlic alliinase cDNA has been expressed in Xenopus oocytes (Rabinkov et 

ai. 1994) producing polypeptides that were immunologically recognised by alliinase 

antibodies. The protein size of approximately 50 kDA wa<; comparable with previous 

observations of deglycosylated alliinase (Table 1.3). 

The combined evidence of these three groups and the high degree of similarity in 

the alliinase sequences (Table 1.4) provides convincing evidence that these sequences 

are the cDNA of the alliinase enzyme. 



Onion (Clark 1993) Onion (Van Damrne Garlic (Van Damrne Garlic (Rabinovet al. Shallot (Van Damrne 
et al. 1992b) et al. 1992b) 1994) et al. 1992b) 

Source ofmRNA young bulb shoots young shoots young shoots & bulb mature bulbs young shoots 

Method of imrnunoscreening garlic alliinase cDNA oligonucleotide probe mixed garlic alliinase cDNA 
identification probe oligonucleotide PCR probe 

Longest cDNA bp 1 75711 740 1587 1926 1705 1488 (missing 5') 

Longest ORF bp 1437 1437 1458 1419 > 1343 

aaORF 479 479 486 473 >447 

Protein Daa 54891 54845 55644 54189 > 51267 

Signal peptide aa 34 34 38 25 2 

Mature protein Da 51135 51 117 51457 51420 51068 

Mature protein aa 445 445 448 448 445 

Northern bp -1 700 -2200 -2200 -1800 -2200 

Glycosylation sitesb 53,180,225,362 same as Clark same as Clark same as Clark same as Clark 

Pyridoxal phosphate 271,285,377,440 same as Clark 271,285,440 271,285,440 same as Clark 
sitesb 

Isoelectric point 8.18 8.20 7.94 7.93 8.33 

Table 1.4 Alliinase cDNA clones isolated. "These protein size predictions have been recalculated based on published cDNA sequences 
to account for the differences in rounding used by the different authors. bpositions indicated are relative to those observed in the onion 
cDNA of Clark (1993). 
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1.2 Plant gene expression - the relationship of DNA sequence 

to gene regulation 
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Plant gene expression involves a number of highly regulated and complex 

processes which can all be influenced by a multitude of factors to bring about the correct 

spatial and temporal occurence of the protein products. 

Figure 1.5 illustrates some of the processes involved in turning the information 

present at the DNA level into a functional protein and some of the potential points of 

regulation. These include DNA sequence, DNA methylation, transcription, post

transcriptional processing, mRNA transport, mRNA stability, mRNA packaging into 

ribonucleo-protein particles, pre-, co- and post-translational modifications, translation, 

protein structure, assembly, and targeting (Okamuro & Goldberg 1989). 

With a complete knowledge of the processes in a cell one could predict, based on 

the sequence information of a gene, what the expression would be. It is the information 

in the DNA which determines what interactions a gene and its product will have with 

other cellular components and therefore its expression. Our understanding of gene 

expression is, however, highly fragmented and predictions such as those suggested above 

are not practical. 

The large number of genes isolated and analysed has allowed a number of 

potentially important gene sequences to be identified. These have been elucidated 

through detailed comparison of DNA sequences to identify conserved regions. The 

binding of nuclear protein extracts to DNA sequences has been used to determine 

regions which may have an important role. The development of plant transformation 

techniques has allowed the effect of in vitro mutation of a gene to be studied in plant 

cells. 
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The combined results of many such studies has enabled the basic structure of plant 

genes to be identified. The regulatory effect on gene expression in at least the organism 

studied has been elucidated for many DNA sequences. Wide variations in sequences 

which fulfill the same role have been observed and the sequences also tended to be 

biased towards highly expressed genes from a few species (Gallie 1993). 

The aim of this section is to outline the general process of gene expression in 

plants, emphasising the regions of DNA sequence which are thought to be important. 

1.2.1 Transcriptional Control 

Every cell contains the same genetic information. Control of which genes will be 

expressed at what developmental time and under which conditions is primarily controlled 

at the level of transcription. A number of DNA sequences, mainly upstream of the 

transcription start point, have been identified in the regulation of transcription. 

1.2.1.1 TATABox 

The most common regulatory sequence in almost all genes is the eight base pair 

T AT A box. In plants, this AT rich region is found 20 to 66 bp from the transcription 

start site (Joshi 1987a). The initiation of transcription is thought to begin with the 

binding of the TBP (TAT A-box binding protein) and the TFIID (transcription factor II 

D) proteins to the TATA box. Kim et ai. (1993) recently crystallised the TBP protein 

from Arabidopsis showing that it interacts with the minor groove of the TAT A box 

causing dramatic changes in the conformation of the double helix including its partial 

unwinding. RNA polymerase II and a number of other transcription factors are then 

assembled to form a transcription initiation complex (Kuhlemeier 1992). Such a large 

complex offers many opportunities for regulation, the primary one being the sequence 

of the TATA box and the surrounding DNA. 

TAT A boxes are conserved III both sequence and the distance from the 
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transcription start. Joshi (1987a) determined the consensus sequence for the TATA box 

and flanking regions in plants to be TCAT1A2TAT5ATA8G. Point mutation analysis by 

Mukumoto et al. (1993) in Arabidopsis showed that TATAAATA and TATATAAA 

were recognised by the TBP protein as efficiently as the consensus sequence. 

Transversions to Cor G of the nts which form the minor groove of the DNA helix (nt 

severely reduced the efficiency of transcription. 

1.2.1.2 Enhancer elements 

One of the biggest areas of current research is the identification of cis elements, 

usually upstream of the T AT A box, which are able to influence gene expression (Hart 

et al. 1993, Dolferus et al. 1994, Fisscher et al. 1994). Most have been identified 

through in vitro gel retardation and footprinting assays with nuclear extracts, or through 

transformation experiments with mutated or deleted promoters. 

These upstream cis-acting elements are thought to bind proteins that are either part 

of, or interact with, the RNA polymerase II complex. These sequences can function at 

variable distances from the TAT A box, sometimes working even if their orientation is 

reversed (Kuhlemeier 1992). Many of the best characterised cis-acting sequences are 

those which, under certain environmental conditions, enhance or repress transcription. 

For example, the heat shock element enhances transcription only at high temperatures 

(Gallie 1993). 

Most of these elements have been found 60 to 1500 bp upstream of the 

transcription start, but this is also the only region which has been examined. Enhancer 

elements have been identified in the leader sequence, introns or even the coding region 

(Dawe et al. 1993). Sequences further upstream, although assumed to be too distant to 

interact with the transcription start, may interact with other cis elements in between to 

regulate expression. 

The identification of these elements from DNA sequencing, protein binding or 

mutational studies may be somewhat misleading. A promoter may be composed of a 
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number of regulatory cis-acting elements whose net effect is constitutive expression, 

even though individually each may have regulatory effects. 

1.2.2 Capping 

Eukaryotic preRNAs are modified by the addition of a guanidine nucleotide to the 

5' end by a 5'-5' phosphodiester bond. The guanidine is then methylated resulting in the 

formation of 5' cap (m7G-5'ppp5'-N) (Watson et ai. 1987). This 5'-5' phosphodiester 

bond is resistant to ribonuclease degradation increasing mRNA stability (Sachs 1993). 

The 5' cap also has an important role in translation where it is recognised by the 

eukaryotic initiation factor (e1F) 4F initiating translation (Gallie 1993). 

1.2.3 Leader sequences 

Joshi (l987a) observed 5' transcribed but untranslated leaders (5' UTR) in 79 plant 

genes. These usually AU rich regions ranged from 9-193 bp in length, with over half 

being 40-80 bp long. 5' UTR leaders can have significant effects on transcription, 

message stability, export from the nucleus, ribosome recruitment and translation 

initiation (Day et ai. 1993). A 3- to 4-fold increase in GUS activity was observed in 

particle bombarded pea tissue when the UTR leader from RNA4 of the alfalfa mosaic 

virus was placed between the GUS gene and either a 35S or NOS promoter (Warkentin 

et ai. 1992). Tobacco mosaic virus (TMV) leader sequences also enhance gene 

expression (Day et ai. 1993). While they do have a small influence on transcription, the 

major mechanism of enhancement is at the level of translation. The leader sequence 

reduces RNA secondary structure, making the 5' terminus more accessible to scanning 

by the 40S ribosomal subunit, and the leader allows additional ribosomal loading (Day 

et ai. 1993). The use of alternative transcription start sites can produce mRNA with 

different length leaders which may effect gene expression. 
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1.2.4 Introns 

Plant genes commonly contaill introns which are spliced from the pre-mRNA. The 

biochemistry of plant splicing has not been fully elucidated, but it is assumed to be 

similar to that found in yeast and animals (Luehrsen & Walbot 1994). Introns are 

excised by assembly of the components of the spliceosome on the pre-mRNA. The 

spliceosome then catalyses the recognition and cleavage of the intron and subsequent 

ligation of the exon sequences. The splicing reaction involves cleavage at the 5' splice 

site of the intron and ligation of the 5' phosphate to a 2'-OH group of an adenosine 

residue in the intron to form a lariat structure. The intron is then cleaved at the 3' end 

and the exons ligated together. The lariat RNA is debranched and degraded in the 

cytoplasm (Simpson et al. 1992b, Sharp 1994). The mature mRNA, with a continuous 

ORF, is transported to the cytoplasm where it can be translated into protein. 

Plant introns range in size from 65 to 15000 nt, but the majority are between 80 

and 140 nt (Simpson et al. 1992b). 70 to 73 nt appears to be near the minimum 

functional length of an intron, below which splicing is inefficient (Goodall & Filipowicz 

1990). 

The recognition and excision of introns is primarily dependent on highly conserved 

sequences at the exonlintronjunctions. Early analysis of small samples of monocot and 

dicot introns suggested significant differences between the two groups (Hanley & 

Schuler 1988) but examination of larger samples shows that they share essentially similar 

consensus sequences of AG/GUAAGU at the 5' splice site and UGCAG/GG at the 3' 

splice junction (White et al. 1992). The underlined bases never vary. The mutation of 

GU to AU at the 5' junction of an intron in the Arabidopsis Rubisco activase gene 

caused incomplete splicing of the pre-mRNA resulting in no expression of the enzyme 

(Orozco et al. 1993). In addition to the junction sequences, intron recognition is 

dependent on a high AU content. Exon/intron AU ratios are 42%:61 % for monocots 

and 55%:70% for dicots. This high AU content could allow binding of specific factors 

or simply reduce secondary structure (Luehrsen & Walbot 1994). Insertion of non

intron sequences (such as transposons) into introns usually reduces the expression level 
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particularly when the insertions are GC rich (Luehrsen & Walbot 1992). 

The lariat branch consensus sequence URA Y (R=A or G , Y =C or T) is found in 

86% of dicot and 75% of monocot introns in the 50 bp at the 3' region of the intron. 

Dicot introns often contain poly AU regions up to 19 nt long, punctuated with one or 

two G or C nt. In contrast, mono cot introns contain no poly AU regions greater than 

5 or 6 nt long (Simpson et al. 1992b). 

In both plants and animals the inclusion of introns has been shown to enhance gene 

expression 5-1000 fold, sometimes being an absolute requirement for measureable levels 

of expression (Luehrsen & Walbot 1991). Multiple copies of an intron do not have an 

additive effect and except for a general AU content, internal sequences of introns are not 

important. Most introns that have been demonstrated to enhance gene expression are 

greater than 140 nt in length and are situated at the 5' end of the gene, often in the leader 

sequence. Placement of introns in 5' UTR has been observed to enhance gene expression 

(Norris et al. 1993), although inclusion of the maize Adhl intron in 5' UTR decreased 

gene expression in sugar-cane (Rathus et al. 1993). Exon sequences around some 

introns also stimulate gene expression when placed in the 5' UTR (Clancy et al. 1994). 

The addition of U-rich sequences immediately upstream of the 3' splice junction 

increases splicing efficiency (Luehrs en & Walbot 1994). 

The increased expression observed is most likely due to the influence of introns on 

mRNA processing, stability or transport. The act of splicing itself may somehow 

enhance expression (Simpson et al. 1992b). Intron splicing has been shown to be 

interrelated with both 5'end capping and polyadenylation, so it may effect gene 

expression through modulation of these important processes. The spliceosome complex 

may also protect the nascent RNA from nuclear RNases (Luehrsen & Walbot 1991). 

Alternative splicing of introns to produce different proteins is well documented in 

animals where 1 in every 20 vertebrate genes is expressed by alternative pathways of 

RNA splicing (Sharp 1994), and it has also been observed in plants (Simpson et al. 

1992). Secondary structure formation ofpre-mRNA can affect splicing efficiency and 
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even which introns are spliced (Simpson et al. 1992b). 

Translational introns, which have been found in bacteriophage T4 and E. coli 

genes, are not excised by any splicing mechanism, but are bypassed by the translational 

machinery resulting in the skipping of some of the peptide sequence (Engelberg-Kulka 

et al. 1993). Protein introns, which have been found in bacteria and yeast, are not 

excised from the RNA but are translated as a fusion protein with the flanking exons. 

The protein intron is excised in a self-catalysed reaction, resulting in ligation of the 

flanking peptides (Hickey 1994). Both of these are potential regulatory mechanisms. 

The ubiquitous nature of introns has stimulated much discussion on their role and 

evolutionary basis (Purugganan & Wessler 1992, Covello & Gray 1993, Purugganan 

1993). The conserved site of many introns in widely diverged genes (Shah et al. 1983, 

Norris et al. 1993) suggests their presence in the early progenitors of eukaryotes. While 

their role in creating genetic variation through recombination between exons (Luehrsen 

& Walbot 1991) is no doubt important, a role in gene regulation would provide a far 

greater evolutionary pressure. 

1.2.5 3' untranslated region 

Most plant mRNAs contain up to 250 nt of poly (A) at their 3' ends (Gallie 1993). 

RNA polymerase II transcribes past the polyadenylation and terminates at heterogenous 

downstream locations (Das 1993). The poly (A) tail is added upstream from the actual 

transcription termination site by a poly (A) polymerase onto 3' ends created by an 

endonuclease (Watson et al. 1987). Polyadenylation occurs in the nucleus shortly after 

the site of polyadenylation is transcribed in a process that may be essential for efficient 

transcription termination (Mogen et al. 1990, Das 1993). 

In plants, multiple elements in the 3' region of the gene are involved in regulating 

poly A tail formation. These cis elements can be grouped into three classes, the far

upstream elements, near-upstream elements and the cleavage or polyadenylation sites. 



35 

The far-upstream elements consist of a UG-rich region 40 to 160 nts upstream of the 

polyadenylation site. A common motif has not been identified, although sometimes the 

sequence UUGUA is found in this region. Near upstream elements have been revealed, 

by mutagenesis studies, to lie 6 to 40 nt upstream of the cleavage site. Sequences similar 

to the AAUAAA motif in mammals have been observed in some near upstream regions. 

The polyadenylation site has no strictly conserved consensus sequence although the 

average base composition is distinctive with a YA dinucleotide in a U-rich region. No 

sequences downstream of the polyadenylation site have been clearly identified as 

important, but study of this region is less than exhaustive (Hunt 1994). Plants often have 

multiple sites of polyadenylation with multiple cis elements for each site which results 

in the production of mRNAs with different length 3' ends (Mogen et ai. 1990). 

In addition to its role in terminating transcription, the poly (A) tail is thought to 

increase message stability, regulate translational efficiency and interact with the 5' cap 

in initiating translation. The mRNA stability is at least partly due to the protection of the 

mRNA from nuclease attack. The 3' region of plant genes has been found, in some 

cases, to enhance gene expression (Ingelbrecht et ai. 1989), but whether this is because 

of improved polyadenylation, an effect on mRNA stability or the presence of an enhancer 

is unknown (Hunt 1994). Interestingly, comparison of nucleotide sequences of widely 

divergent genes has revealed that the highest region of sequence conservation is in the 

usually AU rich 3'-UTR region (Duret et al. 1993). 

1.2.6 mRNA stability 

The degradation of mRNA is an important regulatory process. Within the same 

cell, the half-life of different mRNAs has been observed to vary from 20 min to over 24 

h (Sachs 1993). Unstable mRNAs allow for more precise transcriptional regulation of 

gene expression, with rapid increases or decreases in the level of mRNAs possible. A 

large number of elements have been found spread throughout the coding and noncoding 

regions of the mRNA which effect mRNA stability. 
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As mentioned previously the 5' cap and the poly A tail protect mRNA from 

ribonuclease attack. An interesting observation is that most mRNAs need to be 

translated before they can be degraded. mRNAs which are made untranslatable, through 

stable stem-loop structures in the 5' untranslated region or mutation of the AUG codon, 

are resistant to degradation (Sachs 1993). A sequence within an ORF which enhances 

mRNA degradation requires translation for it to be activated, although its protein 

product is not involved (Sachs 1993). Premature termination of translation may also 

enhance mRNA degradation (Gallie 1993). 

From these and other examples it seems that the process of translation, or factors 

associated with the translation complex, interact with elements in the mRNA triggering 

mRNA degradation usually through deadenylation (removal of the poly A tail). 

Shortening of the tail to below 10 nt results in the rapid degradation of the mRNA by 

either endo- or exonucleases. A ribonuclease in yeast has been purified which recognises 

RNA-protein complexes and shortens the tail. This ribonuclease is also a translation 

initiation factor which ties in with the common requirement for translation initiation 

(Sachs 1993). 

The implication of this research is that mRNA is intrinsically stable and it is the 

presence of destabilising elements which influence the rate of degradation. Indeed, the 

only stabilising elements identified are those which have their effect by blocking the 

action of a destabilising element. The best example of this is the IRE element within the 

3' UTR of transferrin mRNA which regulates mRNA degradation in response to cellular 

iron levels. Low levels of iron increase the binding affinity of the IRE-binding protein 

to five distinct stem-loop structures in the IRE. When the protein binds to the IRE, it 

stabilises the mRNA by preventing the binding of other proteins to nearby, as yet 

uncharacterised, destabilising elements. As a result, an increase in the production of the 

transferrin receptor occurs (Klausner et ai. 1993). 
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Translational regulation 

The translation of rnRNA is emerging as an important step in eukaryotic gene 

regulation. The 40S ribosomal subunit, along with a number of other factors, binds at 

the capped 5' end of the rnRNA and then advances along the mRNA until it reaches the 

first AUG initiation codon. If this AUG codon occurs in an optimal context, all the 40S 

subunits stop, the 80S ribosome is assembled and peptide synthesis begins. If, however, 

the context is suboptimal, some of the 40S subunits bypass that site and initiate 

translation from a downstream AUG (Kozak 1986). AUG codons in the leader sequence 

upstream of the major ORF therefore often inhibit translation of rnRNA (Gallie 1993, 

Geballe & Morris 1994). This is reflected by the fact that less than 10% of genes have 

initiation codons upstream of the main ORF (Kozak 1986, Joshi 1987b). Geballe & 

Morris (1994) suggested that the inhibitory effect of these premature initiation codons 

may be regulated if the cell has mechanisms to avoid them. This could be achieved by 

transcription from an alternative promoter, pre-mRNA splicing, or through manipulation 

of the AUG context. Hensgens et al. (1992) found that differential use of AUG 

initiation codons could influence the levels of gene expression in different tissue. They 

produced transgenic tobacco plants with a construct containing a GUS gene with two 

AUG initiation codons in phase. Despite slightly lower rnRNA levels, the roots 

contained 3-10 times more GUS activity than the stems and leaves. Analysis of the GUS 

proteins suggested that in the leaves, translation initiated mainly from the first AUG 

while in the roots translation initiated exclusively from the second AUG. 

Cavener & Ray (1991) compared the translation start sequences in 93 monocot 

and 233 dicot plants. They observed that these two groups of plants differed 

significantly in their consensus sequences. Monocots had a high frequency of guanidines 

in the region before the start codon, and the -3 position, which was most frequently an 

A in all other taxonomic groups, showed a slightly higher frequency of G in monocots. 

The rate of translation could be influenced by the formation of stable secondary 

structures by the mRNA or by codon usage. Campbell & Gowri (1990) found that 

monocots used just 38 different codons whereas dicots used 44, with the XUA codon 
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rarely used in monocots. It has been suggested that tRNAs may have a preference for, 

and recognise better, certain codons. The presence of lots of rare, unpreferred codons 

could thereby reduce the rate of translation (Gallie 1993). 

Translation is terminated when the translation machinery reaches a stop codon. 

In monocots, UGA (46%) is the most cornmon stop codon, followed by UAA (28%) 

and UAG (26%) (Angenon et al. 1990). The base immediately after the stop codon is 

also thought to influence stop codon recognition in eukaryotes (Brown et al. 1990). 

Analysis of monocot sequences supports this tetra-nucleotide signal model, with the 

favourable A nucleotide far more prevalent than C (Angenon et al. 1990). Regulation 

at the termination codon has been demonstrated in some plant viruses through 

ribosomal frameshifting or the use of leaky stop codons such as UAG (especially when 

followed by a C), which plant tRNAs are capable of misreading (Gallie 1993). Both 

would be dependent on the sequences surrounding the stop codon and be open to 

regulatory influences. 

1.2.8 Other regulatory mechanisms 

Few of the other potential regulatory mechanisms suggested in figure 1.5 have 

been examined in much detail in plants. The process between translation initiation and 

the final expression of protein has been described as a "black box", which currently we 

are unable to look into (Krishna & Wold 1993). The final polypeptide product may 

differ from that specified by the gene through modification of the amino acids and 

peptide bonds. Although there are only 20 primary amino acids, up to 200 derivatives 

may actually be used. Many of these modified amino acids are lost during the harsh 

conditions of acid or base hydrolysis used during protein analysis (Krishna & Wold 

1993). The code within the genetic sequence which determines which of these 

modifications will occur to which amino acids is as yet undeciphered. 
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While by no means exhaustive, this review illustrates some of the regulatory 

mechanisms which exist to control the phenotypic expression of plant genes. A possible 

analogy to our current understanding is that we are able to read the alphabet, but our 

spelling has yet to advance far beyond 3 letter words. Through the accumulation of 

sequence data and the careful design of experiments to determine the effect on 

expression that changes in the DNA sequence have, our understanding of gene 

expression is growing. 
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1.3 Rationale of the strategies used 

The aim of this thesis was to isolate and characterise genomic sequences of 

alliinase. This section reviews the strategies available for the isolation and sequencing 

of genomic clones, emphasising the reasons for the approaches taken. The basis of plant 

transformation as a tool for the analysis of promoter regions is also reviewed. 

1.3.1 Isolation of genomic sequences of aHiinase 

Once cDNA clones have been isolated, a number of techniques have been devised 

to determine the corresponding genomic sequences. 

The development of the polymerase chain reaction (peR) has spawned a number 

of techniques that have been ,useful in the isolation of genomic sequences. Inverse peR 

involves digesting genomic DNA with an enzyme which does not cut in the cDNA, 

followed by ligation under conditions that favour the formation of monomeric circles. 

Inverse peR is performed using primers which face outwards from the 5' and 3' ends of 

the known sequence resulting in the amplification of flanking sequences (Ochman et ai. 

1990, Silver 1992). Difficulties, particularly with the recircularisation step, are 

sometimes encountered (Ochman et al. 1990, Silver 1992, Rudenko et ai. 1993). Other 

approaches involve attaching a universal primer site to the ends of restriction fragments 

by ligation or tailing. peR between this site and a specific primer in known DNA results 

in amplification of the sequence flanking one side (Pors et ai. 1990, Iwahana et ai. 

1994). 

Direct physical purification of target DNA sequences has been suggested. The 

target DNA is complexed with a biotinylated probe and separated from the rest of the 

DNA by binding to streptavidin-coated beads. This target DNA can be released from 

the streptavidin and analysed (Ito et al. 1992). Rudenko et ai. (1993) combined this 

with a peR approach in a method they termed Supported peR. Genomic DNA was 

digested and the target sequence biotinylated by primer extension. These biotinylated 

fragments were selected for on streptavidin-agarose, universal primers were ligated to 
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the ends of the restriction fragments and a single sided PCR performed on this enriched 

pooL 

The most common and reliable method, however, is the construction and screening 

of a genomic library. The perfect genomic DNA library should contain DNA sequences 

representative of an entire genome in a stable form and as a manageable number of 

overlapping clones. The cloned fragments should be large enough to contain whole 

genes and their flanking sequences, yet be small enough to be easily mapped by 

restriction enzyme analysis and sequenced (Kaiser & Murray 1985). 

Most genomic libraries are constructed using a phage lambda vector. The 

development of lambda as a vector was possible because the center third of the genome 

is not essential for lytic growth and can be replaced by foreign DNA sequences. The 

vector LambdaGEM-12 (Figure 1.6a, Promega) illustrates well the process of library 

construction. This vector is digested with Xho I, while the genomic DNA to be cloned 

is P31tially digested with either Sau 3AI or Mba 1. Partial endfilling creates sticky ends 

which are no longer complementary, thereby eliminating both vector self ligation and the 

production of concatermeric inserts. The endfllied Xho I ends of the lambda vector can, 

however, be ligated to the endfilled Sau 3AI or Mba I ends (Figure 1.6b, (Titus 1991). 

