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ABSTRACT

Brassica napus is known to contain an endogencus and. sofuble stearoyl-acyl
carrier proteiﬁ (*’18:0-ACP) desaturase, but does not express a palmitic (16:0)-ACP
desaturase. Levels of 16:0 are low in caﬁola oil and are associated with enhanced
cholesterol biosynthesis in humans. In an éttempt to further reduce the saturated fatty
acid (SFA) content of canola oil, B. napus L. cv Westar was transformed with a cDNA
encoding a ’39'16.:0-ACP desaturase from cat's claw (Doxantha unguis-cati L.).

- Argbidopsis thaliana was also tfansformed with this cDNA. Transformation of both
oilseeds resulted in increased production of palmitoleic acid (*’16:1) and many other
effects on fatty acid cbfnposition. Overall, the SFA content did not decrease in either
oilseed and investigation to why this effect occurred was examined using transggni.c B.
napus. Molecular genetic testing on second generation B. napus also determined the

plants contained the cDNA of interest and were transcribing the cDNA.
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1.0 INTRODUCTION

Genetic engineering 1s an effective means of producing canola oil with desired
fatty acid (FA) composition (Moon et al. 2000). Health conscious customers can benefit
from seeds cils with low Ievels of saturated fatty acid (SFA). In order to maintain status
as a “low saturation oil” the SFA level present in canola oil must remain below 7%. The
matntenance of a low level of saturation allows for the canola oil market to compete with
the low SFA soybean oils being developed in the U.8. by companies such as Dupont and
Picneer Hi-Bred. Inrecent years the level of SFAs in canola oil have increased from 6%,
ten years ago, to above 7% in 1998. This increase is a direct result of a change in the
variety 'Qf canola growﬁ, from Brassica rapa (Polish type) to B. napus (Argentine type),
bgcause B. napus generates higher yields. In an attempt to maintain the low levels of
saturation in B. napus, a desaturase gene from Doxantha unguis-cati L. (cat’s claw) was
inserted via Agrobacterium mediated plant transformation and was expressed using a
seed specific promoter from Lesquerella fendleri. Cat’s claw desaturase catalyzes the
conversion of palmitate (16:0)-acyl carrier protein (ACP) to produce palmitoleate
(*’16:1)-ACP. B. napus does not contain a 16:0-ACP desaturase endogenously, and as a
resuit rétains approximately 5% 16:0 incorporated into its seed oil. The goal of this
project was to decrease the amount of 16:0, through conversion to *16:1, thereby
attempting to increase the overall unsaturated fatty acid (USFA) content of B. napus oil.

Two canola lines, coded Cz-31A and C,-41, were used in the investigation
because they had the highest ®°16:1/16:0 ratio (0.11 and 0.10, respectively) of the
transformants examined. These plant lines and also untransformed Westar controls were

grown in a greenhouse during the summer and fall of 2001. Molecular genetic testing



was performed on the piant.lines to determine if the plants were transgenic for the cDNA
of cat’s claw 16:0-ACP desaturase and also the transcription of that cDNA within the B.
napus genome. The FA prbfile from mature seeds was investigated to examine the
effects of the transformation with the cDNA encoding 16:0-ACP cat’s claw desaturase.
Also, the acyl-CoA pool at 28 days post anthesis (DPA} was investigated to determine if
~ there were higher amount_s. of Ag.lé:_l and vaccenate (*''18:1), the elongation product of
416:1, present in the acyl-CoA pool compared with the FAs in the mature seeds.
Prelirhinary éxperiments, using Arabidopsis thaliana transformed with a 355
promoter, were performed prior to the transformation of the B. napus. For Arabidopsis
thaliana the total acyl FAs were extracted from the leaves and seeds and triacyglycerol
(TAG) .fr.om ihe seed total fipid Was al.s.o extracted, and tested to determine the effect of

the ubiquitous expression of cat’s claw desaturase on the FA profile of transformed A.

thaliana.



2.0 LITERATURE REVIEW

2.1  Economic Importance and Nutritional Value of Canola Oil

On a global scale vegetable oil production accounts fbr about 50 million tons
annually (Voelker and Kinney 2001). Canola (B. napus and B. rapa, respectively) or low
eurcic acid (’51322:1)_rapeseed was developed through plant breeding effects because
A1322:1 was declared to be potentially harmfull and caused slmlooth muscle lesions (Knauf
and Facciotti 1995). NQW, canola is guaranteed to contain less than 2% 813221, and is
also known to be low in gluéosino]ates (Daun 1986, .Dupom et al, 1989). Canola was
developed by the introduction of recessive atleles at two loci that cbntrol the synthesis of
A32:1. 45221 is synthesized by the.successive elongation of oleic acid (**18:1), thus it
is not surprising that mutations at these two loci result in the flormation of canola oil with
the most predominant FA being **18:1 (Puyaubert e£ al. 2001}. Canola is devoid of
monounsaturated FAs longer than 22 carbons (Puyaubert et al, 2001), with #°18:1
accounting for ~60% of the FA composition {Perry 1993b). In Canada alone, canola
contributes five billion dollars to the Canadian farmgate and is a major coniributor to
Canada's net trade balance (personal communication Dave Wilkins from Canola Council
of Canada, Jan. 2003). The use of canola oil by people is diverse and includes food and
industrial applications. The oil is known for its health benefits derived from the FA
COMpPOSItion.