The lambda DNA is packaged into phage particles and screened. Lambda packaging 

constraints mean that only lambda DNA of between 40 and 

encapsulated within phage particles. 

kb in size will be 

One of the most critical steps is the digestion of the genomic DNA. Construction 

of a completely random library would require sequence-independent fractionation by, for 

example, mechanical shearing. This, however, complicates the cloning procedure and 

partial digestion with a restriction enzyme such as Sau3AI or Mba is commonly used to 

generate inserts for a library. These four base cutters should, theoretically, have a 

recognition site in the genomic DNA every 256 bp. Partial digestion averaging 1 in 

every 80 sites should, therefore, generate fragments in the desired 15 to 20 kb size 

range. Restriction enzyme sites are, however, not evenly spaced throughout the genome 

and individual sites differ in their susceptibility to digestion. Combining digests 
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generated from partial and almost complete digestion should increase the likelihood of 

the library containing all the DNA sequences in the genome. 

With a genome size of 1.7 million base pairs, a complete A. cepa genomic library would 

require 3.2 million clones to have a 95% probability of containing every DNA sequence. 

This is much larger than for most other commonly studied organisms (Table 1.5). The 

composition of libraries constructed from different organisms could also be influenced 

by the nature of the repetitive DNA and by the single copy DNA content of the genome 

which is estimated to range from up to 90% for Saccharomyces cerevisiae to 36% for 

A. cepa (Brown 1991). 

Organism Haploid Genome N for 15kb inserts 
(Base pairs) 

Escherichia coli 4.00 x 106 800 

Saccharomyces cerevisiae 2.00 x 107 4000 

Drosophila melanogaster 1.65 x 108 33 000 

Homo sapiens 2.80 x 109 560 000 

Allium cepa 1.60 x 1010 3200 000 

Table 1.5. Number of clones required for a genomic library to have a 

95% probability of containing every sequence. Calculated using the 

formulaN = In (1-p) divided by In (1-x/y), where x= average insert size-

15 000 bp, y = genome size, and p = probability of 0.95. Based on 

Brown (1991). 

Selection of the packaging mixes and bacterial host strains can have an important 

influence on the efficiency of library construction. E. coli contains at least three loci 

which encode enzymes capable of degrading cloned eukaryotic DNA. The EcoK 

restriction system encoded by the hsd locus cleaves certain unmethylated DNA 

sequences. Recognition of this led to the use of hsd- mutants for the cloning of 

mammalian DNA. The mcrA and mcrB loci encode nucleases which cleave CG and 
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eNG sequences that contain 5 methylcytosine. Although less important in mammalian 

DNA which contains only 3-8% 5-methylcytosine, it assumes great significance in plants 

such a A. cepa whose DNA contains 36.3% 5-methylcytosine (Matassi et al. 1992). 

Grahamet al. (1990) demonstrated that by using mcrA- and mcrB- hosts and packaging 

mixes the efficiency of cloning plant material increased by at least two orders of 

magnitude. In addition, the use of these hosts and packaging mixes should reduce the 

bias towards hypomethylated sequences which sometimes occurs. Therefore, a more 

representative library should be constructed using an E. coli strain such as KW25 1 , 

rather than the commonly used mcrB+ strain LE392. 

Direct screening of libraries is preferable to amplification of libraries which can 

introduce bias due to different rates of replication. Several fold more phage must be 

screened in an amplified library than a primary library (Kubo & Kondo 1991). Despite 

best efforts, some sequences simply can not be cloned. The sequences may be toxic to 

the host or incompatible for some other reason. Natural modifications of the target 

DNA are also not maintained in genomic libraries (Kaiser & Murray 1985). 

1.3.2 Sequencing 

Few techniques have had such a pronounced influence on molecular biology as the 

ability to sequence DNA. Only two practical methods of sequencing DNA have been 

used, the enzymatic synthesis method of Sanger et al. (1977) and the chemical 

degradation method described by Maxam and Gilbert (1977). The chemical degradation 

method involves partially cutting the DNA in four different chemical reactions, each of 

which is specific for a particular base. Electrophoretic separation of the endlabelled 

products enables the sequence to be determined. 

The Sanger technique, because of its amenability to automation and its robustness, 

has become the most popular method of sequence determination. A specific primer is 

annealed to a single stranded template and a new DNA strand is synthesised using a 

DNA polymerase. Four separate reactions are performed with each containing a 
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different chain terminating dideoxynucleotide triphosphate (ddNTP) amongst the normal 

deoxynucleotide triphosphates (dNTPs). Primer extension stops when a ddNTP is 

incorporated into the growing chain. This results in the production of four different sets 

of fragments with each set corresponding to terminations at specific nucleotide residues. 

Electrophoretic separation of these products enables determination of the original 

sequence. 

1.3.2.1 Sequencing strategies 

A number of sequencing strategies can be used to elucidate the nucleotide 

sequence of isolated lambda genomic clones. The lambda DNA itself can be sequenced, 

peR products can be generated and sequenced or the insert can be subcloned into a 

plasmid vector and sequenced. 

1.3.2.1.1 Sequencing peR products 

Sequencing of peR products enables the rapid determination of DNA sequences 

from large numbers of relatively unpurifed clones. Protocols for sequencing double 

stranded peR products have been published (Winship 1989, Brow 1990, Roberts et ai. 

1992, Rosenthal et al. 1993). Problems with the purification of PCR products from the 

primers and dNTPs used for amplification and with reannealing of the template have 

sometimes been identified. A number of approaches to overcome these problems have 

been formulated including sequencing peR products in agarose gel slices (Khorana et 

al. 1994), the use of a primer synthesised from dUTP in the peR reaction which is 

removed before sequencing by uracil-N-glycosylase digestion (Ball & Desselberger 

1992), and sequencing single stranded peR products produced by a second round of 

assymetric peR (Mason 1992). The error rate of Taq polymerase does not seriously 

di'iadvantage sequencing of peR products since the sequence generated is the average 

for a population of molecules (Sommer et al. 1990). Greater limitations are placed by 

the length of peR product which can be generated and by the requirement for primers. 
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1.3.2.1.2 Sequencing lambda 

The purification of significant amounts of clean and biologically active lambda 

DNA is one of the greatest areas of frustration in working with lambda. Phage 

precipitation with polyethylene glycol (PEG) followed by caesium chloride 

ultracentrifugation (Sambrook et al. 1987) is consistently reported to produce good 

results. It is, however, criticised as being complicated, time consuming and expensive 

(Manfioletti & Schneider 1988, Raikhinstein & Hanukoglu 1992, Tripathi & Chatterjee 

1992). As a consequence, a number of alternative lambda purification techniques have 

been developed. These include variations and combinations of the use of DEAE 

cellulose, CT AB extraction, hydroxylapatite chromatography, tangential flow 

ultrafiltration, ultracentrifugation, guanidine hydrochloride purification, PEG 

precipitation and phenoVchloroform extraction (Ivanov & Gigova 1985, Lev 1987, 

Dumanski et al. 1988, Manfioletti & Schneider 1988, Rembhotkar & Khatri 1989, Kim 

& Jue 1990, Sankar et al. 1990, Raikhinstein & Hanukoglu 1992, Tripathi & Chatterjee 

1992). 

Once purified, lambda DNA has been treated essentially as a large plasmid and 

sequenced accordingly (Manfioletti & Schneider 1988, Kim & Jue 1990, Slightom et al. 

1991). Large templates, such as lambda, may be more liable to problems caused by false 

annealing of sequencing primers, the formation of secondary structures and perhaps 

signal strength problems due to limitations on the total DNA in a reaction (Huibregtse 

& Engelke 1988). Cycle sequencing is purported to reduce these problems (Sears et al. 

1992). 

Lambda, although very useful for library construction and screening, is a rather 

temperamental vector with which to work and the transfer of the cloned DNA into a 

plasmid vector is generally recommended (Kimmel 1987). 
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1.3.2.1.3 Sequencing plasmid DNA 

The sequencing of a large piece of plasmid DNA can be achieved by three basic 

approaches, primer walking, shotgun cloning or the generation of directional deletions. 

The simplest approach is primer walking which involves sequencing DNA from a 

known primer, synthesising a primer based on this new sequence and sequencing from 

this primer. Continued cycles of sequencing from synthesised primers results in the 

gradual elucidation of the DNA sequence. This is the least labour intensive method, 

requiring as little as one DNA purification and the minimum number of sequencing 

reactions. The cost of oligonucleotide synthesis can, however, make this the most 

expensive method and the sequential nature of sequence determination can also make it 

a lengthy process. 

A random or shotgun approach involves digesting the cloned DNA into small 300 

to 500 bp overlapping fragments which are then cloned into a plasmid vector. The 

sequence of the intact DNA is determined by sequencing random clones and assembling 

a contiguous sequence. A high degree of redundancy in the sequencing occurs, with 

each piece of DNA requiring sequencing up to eight times (Slightom et al. 1991). This 

technique is possibly most appropriate when the entire insert requires sequencing, 

perhaps in combination with primer walking to complete sequence determination. 

A more directed approach involves the generation of a nested set of deletions. 

Primer synthesis costs are again kept low by sequencing from the same primer on the 

vector. This method is the most labour intensive in both the generation and ordering of 

the deletion clones generated. A number of ways of generating deletions have been 

developed including the use of exonuclease III, T4 DNA polymerase, Bal 31, DNase I 

and nuclease S1 (Boivin & Bellemare 1991, Chang et al. 1993, Kitabatake & Inokuchi 

1993). Gibco BRL have recently marketed a transposon based in vivo method of 

generating nested deletions. The DNA to be sequenced (up to 40 kb in size) is cloned 

into the cosmid pDelta1 (Figure 1.7). The clone is transformed into the E. coli host DF1 

which contains the yo transposase. The yo transposase recognises the transposon ends 
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in the pDeltal clone causing intramolecular transposition. Transposition results in the 

deletion of the DNA between the initial and final sites of the transposon ends. A range 

of deletions are possible (Figure 1.8 b & c), but a unidirectional set of deletions in the 

cloned DNA are selected by the use of selectable (kanamycin & tetracycline resistance) 

and contra-selectable (streptomycin & sucrose sensitivity) markers at each end of the 

cloned DNA (Figure 1.8). The partially deleted plasmids are then ordered via size and 

sequenced using primers from the transposon ends. 
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Figure 1.7 Map of the plasmid pDELTA 1 and sequenee of the multiple cloning site 
(MCS). The sequence of the multiple cloning site as shown, is clockwise in the 
pDELT A 1 map. The solid arrowhead indicates the position of the yo transposon end. 
Reproduced from Gibeo BRL deletion factory system instruction manual. 
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Figure 1.8 Expected phenotypes of pDELTA 1 deletion clones. Transposon ends 
are shown by solid arrowhead, primer binding sites by small arrow. 

A. Linearised pDELTA 1 clone with insert (spotted region) 
B. Plasmids obtained from colonies selected on media containing sucrose 
C. Plasmids obtained from colonies selected on media containing 

streptomycin 

Deletions 3-5 in each group indicate transposition into the desired region. Transposition 
past the target region is selected against (6, 7), while some unwanted clones are 
generated due to only partial deletion of the selectable gene (2) or mutation (1). Rlr = 
resistant; Sis = sensitive. Adapted from Gibco BRL deletion factory system instruction 
manual. 
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1.3.3 Plant transformation techniques 

The ability to transform plants with foreign or altered genes is a central tool of 

modern plant biotechnology. Since the first Agrobacterium mediated transformation of 

tobacco in the early 1980s (Fraley et al. 1983) a proliferation of research has resulted 

in at least transient transformation of most plant species. 

Agrobacterium-mediated gene transfer has been the most common method of 

transferring foreign DNA into plants. The DNA is stably integrated into the plant 

genome where it is usually transcribed and translated. This has been particularly 

successful for the transformation of dicotyledonous species. Many of the economically 

important monocotyledonous crops, such as cereals, are recalcitrant to standard 

Agrobacterium-mediated transformation (Vasil 1994). 

To overcome this problem a number of other methods of transformation have been 

developed. The removal of the plant cell wall to form a protoplast has enabled many 

species to be at least transiently transformed. Isolated plant protoplasts can be 

chemically (Negrutiu et al. 1987) or electrically (Fromm et at. 1985, Boston et al. 1987, 

Ioersbo & Brunstedt 1991, Bergman & Glirnelius 1993, Bureau & Wessler 1994) 

induced to take up DNA. Protoplasts have also been successfully transformed by micro

injection of DNA (Neuhas & Spangenberg 1990) and liposome fusion (Caboche 1990, 

Gad et ai. 1990). Unfortunately, protocols for the production and regeneration of 

protoplasts from many plant species have not been developed. 

Increased recognition of the problems of tissue culture regeneration has led to the 

development of a number of techniques to deliver DNA into intact plant cells. The most 

widely used of these, particle bombardment, has become a central tool in the 

transformation of recalcitrant species. A wide range of other techniques have been 

developed. These include the direct injection of DNA or liposomes, electroporation of 

intact cells, the use of silicon carbide fibers, application of DNA to pollen (pollen tube 

pathway) and the perforation of cell walls with a laser microbe am (Potrykus 1991, 

Welling et at. 1985, Vasil 1994). Stable inheritance has not been conclusively 
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demonstrated for most of these techniques and they are not widely used. 

1.3.3.1 Agrobacterium mediated transformation 

The plant pathogenic bacterium Agrobacterium tumefaciens causes crown gall 

disease. The basis of this disease is the transfer of part of the bacterial Ti (tumour 

inducing) plasmids T -DNA (transferred DNA) into the nuclear genome of the host plants 

cells. Expression of this stably integrated T-DNA in the plant causes tumour formation. 

T-DNA transfer is directed by the virulence (vir) genes in the Ti plasmid. 

The vir genes cover a region of 30 kb and are divided into seven complementation 

groups virA-virE, virG and virH. The product of vir A is an inner membrane protein that 

recognises low-molecular weight phenolic compounds produced by wounded plant cells 

and, through protein phosphorylation, activates the VirG protein. The VirG protein acts 

as a transcriptional activator of itself and the other vir genes. Gene products from the 

virC and virD loci cause a single-stranded nick in the 25-bp direct repeats at the T-DNA 

borders to be made and displaces a linear ss copy of the bottom strand of the T -DN A 

region in a right to left manner. The VirD2 protein binds to the 5' end of the T-DNA 

while VirE2 proteins cover the rest of the ss-T-DNA packaging it in a nuclease 

protected form which can traverse the bacterial cell membrane, bacterial cell wall, plant

cell wall, plant cell and nuclear membranes. Products from the virB locus alter the 

bacterial membrane, creating a channel for the T -complex. How the T -complex 

traverses the bacterial and plant cell walls is not known, but the VirD2 protein remains 

tightly bound to the 5' end of the T-DNA strand and initiates targetting to the plant cell 

nucleus with assistance from the VirE2 proteins. The virH gene products are not 

required for T-DNA movement but may be involved in countering the plant defensive 

system (Zambryski 1992). 

T-DNA can insert into any chromosome although transcriptionally active regions 

are preferred. Most insertions cause small deletions of up to 79 nucleotides in the target 

DNA. The 5' end of the T-DNA strand invades a nick in the plant DNA. One to two 
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bases of homology between the ends of the T-DNA and the plant DNA allows partial 

base pairing between the two. This torsional strain causes a nick in the other DNA 

strand of the plant. The plants DNA repair system repairs this ss gap, using the T -DNA 

as a template thereby integrating it (Zambryski 1992). 

The realisation that any DNA placed between the T-DNA borders would also be 

integrated into the plant cell genome has resulted in the widespread use of this technique 

for plant transformation. Since the details of this transformation system were designed 

by nature, it is the most efficient transformation system. Plants have minimal exposure 

to tissue culture and are often transformed by a single insertion with minimal cell 

damage. 

However, Agrobacterium-mediated transformation of many monocotyledonous 

species has not been achieved. Agrobacterium is able to transfer T-DNA to the 

wounded cells of many of these recalcitrant plants but this DNA does not become stably 

integrated (Vasil 1994). Confounding transformation is the fact that the wound 

response of many of these recalcitrant plant cells is to accumulate phenolic compounds 

and die, rather than to proliferate (Potrykus 1991). 

Binary vector design 

The cloning and manipulation of plasmids for Agrobacterium transformation was 

simplified by the realisation that the virulence genes are trans active. As a consequence, 

most Agrobacterium transformation uses a binary vector system with the binary vector 

carrying the T-DNA while the vir genes are carried on a separate plasmid. A number 

of binary vectors have been designed (Klee et al. 1985, Becker et al. 1992, Gleave 1992, 

Hajdukiewicz et ai. 1994). These vectors carry origins of replication which allow 

growth in both E. coli and Agrobacterium. They also have bacterial resistance genes to 

allow for bacterial selection, and sometimes mobilisation loci to allow triparental mating 

(Hajdukiewicz et al. 1994). Central to transformation is the presence of left and right 

border sequences between which are usually a plant selectable marker and a scorable 

reporter gene. 
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Due to the infrequency of transformation, the use of a selectable marker is almost 

essential to allow the selective inhibition of untransformed cells. The neomycin 

phosphotransferase II (nptIl) gene from Tn5 confers resistance to the antibiotics 

kanamycin, G418, neomycin and geneticin (Vasil 1994). The NPTII protein is not toxic 

to mammals and is rapidly degraded by mammalian digestive conditions (Fuchs et ai. 

1993). Its safety as a selectable marker is also reinforced by the fact that many plant 

species have high levels of natural resistance to kanamycin. This does, of course, limit 

its use in those species and for secondary transformation, alternative selectable markers 

such as hygromycin phosphotransferase (hpt) and phosphinothricin acetyltransferase 

(bar) must be used. 

Promoter or regulatory sequences cloned upstream of a promoterless reporter 

gene allows these DNA sequences to be analysed. The p-glucuronidase (GUS) gene, 

which is encoded by the uidA locus of E. coli, is the most commonly used reporter gene 

in plant transformation. GUS is a hydrolase which catalyses the cleavage of p

glucuronide substrates. Depending on the substrate, GUS activity can be localised 

histochemically or accurately quantified fluorometrically. Most assay conditions are, 

however, destructive to the tissue. GUS has no adverse effect on plant growth or 

reproduction and the enzyme is very stable with a half life in living mesophyU protoplasts 

of about 50 h (Jefferson et ai. 1987). Endogenous GUS expression potentially limits 

the use of p-glucuronidase, but manipulation of the assay conditions (60°C, pH >7.0) 

can selectively eliminate the endogenous expression (Hodal et al. 1992, Hansch et al. 

1995). 

Other reporter genes include chloramphenicol acetyl transferase (cat) gene and 

luciferase (luc) gene. The R gene of maize, which regulates anthocyanin biosynthesis, 

embodies perhaps the ideal reporter gene. It produces distinct pigmentation in cells in 

which it is expressed, requires no external substrate and is non destructive to the tissue 

(Vasil 1994). 

The design and placement of these elements in binary vectors may also influence 

transformation success. The pGPTV series of binary vectors (Figure 1.9) have a 
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number of intentional design features. The selectable markers are located near the T

DNA left border. Since T-DNA integration is thought to begin from the right border 

(Zambryski 1992), any cells expressing the selectable gene should also contain the 

reporter gene. 

The selectable marker and the reporter gene are divergently organised to reduce 

the possibility of any effects on GUS expression by the selectable markers promoter. 

Internal complementarity, which may lead to unwanted recombination, is avoided via the 

use of different poly A signals and the nptII gene also lacks a specific point mutation 

which is known to reduce NPT II enzyme activity in other vectors (Becker et al. 1992). 

1.3.3.1.2 Expression in Agrobacterium 

Even with selection, Agrobacterium are sometimes not killed remaining visible in 

the interstitial space of plant tissue (J. Grant pers. cornm.) and detectable via peR (M. 

Pit her-Joyce pers. cornm.). Particularly where transient assays are performed, it is 

desirable to ensure that expression only occurs in plant cells. The placement in the uidA 

gene of an intron which can only be spliced by plants, and not by Agrobacterium, 

effectively silences unwanted expression. 

Dr Detlef Becker (Max-Plank-Institut fur Zuchtungsforshung, Germany) has 

taken the intron containing uidA gene of Vancanneyt et al. (1990) and cloned it into a 

pGPTV vector (Figure 1.9b). This intron was isolated from the ST -LS 1 gene in potato. 

It is 189 nt long, has an AT content of 80%, contains several stop co dons in all reading 

frames and has typical plant splice junctions. It is efficiently spliced in at least 

Arabidopsis, tobacco, and potato (Vancanneyt et al. 1990). 



-{).4 0.3 1.9 0.8 0.3 ~1.3 -8.0 kb 

pGPTV-kan 

-{).4 0.3 2.1 0.96 0.6 0.3 0.6 0.3 -1.1 -8.0 kb 

pGPTV -P35SGi-dhfr 

Figure 1.9 pGPTV binary vectors. Both gifts from Dr Dellef Becker, Max
Plank-Institut fur Zuchtungsforshung, Germany. 
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1.3.3.2 Particle bombardment 

Microprojectile bombardment is currently the method of choice for the 

transformation of monocotyledonous plants (Loeb & Reynolds 1994). This process has 

been defined "as the introduction of substances into intact cells and tissues through the 

use of high-velocity microprojectiles" (Sanford 1990). 

There is no apparent difference in the biolistic transformation of mono cots and 

dicots. Biolistic transformation has been achieved in a wide range of plants such as 

wheat (Loeb & Reynolds 1994, Takumi et al. 1994), sugarcane (Gallo-Meagher & 

Irvine 1993), maize (Tagu etal. 1992), barley (Chibbar et al. 1993), pea (Warkentin et 

al. 1992) and rice (Hunold et al. 1994). Only greenhouse-grown tobacco leaf tissue and 

elongating sunflower hypocotyls have been resistant to particle penetration (Sanford 

1990). 

The commercially available PDS-1000fHelium system (Biorad) illustrates the basic 

procedure (Figure 1.10). DNA is coated onto gold or tungsten particles which are dried 

onto a plastic disc. Helium is injected into a chamber which is sealed with a rupture disc 

at the bottom. When the burst pressure of the disc is reached, the helium shock waves 

propel the plastic disc containing the DNA coated particles towards the plant tissue. The 

disc is stopped by a mesh screen, which allows the DNA coated microprojectiles to 

continue on and into the plant tissue. Optimisation of the tissue type, and 

distance/velocity effects all influence the degree of bombardment. The ideal result is 

entry of gold particles into plant cells without damaging the integrity of the celL 

The physical process of accelerating the DNA coated particles has also been 

achieved by the use of electric discharge apparatus (Christou 1990), gunpowder (Somers 

et ai. 1992) and a modified calibre compressed-air rifle (Tagu et aI. 1992). 

The efficiency ofbiolistic transformation is highly variable, dependent on species, 

tissue, physiological state, particle size, particle velocity, DNA purity, particle coating 

efficiency, particle agglomeration, particle dispersion upon launching, cell state at the 
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moment of impact and the conditions following impact (Sanford 1990). 

Despite all these variables, at least transient expression can usually be achieved in 

most tissue. Gene constructs can be bombarded into plant cells and gene expression 

assayed, usually within 48 h. The activity of a promoter depends on the presence of 

appropriate transcription factors and on the physiology and state of the bombarded 

tissue. This approach has been used by many researchers to compare and analyse 

promoter activity (Tagu et ai. 1992, Warkentin et ai. 1992, Chibbar et ai. 1993, Gallo

Meagher & Irvine 1993). Stable expression is dependent on the ability to regenerate the 

bombarded tissue and on the integration of the DNA into the plant genome. DNA 

integration is apparently by non-homologous integration into the chromosome, 

characteristically with multiple copies and some degree of rearrangement (Sanford 

1990). Regeneration is often difficult, compounded by only 1-2 % of the cells which are 

hit by a particle remaining viable after two days (Hunold et ai. 1994). 



Figure 1. to Schema Lie representation of the PDS-lOOOlHelium 
particle bombardment system (Bio-Rad). H lium nows into the 
top of lhe unit, wher pressure builds up unW the burst pressure 
of lhe rupture disc is rcached. The resultant helium hock wave 
propels the plastic macrocarrier carrier containing lhe DNA
coated microcaniers toward lhe ells. The plastic disc is retained 
by the slopping screen while the coated microprojectiles pass 
through and transform the target cells. 
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1.4 Aims 

The overall aim of this thesis was to isolate and characterise genomic clones of 

alliinase. 

The objectives of this project were: 

1. To constmct an A. cepa genomic library using the vector lambdaGEM-12 

2. To screen this library using the alliinase cDNA clone isolated by Clark (1993) 

as a probe 

3. To isolate and sequence genomic clones containing alliinase 

4. To subclone the alliinase promoter into a pGPTV binary vector adjacent to the 

GUS gene, transform it into tobacco and examine the expression pattern 

5. To initiate studies of the expression pattern of the alliinase promoter in A. cepa 

tissue via microbombardment 

Alliinase controls a central step in A. cepa flavour release. It was envisaged that 

the cloning and analysis of the alliinase gene would lead to a better understanding of not 

only flavour release but also be a step towards developing strategies aimed at the 

molecular manipulation of flavour in A. cepa. 
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Chapter 2. Materials Methods 

Let onion atoms lurk within the bowl 
And, scarce-suspected, animate the whole. 

Recipe for a salad 
Sydney Smith (1771-1845) 

2.1 General Methodology 

2.1.1 Bacterial strains and microbiological media 

Table 2.1 lists the bacterial strains used in this thesis. Unless otherwise mentioned, 

all bacteria were grown using Luria-Bertani (LB) medium (Sambrook et al. 1987) solidified 

with 1.5% (w/v) bacto-agar (Difco) ifneccessary. Antibiotics used were ampicillin (ampl00)' 

chloramphenicol (cam1S)' kanamycin (kanso or 100)' streptomycin (str lOO), timentin (timlOO) and 

tetracycline (tet1S)' (Subscripts to the antibiotics indicate their concentration in Ilg/ml). In 

the deletion factory protocol, sucrose as a selective agent was added to media prior to 

autoc1aving at a concentration of 5% (w/v). Broth cultures were grown in a shaking water 

bath (Grant) at a rate of approximately 120 strokes per minute. LB plates for (X

complementation screening were prepared by spreading, over the surface of each plate, a 

solution containing 16 !ll of X-gal (50mg/ml5-bromo-4-chloro-3-indolyl-p-D-galactoside 

in N,N'-dimethylformamide), 4!ll of 1M IPTG and 30!ll of LB. 

Plants were grown in a growth room at 24 DC, with a 16 h daylength supplemented by cool 

white fluorescent lamps with an irradiance of 30 !1E m-2 
S-I. 



Strain 

E. coli KW251 

E. coli DHlOB 

E. coli DH5a 

E. coli DFI 

A. tumefaciens AGLI 

Use/features 

A growth, tetr.,mcrA-,B-

Competent cells, a-complementation 

Competent cells, a-complementation 

Deletion factory, yo transposase, Cmr 

pTiBo542~ TMop+, Cbr, RecA-

Table Bacterial strains used in this thesis. 

2.1.2 Gel electrophoresis 

Source 

Promega 

GibcoBRL 

GibcoBRL 

GibcoBRL 

(Lazo et al. 
1991) 
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Agarose gels (0.5-1.5% (w/v» were made in 1 x TAB (40 mM Tris-acetate, 1 mM 

EDTA). DNA was combined with 1/6th vol of sample loading buffer (38% (w/v) sucrose, 

0.1 % (w/v) bromophenol blue, 67 mM EDT A), and was separated by electrophoresis at 

between 3 and 10 volts/em along with an appropriate DNA ladder. 

The Switchback™ Pulse Controller (Hoefer Scientific Instruments) was used to obtain 

better separation of the larger (8-20 kb) gel fragments. This reverse field inversion gel 

electrophoresis was performed with the HE33 submarine gel unit (Hoefer). The gel tank 

was frozen before starting and cooled on ice as the DNA was separated by electrophoresis 

at 10 to 15 volts/em with a 0.35 s switch. 

2.1.3 Quantitation of DNA 

DNA was usually quantified spectrophotometric ally using the GeneQuant RNAIDNA 

calculator (pharmacia). For Southern transfers, or when the sample purity was doubtful or 

very low, the DNA concentration was estimated visually after electrophoretic separation 

alongside known amounts of A-Hind III standard. 
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2.1.4 Centrifugation 

Unless otherwise stated, all centrifugations were performed at 12 000 x g at room 

temperature in a benchtop centrifuge. 

2.1.5 Ethanol precipitation of DNA 

DNA was precipitated using either 1/3 vol of7.5 M ammonium acetate and 1 vol of 

isopropanol, or 0.1 vol of 2 M NaCI and 2 vol of ethanol. The DNA was left at -80DC for 

20 min, centrifuged at 12000 x g for 15 min, the supernatant discarded and 0.5 - 1 ml of 70 

% (v/v) ethanol was added. The DNA was centrifuged again for 2 min, the ethanol 

decanted, and the tube spun briefly to collect any ethanol adhering to the sides. The 

remaining liquid was removed with a pippete, and the pellet left at room temperature to air 

dry for 5-15 min. The pellet was resuspended in a suitable volume of either TE (10 mM 

TrisHCI (pH 8.0), 1 mM EDTA) or sterile deionised distilled water (ddH20). 

2.1.6 DNase free RNase 

RNase A, free of any contaminating DNase, was prepared using the method of 

Feliciello and Chinali (1993). 

In a 15 ml falcon tube 5.4 mg of RNase A was dissolved in 3.6 ml of ddH20 

(1.5 mg/ml). 0.4 ml (119 vol) of 0.2 M HCI was added and the tube 

incubated for 5 min in a boiling water bath before chilling on ice. 0.4 ml of 

0.2 M Tris-HCl (pH 7.6) and 0.2 ml of 80 mM NaOH were added, swirled 

to mix and left on ice for two min. At two minute intervals, swirling to mix 

each time, a further four 0.2 ml aliquots of 80 mM NaOH were added. 

Aliquots of this Dnase free RNase A (1 mglml in 15 mM NaCI, 15 mM Tris

HCI (pH 7.6» were stored at _20DC. 
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2.1.7 Phenol/chloroform extractions 

Tris-saturated phenol:chloroform:isoamyl alcohol (25:24:1) was prepared as per 

Sambrook et at. (1987). To extract impurities from the DNA, an equal vol of this 

phenol:chloroform:isoamyl alcohol was added to the DNA solution and hand mixed by 

inversion for 1 min. The tube was centrifuged for 5 min, and the upper aqueous phase 

removed to a new tube. An equal vol of chloroform:isoamyl alcohol (24: 1) was added, the 

tube mixed by inversion and recentrifuged. This chloroform extraction was repeated again 

and the DNA was precipitated from the upper aqueous phase. 

2.1.8 Purification of plasmid DNA 

For the general purpose analysis of plasmid DNA, a simple alkaline lysis plasmid mini

prep protocol, as described in the Deletion FactoryTM System instruction manual (Gibco 

BRL), waS used. 

1.5 ml from an overnight culture of plasmid containing cells was centrifuged 

for 5 min. The pellet was resuspended by vortexing in 100 ~ of cold GTE 

buffer (25 roM Tris-HCI (pH 8.0),50 rnM EDTA, 1 % (w/v) glucose). 200 

III of lysis solution (0.2 M NaOH, 1% (w/v) SDS) was added, the tube 

mixed by inversion and incubated on ice for 15 min. 150 ~ of 7.5 M 

ammonium acetate was added, the tube inverted to mix and placed on ice for 

a further 15 min. The tube was centrifuged for 15 min and the supernatant 

poured into a new tube. Two volumes of95% (v/v) ethanol were added, the 

tube incubated on ice for 10 min and then centrifuged for 15 min. The pellet 

was washed with 1 ml of70% (v/v) ethanol, dried, and resuspended in 50 ~ 

of TE containing 20 Ilg/ml RNase A. 

For the preparation of large amounts of plasmid DNA the Wizard™ Maxi prep resin 

and columns (Promega) were used as per the manufacturers instructions. 



Centrifugations were performed at 14000 x gat 4°C. 100-500 ml of an 

overnight culture of cells were pelleted by centrifugation for 10 min and 

resuspended in 15 ml of cell resuspension solution (50 mM Tris-HCI (pH 

7.5), 10 mM EDTA, 100 /lg/ml RNase A). 15 ml of lysis solution (l % 

(w/v) SDS, 0.2 M NaOH) was added, mixed by inversion, and left on ice 

for 15 min. 15 ml of 1.32 M potassium acetate (pH 4.8) was then added and 

after mixing, the contents centrifuged for 15 min. The supernatant was 

filtered through sterile silanised glass wool in a 5 ml pipette tip into a new 

centrifuge bottle. 0.6 vol of isopropanol was added, the tube mixed by 

inversion and centrifuged for 15 min. The pellet was resuspended in 2 ml of 

TE buffer. The DNA was mixed with 10 ml of Wizard maxipreps 

purification resin and transferred into a maxicolumn. A vacuum was used 

to draw liquid through the column. The bound DNA/resin was washed by 

drawing through 25 ml of column wash solution (l00 mM NaCI, 10 mM 

Tris-HCI (pH 7.5),2.5 mM EDTA, 47.5% (v/v) ethanol), and then 5 ml of 

80% (w/v) ethanol. The resin was dried by centrifuging for 5 min at 1 300 

x g in a swinging bucket rotor. 1.5 ml of preheated (70°C) ddH20 was 

pipetted onto the resin, then left for 1 min and the DNA was then eluted by 

a 5 min centrifugation. 

2.1.9 Transformation of plasmid DNA into bacterial cells 
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E. coli strain DHlOB (Gibco BRL) was used as the standard transformation host. 

Competent E. coli cells were prepared for transformation by either electroporation using the 

E. coli PulserTM electroporation apparatus (Bio-Rad) or by heat shock at 42°C. 

Cells for electroporation were grown in LB to an OD6OOnm of between 0.5 

and 0.7. The cells were sedimented by centrifugation at 4 000 x g for 15 

min, washed twice with 10% (v/v) glycerol, resuspended in 1/50th vol of 



10% (v/v) glycerol and stored at -80°C. 1-2 III of DNA was added to 40 III 

of thawed cells which were then electroporated in 0.2 em cuvettes with a 

voltage of2.5 kV using the E. coli PulserTM electroporation apparatus (Bio

Rad). 

Cells for heat shock were grown in 100 ml of LB (+ 1 0 mM MgC12) to an 

OD600nm of between 0.5 and 0.7 and sedimented by centrifugation at 4000 x 

g for 5 min at 4°C. The cells were resuspended in 50 ml of cold TMC (10 

ruM Tris-HCl (pH 7.5), 10 ruM MgCl2 50 ruM CaCl~, left on ice for 15 min, 

centrifuged and resuspended in 8 ml of TMC + 15% (v/v) glycerol. One ml 

aliquots were stored at -80°C. 1-10 III of DNA was added to 200 III of 

competent cells, left on ice for 45 min, heat shocked at 42 ° C and then placed 

on ice. 

In both cases 1 ml of LB or SOC (Sambrook et al. 1987) was added, the 

cells were incubated at 3rC for 1-2 h to recover and were then plated on 

selecti ve media. 
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Competent A. tumefaciens AGLI cells were prepared and transformed using a liquid 

nitrogen based method. 

50 ml of LBstrploo broth was inoculated with 5 ml of an overnight 

Agrobacterium culture and was grown with shaking for 6-8 h at 30°C until 

the OD55o was equal to 0.5. The cells were centrifuged at 3 600 x g for 5 min 

at 4°C and then washed with 30 ml ofTE (at 4°C) and recentrifuged. After 

resuspending cells in 5 ml of LB, 500 III aliquots were frozen in liquid 

nitrogen and stored at -80°C for up to 3 months. 

For transformation, the cells were thawed on ice and 0.5 - 1 Ilg of plasmid 

DNA was mixed in with the cells. The cells were left on ice for 5 min, 



2.1.10 

frozen by immersion in liquid nitrogen for 5 min, thawed at 3rC for 5 min 

and placed on ice. 1 rnl of LB was added to the cells which were then 

incubated at 30°C for between 3 and 16 h. 500 III aliquots were spread on 

each of3 LB (kan1oo, strloo:l plates which were incubated at 30 D C for 36 - 48 

h. 

of lambda phage 
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Lambda phage were grown using the E. coli host KW251 (Promega). With AGEM-

12 the following liquid culture method produced consistently high titres of phage. 

A single coli KW251 colony was used to inoculate 10 rnl of LB (tetlS) 

broth (+ 10 mMMgS04 and 0.2% (w/v) maltose) and was grown overnight 

at 37 DC in a shaking water bath. A single phage plaque was removed from 

a fresh plate and ejected into 1 rnl of SM buffer (20 mM Tris-HCI (pH 7.4), 

100 mM NaCl, 10 mM MgS04, 0.01 % (w/v) gelatin). This was left at 4 DC 

for 4-6 h. 100 III of the KW251 broth and 100 III of phage eluate were 

mixed, preincubated for 10 min at 37 DC and then added to 50 rnl ofLB (+ 

10 mM MgS04) in a 250 rnl flask. The flask was incubated overnight at 

37 DC with vigorous shaking. The next day the broth was visually checked for lysis, 500111 

of chloroform was added and the culture shaken for a further 10 min to complete lysis. The 

phage were decanted into a 50ml centrifuge tube, centrifuged for 10 min at 4 300 x g and 

poured into a new tube for storage at 4 DC. 

The phage titre was checked by serial plate dilutions. A titre of greater than 109pfu/rnl 

is essential for a good yield of DNA. 

2.1.11 Purification of lambda DNA 

Wizard™ lambda preps DNA purification system (Promega) was used for the quick 
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preparation oflarnbda DNA Yields were generally insufficient for sequencing, but this is 

a useful method for obtaining DNA for restriction enzyme analysis and cloning. 

To degrade bacterial DNA and RNA, 10 Ilg each of DNase I and RNase A 

were added to 10 ml of phage lysate and incubated for 30 min at 3rc. The 

phage were precipitated by the addition ofPEGgOOO (polyethylene glycol) and 

NaCl to 10% (w/v) each, placed on ice for 30 min and then centrifuged at 

10 000 x g for 10 min. The pellet was resuspended in 500 III of SM buffer 

and contaminating nucleases destroyed by incubation at 37°C for 5 min with 

proteinase K (at 0.5 mg/ml). The phage were centrifuged for 10 sec at 12 

000 x g and the supernatant transferred to a new tube. One ml ofWizard™ 

lambda purification resin was added to the phage, filtered through a 

minicolumn, washed with isopropanol and the bound phage DNA then 

eluted with TE buffer. Yields of between 2 and 8 Ilg of DNA were 

achieved. 

For the large scale preparation of lambda DNA, the caesium chloride protocol of 

Sambrook et al. (1987) was used. The phage were concentrated by PEG precipitation, 

purified by ultracentrifugation in a caesium chloride gradient, and then deproteinated. 

DNase I and RNase A, each to 1 Ilg/ml were added to 500 ml of an 

overnight broth of phage (grown in LB + 10 mM MgS04) and left for 30 

min at room temperature. NaCI was added to 1 M, dissolved by swirling 

and left for 1 h on ice. The debris was removed by centrifuging at 11 000 

x g for 10 min at 4°C, the supernatant decanted into a new flask and stored 

overnight at 4 0 C. The phage were titred to ensure that the yield was> 1 010 

pfu/ml. PEGsooo was dissolved in the phage broth to 10% (w/v) and the 

solution left to stand for Ih in iced water. The phage were sedimented by 

centrifugation at 11 000 x g for 10 min at 4 ° C. The pellet was resuspended 

in 3 ml of SM buffer, chloroform extracted (to remove any PEG) and 0.75 



g of caesium chloride per ml of aqueous phase added. This solution was 

transferred to a tube and centrifuged for 23 h at 151 000 x g in a Beckman 

SW41 rotor. The phage were visible in a blue band. The tube was 

punctured at the side with an 11 gauge needle and the band was sucked out 

using a syringe. The phage were dialysed twice at room temperature for 1 

h against 3 Z-l of buffer (10 ruM NaCl, 50 Tris-HCI (pH 8.0), 10 ruM 

MgCl2). The phage were transferred to a 15 ml falcon tube and the phage 

coats removed via the addition of EDT A to 20 ruM, proteinase K to 50 

flg/ml, SDS to 0.5 % (w/v) and incubation for 1 h at 56°C. The DNA was 

phenol/chloroform extracted and dialysed overnight against 3 tl of TE. 

2.1.12 Polymerase chain reaction (peR) 

2.1.12.1 Standard conditions 
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25 to l00fll PCR reactions (l flM of each primer, 2mM dNTPs (dATP, dGTP, dCTP, 

dTTP), 2.5U/100fll ofTaq DNA polymerase (Boehringer Mannheim) and lfll of template 

in 10 ruM Tris-HCl, 1.5 mM MgCI2, 50 mM KCI, 0.1 mg/ml gelatine, pH 8.3 (20°C)) were 

incubated in either a Perkin Elmer Cetus tube or a Techne PHC-3 thermal cycler under the 

following standard conditions: 95°C for 2 min, followed by 28-33 cycles at 94°C for 30 

s, 40-60°C for 45 s, noc for 1-6 min and a final incubation at 72°C for 7.5 min. Primer 

annealing temperatures were based on the duplex dissociation temperature (Td) calculated 

according to the method of Suggs et al. (described in Rychlik & Rhoads 1989), appendix) . 

. The extension time was generally based on 1 min for each kb of DNA product expected. 

2.1.12.2 LongPCR 

The protocol of Kainz et ai. (1992) using Tub DNA polymerase (Amersham) at 2 

units1200 fll in low magnesium buffer (50 ruM Tris-HCl (pH 9.0), 20 ruM (NH4)2S04' 0.7 
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mM MgCIJ was used to produce PCR products greater than 5 kb in length. An extension 

temperature of 65°C for 8 mins followed after 30 cycles by a single 15 min extension at 

65°C was used. 

2.1.12.3 peR product purification 

The purification of PCR products from the amplification reaction components was 

performed using either size exclusion spin filters (Millipore) or binding to a DNA 

purification resin (Qiagen QIAquick-spin PCR purification kit). 

Millipore spin filters rely on a physical size difference between PCR products and the 

unwanted prnners and nucleotides. Molecules with a molecular weight smaller than 30,000 

daltons pass through the filter while the PCR product is held. 

The PCR reaction was zigzagged over a piece of Parafllm until all the oil 

adhered to the surface of the parafilm. DNA was phenol extracted, 300 ~l 

of TE added, and then pipetted into a Millipore spin filter unit (30 000 

nominal MW). The unit was centrifuged at 1 400 x g for 5 min, 350 ~l of 

TE was added and the unit spun again. This was repeated twice more, 

centrifuging until the volume was about 100 ~Il. The DNA was pipetted 

from the top of the column. 

The Qiagen QIAquick-spin PCR purification kit was also used to purify PCR 

products. 

DNA binding buffer was added to the PCR reaction and loaded onto a 

supplied column. DNA products larger than 100 bp bound to the DNA

binding silica membrane filter of the column while unwanted primers and 

nucleotides were removed via an ethanol wash. The PCR product was 

eluted with water in a volume of 50 ~l and concentrated as necessary. 
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2.2 Construction and scr'eellUIIl2 an cepa genomic library 

2.2.1 Library construction 

2.2.1.1 DNA extraction 

DNA was extracted from the inner scales of new seasons A. cepa var. Dehyso 

onion bulbs. An adaptation of the method of Lassner et aI. (1989), which utilises a 

CT AB (hexadecyltrimethylammonium bromide) extraction buffer to reduce 

polysaccharide contamination, was used. 

Approximately one gram of onion bulb tissue was fmely chopped up, 

tipped into a small plastic bag, and crushed using a paper roller. Three 

mlofpreheated (65°C) CTAB extraction buffer (0.14 M sorbitol, 0.22 

M Tris-HCI (pH 7.5),0.022 M EDTA, 0.8% (w/v) CTAB, 1 % (v/v) 

laurylsarcosine and 0.2% (v/v) mercaptoethanol (added just before use)) 

was added, the bag sealed and the tissue crushed further. The bag was 

left on ice, while 7-8 further samples were processed. The supernatants 

were pooled and 5 ml aliquots pipetted into 15 ml falcon tubes which 

were incubated at 65°C for 60 min. An equal volume of 

chloroform:isoamyl alcohol (24: 1) was added, the solutions mixed by 

inversion to form an emulsion and then centrifuged at 1 000 x g for 10 

min. The upper aqueous phase was pipetted into a new tube and the 

DNA precipitated by adding 2 vol of cold 100% (v/v) ethanol. The 

DNA was spooled using a glass pipette (with the tip melted to form a 

hook), immersed for 10 min in 76% (v/v) ethanol and 0.2 M sodium 

acetate, and then briefly in 76% (v/v) ethanol and 0.01 M ammonium 

acetate. The spooled DNA was then transferred to an eppendorf 

containing 300 J.lI of TE buffer and left at 4°C to dissolve. 
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2.2.1.2 Partial digestion and size fractionation of genomic DNA 

A. cepa DNA was partially digested with Sau 3A restriction endonuclease. To 

maximise the concentration of restriction fragments between 15 and 23 kb, a number of 

trial restriction digests were performed. A modified procedure of Slightom and Drong 

(1988) was used, with a constant amount of DNA (lllg) digested by different enzyme 

concentrations (0.5 - 0.00025 units) for 22 min (Figure 2.1). 

15 III 15 III 15111 15 III 00. 15 III 15 III 

R~R~R Rf-~ 
O 01 

. • •• 
. umts discard 

Sau 3A 
2 

Figure 2.1 Optimization of digestion conditions. Genomic DNA was 
diluted to 1 Ilgl15 J1l in 1 x restriction buffer. 30 III of this mix was 
distributed into tube 1, and 15 III into tubes 2 - 13. 0.1 units of Sau 3A 
restriction endonuclease was mixed into tube 1, 15 III of tube 1 removed 
and mixed into tube 2. 15 III of tube 2 was pippetted into tube 3. This 
was continued until tube 12 when 15 III was discarded. Tube 13 was 
left as the uncut control. The tubes were incubated at 37°C for 22 min 
and the reactions stopped via the addition of EDTA (to a final 
concentration of 10 mM) and incubation at 68 ° C for 10 min. The 
reactions were then electrophoresed through a 0.5% (w/v) agarose gel. 

The optimum trial digestion conditions were scaled up and large scale digests (20 

Ilg) were performed. Increasing the digestion volumes altered the optimum digestion 

conditions, and a number of further large-scale trials were necessary. Successful digests 

were pooled, phenol/chloroform extracted and resuspended at 1 Ilg/Ill. 

To further optimize the yield of fragments in the desired range and to simplify later 

ligations, the partially digested DNA was size fractionated by NaCl density gradient 

centrifugation. 



2.2.1.3 

A 5-20% (w/v) NaCl (in 3 rnM EDTA (pH. 8.0» gradient was formed 

in 13.5 ml Kontron Cellulose centrifuge tubes using a linear gradient 

maker. Approximately 100 Ilg of digested DNA was incubated at 3rC 

for 10 min to dissociate any annealed fragments, layered on top of the 

gradient and centrifuged for 4.5 hat 151 000 x g in a Beckman SW41 

swingout rotor at 15 DC. 350 III fractions were collected from a needle 

puncture in the base of the centrifuge tube. 10 III of every second sample 

was electrophoresed overnight through a 0.5% (w/v) agarose gel. 

Fractions containing DNA fragments between 15 and 23 kb were pooled, 

ethanol precipitated, resuspended in TE buffer and quantified. 

Partial fill-in reaction 
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The size fractionated Sau 3A digested DNA was partially endfilled using Klenow 

polymerase and the nuc1eotides dGTP and dATP. This created a site compatible with 

the partially endfilled Xho I site of the vector and also eliminated the formation of insert 

concatemers. 

2.2.1.4 

10 Ilg of size fractionated Sau 3A digested DNA and 10 units of Klenow 

polymerase (Gibco BRL) in fill in buffer (0.5 M Tris-HCl (pH 7.2),0.1 

M MgS04, 1 rnM DTT, 500 Ilg/ml acetylated BSA, 10 rnM dATP and 

10 rnM dGTP (Promega» were incubated at 37 DC for 30 min. The 

DNA was phenoVchloroform extracted and precipitated with % vol 7.5 

M NH40Ac and 1 vol of isopropanol. The dried DNA was resuspended 

in 30 III of ddH20 and quantified by UV spectroscopy. 

Ligation of endfilled A. cepa DNA into AGEM-12 

Assuming an average insert size of 15 kb, ligations were set up using a range of 

vector:insert ratios (Table 2.2). 
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Reaction Postive Negative A B C 
control control 

LambdaGEM®-12 XhoI 1~1 1~1 2~1 2~1 2~1 
arms2 (500 ng/~l) 

16 kb Positive Control insert 1~1 0 0 0 0 
(500 ng/~) 

Insert DNA (200ng/~) 0 0 4.5~ 3~1 1~1 

5x Ligase Buffer 1~1 1~1 2~1 2~1 2~1 

Ligase (6.7 Weiss units/~) 0.5~ 0.5~1 0.5~1 0.5~1 0.5~1 

(NEB) 

ddH;p 1.5l:!1 2.5l:!1 1l:!1 2. 5 l:!l 4.5l:!1 

Total 5l:!1 5l:!1 1Ol:!1 1Ol:!1 1Ol:!1 

Molar Ratio Vector:Insere 1:2.9 0 1:2.6 1:1.7 1:0.57 

Table 2.2 The ligation of AGEM-12 Xho I arms with postive control, 
negative control and three different molar concentrations of A. cepa size 
fractionated and endfilled DNA. 11~g of AGEM-12 arms is equivalent 
to 0.035 pmoles; 100 ng insert (15 kb) is equivalent to 0.01 pmoles. 

The ligations were incubated overnight at 4 ° C and 5 ~l of each reaction packaged 

into viable phage particles using Gigapack II Gold packaging extracts as per the 

manufactures instructions (Stratagene). 

The packaging extracts were removed from the -80°C freezer and placed 

on ice. The freeze/thaw extract was warmed quickly between fingers 

until it just began to thaw at which time 5 ~l of DNA was added. The 

tube was placed on ice, 15~1 of sonic extract added, the extracts pipet 

mixed, briefly spun and then incubated at 22 ° C for 2 h. 500 ~l of SM 

buffer and 20 ~l of chloroform were added, the reaction mixed gently by 

inversion and the debris sedimented by a brief spin. The supernatant 

contained the packaged phage. 

The packaged phage were serially diluted with phage buffer to 10-4 and plated on 
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E. coli strain KW251. 

2.2.2 Screening of the genomic Library 

2.2.2.1 Filter Lifts 

To facilitate the screening of large numbers of plaques, large (245x245x20 mm) 

Nunc Bioassay plates were used. Approximately 250,000 phage were inoculated on 

each plate. 

In 50 ml tubes, 4 m1s of an overnight culture of KW251 and 250 000 pfu 

of phage were preincubated for 30 mins at 37°C. 45 mls of top agarose 

was added, the tube sealed with parafilm, inverted to mix and quickly 

poured onto 300 ml prewarmed LB plates. The plates were incubated, 

lid uppermost, for 16 h at 34-3rC in a large incubator (to reduce 

condensation) and were then stored at 4°C. 

Filter lifts of the phage were performed in duplicate, the phage denatured, the 

filters neutralised and dried. 

The plates were placed on trays of ice for at least 30 min. Sheets of 

3MM paper were placed across the bottom of two plastic trays. One 

was saturated with denaturation solution (0.5 M NaOH, 1.5 M NaCI) 

and the other with neutralization solution (0.5 M Tris-HCI (pH 7.4), 1.5 

M NaCl). 22 cm2 nylon Zeta-Probe® genomic tested blotting 

membranes (Bio-Rad) were soaked in ddH20 for 5 min, 1M NaCI for 5 

min and then blotted to remove excess moisture. With such large 

membranes pre-wetting is necessary as otherwise the membrane wets 

very slowly creating a rippled effect across the plate. 

The membrane was carefully placed on to the plate, starting from one 



2.2.2.2 

comer, with any bubbles that fonned smoothed out. Needle marks were 

made through the membrane into the agar, to enable the membrane and 

plate to be lined up subsequently. The membrane was left for 4 min 

before being peeled off and placed, phage side up, onto the denaturation 

solution soaked paper where it was left for a further 4 min. The 

membrane was then placed on neutralization soaked paper for 4 min and 

left on paper towels to air dry overnight. The denaturation and 

neutralization trays were supplemented with fresh solutions between 

membranes. A replicate filter lift was taken of each plate. 

Hybridisations 
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Hybridisations were performed on two membranes at a time using an [a-

32P]dCTP labelled alliinase eDNA probe. 

2.2.2.2.1 Prehybridisation 

The fllters were floated on 2 x SSC (0.3 M NaCl, 0.03 M tri sodium 

citrate (pH 7.0), until wet from beneath, and were then submerged for 

5 min. Two filters (back to back) were transferred to a dish containing 

preheated (42°C) prewashing solution (5 x SSC, 0.5% (w/v) SDS, 1 mM 

EDT A (pH 8.0)) and incubated for 1-2 h at 42°C in a shaking water 

bath. The bacterial debris was gently wiped from the filter using a soft 

cloth soaked in prewash solution to reduce background. 

The filters, back to back, were tranferred into a plastic bag and incubated 

in a shaking water bath at 65 0 C for 2-4 h with 30 ml of prehybridisation 

solution (0.1% (w/v) sodium pyrophosphate, 10% (w/v) dextran 

sulphate, 6 x SSC, 1 % (w/v) SDS and 0.6 mglml freshly denatured 

herring spenn DNA). 

2.2.2.2.2 Probe preparation 
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Alliinase cDNA phagemid pAlli6 constructed by Clark (1993) was used as a 

template for a PCR reaction using M13-20 forward and SK primers to yield a 1.6 kb 

fragment which encompassed the entire alliinase cDN A. The purity of the reaction was 

checked by gel electrophoresis and the primers and free nucleotides removed using a 

Millipore spin filter. 

A megaprime random prime DNA labelling kit (Amersham) was used to label the 

PCR product with [a-32P]dCTP. 

25 ng of probe DNA, 3 tll of random nonomer primers and ddHzO to 

20 tll were boiled for 5 min and cooled to room temperature. 6 tll of 

Megaprime reaction buffer (dATP, dGTP, dTTP in buffer Tris-HCI (pH 

7.5), MgClz mercaptoethanol), 2 units of Klenow enzyme, and 3 tll of 

[a-32P]dCTP were added to the DNA/primer mix, and incubated at 

37°C for 30 - 120 min. The reaction was stopped by the addition of 70 

III of STE and pippetted on to the top of a prepared Sephadex G-50 

column (made in a 1 ml syringe and pre-equilibrated with STE buffer). 

The column was spun for 20 sec at 1000 rpm, the labelled probe 

denatured with 1/5th vol of 1M NaOH for 10 min and then neutralized 

with 1/Sth vol 2M Tris-HCI (pH 7.5). 

2.2.2.2.3 Hybridisation 

Five ml of reserved prehybridisation solution (at 65°C) was added to the 

denatured probe, and after mixing, added to the membrane. The bag was resealed and 

left to hybridise overnight in a 25 cm plastic container in a shaking water bath at 65 ° C. 

The next day the hybridisation mix was poured into falcon tubes, boiled for 10 

mins to denature, and reused for the next two membranes. 

The hybridised membranes were washed for 30 min at 65°C, flrst in 2 x SSC, 
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0.1% (w/v) SDS, then in 1 xSSC, 0.1 % (w/v) SDS and finally in 0.1 x SSC, 0.1 % SDS. 

The membranes were individually wrapped in gladwrap, overlaid with X-OMATTM AR 

scientific imaging film (Kodak) and exposed for 72-96 h at -80°C. 

2.2.3 Plaque purification 

The films were lined up with the plates using the needle holes punctured through 

the membrane and agar (radioactivity 'clung' to these holes making them visible on the 

film). The wide end of a 200 fll pipette tip was used to stab a plug of agar around the 

plaque of interest, which was removed with sterile tweezers and placed in 1 ml of SM 

buffer. 50 f1l of chloroform was added and the phage stored at 4°C. The phage were 

diluted to 10-5 or 10-6 and plated out on 90 mm plates to give single plaques. Filter lifts, 

fixing and hybridisations were peliormed as with the initial screening except that: 1) dry 

discs of membrane were used; 2) plate contact was only for 1 min; 3) filters were 

denatured and neutralized for only 2 mins; and 4) four filters facing outward were 

hybridised in each bag with 9 ml of prehybridisation mix. 

2.2.4 PCR Analysis of Clones 

Once the phage were purified to homogeneity, they were analysed by PCR using 

combinations of the primers SCI, SC2, SC6, SC7, IAL2, IAL3 and BGOI (Figure 2.2). 

Several methods were used for template preparation. A 200 fll tip was used to scrape 

the surface of a plaque and then immersed in 30 III of SM. Alternatively, a plug of agar 

containing a single plaque was removed from a fresh plate, using a cut off pipette tip, 

and expelled into 300-1000 fll of SM. Ifll of the phage containing SM was used as a 

template in each PCR reaction. 



SCI SC6 

coding region 

Figure 2-2 Approximate binding positions of the primers used for of genomic clones alliinase. 
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2.3 Sequencing of clones 

2.3.1 Sequencing Gel 

Gibco BRL model S2 sequencing gel electrophoresis apparatus was used for 

electrophoresis of sequencing reactions. Sequencing gels, 0.4 mm thick, were cast 

between two glass plates, using the 'no tape' method of Chang & Wu (1992). 

Sequencing gel plates were cleaned with Jiff and hot water, dH20, 

ethanol and then acetone. The shorter plate was coated with a 

dimethyldichlorosilane solution (- 2% in 1, 1, I-trichloroethane (BDH» 

to prevent adhesion of the gel. The plates were placed on a level 

surface, separated by a 0.4 mm spacer and clamped in the middle. 60 

m1 of sequencing polyacrylamide (6% (w/v) polyacrylamide, 8 M urea 

in 1 x TBE, 0.05% (w/v) ammonium persulphate, 0.05% (v/v) TEMED) 

was pipetted into the plate and the cavity filled by capillary action. The 

flat edge of two sharkstooth combs (Gibco BRL) were inserted into the 

top of the gel. The plate was clamped along the sides and top and 

allowed to polymerise. When set, the sharks tooth combs were inserted 

on top of the gel to form wells. 

The sequencing apparatus was assembled, and the gel pre-electrophoresed in 1 

x TBE for 15-30 min at 60 watts constant power. Sequencing reactions were heated 

at 95 for 3 min, the surface of the gel flushed with 1 x TBE and 2-3111 of sample 

loaded. The gel was mn at 60 watt constant power for 2-8 h. 

The gel apparatus was dissasembled and the plates prised apart leaving the gel on 

the larger plate. The gel was fixed for 30 min in fixing solution (10% (v/v) glacial 

acetic acid and 10% (v/v) methanol) and dried for 30-45 min at 70°C in a gel drier. 

HyperpaperTM (Amersham) was used to visualise the gel. 

Two methods were used to fix the gel. The plate and gel were soaked 

in fixing solution for 30 min and the gel was removed from the plate 



onto a piece of dry 3MM filter paper. Alternatively, a piece of 3MM 

paper wetted with fixing solution was placed on the gel and left for 15-

30 min. A second dry piece of filter paper was laid on top and both the 

ftlter papers and the gel were peeled off (Chadeneau & Denis 1992). In 

either case the gel was dried at 70°C for 30 - 45 min in a vacuum gel 

drier. 

2.3.2 Sequencing of products 
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PCR reactions were performed as per 1.1.1 using either purified lambda DNA or 

intact phage as a template source. PCR products were sequenced by a Sequenase based 

protocol, Circumvent cycle sequencing or by automated sequencing at Otago 

University. 

2.3.2.1 Sequenase based protocol 

An abridged version of the method described by Roberts et al. (1992) was the first 

sequencing approach used. This method uses the Sequenase version 2.0 T7 DNA 

polymerase and reagents (United States Biochemicals). 

A primer/template mix (55 ng sequencing primer, 50-100 ng PCR 

product, 2 J1l of 5 x Sequenase buffer (200 mM Tris-HCl (pH 7.5), 100 

mM MgCI2, 250 mM NaCI) and TE to 7,.d), was boiled for three min 

and snap chilled in an ice-water bath. 4J1l of an enzyme premix (4111 of 

[cx-35S]-dATP (370 MBq/rol), Amersham), 8 Jll of 100 mM DTT, 1111 

(12.5 units) of Sequenase polymerase and 19 III of TE) was added and 

then 2 Jll aliquots distributed into each of 4 previously dispensed 

dideoxy termination mixes (80 J1M. each dNTP, 50 mM NaCI, and 8 J1M. 
respective ddNTP). The reactions were incubated at 3rC for 5 min 

and stopped by the addition of 2 III of formamide stop solution (95% 

(v/v) formamide, 20 mM EDTA, 0.05 % (w/v) each of bromophenol 

blue and xylene cyanol FF). 
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2.3.2.2 Thermal cycle sequencing 

The CircumVent™ thermal cycle dideoxy DNA sequencing kit (New England 

Biolabs) was used to sequence some PCR products. The manufacturers protocol was 

followed, sequencing 0.1 pmol of template DNA (100 200 ng PCR product) with 

incorporated [a- 35S]-dATP. 

0.1 pmol of template DNA (100 - 200 ng PCR product), 1.2 pmol of 

primer, 1.5 III of 10 x CircumVent sequencing buffer (100 mM KCI, 100 

roM (NH4hS04' 200 mM Tris-HCI (pH 8.8), 50 mM MgS04), 1 III 3% 

(v/v) Triton X-100 and ddH20 to 12 III were mixed together. 2 III of [a-

35S]-dATP (370 MBq/mI, Amersham), and 2 units of VenffM (exo-) 

DNA polymerase were added. 3.2 III of this mix was distributed to 

separate tubes containing 3 III of previously ali quoted deoxy/dideoxy 

termination mixes. The mixes were overlaid with a drop of mineral oil 

and run for 20 cycles at 95 ° C for 20 sec, 55 ° C for 20 sec and 72 ° C for 

20 sec in a thermal cycler. 4 J1l of stop dye (0.3% (w/v) xylene cyanol 

FF, 0.3% (w/v) bromophenol blue, 10 mM EDTA (pH 7.0) was added 

to the reactions which were stored at -20°C. 

2.3.3 Direct sequencing of lambda 

Lambda DNA was sequenced using a CircumVent™ Thermal Cycle Dideoxy 

DNA sequencing kit (New England Biolabs) as described in the previous section, with 

the 0.1 pmol of template DNA required equivalent to about 3 Ilg of lambda DNA. 

Lambda DNA was purified using the caesium chloride method described in section 

2.1.11. 
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Sequencing of plasmid DNA m deletion factory system 

2.3.4.1 Cloning into pDelta1 

Full length Not I fragments from the lambda phage aI, a2, a4, s6 and s9 were 

cloned into the Not I site of the cosmid vector pDeltal (Gibco BRL; Figure 1.7). 

pDeltal was digested to completion with Not I restriction endonuclease and self 

ligation prevented by phosphatase treatment. 

The reaction vol was doubled by the addition of 1 x dephosphorylation 

buffer (50 mM Tris-HCI, O.lmM EDTA (pH 8.5)) and 10 units of 

alkaline phosphatase (from calf intestine, Boehringer Mannheim). The 

reaction was incubated at 37°C for 15 min and then at 56°C for 15 min. 

Ten more units of alkaline phosphatase were added and the incubations 

repeated at both temperatures. The DNA was then phenol/chloroform 

extracted and precipitated using 0.1 vol 2 M NaCl and 2 vol 100% 

ethanol. The dry DNA was resuspended in ddH20 and quantified. 

Lambda clone DNA was digested with Not I and an aliquot checked via gel 

electrophoresis. The DNA was phenol/chloroform extracted, ethanol precipitated and 

resuspended in a small volume of TE which was then run on a 1 % (w/v) low melting 

point agarose gel using the Switchback electrophoresis power pack (section 2.1.2). The 

desired fragment was excised from the gel with a clean scalpel blade, minimising the 

exposure to uv, and the DNA recovered using Agarase (Boehringer Mannheim). 

The agarose piece containiug the DNA was placed in a 1.5 ml eppendorf 

and weighed. 1125th volume of 25 x agarase buffer (0.75 M BislTris, 

0.25 M EDT A) was added, and the tube incubated at 65°C for 15 min 

to melt the agarose. The molten agarose was cooled to 45°C and 1 unit 

of agarase per 100 mg of 1 % (w/v) agarose was added. The agarose 

was incubated for 1 to 3 h at 45°C. 0.1 vol of 3 M sodium acetate (pH 



5.5) was added and the tube placed on ice for 15 min. The agarose was 

centrifuged for 15 min to pellet oligosaccharides and the supernatant 

decanted into a new tube. 3 vol of cold 100 % (w/v) ethanol was added 

and the DNA sedimented by centrifugation for 15 min. The dry pellet 

was resuspended in 10 - 20 III of TE or water. 
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The insert DNA was kinased, using T4 polynucleotide kinase (T4 pnk), and 

quantified on a geL 

7 III of DNA were mixed with 0.2 mM ATP, 10 units of T4 pnk in 1 x 

pnk buffer (Boehringer Mannheim) and incubated for 30 min at 37°C. 

The enzyme was denatured by incubation at 70°C for 20 min and the 

DNA was stored at -20°C. 

Ligations were performed in 0.5 ml tubes using a vector:insert ratio of 

approximately 3: 1. 5 units of T4 DNA ligase (NEB) were mixed with the DNA in a 

reaction volume of 10 III using BRL ligation buffer (1 x 50 mM Tris-HCl (pH 7.6), 10 

mM MgCI2, 1 mM ATP, 1 mM DTT, 5% (w/v) PEGgooo)' The ligations were incubated 

overnight at 16°C, 1 5 III of the ligation was transformed into DHlOB competent cells 

and plated on LB (Kanso, TetlS)' X-gal plates. 

Plasmid DNA was purified from positive colonies and examined via restriction 

enzyme digestion. The pDeltal clones were also checked via PCR using alliinase 

primers. 

2.3.4.2 Deletion Factory system 

To generate a series of deletion clones from each pDeltal clone the Deletion 

factory protocol (Gibco BRL) was followed (Figure 2.3). 
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Figure 2.3 Overview of the steps involved in the Deletion Factory system to 
generate nested deletions. 
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Three methods were used to identify deletion clones of the desired size. 

Individual colonies were tooth-picked off a plate into 100 !Jl of H20 and boiled for 

5 min. The tube was centrifuged for 5 min and 1 III of the supernatant used in PCR 

reactions with selected primers. 

Colonies were also screened by hybridisation with pieces of alliinase cDNA clone 

using the 'turbo lift' technique (pers. comm. Dr M. Kennedy, Christchurch School of 

Medicine). 

50 - 100 colonies from a ligation plate were transferred with a toothpick 

onto duplicate plates and grown overnight at 37°C. 83 mm round sterile 

nitrocellulose hybond C membranes were placed on a sterile agar plate 

to prewet the membrane and then onto the plate with colonies. The 

membrane was smoothed out with a sterile glass rod. A piece of 3 MM 

paper in a glass dish was flooded with turbo juice (2 x SSC, 5% (w/v) 

SDS), the excess was poured off and the membrane placed, colony side 

up, on the 3MM filter paper. The membrane was microwaved for 1 min 

on high (850 watt microwave) until it was just dry. The membrane was 

left in an oven at 80°C for 30 min to completely dry and was then 

hybridised as described in section 2.2.2.2. 

Finally, clones were analysed by purifying plasmid DNA from individual colonies 

and electrophoresing with a supercoiled ladder (Gibco BRL). 

Kan/strp deletions were sequenced using a T7 primer while tet/suc deletions were 

sequenced with the SP6 primer. 

2.3.4.2.1 EcoRI sub-cloning of pLl-al 

It was difficult to obtain tet/suc deletion clones which adequately covered the 5' 

region of pLlal. To simplify sequencing, pLlal was digested with EeoRI and three 
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fragments (900, 652 and 2800 bp), which encompassed the alliinase gene, cloned (Figure 

2.4). 

pDeltal was digested with Eco RI and phosphatased as described in section 

2.3.4.1 pL\al was digested withEco RI to completion and kinased. A ligation between 

the two was performed, and pla'imid DNA from the resultant colonies purified and 

restriction enzyme digested. The clones generated were designated pL\ala, pL\alb and 

pL\alc and sequenced using forward and reverse primers to confirm their identity. 

Clones were then individually processed through the deletion factory system to generate 

clones for sequencing with T7 or SP6 primers. 

2.3.4.2.2 Cloning pL\-a4 

Despite extensive effort, the full length Not I fragment from phage clone a4 was 

unable to be cloned into pDeltal. Using sequence data from clone aI, two Hind III 

fragments which encompassed clone a4 from nucleotides -1500 to 1600, were cloned 

into pDeltal vectors (Figure 2.4). These clones, pL\a4a and pL\a4b were processed and 

sequenced as described for the pL\al clones. The sequence of the 3' region of this gene 

was deduced from information gained through sequencing of PCR products BGOl

IAL2 and BG06-SC6 (Figure 2.4). The sequence of all the pL\ clones was also 

determined from sequencing with primers internal to the alliinase cDNA. 

2.3.4.3 Automated sequencing 

Automated sequencing of plalimid DNA and PCR products was used to complete 

the DNA sequencing. Plasmid DNA was prepared using a modified mini alkaline

lysislPEG precipitation procedure as described in PRISMTM Ready Reaction 

DyeDeoxyTM Terminator Cycle Sequencing Kit Protocol (Applied Biosystems, Inc.). 

For each sequencing run, a minimum of 6 III of template DNA (plasmid DNA 200-300 

ng/1l1; PCR DNA 150 ng/Ill) and 4 III of primer (0.8 pmole/Ill) were sent to the Centre 

for Gene Research, Biochemistry Department, University of Otago. 
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A single, fresh bacterial colony was inoculated into 5 rnl of Terrific Broth 

(Tartof & Hobbs 1987) (including antibiotics), and grown overnight at 

3rC in a shaking water bath. The culture was pelleted in an eppendorf 

tube by three 1 min centlifugations. The pellet was resuspended in 200 

JlI of GTE buffer (50 mM glucose, 25 mM Tris-HCI, 10 ruM EDT A (pH 

8.0» by vortexing. 300 JlI of lysis solution (0.2 M NaOH, 1 % (w/v) 

SDS) was added, the solution mixed by inversion, and then incubated on 

ice for 5 min. The lysis mixture was neutralised by the addition of 300 

JlI of 3.0 M potassium acetate (pH 4.8), incubated on ice for 5 min, 

centrifuged for 10 min, and the supernatant transferred to a clean tube. 

RNase A was added to 20 Jlglrnl and the DNA incubated at 37°C for 20 

min. The DNA was extracted at least twice with 400 JlI of chloroform. 

An equal volume of isopropanol was added and the DNA precipitated by 

centrifugation for 10 min. The pellet was washed with 70% (v/v) ethanol 

and the dry pellet dissolved in 32 Jll of H20. 8 Jll of 4 M NaCl and 40 

Jll of 13% (w/v) PEGgooo were added to precipitate the plasmid DNA. 

The DNA was incubated on ice for 20 min and then centrifuged for 15 

min at 4°e. The supernatant was removed with a pipette, the pellet 

washed with 70%(v/v) ethanol, dried and resuspended in 20 Jll of H20. 

The DNA was quantified via uv spectroscopy and stored at -20ce. 

2.3.4.4 Computer aided sequence analysis 
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Computer aided analysis of DNA sequences was performed using the programs 

Seqaid 3.81 (DD Rhoads and DJ Roufa, Molecular Genetic Labaratory, Center for Basic 

Cancer Research, Kansas State University, Manhattan, USA) and ClustalV (Higgins et 

al. 1991). Homology searches of the GenBank and EMBL databases were performed 

using the algorithim BLAST (Atschul et ai. 1990). 
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2.4 Promoter Analysis 

To determine if the region upstream of the putative alliinase gene was capable of 

directing gene expression, this region was cloned adjacent to a ~-glucuronidase reporter 

gene. 

2.4.1 Promoter cloning 

2.4.1.1 Construction of the vector pGi-Kan 

To eliminate expression of the uidA gene in Agrobacterium, the uidA gene in 

pGPTV -kan (Figure 1.9) was replaced with the intron containing uidA gene from 

pP35SGi-dhfr to create pGi-kan. Both plasmids were gifts from Dr. Detlef Becker, 

Max-Plank -Institut fur Zuchtungsforshung, Germany. 

2.4.1.2 

pGPTV-kan and pP35SGi-dhfr were both digested withXba I and Sst 

I. These digests were gel purified using agarase (section 2.3.4.1) and 

the intron containing uidA gene kinased and ligated into the 

phosphatased pGPTV-kan vector (Figure 2.5). 

Construction of pPallil Gi-kan (Figure 2.7) 

A peR was performed on clone al using primers BG04 and BG05 which each 

have an XbaI site at their 5' ends. The resulting 1.4 kb peR product encompassed the 

5' upstream region and the 24bp of the alliinase leader sequence. The purity of the peR 

product was checked via gel electrophoresis and then digested with Xba I. 

A 100 J-ll digest was set up using 85 J1l of the unpurified peR product, 

and 10 units of Xba I. 9 J1l was removed and mixed with 1 J-ll of DNA 

containing multiple Xba I sites to act as a control. Both tubes were 

incubated at 3rC, with additional enzyme added after 2 h. Half the 

control DNA was electrophoresed through a gel to ascertain the 



efficiency of the digest. When complete, the peR product was purified 

using a millipore spin column as described in section 2.1.12.3, 

concentrating the DNA to a volume of approximately 25 ,.t!. 
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The purified peR product was quantified, kinased (section 2.3.4.1) and stored at 

-20°C. The vector pGi-kan was digested with Xba I, phosphatased, phenol/chloroform 

extracted, precipitated, resuspended in water and quantified. A ligation between pGi

kan and the peR product was performed and the DNA was transformed into the host 

DH5a. Plasmid DNA was purified from colonies and checked via restriction enzyme 

digestion and sequencing of the junctions (Figure 2.6). 

2.4.1.3 Deletions of pPalli1 Gi-kan (Figure 2.7) 

The 5' upstream region of the alllinase gene contains conveniently located Sal I and 

Hind III sites. The plasmid pPallilGi-kan was digested with either Sal I or Hind III. 

The vector was gel purified (section 2.3.4.1) from the small released fragment, and then 

religated to leave 750 or 275 bp, respectively, of the 5' upstream region (Figure 2.6). 

This was checked via restriction enzyme digestion. 

2.4.1.4 Construction of pPalli2Gi-kan (Figure 2.8) 

A 950bp Sal I - Xba I fragment from a.deletion clone of p.6.a1 (encompassing 700 

bp of the 5' upstream region, 24 bp of un translated leader, 34 residue putative signal 

peptides and the first 67 residues of the alliinase enzyme including the first intron) was 

cloned into the vector pGi-kan. This translational fusion maintained the GUS gene in 

the same reading frame as the alliinase gene. The cloning was checked via peR, 

restriction enzyme digestion and sequencing of the junctions. 

2.4.1.5 Construction of pP35SGi-kan (Figure 2.8) 

The 35S-Gi gene cassette from pP35SGi-dhfr was cloned as a unit into the vector 

pGPTV-kan to create the binary vector pP35SGi-kan. This was performed in the same 
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Figure 2.S The cloning strategy used for the construction of the 
plasmids pGPTV -Gi-kan and pGPTV -P35SGi-kan. 
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Figure 2.6 The cloning strategy used for the construction of the 
plasmids pGPTV-PallilGi-kan, pGPTV-PallilSGi-kan, pGPTV
Palli1HGi-kan and pGPTV-Palli2Gi-kan. 
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way as pGi-kan, but using the Hind III and Sst I restriction sites (Figure 2.S). 

2.4.2 Agrobacterium transformation 

The constructs pP3SSGi-kan, pPallilGi-kan and pPalli2Gi-kan were transformed 

into competent Agrobacterium tumefaciens strain AGLI cells. These were grown in LB 

broth with kanamycin (vector marker) and streptomycin (to select for Agrobacterium) 

and were used to transform tobacco via the leaf disc co-cultivation technique. Tobacco 

was grown on MS media of Murashige and Skoog (1962) supplemented with 6-

benzylaminopurine (BAP). 

Four to six week old Nicotiana plumbaginifolia leaves were cut from 

glass house grown plants. The leaves were immersed in a jar of 10% 

(v/v) commercial bleach with a magnetic flea and stirred vigorously for 

five min. This was repeated twice more with bleach and three times 

with sterile water. The leaves were placed on sterile filter paper in a 

large glass dish, the edges and the central phloem/xylem removed and the 

remaining tissue cut into 1 cm2 pieces. These were placed onto MS30 ( + 

1 mgltl BAP) plates, sealed with gladwrapTM and incubated for two days 

in a growth room I m1 of a S m1 overnight culture of plasmid containing 

Agrobacterium was used to inoculate 100 rn1 of LB (+ kan1OO' streplOO) 

and was grown overnight at 30 0 C. Leaf discs were dipped into the 

Agrobacterium solution for 30-60 sec, blotted briefly on filter paper and 

placed back on the same dish. After two days, the discs were transferred 

to MS30 (+ 1 mg/l-1 BAP, kan lOO' tim1OO) plates and incubated in growth 

room. As new shoots proliferated they were excised into tubs of fresh 

media. Only one shoot from each leaf disc was taken through to 

completion to ensure that independent transfonnation events were 

studied. 

The regenerated plant tissue was examined for the expression of the GUS gene by 

incubation with the substrate X-glu (S-bromo-4-chloro-3-indolyl glucuronide). 



The tissue was immersed in a suitable volume of X-glu buffer (1 mM X

glu, 50 mM Na2P04, 50 mM NaH2P04 , 10 mM EDTA, 0.1 % (v/v) 

Triton 100, (pH 7.0)). The tissue was incubated at 37°C overnight, 

soaked in 95% (v/v) ethanol to remove chlorophyll and then stored in 

95% (v/v) ethanol. 
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PCR analysis of the regenerants was performed to test for the presence of the 

promoter and GUS gene (primers GUS 1 and either Prom 1 or BG03) and for the 

Agrobacterium virG region (GMT 24 and GMT 25 primers). 

A piece of leaf tissue, the size of an eppendorf lid, was placed in an 

eppendorf tube. The leaf tissue was frozen in liquid nitrogen and ground 

with a plastic grinder (Kontes). 400 III of extraction buffer (200 mM 

Tris-HCI (pH 7.5),200 mM NaCl, 25 mM EDTA, 0.5 % (w/v) SDS) 

was added to the tissue, which was ground for a further 15 s while 

thawing. The leaf tissue was sedimented by a 1 min centrifugation and 

300 III of the supernatant was removed and mixed with an equal volume 

of isopropanol in a new tube. The DNA was pelleted by centrifugation 

for 5 min, dried and resuspended in 100 III ofTE. 1111 of DNA was used 

in a 25 III PCR reaction. 

Southern blot analysis of DNA extracted from regenerated tobacco leaves was 

performed, initially probing with an allinase promoter probe and then a uidA gene probe. 

DNA was extracted from 2-3 leaves of each plant essentially as described 

in section 2.1.1.1 After ethanol precipitation the DNA was sedimented 

by centrifugation at 1 000 x g for 5 min. The DNA was washed and 

when dry, resuspended in 100 - 400 III of TE depending on the size of 

the pellet. After quantification on a gel, 10 Ilg of DNA was digested 

with Bam HI and electrophoresed overnight through a 0.9 % (w/v) 

agarose gel. 
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The Bam HI digested, electrophoresed tobacco DNA was southern blotted onto 

a positively charged nylon membrane (Genomic tested zeta probe plus, Biorad). 

The gel was soaked in 0.25 M HCI for 15 min to depurinate the DNA, 

rinsed in ddH20 and then soaked in alkaline transfer buffer (0.4 M 

NaOH, 0.6 M NaCl) for 30 min. The DNA was transferred via alkaline 

capillary transfer to the nylon membrane as described in Sambrook et al. 

(1987). The membrane was then washed in 0.2 M Tris-HCI (pH 7.5),2 

x SSC for 10 min and then air dried. 

The alliinase promoter probe was generated using primers PROM1 and PROM2. 

GUS probe DNA was generated via PCR using primers GTM 3 & 4 from the plasmid 

pART10 (gift from T. Frew, Crop & Food Research Ltd., Lincoln). Hybridisations were 

performed using random prime labelled probes as described for genomic library 

screening (section 2.2.2.2). The membrane was stripped between hybridisations by a 

high stringency wash. 

Stripping solution (0.1 x SSC and 0.1 % (w/v) SDS) was boiled and then 

added to the membrane in a glass hybridisation bottle. The tube was 

incubated in a hybridisation oven at 65°C for 15 min, the solution poured 

off and the incubation repeated with freshly boiled stripping solution. 

The membrane was checked with a geiger counter to ensure complete 

stripping. 

2.4.3 Particle Bombardment 

Transient transformation of onion tissue by particle bombardment has recently 

been developed by Dr. Colin Eady at Crop & Food Research, Ltd. Lincoln. Using 

protocols developed by Dr. Eady, the expression of the constructed pGPTV vectors in 

onion mini-bulbs was examined. 
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Onion seeds (P. longkeeper) were sterilised and germinated on BDS media 

(Dunstan & Short 1977). After the initial plating, it was necessary to check carefully for 

contamination, removing contaminant free seeds to new plates if needed. 

A small magnetic flea and one cm of seeds were poured into a large 

kayline container. These were washed with 100% (v/v) ethanol for 1 

min, the ethanol replaced with 40% (v/v) commercial bleach 0.9% 

sodium hypochlorite) and agitated at high speed on a magnetic stirrer for 

40 min. Seeds were washed five times with ddH20, tipped onto sterile 

fliter paper to dry and then sprinkled onto BDS lO (+ 0.2mg/tl giberellic 

acid) plates at a density of about 50 seeds per plate. 

As the seeds germinated, they were transferred to CIMI plates (unpublished 

modification of media of Shahin & Kaneko (1986), C. Eady, Crop & Food Research 

Ltd., Lincoln). After 2-4 weeks on CIMI media, the mini-onion bulbs were cut 

horizontally and 15 of the bottom halves placed, cut side up, in the middle of a new 

CIMI plate. 

Plasmid DNA was prepared using Maxipreps protocol as described in section 

2.1.8. The. DNA was then phenoVchloroform extracted, ethanol precipitated and 

resuspended to a concentration of 1 mg/ml. 

The gold particles were ethanol sterilised and resuspended to 60 mg/ml in ddH20. 

60 mg of gold particles (fl) were vortexed with 1 ml of 100 % (v/v) 

ethanol for 1-2 min. This was repeated three more times. The gold was 

sedimented by a 1 min centrifugation at 8 500 x g, the supernatant 

removed and replaced with 1 ml of sterile ddH20. This was repeated 

twice, the gold resuspended in 1 ml of ddH20 and stored in 100 fl1 

aliquots at -20°C. 

3 rng of gold was coated with 10 flg of plasmid DNA and resuspended in ethanol. 



50 III of gold particles were removed from a continually vortexed stock 

and placed in an eppendorf tube. While continually vortexing the gold, 

10 )11 of plasmid DNA (l)1g/)1I), 50 )11 of 2.5 M CaCl2 and 20 III of 0.1 

M spermidine were added (in that order). The gold was vortexed for 3 

min, centrifuged at 10 000 rpm for 10 s and the supernatant removed. 

The gold was washed in 250 III of 100 % (w/v) ethanol, by brief 

vortexing, and sedimented again by centrifugation. The DNA coated 

gold was resuspended in 60 III of 100 % (w/v) ethanol and placed on 

ice. 
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A Biorad Biolistic PDS-1oo0 helium particle bombardment gun was used. Plastic 

macrocarrier discs were sterilised in ethanol, left to dry and the DNA coated gold equally 

distributed onto the centre of each of five discs. When dry, the gun apparatus was 

assembled using an 1 100 psi rupture disc (Figure 1.10, page 60). A plate of dissected 

onion mini-bulbs was placed 4 em from the stopping screen. The chamber was 

vacuumed to 24 mg mercury before firing the gold into the tissue. 

The plate was then incubated in a growth room for approximately 66 h. The 

bombarded tissue was examined histochemically by incubating the tissue for 5 h with 

Xglu buffer (section 2.4.2). To help localise the reaction, potassium ferricyanide and 

potassium ferrocyanide were added to the buffer to 2.5 mM each. Each bulb was 

examined under a microscope at 160 x mag and the number of individual blue spots were 

counted. 
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Chapter 3. Results 
Eat no onions nor garfie, 
for we are to utter sweet hreath. 

William Shakespeare (1564-1616) 
A Midsummer-Nights' Dream, Act IV, 44 

3.1 Construction and screening of an A .. cepa genomic library 

An onion genomic library was constructed in the vector Lambda-GEM12. The 

three vector:insert ratios were successfully ligated as indicated by the presence of a 

higher molecular weight product when separated by gel electrophoresis (Figure 3.1). 

These trial ligations resulted in a large number of packaged phage which were then 

screened. 

ABCDEF 

Figure 3.1 Ligation reactions of the genomic library. A: Lambda Hind 

m ladder; B - 1:2.6 ligation of )..GEMl 2 arms to onion DNA; C: 1: 1.7 

ligation of )..GEM12 arms to onion DNA; D: 1 :0.57 ligation of 

)"GEM12 anns to onion DNA; E: onion insert DNA; F: )..GEM12 arms. 
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AGEM®-12 Insert Molar Ratio PFU/rnl3 Plaques1llg of 
Vector (Ilg) (Ilg) Vector:Inser vector4 

0.5 0 0 0 

0.5 test 0.51 1:2.7 5.1 x 106 6.4 X 106 

1 0.92 1:2.6 5.2 x 105 5.2 X 105 

1 0.62 1: 1.7 8.2 x 105 8.2 X 105 

1 0.22 1:0.57 x 105 2.2 X 105 

Table 3.1 Packaging results from the genomic library ligations. 

1Partially endfilled 16 kb test insert; Partially endfilled onion DNA; 

3Plaque forming Units (PFU) per rnl of original packaged phage; 

4Recombinants per Ilg of vector = (PFU X total packaging vol) divided 

by (Ilg of vector packaged X number 111 plated out). 

Screening of approximately half a million plaques yielded a total of 24 replicate 

confrrmed positive hybridisation signals. Six of these (al to a6) gave intense 

hybridisation signals (Figure 3.2a). A total of 16 plaques, including four of al to a6, 

were sucessfully rescreened and purified to homogeneity. The clones with large 

hybridisation signals (a1-a4) continued to display a more intense hybddisation (Figure 

3.2b & c). 

3.1.1 Analysis of the isolated phage by peR 

To determine if the isolated clones contained actual alliinase cDNA sequences, 

PCR analysis of the clones was performed. 

The low intensity hybridised clones (sl-sI2) yielded a product only with primers 

SC6 and SC7. This 1500 bp product was considerably larger than that predicted for the 

alliinase cDNA (450 bp). Although a great deal of effort was expended attempting to 

analyse these clones, the 1500 bp product could in fact be reproduced using just one 

primer (SC7) and from a variety of templates including the vector only sequences of 
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lambda and pDELTA1. 

The intensely hybridising clones (a1-a4) yielded identical products for the initial 

four sets of primers tested (Table 3.2). These PCR products (Figure 3.3) were larger 

than those obtained from the cDNA, suggesting the presence of introns. By comparing 

the size of these PCR products (Table 3.2), it was possible to deduce the presence of 3 

separate introns in the region between SCI and SC2 of approximately 104,97 and 89 

bps. 

To distinguish between the clones and to check for the presence of upstream and 

downstream regions, further PCR analysis was performed using primer BGOl (which 

anneals at each end of the A vector) and primers internal to the cDNA (Figure 3.4 and 

Table 3.3). PCR of the 5' upstream region (BGOI & IAL3) yielded a PCR product of 

approximately 1.5 kb for clone al. Clones a2 and a3 produced a PCR product of 

approximately 5-6 kb, while with Tub polymerase a product of about 10 kb was obtained 

for clone a4 although at a very low yield. Clones a2 and a3 produced different length 

PCR products with primers BGO 1 and IAL2 confirming that each of the clones was the 

result of an independent cloning event. 

The BGO 1 and SC7 fragment suggested the presence of an additional intron. The 

BGOI and SC7 product was approximately 2 800 bp, while the product of BGOI and 

IAL3 was 1 540 bp. 920 bp of the difference of 1 260 bp can be accounted for by the 

cDNA which leaves an additional 340 bp. Analysis with internal alliinase primers 

suggested the presence of two introns totalling 201bp. Therefore, another intron of 

approximately 139 bp may be present in the region between IAL3 and SCI. 
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Figure 3.2 Autoradiographs showing the screening of a genomic library 
with an alliinase cDNA probe. A - Part of the autoradiograph from initial 
screening using large Nunc bioassay plates. Clones with positive 
hybridisation signals on duplicate plates were purified. Purified colonies 
could be divided into two groups based on hybridisation intensities. Clones 
a l -a4 maintained intense hybridisation (eg clone a3 (B)), while clones s I
s 10 displayed a lower intensjty (eg clone s5 (C). 
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Figure 3.3 PCR products produced from lambda clone al and alliinase 
eDNA clone pAlli6 (Clark, 1993) using primers internal to the alliinase 
D A coding region. 

SC6 & SC7 SC2 & SC6 SCI & SC7 SCI & SC2 

Clones a l-a4 

455 

561 

97 

783 

974 

186 

773 

974 

201 

1158 

1419 

261 Difference 

Clones s I-s9 1500 no product no product no product 

Table 3.2 Comparison of the size differences of PCR products 
generated from the allii'lase cDNA clone pAIli6 and purified lambda 
clones using primers internal to the alliinase eDNA coding region. 

6.(SC I & SC7) - ~.(SC6 & SC7) 
6.(SC2 & SC6) - ~.(SC6 & SC7) 
6.(SC6 & SC7) 

= 201 - 97 
= 186 - 97 

6.(SC I & SC2) = 26l - the sum of the introns 

= 104 
= 89 
= 97 
= 290 

107 



12.2~ 
92121= 

H.I 7 I 
. 6. 1-

5.1-
-1.1-

).J-

2.0-

1.6-

1.0-

0.5 -

a3 al a4 a2 

Figure 3.4 PCR products produced using primers BGOl & IAL3, of the 
5' upstream region of the alliinase genes from clones al- a4. 
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Clone BGOI & IAL3 BGO I & SC7 BGO 1 & IAL2 BGO 1 & SC6 

a l 

a2 

a3 

a4 

1.5 kb 

10 (Tub) 

5.5 

5.5 

2.8 x x 

x 1.6 2.5 

x 4.5 x 

x 3 4 

Table 3.3 The size (in kb) of the PCR products flanking the putative 
alliinase coding region of lambda clones. (Tub) indicates that the PCR 
product was produced llsing Tub polymera~;e; x indicates that no PCR 
product was obtained. 



109 

3.2 Sequencing 

The sequence of the clones was detennined through a combination of sequencing 

PCR products, plasmid clones and direct sequencing of lambda. Clones al and a2 were 

sequenced in both directions, while clones a3 and a4 were partially sequenced in the 5' 

upstream, 3' downstream and intron regions (Figure 3.5). Clones aI, a3 and a4 all 

appeared to be from the same genomic site, as they had no sequence differences. They 

were, however, as determined by restriction and PCR analysis, independent clones. In 

eontrast, clone a2 had a number of sequence differences. 

3.2.1 Sequence analysis of clones al and a2 

Clone al contained sequences which matched perfectly with the alliinase cDNA 

of Clark (1993). This sequence was, however, broken up by four introns within the 

coding region. Clone a2, in contrast, had a number of nucleotide differences (Figure 

3.6). Within the 3 875 bp of sequence compared, 98 transitions and 71 transversions 

were observed between clones al and a2. Clone a2 had 70 nt additions, while clone al 

had only a single extra nt. 

3.2.1.1 Putative mRNA region 

Within the coding region, 34 differences in nt sequence between clones al and a2 

were observed. However, only 9 of these altered the amino acid. The predicted 

molecular mass of the protein encoded by clone a2 was 54 840 Da, 51 Da smaller than 

clone al. The potential glycosylation, pyridoxal phosphate binding and polyadenylation 

sites identified by Clark (1993) were present in both of the clones but the context of two 

of the potential glycosylation sites was altered in clone a2. The short 5' UTR leader 

contained only 1 base change, while the 3' UTR contained 4 base differences. Within the 

3' UTR region, three potential AAT AAA polyadenylation sites were present. The actual 

site of polyadenylation, as inferred from the mRNA, fits the loose consensus of a YA 

(T A) dinucleotide within a T rich region. Between 30 and 110 bp upstream of the 

potential polyadenylation sites two au rich regions, similar to far upstream elements, 



-1500 startmRNA endmRNA 2700 

al 

.one a2 
KEY 

200bp 

3.5 Regions of alliinase clones aI, a2, a3 and a4 sequenced. 
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Figure 3.6 Compari on or the cqu nee of onion clones a2 (top 11n ) 
and al (bottom li nc) . NlU11beling begins at the putative first nucleotide 
of the mRNA. Identical residu are mark d by *, gaps by -, lower ease 
indicates lower level of certain ty, green indicates transcribed but 
un translated region , pink indicalc. putativc endoplasmic reticulum 
targeting region, bIu' indicates alliinllie coding region and red indicate ' 
introns. The mRNA start point and the polyadenylation cleavage site are 
marked by j . The 91 bp repeats at th · 3' end are marked by II II. 

Plimer binding sites me illustrated. Primers with light-facing arrow bind 
to the antisen, s trand, while those with left-facing arrow bind to lh 
s nse strand. Exc pt for BGOS, BG06 and BG, primers are shown blow 
sequence they bind to . (*BG actually aligns with a J sequence). Ref r 
to appendix A fo r further details. 



Top line clone a2 
Bottom line clone al 
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AAGCTTTCTTGTTAACAATCCATGTTATAATCATTTAATTATGTCTAAAAGATTAACAAGTTATTGTTAT 1411 

v v v v v v v 
AGTGTTAACGCGATTTTTTTAAGATCTTGGTAGCACTGGTCGGGGTGGGATGGATCAATCAAACCTTGAT 1341 

**********C***G*****A***********************C*** 
v v v v v v v 

CCGATCCTAAACCCAGAGCTTTAAAGAATGAAATATGAGTCTGCCCACTCCTTTGACCCAATGGGACGAG -1271 
****C****G*****C**************G*T*T*******A********G*************G**** 

v v v v v v v 
TGTTGGTAGGTTCTGGGTTAGATCCTAGACCTGTTTCATTTCCATCTCTTGTTCAGTCTTTGAAACTTTG -1201 
****A****A************************C**G*******T***A******************** 

v v v v v v v 
CCTCGACCTATGTTTGGTGGCTCACACTGTGAAGCTATTTGATGAAACTTATATTAAG-AGTGTTGAGTC -1131 

=====~~;::::;;::===~=*** * * * ** * * ** * * ** * *G* * * ** * * ** ** 
v v v v v v 

AAGTGAGTTAAATCGCACACAAGCGCTTAATGTTGGGTACTCCAATAGCCAGTGTTCATTGAAATTTCAC -1061 
*****G***************CT*********************************************** 

v v v v v v v 
TCATTTGCCATTTTGTTGGATGTGCTCTTAAAAAACGATGGGGCATATAACTAACTGTTTGCTTATATCA -991 
**********************************C*************T********************* 

v v v v v v v 
TATTGTTTGTCAAAAAGATTTAGGATGGTCATTAACTGAACGGAAGTGGATAAATTGCATGCTTCAGCTG -921 
***************C**************C*******************G*******T********T** 

v v v v v v v 
TATTGGCATATTGCTATTTTAAACATTGTTGATTCTCTAACAAACGTTGATTCAACAGTGCACAGTTTTA -851 
**************************************************************T******* 

v v v v v v v 
GCCAGGAAAACAATGCTCCAGTAATTTTGCATATGGTGAATATTTCATTGAAGAAGATATTGCAAATGTT -781 
*******************T************************************************** 

v SalI v v v v v 
CT.AATAGAAATGTACTTGGTCGACAGTTGTATAATGCACTGTTATTTGTCAAATGATCAACGGCACATAA -711 
**T*********************C*************************T**********C***T**** 

v v v v v v v 
AGCTGAGCTCAGAAGGTTGCATAATTAAATCACGAATTGTCAATATATAACTCATTATTTCTCACTAACC -641 
*****TT***C***************G**************************** ************** 

v v v v v v v 
ATCGTAATCATCTTCAGTCTTTGTTATCCTTTAAAATGAGAACTGTTACCACCTTCATTTGTTTGCTTAT -571 
********************************G***************T********************* 

v v v v v v v 
AAGGTAATTTTAAAACACAGTGGAAAACTATATAGATCAACTCTGTATGAATCAAACTTCTTTCAGACTC -501 
*****************************T**-*A*-*-****C****A*** ***************** 

v v EcoRI v v v v 
TGTATAAAATAACCTGTTGCCATGCAGAATTCACCAAGGCGTAGGGCGTTTTTCGAATAAACAAAAATGA -431 
A****************************************A****************G*********** 

v v v v v v v 
ATCGAGTTAGTTGCAAAATTTTAAGCATAATTCTGGAGGAAAGAAAGGGAAAATAAGAATAATAATAATA -361 
***A********A************************************* ***** 

v v v v v v v 
ATTCTACCTATAACTGGTTGCCATATTAGATTTAGAAACCATGGTAATTAATGGTATGCAATAAAATGCA -291 
**********G***********************************************A*********** 

v v v v v 
TGTGTATAATTTATATATAGAATATGTCCAAATGCAAAGCTTCGTTTGAGATATACGCATGGAATAAAGC -221 
********************************************************************** 

v v v ~=EQ~~ v v v v 
AAACAAATCTATATGCATAATTACATATAATATATGTGGCCATACGATAAAGGTTAAAGCAAAGATGGTA -151 
***********************************A**A********C********************** 

v v v v v v v 
GGTCCAAATGCCATTAGGAACGTGTGAATTGGATTGAGCCATGCATTAGTCGTATTCCTCCTATGCCATC -81 
********************T************************C*C**G******************* 
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v v v v v v 
TAACACATTCTTTCTTTTCTCTATAAAAGGAGACCACAATACTATGACCTAAGCAGATTATAAGGAAGTG -11 
* j; ~ *: * * * * *T* * * * *' +.- j,,' * * * * * * '* * * * * * * * * * * * * * *' * -10,. * * * * * * *' * * * * *"/1.- *' * *' * * * *C* * * - - - - * * 

v v<-BGV5* v v v -PROM2 v 
GAACATTAAATATCCATAGCAAAGCTAATTAGCTATGGAATCATACGACAAAGTTGGCAGTAATAAAATG 60 
**G* ***** ******* ****G************ *****G**T***C*********************** 
~ gGO~ ~> . AsAl~> v v v v 
CCAAGCCTACTTATTTTGATATGCATAATCATGTCTTCATTTGTTAACAATAATATAGCTCAAGCGAAGG 1 3 0 
********T~ ~*k****************~****~*******~***********~********* ** **** 

v v v v v v v 
TGACATGGAGTTTGAAGGCAGCAGAAGAGGCGGAGGCAGTGGATAATATAAACTGTTCAGGGCATGGAAG 200 
*·***********************~****A**A*******C****** **************-**G** 
~Atl '<-IAt3 v v v v v 
AGCTTTTTTGGATGGAATTCTTTCAGATGGTTCTCCTAAATGCGAGTGCAATACTTGCTACACTGGTGCA 270 
************C*****************A********************* **_k*************_ 

v Ec oRI v v v v v 
GATTGCTCTCAAAAGATTACAGGTTGCTCTGCTGATGTTGCCAGGTTTAATACTTCTCTCTTACTCACAA 
* C******G********************************** **A** - **T**T* - ****CT****** 

v v v s c l- >v v v v 
TACATGGTAGTTTAACTTTATATCAACACAACTAGACAGTATTTAATGACATGCTTAAGGAATTGAATGA 
*****A------------ ****GT*GT*T*-- **CC*CCC*C**G---- ******G**AA****A** ---

v v v v v v 
TATATTGTACACACAGTGGTGATGGACTGTTTCTAGAGGAGTACTGGCAGCAGCACAAGGAAAACAGCGC 
- *C********** -- * ****************** '~**A**A**************************T** 

v SC1~> v v v v v 
AGTGCTGGTTTCAGGATGGCACAGAACGAGCTACTTTTTCAACCCAGTTAGCAATTTCATATCTTTCGAG 
***************k**********T******************************************A 

v v v v v v v 
CTTGAGAAAACAATTAAAGAACTACATGAGATAGTCGGAAATGCTGCTGCAAAGGACAGGTACATTGTGT 
*****************************~************************ ***********k**** 

v v BGG/-> v v v v 
TTGGAGTCGGGGTGACTCAACTCATCCATGGATTGGTCATCTCTCTTTCACCAAATATGACTGCCACTCC 
* *****A***********************************C************************** 

v v v v v v v 
TTGTGCACCACAATCTAAAGTTGTTGCTCATGCCCCTTATTATCCGGTAACTCTATAAATACATGTTTCT 
~******************k**************k*********** ****** ** *** * * ** T* ** ** * ** 

v v v v v v v 
AAGTTGAACTACCTGAAGAGAACTGTTTATTTCTTAATGACAGATATCATTAACTTAATTTAAACAAAAA 
**********************************K*********~***G***** **************** 

v v v v v v v 
AATGACACAGGTGTTTAGAGAACAAACAAAATACTTTGACAAGAAAGGGTACGAGTGGAAAGGAAATGCA 
-- ****************************G*~**********************~******* ****** 

v SC6-> v v v v v 
GCGGATTACGTGAACACTTCAACTCCGGAGCAATTCATTGAGATGGTTACTTCACCTAATAACCCGGAAG 
**************************A****** *********** ** ** *************A**** 
8 v v v v v v 
GTCTGCTTCGCCATGAAGTAATAAAGGGATGCAAATCCATCTATGATATGGTTTACTACTGGCCTCATTA 
****************************~*+********~***C********** **************** 

v v v v <-BG08 v v 
CACCCCAATCAAGTACAAAGCCGATGAAGATATCATGTTGTTTACAATGTCTAAATACACTGGACACTCT 
*********~************************************************************ 

v v v v v v v 

3 40 

41 0 

480 

550 

620 

690 

760 

8 30 

90 0 

97 0 

v 
1040 

111 0 

GGTAGTCGATTTGGGTATGTCAACATGTTATTACTTCACATCTTTCTCTACCTATAATAAACATATTTAT 1180 
*********************C************k******************* **************** 

v v v v v v v 
GTTAGTTAGTTAGTAACTCATATGTTAATATCTTATTAAATTAGGTGGGCGCTGATAAAGGATGAAACTG 1250 
**********************CT******************** ******A*** **~************ 

v v v v v v v 
TGTATAATAAATTGTTGAATTACATGACAAAGAACACAGAGGGCACTTCCCGAGAAACACAGCTACGATC 1320 
********************************·****G*****************-************** 

v v v v v v v 
GCTCAAAATTCTAAAAGAAGTTACAGCAATGATTAAAACACAGAAAGGCACCATGCGTGACCTCAACACA 1 390 
*******k***************T*******G*~******************** ***C************ . ':;-8c7 - = 
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v v v v v v v 
TTTGGTTTCCAGAAACTAAGAGAGAGGTGGGTAAATATCACTGCATTGCTCGATAAATCCGACAGATTCT 14 60 
********T*********************************T*************************** 

v v v v v v v 
CCTATCAAAAGCTTCCACAAAGTGAATATTGCAATTACTTCAGGAGAATGAGACCTCCATCCCCATGTAT 1 53 0 
******* ******** ******************** ~*****r********************* **** 

v v v v v v v 
GtATACCTGTATATTTTCCTTTACTGAAAGATATATTGTTATAGATTATGAACATATCAATGAGACATTA 1600 
***************A**T****T************C********--- - - - -- ***A******A****** 

v v v v v v v 
ATCGCCGGTGCATATGATGACAGCTTATGCATGGGTGAAGTGTGAATGGGAAGAAGACAAAGATTGCTAC 1 6 7 0 
*******A*************** ******************~*****k****** **************** 

v v v v v v v 
CAGACATTTCAAAATGGGCGTATCAATACGCAAAGTGGAGAGGGTTTCGAAGCAGGTAGTCGTTATGTGC 1740 
*****~***~*G**********************A******************* **************** 

v v v v v v v 
GTTTGAGTTTGATCAAGACAAAAGATGATTTTGATCAACTAATGTACTATTTGAAGATTATGGTTGAAGC 1 8 1 0 
***** ***************************************************A************ 

v v v v v v ~-~c2- v 
AAAGAGGAAGACTCCTCTCATCAAACAACTTTCCAATGATCAGATCTCCCGCCGTCCTTTCATTTAAGTA 1 8 8 0 
********************************~*****~*~****T******** ********!!****** 

v v v v v IAL-2 -> v v 
CTCTTGTTATGTATTGCTCTGCTGTTTTGTTAGTGTATGACTATGTTCATACATCCTAATGCTATGGTAG 1 9 50 
***A******** ******** **************** ******************************* 

v v v v v < - BG06 v 
TAACGAGTATCTTTCTATGCAATAAATAAAGTTCATGTTTGTGATCATGTAAGGGCTACTATGATTTTAT 2020 
***G****************** ********************** *****T****************** 
== BG~ >poly A site !v v v <A A2 ALLi6 -~ 
AATAAAATCACTTTTCATATAATTTTATATCTTCAGTTTTTGTCCAAAAAACCCTTTAGATATATACTGC 2090 
**********A******** ***C*********************G**************T*T******* * 

v v v v v v v 
CTATCTGGATGTGTTATCGTTAAAGATGTGCAGTTAACGCAATATTTCACATCTTCTAACTCATCGCCCT 216 0 
**** ** * ** *A*******************G**********************************T*** 

v v v v v v v 
CCTTTGGTAAATTTACTCTACAATTAATTTTATTTATTTGAGTTCAGTGAAGAGTACCATGTGTATATAG 2 23 0 
* *C** *** ** ************ *G**G********T***************** * *********A****** 

v v v v v v v 
TTTTACTATAAATTTGCAGGAAAATATGTCAAATATTTGATAGTCTTGCTGTATTGATCGGTTATCAGAC 2 3 0 0 
* *** ***** T** ****G**********T****** **********************************G* 

v v v v v v v 
TCGTGACAAGCATTCTTTTAATTTTCCAATACTGAGCAGATT~~ATATTTGTATGACTGGTGATTAA 23 70 
* **** * ** ** * * ***************G****A**T*******************G*A************ 

v v v v v rr===v=========v 
TTGAACTGTT~CTAACGCTCACTAGACCATTACTCTTAATCCAAATTTCGAAACCTATGTTCCCTCGATC 2 44 0 
* **** * ***********G*****G*******************G*****A******G*********A*** 

======= =v========V========V=== ====V========V=======V===== =V 
TGCTAAGAATTATTTAGTTTGTCTAATGCCATCATTTTTAGATGACAtttggaaattagnnatnttcaag 251 0 
***** ** ***********************T*T**************TTTTGAAATTAGTTATATTCATG 
===~w===v======--==v=========v==--======v=========v========v========v 

t a ggcc tatgntc ccc cancctnctaagaatta 
TAGGTCTATGTTCCCTCAATCTGCTAAGAATTAGTTAATTTGTCTAATGCCTTCATTTTTAGACGACTTT 

=========V=---=====V=====~ v v v v v 
TCGAAATTAGTTATATTCATGTAGGTAGCTCCATTTTCATTTCTTTCTAACATCAGTGAAGTTGCCATTA 

v v v 
AACAACGTTAAAAGGCTGAATAAT CTACAGATCCA 

254 3 
2 580 

2 650 

26 85 
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2425 
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are present (Figure 3.7). 

3.2.1.2 Introns 

The four introns predicted by peR analysis were present in the genomic sequences 

and were close to the predicted sizes (Table 3.4). The consensus sequences at the 5' and 

3' borders were in agreement with those previously published (Simpson et al. 1993). 

The putative branch sequence URA Y, although short, could be found in all but one of 

the introns in the 50bp at the 3' end of the intron. The AT content of the introns was 

greater than found in the surrounding exon sequences, and more similar to that observed 

in typical dicot introns. The introns contained regions of AT between 8 and 12 bp in 

length. 

Introns 2 and 3 showed little divergence between the two clones with intron 2 

having two base transitions and the addition of two bases. Intron 3 had one transition 

and two transversions. In contrast, intron 4 had an eight base insertion, five base 

transitions and two transversions, while intron 1 had the greatest variability of any region 

examined in these sequences with 15 transitions, 8 transversions and 26 additional bases. 

3.2.1.3 3' un transcribed region 

Within the 3' untranscribed region of clone aI, a large direct repeat sequence of 

91 bp was present 385 bp downstream of the putative transcription termination point. 

Sequencing of clone a2 was only performed to the start of the second repeat. 29 bp 

differences were observed in the 400 bp compared in this region. 

2415 

CTGTGTTCCCTCAATCTGCTAAGAATTATTTAGTTTGTCTAATGCCTTTATTTTTAGATGACATTTTGAAATTAGTTATATTCATGTAGGT 

II IIIIIIII!IIIIIIIIIIIIIIII 111111111111111111111111111 III III 111111111111111111111111 
CTATGTTCCCTCAATCTGCTAAGAATTAGTTAATTTGTCTAATGCCTTCATTTTTAGACGACTTTTCGAAATTAGTTATATTCATGTAGGT 

2416 2606 



Intron actual predicted 5' junction! 3' junction % AT intron2 % AT exon3 

SIZe SIZe 

Consensus 70-1000 MAG/GTAAGTTT TTTTGCAG/GTN 57.4 (74) 43.4 (55) 

Intron 1 (al) 86 80 CAG/GTATATAT GTACACAG/TGG 71 53 

(a2) 112 CAG/GTTTAATA ACACACAG/TGG 71 51 

Intron 2 (al) 102 104 CCG/GTAACTCT TGACACAG/GTG 74 60 

(a2) 104 CCG/GTAACTCT TGACACAG/GTG 74 61 

Intron 3 (al) 100 97 TGG/GTATGTCC TAAATTAG/GTG 76 69 

(a2) 100 TGG/GTATGTCA TAAATTAG/GTG 77 68 

Intron 4 (al) 89 89 CAT/GTATGTAT GATGACAG/CTT 72 56 

(a2) 97 CAT/GTATGTAT GATGACAG/CTT 69 56 

Table 3.4 Introns of clones al and a2. ! Exon in bold, M = A or C, N = any base; 20ptimum for monocots, dicots 
in brackets; 3 50nt either side of intron but excluding the first two consensus bases. The mRNA is 60% AD. 
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3.2.1.4 TATA box 

Both clones contained a TATA box upstream of the putative transcription start. 

This sequence was similar to TATA boxes identified in other plant genes (Table 3.5). 

Clone a2 had a four base insertion 15 bp upstream of the start site which altered the 

relative position of the TATA box. This also created a sequence 22 bp upstream of the 

transcription start site which could potentially act as a TAT A box. 

Plant Gene TATA distancel 

Consensus TCACTATATATAG 20 - 66 

Onion alliinase al & a2 TCTCTATAAAAGG 55 & 59 

alliinase a2 AGATTATAAGGAA 

Wheat glutenin TCCCTATAAAAGC 

Kidney bean lectin TCTCTATAAATAG 

Pea legumin TCTCTATAAATTA 

Petunia rubisco.SS TCACTATAAATAG 

3.2.1.5 

Table 3.5 Comparison of possible TAT A boxes in alliinase clones al 

and a2 with similar sequences. lDistance upstream of the transcription 

start site. Bases in bold indicate homology with TATA box at -55 in 

clones al & a2. Source: Joshi 1987a. 

Potential upstream elements 

22 

30 

33 

33 

33 

The region upstream of the transcription start site contained a number of 

homologies with previously identified regulatory sequence motifs (Table 3.6). Most of 

these sequences were too short to have any real significance, but they may suggest a 

protein binding region. The 4 base insertion 15 bp upstream of the transcription start 

site in clone a2 disrupted what was potentially a G-box 2 sequence motif in clone al. 

The upstream region also contained a number of potential TATA boxes (Table 3.6). 

Within the upstream region of clone a2 there was an open reading frame which could 
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Motif matches reference 

G-box 2 CCAAGTGG ~201 Dolferus et ai. 
aCAAGTGGa1 

7/8 -17 1994 

WheatGA TAACAAA Cejudo et al. 
respon TAACAAA 717 -900 1992 

Soybean TGTCTCNNNAATAAG ~108 Liu et al. 1994 
GH3 auxin TtTCTCTATAAaAgG 9112 -64 
inducible 

B Zip 1 TGACGTAA -250 Liu et al. 1994 
TGACcTAA 7/8 -32 

Histone 1 ACGTCA ·180 Nakayama & 
AGCaCA 5/6 Iwabuchi 1993 

Opaque2 TCCACGTAGA -300 Feix & Quayle 
TCtACcTAGAa1 

8/10 -350 1993 
TCtACcTAtAa2 

7110 -350 

TATA box TCTCTATAAAAGG -58 
TACATATAATATA -190 
ATAATATATATGA -195 
TTTATATATAGAA -275 
AATTTATATATAG 
TGTGTATAATTTA -277 

TACCTATAACTGG -280 

TCAGTATAAAATAa1 -347 
TCCGTATAAAATAa2 -487 
AAACTATATAGAT -507 

Table 3.6 Sequence homologies with previously identified regulatory 
motifs (indicated in bold), upstream of the transcription start site in 
clones a1 and a2. Position given is relative to clone aI. 
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potentially encode a protein of 101 amino acids (168 - 471). This ORF did not lie near 

any TAT A box and showed no homology with any protein sequences in Genbank. 

3.2.2 Comparison of putatitive mRNA sequence with previously isolated alliinase 

mRNA. 

The nucleotide sequences of clones al and a2 were compared with alliinase cDNA 

isolated previously by Van Damme et al. (1992b) and Rabinkov et al. (1994). 

Phylogenetic trees of both the predicted protein and mRNA sequences of the alliinase 

clones were calculated (Figure 3.9). The tree was rooted half way along the longest 

branch, which is also justified on biological grounds. The separate grouping of the garlic 

alliinases from the onion and shallot alliinases is highly significant. Although there is 

little difference amongst the onion and shallot alliinases, clone al was more similar to the 

onion alliinase of Van Damme (1994), while clone a2 was more similar to the shallot 

alliinase. 

3.2.2.1 Protein sequence comparisons 

Translation of the putative mRNA of clones al and a2 revealed nine amino acid 

differences. Comparison with the determined protein sequences from previously isolated 

cDNA (Figure 3.8) showed that at five of these positions, both amino acids were found 

in at least one of the other alliinases. The garlic proteins contain several clustered 

regions of amino acid differences, most notably at the 3' end. 

Hydropathy analysis by the method of K yte & Doolittle (1982) predicted that the 

mature alliinase polypeptide was predominantly hydrophilic, but contained three 

hydrophobic regions at residues 10 to 30, 160 to 162 and 327 to 330. The predicted 

proteins fi'omclones al and a2 showed only minor differences (Figure 3.9a). Clone al 

showed the closest identity to the onion protein of Van Damme (1992b), while clone 

had the most similarity to the shallot. Comparison of al with the garlic plot suggested 

a few minor differences, with an identical region between residues and 175 (Figure 
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3.9b). 

The antigenicity of the predicted alliinase peptides was estimated using the method of 

Welling et ai. (1985). The onion and shallot peptides had a very similar antigenicity 

profile, with mUltiple antigenic regions throughout the protein. Comparison of the 

profile from clone a1 with the garlic alliinases suggested a number of possible antigenic 

differences (Figure 3.10). The garlic alliinase appeared to be generally more antigenic, 

particularly in the region between positons 30 to 50, 100 to 120and 450 to 460. 
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a1 M-ESYHKVGS-NKMPSLLXLXCXXMS-SFVNNN-XAQAKVTWSLKAAEEA 
a2 *-***D****-***************-******-**************** 
vd *-***D****-**V*C****T*****-******-*V****S********* 

************** 
vd *V***K*X**C****C*V**T*****N*L****NM****M**TM****** 
rb *XC*V**T*****N******NMV***M**TM****** 

EAVAN1~GHGRAFLDG1LSDGSPKCECNTCYTGADCSEK1TGCSADVA 
***D***********************************Q********** 
************************************************** 
***************************************Q********** 

vd *********E*********1*E*************P******Q******* 
rb *********E*********1*E*************P******Q******* 

a1 SGDGLFLEEYWQQHKENSAVLVSGWHRMSYFFNPVSNF1SFELEKT1KEL 
a2 ***************************T********************** 
vd ************************************************** 

***************************T********************** 
vd ***********K****A******P************************** 
rb ***********K****A******P************************** 

a1 HE1VGNAAAKDRY1VFGVGVTQL1HGLV1SLSP£MtATPCAPQSKVVAHA 
a2 ************************************************** 
vd ************************************************** 

************************************************** 
vd ***************************************D**E******* 
rb **V************************************D**E******* 

a1 PYYPVFREQTKYFDKKGYEWKGNAADyvJT1TPEQF1EMVTSPNNPEGLL 
a2 ************************************************** 
vd ************************************************** 

************************************************** 
vd *F***********N****V*A****N***V*N***Y************** 
rb *F****************V*A****N***V*N***Y************** 

al RHEV1KGCKS1YDMVYYWPHY~YKADED1MLF~YTGHSGSRFGW 
a2 ************************************************** 
vd ************y************************************* 

************************************************** 
vd **A*****************************L***** ********* 
rb **A*****************************L***** ********* 

al AL1KDETVYNKLLNYMTKNTEGTSRETQLRSLK1LKEV1AMVKTQKGTMR 
a2 **************************************T**1******** 
vd *********************************************N**** 

**************************************T**1******** 
vd ******S***N************P*********V****V*********** 
rb ******S***N************P*********V***1V*********** 

a1 DLNTFGFQKLRER~SLLDKSDRF~LPQSEYCNYFRRMRPPSPS 
a2 ******************A******************************* 
vd ******************A******************************* 

******************A******************************* 
vd *******K**********A***Q*******E******************* 
rb *******K**********A***Q*******E******************* 

a1 YAWVKC EWEEDKDCYQTFQNGR1NTQNGEGFEAGSRYVRLML 1&TKDDFD 
a2 **************************S*********************** 
vd **************************S*********************** 

**************************S*********************** 
vd ****************************V****S***********Q**** 
rb ****N*********************S*V****S***********Q**** 

a1 QLMYYLKNMVEAKRKTPL1KQLSNDQ1---SRRPF1 
a2 *******1******************* ****** 
vd *******1*******************---****** 

*******1******************* ****** 
vd *******D**K***********F1**TETA****** 
rb *******D**K***********FT*ETETA****** 

Figure Deduced protein sequences of alliinases from onion, 

translated from cDNA isolated by VanDamme shallot and garlic. vd 

et al. (l992b); rb= based on cDNA isolated by Rabinokov et al. 

(1994); al & a2 this study. Potential glycosylation sites are marked 

with II ' potential pyridoxal phosphate sites are marked with II II 

and putative targeting region in bold. 
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Predicted alliinase antigenicity plot 
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3.3 Promoter Analysis 

Four constructs covering different regions of the putative promoter from clone a1 

were cloned adjacent to the uidA gene in the vector pGi-kan. The plasmids used for 

Agrobacterium mediated transformation of tobacco and/or microprojectile bombardment 

of onion minibulbs are described in table 3.7. 

Construct 

pGPTV-Gi-kan 

pGPTV-P35SGi-kan 

pGPTV -Palli 1 Gi-kan 

pGPTV-Palli1sGi-kan 

pGPTV -Palli 1 hGi -kan 

pGPTV -Palli2Gi -kan 

Promoter 

no promoter 

35S from pP35SGi-dhfr 

-1388 to +24 of pAl 

-739 to +24 of pAl 

-254 to +24 of pAl 

-739 to +421 of pAl 

Table 3.7 Summary of promoters cloned into pGi-kan vector. 

3.3.1 Agrobacterium mediated transformation of tobacco 

The constructs pP35SGi-kan, pPalli1Gi-kan and pPalli2Gi-kan were transformed 

into tobacco via Agrobacterium mediated leaf disc co-cultivation. Ten plants 

transformed with pP35SGi-kan, 16 with pPalli1Gi-kan and 14 with pPal1i2Gi-kan were 

regenerated and analysed via PCR, southern hybridisation and histochemical analysis. 

The regenerated plant tissue was histochemically examined for GUS expression. 

Tobacco plants transformed with pP35SGi-kan revealed a high level of GUS expression 

in the tissue examined (Figure 3.11). The leaves, stem, callus and root tips almost 

always contained high levels of GUS enzyme. The leaves and root tips of plants 

transformed with pPalli1Gi-kan showed no GUS expression. Three of these plants did, 

however, reveal some limited GUS expression in vascular tissue. The base of the stem 
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of regenerant 106 stained a light blue (Figure 3.12). The stem tissue of regenerant 111 

also showed GUS expression as did the central tissue of the upper part of the roots of 

this plant (Figure 3.13). In contrast, regenerant 110 produced an intense blue staining 

in callus tissue at the base of the stem (Figure 3.14). The regenerants transformed with 

pPalli2Gi-kan did not produce any positive GUS staining. 

PCR analysis of selected regenerants was also performed to check for the presence 

of the alliinase promoters and the uidA gene (primers GUS 1 and either Prom 1 or 

BG03) and for Agrobacterium (GMT 24 and 25 primers), The PCR products obtained 

(Figure 3.15) indicated that the plants all contained at least one intact promoter-GUS 

construct. None of the regenerants contained produced a product with the VirG primers 

indicating that no Agrobacterium were present. 

Southern analysis of DNA extracted from the leaves of regenerated plants was 

performed. The DNA was digested with Bam ill, southern blotted and probed, firstly 

to detect the alliinase promoter (Figure 3.16) and secondly the uidA gene (Figure 3.17). 

Measured band sizes are presented in table 3.8. No fragment hybridisations were 

observed in the untransformed tobacco. The alliinase promoter did not hybridise to any 

fragments in the tobacco transformed with the 35S promoter but did hybridise to 

between one and ten bands in the plants transformed with an alliinase promoter 

construct. Digestion with Bam HI should produce fragments at least 4.9 kb in size if 

they contain full length constructs. Many of the hybridising fragments were smaller than 

this. Reprobing with a uidA probe revealed either one or two bands in the plants 

transformed with 35S promoter. The plants transformed with an alliinase promoter 

construct revealed a similar numbers of bands to those seen in the previous southern, but 

some bands varied in size. Thus it appears that some of the fragments hybridised only 

to the alliinase promoter probe, while others hybridised only to the uidA probe. 



Figure 3.11 Histochemical GUS stamlOg of N. plumbagin~folia 

transformed with pGPTV-P35SGi-kan. (64 x magnification). 
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Figure 3.12 Histochemi al GUS stalOmg of N. plumbagin(folia 
regenerant 106 transformed with pGPTV-Palli1Gi-kan. (100 x 
magnification). 
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Figure 3.13 Histochemical GUS stamlOg of N. plumbaginifolia 
regenerant 111 tran formed with pGPTV-Palli lGi-kan. (64 x 
magnification). 
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Figure 3.14 Histochemical GUS stammg of N. plumbaginifolia 
regenerant 110 transformed with pGPTV -Palli 1Gi-kan. (64 x 
and 160 x magnification). 
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Figure 3.15 peR analysis of regenerated tobacco plants. The primer binding sites in 
the T-D A are illustrated below. 
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Table 3.8 Sizes (in kb) fragments hybridising to the alliinase probe (clear columns) and gus probe (shaded columns), in southems 
of the tobacco plants with pGPTV-PallilGi-kan (Figures 3.17 and 3.18). length T-DNA insertions should be at least 
4.9 kb. aThe transformant identification number; bthe number of full length T -DNA insertions. 
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3.3.2 Particle bombardment of onion minibulbs 

Onion minibulbs grown from freshly germinated onion seeds were particle 

bombarded with the constructs pGi-kan, pP35SGi-kan, pPa11ilGi-kan, pPallilsGi-kan, 

pPalli1hGi-kan and pPalli2Gi-kan. These minibulbs were histochemically GUS stained 

and individual blue spots counted (Figure 3.18). The constructs pGi-kan and pPalli2Gi

kan never produced any blue spots. A great deal of variability was observed between 

separate bombardment experiments, but within each set of bombardments a consistent 

pattern of gene expression was observed. The 35S promoter was the most active, 

producing twice as many spots as the pPallilGi-kan promoter (Figure 3.19). Deletions 

of this promoter resulted in less spots, although the difference was not statistically 

significant. 



Figure 3.18 Histochemical GUS stammg of A. cepa minibulb 
bombarded with the plasmid pGPTV-PallilGi-kan. (160 x 
magnification). 
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Chapter 4. 

An onion can make people cry, 
But there has never been a vegetable invented to make them laugh. 

Unknown, May Irwins favourite quotation 
Saturday Evening Post, (25 April1931) 

Isolation and analysis of alliinase genomic clones 

Construction of a genomic library 
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The construction of an A. cepa genomic library was simplified by the strategy 

used. Although the large genome size meant many clones had to be screened, the use 

of large bioassay plates ensured screening was manageable. Screening of approximately 

half a million clones initially yielded 24 positive hybridisations. Inaccuracies identifying 

the positions of these clones on the large plates used were probably responsible for the 

failure to later isolate a third of these clones. Additional alignment marks, and the 

removal of a large plug of phage are advisable when using such large plates. 

Theoretical calculations suggest that only 20% of a genome equivalent of A. cepa 

was screened. Therefore the isolation of three independent clones (aI, a2 and a3), 

apparently from the same genomic site, is unusual. Partial digestion with Sau3A is not 

a sequence-independent method of size fractionation. It is possible that the large amount 

of repeat DNA within the onion genome either contained many susceptible or very few 

insusceptible Sau 3A sites. If that was the case, digestion of these regions would have 

produced fragments too large or too small to be cloned. These fragments would have 

been removed by the size fractionation step used. Alternatively, large regions of the 

onion genome may be unclonable due to host incompatibility. This is unlikely, however, 

due to the relatively high ligation efficiencies as determined by PFUs. Luck, rather than 

a fortuitous preselection of coding sequences, is probably responsible for the clones 

isolated. It would be of interest to further screen A. cepa genomic libraries both via 
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hybridisation and PCR approaches. 

4.1.1.1 peR screening of clones 

Despite some misleading results, the analysis of clones by PCR was a successful 

and useful method of clone identification. PCR technology has two main limitations -

the relative low fidelity of Taq polymerase and the size limitation of fragments that can 

be amplified successfully (Ponce & MicoI1992). The use of alternative polymerases and 

manipulation of conditions is overcoming these problems. In this thesis, a PCR product 

of approximately 10kb was amplified using Tub polymerase. The protocol of Kainz et 

al. (1992) was followed, although the relatively low Td of the primers necessitated the 

use of a three step cycle, rather than the two recommended. Further optimisation may 

have increased the relatively low yield to levels sufficient for sequencing. Recent 

publications have reported the successful PCR amplification of products as large as 42 

kb (Barnes 1994, Cheng et ai. 1994). Barnes (1994), who amplified a 35kb PCR 

product from a lambda template, provided perhaps the best explanations for the previous 

failure to amplify long fragments. He suggested that depurination of the DNA template, 

which is enhanced at higher temperatures and lower pHs, was the major cause of the 

failure to amplify long products. Therefore, keeping the heat denaturation step to a 

minimum and the pH to a maximum (pH 9.1) was critical. Barnes used an enzyme 

mixture of a modified Taq DNA polymerase and a small amount of polymerase with 3' 

exonuclease activity. Proof-reading enzymes such as Vent or Pfu by themselves failed 

to amplify long products due, perhaps, to exonucleotic degradation of PCR primers 

during the long (20 min) synthesis times. Barnes also found that the use of long (33 nt) 

primers with Td 65-70°C, pH 9.1, thinwalled tubes, Robocycler (Strategene) for fast 

transition times and an extension time of at least 20 min at 68 ° C was helpfuL The 

incorporation of these ideas in future work will make PCR arnmenable to most 

applications although care must always be taken when working with unknown templates. 
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4.1.2 Evaluation of the strategies used to sequence aUiinase 

4.1.2.1 peR products 

The sequencing of PCR products was undertaken to confIrm the identity of the 

clones and to attempt to distinguish between them The main restriction on this method, 

as discussed above, was the ease with which PCR products could be generated, 

particularly in the upstream and downstream regions. Since Taq polymerase lacks 3' 

exonuclease proof reading ability, there was some concern at the number of errors 

incorporated in amplified products. Taq polymerase is estimated to have a base 

substitution rate of 1/9 000, although this is dependent on conditions (Eckert & Kunkel 

1992). The use of alternative enzymes may reduce this rate. Sequencing is, however, 

performed on a pool of PCR products and this would only affect sequence 

determinations if an error was incorporated early in the amplification. To reduce the 

influence such an event may have had, PCR products were sequenced from at least two 

independent PCR reactions. No clear evidence was seen of errors in base determination 

due to Taq polymerase, rather than the sequencing protocol. Long sequencing reads 

comparable with plasmid DNA were often achieved. The generation and sequencing of 

PCR products was a particularly useful method for confIrming and comparing clone 

sequences. 

4.1.2.2 Lambda DNA 

To overcome problems generating PCR products, direct sequencing of lambda 

DNA was attempted. The single most important factor with any manipulation of lambda 

DNA is the quality of the DNA prepared (Rembhotkar & Khatri 1989, Kim & Jue 1990, 

Tripathi & Chatterjee 1992). A large volume of literature has been published detailing 

different methods of lambda DNA isolation, which is perhaps indicative itself of the 

general problem that lambda DNA preparations present. Sankar et al. (1990) summed 

up the situation saying "Although there are numerous procedures available, .. obtaining 

purifed workable quantities of DNA from small volumes of phage lysates is an art". It 

is essential to ensure that the initial phage broth is of a high titre. Visual examination, 

although indicative, is no replacement for the serial dilution, and plating out of phage. 
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A number of quick, small scale lambda preparations were attempted which, if successful, 

would have enabled the rapid analysis of a large number of clones. They appeared to 

suffer, however, from a number of problems including low yield and RNA or other 

contamination. To solve these problems, the lambda DNA was purified by caesium 

chloride ultracentrifugation followed by multiple phenol/chloroform extractions and the 

DNA was sequenced using the Vent polymerase cycle sequencing kit (NEB). 

Sequencing was successful in some cases, while at other times very poor results were 

achieved. Sequencing of large templates such as lanlbda is more susceptible to 

contamination with host nucleic acids and accidental nicking of the lambda DNA. These 

contaminant or nicked DNA strands may serve as primers for radioactive nucleotide 

incorporation (Kim & Jue 1990). Some of the failures sequencing lambda and PCR 

products may have been compounded by the unlucky choice of primers used for 

sequencing. Primers SCI and SC6 are both partially interrupted by introns. PCR 

products generated using these primers can be sequenced with these primers since the 

primer site has been attached. But when these primers are used as internal primers in 

PCR products, or in the sequencing of lambda or plasmid DNA, their efficiency may be 

reduced. The elevated temperature of cycle sequencing compared to using Sequenase 

also places greater demands on primers. SC7, which could be used to sequence isolated 

PCR products, was not as successful in intact lambda DNA due to its binding to vector 

sequences. Finally, the failure to sequence the low intensity hybridising clones sl-sl2 

increased the apparent failure rate. 

4.1.2.3 Deletion factory 

Consequently, subcloning of the cloned DNA from lambda into a plasmid vector 

became a very attractive proposition. A number of full length lambda inserts were 

cloned into the vector pDeltal. The Deletion factory yo transposase, which was used 

to generate directional deletions, appeared to suffer from some biases with transpositions 

over larger, rather than smaller, distances favoured. Obtaining small deletions of clone 

al from the SP6 promoter required screening a large number of clones. Even so, a 

complete coverage of the gene in this direction was not achieved. To overcome this 

problem, clone al was digested with Eco RI and cloned into pDeltal. These clones 
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could be sequenced using forward and reverse primers at each end. They were also 

processed through the deletion factory where the smaller initial size meant a narrower 

window of clones to screen. Subcloning of the full length Not I fragment of clone a2 

was not achieved despite repeated intensive effort. It is possible that part of the full 

length Not I fragment may be incompatible with the pDelta1 plasmid. Most of the 

alliinase gene of clone a2 was, however, successfully cloned into two Hind III fragments. 

A clone encompassing the 3' end was not recovered, although additional efforts to clone 

this region may be rewarded. The sequence of this part of the gene was determined 

solely from the sequencing of PCR products. 

Automated sequencing was very successful, in some cases producing readable 

sequence exceeding 500 bp in length. Manual examination of the sequencing printouts 

is essential to evaluate and correct the computer determinations. Unusually shaped 

peaks, long runs of a single base and the background peaks within a run, all required 

scrutiny. 

4.1.3 Recommendations for future sequencing 

Based on my experience during the course of this research, I would recommend 

PCR sequencing for the initial analysis and identification of lambda clones. The insert 

DNA should then be subcloned into a plasmid vector as soon as possible. The ASK 

diphasmid vectors constructed by Zabarovsky et al. (1993) contain all the features of 

AGEM-12, but also include, amongst other advantages, the ability to self excise the 

insert into a plasmid form. The use of these in library construction would greatly 

simplify clone analysis. Sequencing of these by primer walking would then be the easiest 

method if suitable primers were available or could be synthesised (at a reasonable cost!). 

Automated sequencing will continue to assume a greater role in DNA sequencing 

projects, particularly as sequencing costs drop and readable sequence runs increase. The 

new Perkin-Elmer/ABI model 377 automated sequencing machine features a thinner gel, 

enabling longer runs of up to four times the length cUlTently achieved (Hodgson 1995). 

The availability of consistent sequencing to such a level will eliminate manual sequencing 

from most standard sequencing projects, and make primer walking more cost effective. 
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If the region to be sequenced can be isolated, random cloning of small pieces, mass 

sequencing and then contig assembly appeals. Directional approaches require the highest 

input in terms of manipulation and screening, but the method of Chang et al. (1993) has 

a logical and methodical appeal. In this restriction site independent technique, a single 

stranded nick is made on one side of the cloning site and this gap is extended using the 

timed exonuclease activity of Vent DNA polymerase. A double-stranded deletion is 

created with the ss-specific mung bean nuclease. Size fractionation of this DNA by 

agarose-gel electrophoresis enriches deletions of the desired length. The purified DNA 

is religated and transformed into host cells to produce a unidirectional nested set of 

deletions. The relative merits of each of these approaches depends on the length of 

readable sequence obtained. As this becomes longer, primer walking and random 

cloning become a more attractive option. 

4.2 Characterisation of alliinase clones 

4.2.1 Clones 81-812 

The twelve phage isolated which consistently hybridised to the alliinase probe, but 

at a lower intensity, do not appear to encode a functional alliinase. The initial support 

for these clones, the 1 500 bp PCR product of SC6 and SC7 was, in fact, an artifact 

produced by SC7 alone. Attempts to sequence these PCR products achieved only 

limited success and the sequence gained showed no similarity to any alliinase sequence. 

Clones a1 to a4, which did contain alliinase, were also capable of producing this 1500 

bp product but it was not visible due to preferential amplification of the genuine 550 bp 

product. The hybridisation of clones s1 - s9 was consistent at a high stringency and was 

a genuine occurence. The conserved single isoform of alliinase observed does not 

support the existence of alliina.;;e enzymes in A. cepa which differ significantly in 

nucleotide sequence. The six primers used in various combinations to analyse clones s1 

s9 would be expected to bind to sequences which encoded alliinase, but this was not 

observed. Clones sl - s9 may contain only a small amount of genuine alliinase 

sequences. The alliinase coding region contains Sau 3A sites near each end. Digestion 
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at these sites may have left a small section at one end of these clones capable of 

hybridising to the cDNA probe. Sequencing from the borders would confirm this 

possibility. Alternatively, these clones may be alliinase pseudogenes. Pseudogenes, 

which are defined as defective copies of a gene which are not transcribed (Walker 1991), 

are a common feature of many gene families (Li et al. 1985, Welling et al. 1985). Point 

mutations, transposon insertions and truncations eliminate expression from these genes 

(Nap et al. 1992). Pseudogenes are thought to offer an organism experimental genes 

which, through mutation, can be altered to create new genes or genes under new 

regulatory control. 

Analysis of the DNA sequence of alliinase clones a1 and a2 

Four clones were isolated which contained full length alliinase sequences. Three 

of these (a1, a3 and a4) contained the identical alliinase gene, while clone a2 had a 

number of sequence differences. The following sections discuss the features identified 

in the various regions of these genes, comparing clones a1 and a2 with each other and 

also with other plant genes. 

4.2.2.1 The upstream promoter region of the alliinase genes 

The region either side of the putative transcript was more AT rich than the 

transcript, a feature which has been observed in other genes (Feix & Quayle 1993). A 

potential TATA box, approximately 55 bp upstream of the transcription start site in 

clones a1 and a2, shares significant homology with other reported TATA boxes and 

published consensus sequences. Published consensus sequences are an indication of 

nucleotide frequency and are not necessarily optimal. Some plant genes have a CAAT 

or GAGA box upstream of the TATA box, although this sequence is not observed in 

many promoters (Feix & Quayle 1993). Both a GAGA and a CAAT box are found just 

in front of the TATA box at -55. In clone a2 these could interact with the putatitive 

TATA box at The TATA box at -55 does not appear to have an associated CAAT 

or GAGA box. 
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A large number of cis-active regulatory elements have been identified in the 

upstream region of different plant genes (Hart et ai. 1993, Dolferus et al. 1994, Fisscher 

et al. 1994). In most cases, the actual mechanism of regulation of these elements has not 

been determined and sequence motifs are poorly conserved amongst different genes. In 

many cases, motifs which have been positively identified may only function in the species 

studied. Detennining protein interactions from primary DNA sequences is a crude and 

inaccurate approach. Upstream elements of completely different sequences may perform 

the same role in different, or even the same, plant cells. Many sequence homologies are 

very short. The CAAT and GAGA boxes mentioned above, on the basis of probability 

alone, would be expected to occur six times each within the 1500 bp upstream region 

examined. The relative frequencies of particular nucleotides or dinucleotides within a 

genome will obviously also affect the probability of finding a particular sequence. The 

low GC content of A. cepa in general, and the upstream region in particular, increases 

the chances of AT rich motifs (such as a TATA box) occuring at random. Conservation 

of position has been used as additional evidence for the significant motif homology 

(Mikkelsen 1993). Despite these reservations, the upstream region of the alliinase clones 

a1 and a2 were examined for the presence of published regulatory motifs. Matches were 

observed to a number of sequences. 

The promoter of the alcohol dehydrogenase (adh) gene from Arabidopsis thaliana 

can be induced by a number of environmental stresses. A number of upstream elements 

have been identified in this promoter, including the Gbox-2 motif CCAAGTGG. A 

match in the last 7 bases is present in clone a1 at position -16. The five base insertion 

at position -16 in clone a2 alters the first two bases to GG. In the adh gene this 

sequence appears to be a general stress response element that may bind general 

transcription factors. It does not appear to effect adh induction by any individual 

environmental stress (Dolferus et al. 1994). 

The auxin inducible soybean GH3 gene contains auxin inducible elements which 

contain the sequence TGTCTC just upstream of an AATAAG (Uu et ai. 1994). A weak 

(75%), although correctly spaced match to this element is present in clones a1 and a2. 

The GH3 gene also contains the motif TGACGTAA which strongly binds nuclear 
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protein extracts. This element, whose ACGT core is predicted to bind bZIP 

("basic/leucine zipper") proteins may assist, rather than initiate, auxin inducibility (Liu 

et al. 1994). Both clones contain matches at -32 in 7/8 positions for this TGA-box or 

Hex-like element. The central bZIP binding core, however, contains the position that 

differs so bZIP protein involvement is unlikely. 

The zein storage proteins of maize can be split into 19 and 22 kDa protein classes. 

Among the genes that encode the 22 kDa proteins, a binding site for the opaque-2 

transcriptional activator protein is commonly found at around -300 (Feix & Quayle 

1993). The opaque-2 protein, which is also a bZIP protein, enhances expression of the 

22 kDa zein storage proteins (Schmidt et al. 1992). Clones al and a2 contain, at -350, 

a sequence matching in 8110 and 7/10 positions respectively. As with the ACGT core 

in the GH3 element, the guanidine is replaced by cytosine, suggesting that ACCT may 

form a core sequence in A. cepa. 

The hexamer sequence ACGTCA has been detected in many plant histone genes. 

Mutation of this protein binding sequence at -180 in the Histone H3 gene of wheat 

reduced expression by 60% in transient assays (Nakayama & Iwabuchi 1993). Clones 

a 1 and a2 had an adenine replacing the thymine in this motif. 

Gibberellic acid positively regulates expression of the a-amylase genes in wheat. 

Sequence motifs with the core TAACAAA have been identified as important (Cejudo 

et al. 1992). Both clones contain a perfect match with this sequence at position -900. 

Ten potential TAT A box sequences fitting the consensus TAT A WW (W A or 

T) were found between 120 and 700 bp immediately upstream of the putative 

transcription start. A similarly sized region further upstream contained only two 

matches. None of these TATA boxes were near ORFs, therefore it is unlikely they are 

involved in the expression of another protein. They could, however, conceivably have 

a role in alliinase expression. It is believed that transcription is initiated by the binding 

of the TBP and TFIID proteins to the TATA box (Kuhlemeier 1992). This search for 

promoter elements is thought to be the slowest and rate-determining step in the 
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regulation of transcription (Mishra & ChatteIji 1993). These extra TATA boxes could 

have a role in attracting transcription factors to this region, or even initiate transcription 

themselves. 

The upstream region of the alliinase clones contains sequence homologies to a 

number of regulatOlY motifs. The elements identified could loosely be described as 

general transcription enhancers, rather than specific inducible or tissue specific elements. 

The identification of these, or other elements within the alliinase promoters, requires 

more direct analysis. DNA binding assays with nuclear protein extracts can identify 

regions that may be important (Galas & Schmitz 1978, Hassanain et ai. 1993, Ishiguro 

et al. 1993, Paul & Feri 1994). Arias et al. (1993) recently described the development 

of an in vitro transcription initiation system in which soybean whole-cell and nuclear 

extracts directed transcription from an immobilised template. This additional method of 

promoter analysis was previously only available in animal and yeast studies. From these 

studies, detailed deletion and mutational analysis of the promoter could be performed to 

assign functional roles for elements. These studies would require the ability to stably 

transform onion cells in order to study the regulation in A. cepa. Analysis in other hosts 

may, however, reveal features useful in plant transformation even if they may not be 

representative of native alliinase gene regulation. 

4.2.2.2 Introns of allinase clones 

The four introns within clones a1 and a2 contain inframe stop codons and also 

displace the reading frame. Splicing of these would therefore be essential for gene 

expression. The introns of both clones are similar to previously isolated plant introns. 

The sequence at the junctions has considerable homology to consensus sequence 

suggesting they should be efficiently spliced. The AT content of the introns is more 

similar to that of typical dicot introns, although they still fall within the range observed 

for monocots (Luehrsen & Walbot 1994), An AT content of 59% is recognised as the 

minimum for efficient splicing in dicot tissue (Simpson et ai. 1993). With an AT 

content of at least 69% the introns from the alliinase genes would be expected to splice 

in dicots. They (and the rest of the features of these genes) may, however, be less 
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useful in some other monocot (ie cereal) species. 

Intron one contained the greatest sequence divergence between the two clones in 

any region examined. The high degree of sequence conservation in clones al and a2 

suggests that they diverged from a single common gene. Intron one contained enough 

similarity to assume the introns were once identical. The extra bases in clone a2 could 

be the result of a transposon insertion, recombination with another site or simply a 

mutational event. The sequence divergence may even be due to functional restrictions 

placed on the intron. Introns have a selective pressure to maintain a high AU content 

in the internal region which is a functional requirement for splicing (Goodall & 

Filipowicz 1989, Simpson & Brown 1993, Luehrsen & Walbot 1994). If the sequence 

of an intron is altered dramatically by, for example, a large DNA insertion, intense 

selective pressure may act on the intron to restore optimal structural features. Therefore, 

the large number of nucleotide substitutions and insertions in this intron may have been 

directed by some mechanism to restore the structural features, perhaps AT content, of 

the intron in relation to its exon. 

4.2.2.2.1 The 3' region of the aUiinase genes 

The 3' untranslated region (3' UTR) and particularly the 3' un transcribed region, 

have received less study than other regions of genes. The importance of these regions 

in all aspects of gene regulation is beginning to be appreciated although not understood. 

The 3' UTR of clones al and a2 contained few nucleotide changes which supports a 

functional role for this region. Poorly conserved UG regions, 50 to 180 bp upstream of 

putative polyadenylation signals, have been identified as important in mRNA 3'-end 

formation in some plant genes (Mogen et ai. 1990). 30 to 110 bp upstream of the 

potential polyadenylation signals in clones al and a2, are two UG rich regions which 

could be involved in polyadenylation. The point of polyadenylation in the clones isolated 

by Clark (1993) appears to fit the general consensus identified previously (Mogen et ai. 

1990). 

One of the few clearly identifiable features of the 3' untranscribed region is the 91 
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bp repeats downstream of the transcription termination. The majority of interspersed 

repetitive DNA sequences in eukaryotes has been suggested to be transposable elements 

or their remnants. The del2 transposable elements, for example, constitute 4% of the 

lily genome (Doring & Starlinger 1986). A feature of transposons is the creation of a 

repeat sequence at the site of insertion. The 91 bp repeats may be remnants from such 

an event. 

4.2.2.2.2 Differences between clones 

When comparing clones a1 and a2, it is interesting to note that almost all the base 

insertions appear to have occurred in clone a2. It is equally possible that the 

corresponding sequences have been lost from clone a1. Whatever the mechanism, a net 

gain in sequence (by at least seven separate insertions) is evident in clone a2. Mutational 

and recombinational hot spots do occur (Maeda & Smithies 1986). Whether these are 

the result of specific nucleotide sequences or chromosomal configurations is unclear. 

If clone a2 is situated in a mutational hot spot region then it may accumulate more 

differences in the upstream and downstream region. Although no clear pattern is 

evident, the base additions could be the remnants of a localised transposon insertion 

event. Insertions within the coding, or other functionally important regions, may have 

been selected against. As with all comparisons between clones a1 and a2, the isolation 

of further clones from either A. cepa or other species will be necessary to clarify any 

significance. 

4.2.3 Are aUiinase clones al and a2 expressed inA. cepa? 

Clark (1993) isolated four identical cDNA clones from sprouting A. cepa bulb 

shoots whose sequence matched clone al. Clone a1 appears, therefore, to be the 

dominant mRNA in sprouting shoots. Clone a2 may be expressed in different tissue or 

its expression in sprouting shoots may be at a reduced level. The lower level of 

expression could be due to transcription or mRNA stability. Differential expression of 

members of a gene family has been observed in many plant genes such as the tomato 
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ribulose-1,5-bisphosphate carboxylase gene family (Manzara et al. 1991), the pea 

chalcone synthase gene family (An et al. 1993) and the maize profilin gene family 

(Staiger et al. 1993). It is also possible that clone a2 is a nonfunctional pseudogene. In 

the patatin gene family from Solanum tuberosum small differences such as point 

mutations or transposon insertions into promoters have been sufficient in some 

pseudogenes to eliminate expression (Nap et al. 1992). Transcriptional runoff assays 

of clone a2 would be useful. The examination of mRNA from different tissue and at 

different developmental stages for the presence of clone a2 would also be worthwhile. 

While the isolation and sequencing of clones from a cDNA library is one approach, a 

number of PCR based techniques are also possible. When primers specific to each 

member of a gene family can be synthesised, PCR analysis of reverse transcribed mRNA 

can be used to produce different size products specific for each gene (Simpson et al. 

1992a, Brooks et al. 1993). With specific primers, primer extension analysis can be 

performed to analyse different members of a gene family in the mRNA (Sutliff et al. 

1991). Clones a1 and a2 contain very few differences within the putative mRNA, with 

all the base substitutions separated from each other. A better approach would be to 

amplify products using the same primers and then to differentiate the source of the 

products by restriction enzyme digestion (Deltour et al. 1992). The putative mRNA of 

these two clones differs at 33 sites for 22 different restriction enzymes. For example, 

a product of approximately 800 bp could be amplified using primers ASA1 and BG08. 

Digestion of this product with Mbo II would yield four fragments 470, 180, 86 and 80 

bp in size if the product was derived from clone al. If, however, it was derived from 

clone a2, four fragments 607, 86, 80 and 43 in size would be observed. Two introns lie 

within this region, so any contaminating genomic DNA would produce a product of 

approximately 1 000 bp, clearly different to the mRNA derived products. The 

availability of genomic clones of a1 and a2, and the cDNA clone of al as controls, would 

enable the specificity of the assay to be determined. The relative contribution of each 

genomic gene, if both mRNAs were present could also be quantified (Deltour et al. 

1992, Dukas et al. 1993). It may be possible to identify any other members of the gene 

family by digestion with other enzymes that cut in this region. If necessary, PCR 

products could be gel purifed and sequenced. 
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Oark (1993) isolated a fifth eDNA clone which was identical to al except for six 

bases just prior to the site of polyadenylation. Clark proposed that this could be a 

recently diverged gene, an allelelic variant, or the result of alternative post

transcriptional modification. If it is a recently diverged gene of clone ai, then the protein 

produced would behave in an identical way. The six base pair difference could, 

however, effect the level of expression. Indeed, in the conserved world of alliinase, such 

a dramatic change in sequence must be assumed to have a significant effect on 

expression regardless of whether it is a consequence of genomic sequence or post

transcriptional modification. 

4.2.3.1 Estimation of aminase gene copy number in A. cepa 

Southern analysis by Clark (1993) suggested that the A. cepa alliinase was 

encoded by a small gene family of between three and five members, one of which had 

highest homology to the full length alliinase eDNA. The restriction enzyme sites 

observed within clones al and a2 support her conclusions. The addition of Eco RV and 

Dra I sites within intron 2 of both clones, and the new Bgl II site in the coding region 

of clone a2, do not significantly alter her interpretations. Clark probed with the 276 bp 

3' UTR region ofthe alliinase eDNA, revealing maximum hybridisation to a single band 

equivalent to one or two copies per genome. The three onion and the shallot 3' UTRs 

differ in only 6 nt positions, while the garlic cDN As differ in only 17 of the first 126 nt 

of this region. Consequently, all ofthese clones should hybridise to this 276 bp probe 

with high affmity. Therefore, it seems likely that clones al and a2 are responsible for 

this major band. If another functional gene family member does exist, it must be very 

similar to the clones isolated. Many of the bands observed by Clark, when probing with 

full length eDNA, may be accounted for by the high number of putative alliinase pseudo 

gene clones (sl-s9) isolated from the genomic library during this work. Repeat 

hybrldisations of southern blots with these clones may help clarify the gene copy number 

of alliinase. Finally, the isolation of further clones from at least a complete genomic 

library would be conclusive. PCR products encompassing the 5' end of the mRNA 

including intron one, could be rapidly produced from positively hybridising clones and 
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4.2.4 Aminase mRN A and protein sequence comparisons between A. cepa, 

A. sativum and A. ascalonicum 
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Sequence analysis of the predicted alliinase proteins, from both genomic and 

cDNA clones, confirms the previous biochemical evidence that alliinase is highly 

conserved. Of the nine amino acid differences found between clone al and a2, 6/9 of 

al and 8/9 of a2 were also found in the predicted protein sequence of cDNA isolated 

from shallot and garlic. 

Comparison of the 219 aa region between aa 114 and 333 of the predicted protein 

sequences from onion and shallot, revealed only one aa difference. Extending the 

comparison to the garlic protein sequence revealed one difference in the region between 

aa 114 - 185, and three differences between aa 232 - 302. The region between 160 and 

180 is also the second largest hydrophobic region (after the putative signal peptide). 

Together with the presence of two pyridoxal phosphate binding sites (at positions 267 

and 281) the sequence evidence suggests that the active site of alliinase may be formed 

from this region. Determination of the crystal structure of alliinase would obviously be 

of great assistance in interpreting the significance of amino acid differences observed. 

Alliinase is a glycosylated enzyme (Nock & Mazelis 1987). As proteins are 

cotranslationally secreted into the endoplasmic reticulum, glycan side chains of at least 

1.3 kDa are attached to Asn-Xaa-Ser/Thr sites (Goodwin & Mercer 1983, Kornfeld & 

Kornfeld 1985). These side chains then undergo further modification within the golgi 

of plant cells. Previous analysis of glycosylated proteins has suggested that only one

third of the potential Asn-Xaa-SerlThr sites in proteins are filled and sites nearer the 

amino terminus, and within p-turns, are more likely to be used (Kornfeld & Kornfeld 

1985, Gavel & von Heijne 1990). Estimates of the carbohydrate content of alliinase 

(Table 1.3, page 21) suggest that one or two side chains totalling 2.5 to 3 kDa are 

present. All five putative protein sequences contain the same four potential 
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glycosylation sites with the site at amino acid position 53 most likely to be the actual site 

of glycosylation. This site is also the most hydrophilic, suggesting an exposure on the 

outside of the protein. Amino acid substitutions around this, and the fourth site in clone 

a2, could influence glycosylation. 

Empirical measurements of pyridoxal phosphate suggest the binding of one 

pyridoxal phosphate per subunit of alliinase (Tobkin & Mazelis 1979). Consequently, 

only one of the four possible pyridoxal phosphate binding sites within the predicted 

alliinase protein is likely to be used. Pyridoxal phosphate can readily dissociate from 

garlic alliinase, compared with onion, suggesting a binding difference. Onion alliinase 

has, at position 374 within an extended hydrophilic region, a pyridoxal phosphate 

binding site which is absent in the garlic protein. The high degree of similarity between 

the garlic and onion alliinases may mean this site is not used. The enhanced binding seen 

in onion alliinase could be due to the amino acid substitutions which can be observed 

around the other potential binding sites. 

4.2.4.1 Phylogenetic relationship between alliinases within the genus Allium 

The a1liinase mRNAs isolated fromA. cepa, A. sativum and A. porrum are all very 

s.imilar. The onion and shallot alliinases are more closely related to each other than the 

garlic. Among the onion and shallot alliinases a pattern of relationship emerged. Clone 

al was more similar to the alliinase cDNA isolated by VanDamme et al. (1992) while 

clone a2 was more similar to the shallot alliinase. While the differences were small, a 

tempting hypothesis regarding their relationship emerges. Duplication of the alliinase 

genes may have occurred before onion and shallot divergence. If alliinase was encoded 

by two gene members in this common ancestor, then the onion cDNAs isolated by Van 

Darnme (1992) and Clark (1993) may be derived from the same ancestral gene, while 

clone a2 and the shallot sequence may be derived from the other. Isolation of genomic 

sequences of these other clones is required to test this hypothesis. Particularly within 

coding regions, sequence convergence may, in an enzyme like alliinase, be as common 

as divergence. 
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4.3 Analysis of the alliinase promoter via GUS fusions 

The promoter of clone a1 was cloned adjacent to a GUS gene and expression was 

examined in Agrobacterium transformed tobacco. Transient expression was also 

examined in particle bombarded onion mini-bulbs. The main conclusion from this 

section of work was thatthe region upstream of the alliinase translation start is capable 

of directing transient expression in onion minibulbs. Some expression was observed in 

tobacco, but it is not clear if this represented genuine alliinase driven expression. The 

isolation of the promoter of clone a2 now allows comparative studies to be carried out. 

4.3.1 expression in Agrobacterium transformed tobacco 

Sixteen tobacco plants were regenerated following transformation with the 

trans gene pPalli1Gi-kan (1400 bp of the upstream region of alliinase clone a1). GUS 

expression was not detectable in the leaves and root tips of any of these transgenic 

tobacco plants. Three of these regenerants (106, 110, Ill) produced some limited GUS 

expression in some of the vascular tissue. While this may indicate that this alliinase 

promoter has a tissue specific response in tobacco, a number of other explanations for 

these observations are also possible. These possibilities will be explored in the following 

sections. 

4.3.1.1 Tissue specific expression of transgenes 

The tissue specific expression observed with promoter pPallil Gi-kan is a common 

feature of many other plant genes. For example, the class II patatin gene is expressed 

in a few defined cells of the potato tuber, and in a specific layer of potato and tobacco 

root tips (Koster-Topfer et al. 1989). The French bean p-phaseolin is expressed in 

embryonic tissue (Bustos et al. 1989), while the rbcS-8B gene from N. plumbaginifolia 

gives high expression in leaves, low expression in the stem, and is not detected in roots 

(Poulsen & Chua 1988). In some cases, analysis of promoter regions has revealed 

discrete elements which confer this tissue specificity. A 22bp fragment from a pea lectin 

promoter confers seed-specific gene expression (de Pater et ai. 1993). A 25 bp element 
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from the Adh2 promoter is an automonous activating element capable of functioning 

independently (Paul & Feri 1994). This 25 bp element, when cloned adjacent to a 

CaMV 35S promoter, directed GUS expression in the vascular tissues in all organs of 

transgenic plants and in the root meristem. Several low homology matches to this 

clement were observed throughout the alliinase gene. The match in clone al at position 

-553 is the most interesting: 

25 bp element 

Clone aI, 

Clone a2, 

CAGCGGACAATCGGTCACCTCCCTG 

CAGTGGAAAACTTTAAAACACTCCG 

CAGTGGAAAACTATATAGATCAACT 

match 

50% 

42% 

Despite the low overall similarity, a match in the first 8/10 positions does occur 

in both clones. Clone a2 contains several base insertions in the right-hand side of this 

element. If this element has significance, these differences may be important in 

modulating a difference in expression between the two clones. 

4.3.1.2 Variability in gene expression 

The expression offoreign genes has been found to vary by up to 200-fold between 

independent transformants (phillips et al. 1992). Variation in expression is due to a 

number of factors including methylation patterns, the copy number of introduced genes, 

the site of insertion, chromatin folding, the state of the cell at the time of transformation 

or tissue culture induced effects (Phillips et ai. 1992, Fujiwara & Beachy 1993, Loeb & 

Reynolds 1994). The regenerants obtained in this thesis varied in expression from a 

complete lack of expression in most of the clones, to clones 106, 110 and 111 which 

contained varying levels of GUS expression. 

Transgenes are integrated into the genome of plants in a complete, truncated or 

rearranged manner and may occur as single copies or tandem repeats at one or more 

integration sites. The most common event, however, is the integration of a single copy 

of an intact transgene (Conner & Christey 1994). To estimate the gene copy number of 
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the regenerants, DNA was extracted from the regenerated tobacco plants and probed 

initially with the alliinase promoter and then with the GUS gene. The small number of 

tobacco plants analysed, which were transformed with the 35S promoter, contained only 

one or two insertions. In contrast, the plants transformed with pPalli1Gi-kan contained 

up to 13 separate bands on the southern blots. While most of the bands hybridised to 

both the alliinase and GUS probes, a number of bands hybridised to only one of the 

probes. If the bands observed contained intact T -DNA they should have hybridised to 

both the alliinase and uidA gene probes. Clones 106, 110 and 111, which revealed some 

GUS expression, all contained at least one band which hybridised to the GUS gene but 

not the alliinase promoter (they also contained bands which hybridised to the alliinase 

promoter and not the GUS gene). The large number of bands observed, particularly 

those smaller than the promoter-GUS unit, may indicate an inherent instability of the 

alliinase promoter in the tobacco genome, leading to rearrangements. These GUS genes 

could, therefore, be under the transcriptional regulation of tobacco promoters rather than 

the alliinase promoter under study. Even if GUS expression was from intact T-DNA, 

its expression may be modulated or activated by transcriptional activity at the site of 

insertion. In mammalian cells, the integration of a poorly expressed trans gene in the 

vacinity of an actively expressing trans gene can dramatically improve its efficiency of 

expression (Clark et al. 1993). Research using promoterless GUS genes has revealed 

that insertion adjacent to an active promoter is a common event. In potato, for example, 

53% of independently selected potato lines transformed with a promoterless GUS gene 

produced varying patterns of organ-specific GUS expression (Conner 1994). Similar 

frequencies have been observed in other studies. T -DNA tagging studies such as these 

may be a useful method to isolate promoters and genes. If the GUS expression of clones 

106, 110 and 111 is tobacco driven, then the isolation of these tissue specific promoters 

may be a valuable project. The high copy number of these clones would, however, 

complicate promoter isolation. 

The same variability in expression could explain the failure to observe expression 

in the other regenerants. The influence of transcriptional interference on transgene 

expression was investigated by Ingelbrecht et al. (1991) who found that expression of 

a downstream npt II gene was virtually eliminated by the presence of an opposing 35S 
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promoter in the opposite orientation. This suppression of expression (which was 

perhaps mediated by antisense-RNA) could by alleviated by placing a NOS 3' terminator 

sequence between the 35S promoter and the npt II gene. The inclusion of terminator 

sequences inside the left and right borders of the T -DNA may help reduce variability in 

transgene expression. Co-suppression has been observed in transgenic plants when two 

or more copies of a gene result in the failure of either to express (Assaad et ai. 1993, 

Fujiwara et al. 1993, Vaucheret 1994). The mechanism of this phenomenon is not 

understood but it has been suggested that production of antisense RNA, methylation, or 

DNA interactions at the chromatin level may playa role (Assaad et ai. 1993). These, 

or other epigenetic gene silencing mechanisms, have been mainly identified in 

segregating progeny or in secondary transformation. They highlight the variability 

observed in transformation and the need to produce, and analyse, large numbers of 

transformants to accurately gauge expression. 

The basis of the expression observed in tobacco clearly has not been resolved. 

Ongoing work will involve taking these regenerants to seed and examining in detail GUS 

expression in the Fl generation to determine both the specificity and extent of 

expression. 

4.3.2 Transient promoter expression in microbombarded onion minibulbs 

Particle bombardment of onion minibulbs revealed that as little as 250 bp of the 

upstream promoter of clone al was capable of directing transient GUS expression. 

Perhaps most interesting was the observation that the CaMV 35S promoter appeared to 

be more strongly expressed in microbombarded onion bulbs than the alliinase promoter. 

Whilst evaluating the expression of a number of commonly used promoters in 

microbombarded onion tissue, C. Eady (pers. comm. Crop & Food Research Ltd., 

Lincoln) also identified the 35S promoter as producing the highest level of expression. 

This is somewhat suprising in view of the general low expression of the 35S promoter 

in many monocots (Loeb & Reynolds 1994, Vasil 1994). In cereals CaMV 35S 

produces levels of expression 100-fold less than that in dicots (Vasil 1994). As a result, 
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transformation in cereals has been more successful with monocot promoters such as the 

alcohol dehydrogenase I and ubiquitin I promoters of maize (Breslauer et ai. 1986, 

Gallo-Meagher & Irvine 1993) and the actin I promoter of rice (Zhang et al. 1991). 

pEmu, a recombinant promoter based on the truncated Adh I promoter, with multiple 

enhancer elements, is highly expressed in cereals (Last et al. 1991). The inclusion of 

monocot introns in the transcriptional unit of the reporter gene has also enhanced 

promoter expression (Vasil 1994). Observations of promoter expression in cereals are, 

however, not always representative of other monocots such as sugarcane and ryegrass 

(Rathus et al. 1993). Onions are not typical monocots (Dommisse 1993) and the results 

in this thesis support the idea that they share features of both monocots and dicots. The 

CaMV 35S promoter would appear to be suitable for Allium transformation. The 

recognition of the CaMV 35S promoter by the onion transcriptional machinery also 

suggests that the alliinase promoter may be recognised in other plants. Although this is 

not clearly supported by the tobacco transfonnation, microbombardment of other plants 

would enable a rapid evaluation to be made, before stable transformation is attempted. 

Transient assays of gene expression, although widely used in promoter studies, 

may not be truely representative of actual gene expression. The transient assays in this 

study measured expression under the conditions present in the minibulb after 

bombardment. The cellular conditions of this wounded minibulb tissue are unlikely to 

represent those in actively growing leaf, root or even bulb tissue. Transient examination 

of constructs in bombarded onion tissue is, however, at least a rapid way of evaluating 

promoter functionality. 

Despite efforts to standardise conditions, variability in GUS expression was 

observed both within and between separate bombardment experiments. To overcome 

the variability commonly observed in transient assays (Sanford 1990), Branca et al. 

(1993) co-transformed tissue with a construct containing two reporter genes. A GUS 

gene driven by a CaMV 35S promoter acted as a "reference", while the promoter of 

interest directed expression of the CAT gene. Simultaneous analysis of both reporter 

genes by HPLC enabled the level of expression of the promoter under study, which 

drove the CAT gene, to be standardised relative to the CaMV 35S driven GUS 
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expression. 

The pGPTV binary vectors were not optimal for bombardment. Bombardment 

with smaller plasmid vectors would most likely increase the levels of GUS expression. 

Optimisation of the other parameters would also enhance expression. For example, the 

precipitation of the plasmid DNA onto microcarriers using calcium nitrate at pHlO has 

been reported to increase expression levels (Loeb & Reynolds 1994). As the number 

and the strength of individual transformation events increases, statistical analysis also 

becomes more significant. 

Full evaluation of these promoters will require stable transformation and analysis. 

Regeneration of transgenic Allium species cannot currently be achieved. Extensive 

attempts to transform A. cepa via Agrobacterium have not as yet been successful 

(Dommisse 1993), although the utilisation of alternative strains of Agrobacterium may 

make this possible. Regeneration of stably transformed bombarded onion tissue is 

proving difficult, with a number of tissue types cUlTently under study for their use in 

bombardment and regeneration (c. Eady pers. comm.). 

4.3.3 The failure of pPalli2Gi-kan expression 

The failure of pPalli2Gi-kan to express in either tobacco or onion minibulbs can not be 

readily explained. GUS is reported to tolerate large amino-terminal additions at its 5' 

end (Jefferson 1987). A mutation within either the GUS gene or the cloned promoter 

may have inhibited gene expression. Complete sequencing of the construct would 

confirm this possibility. Alternatively, the construct may be correct, but the amino 

terminal addition may inhibit the protein. This could be tested at several levels. Protein 

examination could reveal the synthesis of a nonfunctional GUS protein, while 

examination of mRNA would indicate whether any of the construct had been transcribed. 
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Conclusions 

Two different genomic clones of alliinase have been isolated from a genomic 

library of A. cepa. Sequencing of these clones revealed that both clones contained four 

small introns within the coding region. Sequence differences between the two clones 

seem unlikely to produce significantly different proteins. These clones may, however, 

differ in either the pattern or level of gene expression. Major sequence differences 

within the first intron may effect rnRNA stability or even transcription. The region 

upstream of the transcription start contained a number of sequence differences which 

could potentially alter elements important in transcription initiation. 

The 5' region upstream of clone al was able to direct transient expression of an 

adjacent GUS gene in particle bombarded A. cepa minibulbs. In this transient assay, 

expression was approximately half the level of a CaMV 35S promoter. In 

Agrobacterium mediated transformation, this promoter was unable to direct GUS 

expression in the leaves and root tips of transgenic tobacco plants. Limited expression 

was observed in the vascular tissue of some regenerants, but this may have been a 

reflection of alternative genetic processes. These results suggest that the alliinase 

promoter region is not highly expressed. It is likely that the high levels of expression of 

the alliinase enzyme is due to the stability of the protein and, perhaps, the mRNA The 

alliinase promoter may still contain features which result in high gene expression. It may 

be expressed at all developmental stages of the onion and may not be subjected to 

feedback inhibition unlike some other promoters. As plant transformation becomes more 

sophisticated, a range of promoters varying in the level of expression will be required. 

The alliinase promoter adds to what will become a growing list of promoters for use in 

plant transformation. 

With the isolation of genomic clones of alliinase, a more complete model of the 

expression of alliinase inA. cepa can be envisaged (Figure 4.1). Alliinase is encoded by 

a gene family of at least two members. These genes are probably transcribed throughout 

the metabolically active lifecyc1e of an onion at a steady, perhaps constitutive, leveL 

Some tissue specificity is evident with greater levels of rnRNA expression observed in 
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the bulbs and leaves, than in the roots. Within the coding sequence of the alliinase gene 

are four introns which are spliced to yield a mature mRNA of 1632 bp. This mRNA is 

transported to the cytoplasm, where it is translated to yield a protein of 54.9 kDa. The 

protein undergoes glycosylation, probably at the site nearest the amino terminal, and 

binds a single molecule of pyridoxal-5-phosphate. A 34 amino acid signal peptide 

probably functions as an endoplasmic reticulum targeting signal. This prepeptide is 

cleaved and three alliinase subunits associate to form a trimer. Post-translational 

modifications of the protein undoubtedly occur as the vacuolar determinants guide the 

protein to its site within the vacuole. The mature enzyme has a mass of approximately 

150 kDa. This very stable enzyme accumulates in the vacuole, consituting up to 6% of 

the total soluble protein in a cell. When an onion cell is lysed, alliinase hydrolyses the 

cytoplasmic ACSO flavour precursors resulting in the production of the flavours and 

aromas characteristic of A. cepa. 
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Appendix 

Table Sequences, Tds and binding sites of the primers used in this thesis 

SC1 17mer 5' gAT gTT gCC AgT ggT A 52°C 406 
gA 

SC2 17mer 5' CCT CTT TgC TTC AAC S 50°C 1 765 
CA 

SC6 17mer 5' CCg gTg TTT AgA gAA A 50°C 826 
CA 

SC7 17mer 5' AAT gTg TTg Agg TCg S 52°C 1 348 
Cg 

IAL1 19mer 5' AAC TCC ATg TCA CCT S 58°C 124 
TCg C 

IAL2 19mer 5' TTC CCg CCg TCC TTT A 56°C 1 838 
CAT T 

IAL3 19mer 5' TTC TgC TgC CTT CAA S 56°C 138 
ACT C 

BG01 17mer 5' AgC TCg Cgg CCg Cgg L-A 60°C Ends of AGEM-
AT R-S 12 

BG02 19mer 5' CgA AgC TTT gCA TTT S 56°C -261 
ggA C 

BG03 23mer 5' TAT CCA TAg CAg AgC A 60°C 23 
TAA TTA gC 

BG04 30mer 5' AAA ATC TAg ACT AAT A 56°C Left arm 
ACg ACT CAC TAT AGG AGEM-12 

BG05 31mer 5' AAA ATC TAg AAg CTA S 60°C 1 
ATT AgC TCT gCT ATg g 

BG06 20mer 5' TTA TAA AAT CAT AgT S 52°C 2000 
AgC CC 

BG07 21mer 5' gAA CTA CAT gAg ATA A 60°C 500 
gTC ggA 

BG08 18mer 5' CCA gTA gTA AAC CAT S 50°C 1 000 
ATC 

PROM1 21mer 5'CTC ACA CTG TGA AGC A 64°C -1 138 
TAT GTG 

PROM2 21mer 5'TGC TCC ACT TGT AAT S 60"C -26 
CTG CTT 

ASA1 30mer 5' ggg gAg CTC TAg CAg A 58°C 37 
AgC TAA TTA gCT ATg 

ASA2 30mer 5' CgC gAg CTC ATC ATA S 5SoC 1 959 
gTA gCC CAT ACA TgA 



Alli6 30mer 5' Tgg gCT ACT ATg ATT A 74°c 
TTA TAA TAA AAT CAA 

BG 30mer 5' Agg gCT ACT ATg ATT A 76°C 
TTA TAA TAA AAT CAC 

SK 17mer 5'TCTAGAACTAGTGGATC A 41°C 

M13 17mer 5'GTAAAACGACGGCCAGT S 43°C 
forward 

SP6 

T7 

GUS1 

GMT3 

GMT4 

18mer 5' ATT TAg gTg ACA CTA 
TAg 

20mer 5' TAA TAC gAC TCA CTA 
TAg gg 

19mer 5' TCC CAC CAA CgC TgA A 
TCA A 

16mer 5'TAA TGC TCT ACA CCA S 
C 

16mer 5'CAT ACC TGT TCA CCG A 
A 

Primers SC# and IAL# designed by Dr Sonya Clark 
Primers BG# and GUS 1 designed by Brent Gilpin 

48°C 

56°C 

58°C 

46°c 

48°C 

Primers PROM# and ASA# designed by Meeghan Pither-Joyce 
Primers ALLI6 and BG designed by Jane Lancaster 
Primers GMT# designed by Dr Gail Timmerman-Vaughan 

2 Primer binds to the Sense or Antisense strand. 
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1 995 a1 

1 995 a2 

5' pAlli6 

3' pAlli6 

pDELTA 1 

pDELTA 1 

uid A 5' 

uid A 5' 

uid A 3' 

3 Temperature of dissociation (Td) calculated according to the method of Suggs et al. 
(described in Rychlik & Rhoads 1989) Td= (2*AT) + (4*GC) 

4 Primer binding position in alliinase clone al. See figure 3-6. 
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