Due 1o the increase in cardiovascular and coronary heart disease, an optimal diet
low in SFAs and high in USFAs has been recommended (Feldman 1999). In Canada and

the U.S., coronary heart disease is a major health concern and accounts for 50 % of



pfem_ature deaths._ SFA consumption is associated with elevated bioold concentrations of
total and low-density lipoprotein (L.DL) cholesterols, whereas USFAs are associated with
high density lipoprotein (HDL) cholesterol and lower incidences of both cardiovascular
and coronary heart disease (Feldman 1999).

USFAs include both mbnounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs). MUFAs contain one point. of unsaturatibn, whereas PUFAs cont:ain
more than one point of unsaturation. Although MUFAs arc not considered as neutral FAs
they are known to lower total and LDL cholesteroll levels .Without lowering levels of HDL
cholesterol {Feldman 1999, Kris-Etherton et al, 1999, McDonald et al. 1989). PUFAsS,
like MUFAs, are known to enhance immune function but with greater effects (Pond
1998). PUFAs include essential fatty acids (EFAs), FAs tﬁat the human body cannot
make, such as c-linolenic acid (****1°18:3) and linoleic acid (**'%18:2). These FAs are
used as precursors to synthesize docosahexaenoic acid (54’7‘10'13'16’1922:6) and arachidonic
acid (“#111420:4), respectively, and are enriched in the central nervous system (Carlson
2000). Plant oils are often a source of USFAs, and as a result provide benefits..when
consumed (Lands 1997).

Canola oil has the lowest SFA content of any other commonly consumed
vegetable oil on the market (Figure 1, Canola Council of Canada). Canola oil does not
contain lauric (12:0) and myristic (14:0) SFAs, and the levels of 16:0 are the lowest of
any vegetable or animal fat Johnson et al. 2002b, Canola Council of Canada). Although
these SFAs are cholesterol-raising FAs, Lindsey et al. (1990) found replacing 16:0 for
both 12:0 and 14:0 in the diet caused an increase in HDL cholesterol suggesting that

chain length had an effect on health. Canola oil also contains stearic acid (18:0), which
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Figure 1. Comparison of dictary fats and oils. The fatty acid content, including
saturated, monounsaturated, and polyunsaturated FAs, of commonly consumed dietary
fats. All FA contents are normalized to 100 %. Taken from the Canola Councit of

Canada (http://www.canola-council.org/}.
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does not seem to affect blood cholesterol level (Lindsey et al. 1990), a moderate level of
49124 q. . e AD1215, o . .

18:2 (21%), and appreciable amounts of 18:3 {11%). The major FA present in
canola oil is 2°18:1 accounting for about 61 % of the total FA content. As stated earlier,
*%18:1 FA is known to lower total and LDL cholesterols levels without lowering levels of
HDL cholesterol (Feldman 1999, Kris-Etherton et al. 1999, McDonald et al. 1989).

Overall, the low SFA content and beneficial MUFAs and PUFAs make canola eil a

healthy choice as a dietary fat source.

2.2 FA and TAG Biosyntﬁesis in Developing Oilseeds
2.2.1 Structure and Function of TAG

- The structure of TAG can be seen in Figure 2, where three FAs are esterifed to the
glycerol backbone via the hydroxyl groups. The glycerol backbone has three distinct
stereochemical numbering (sn} positions 1, 2, and 3, due to its lack of rotational
| . symfnetry (Weselake 2002). Oilseeds have undergone stereochemical identification,
where SFAs are usually found in the sn-1, USFAs are usually found in the sn-2 position
aﬁd variable FAs are found in s7-3 positions (Wilberg et al. 1997). Here, the use of
specific phospholipases (PLs) enable a FA to be removed from the glycerol backbone in
any of the three positions (Willams et al. 1995).

Seed TAG represents a carbon source that provides energy to enable germination
(Voelker and Kinney 2001). The energy in oilseeds is usually in the storage form of
TAG and accumulates in the embryo and or the endosperm during seed maiuration and
undergoes catabolism to ensure early seedling development. The TAG molecules are

stored in oil bodies that are coated by a single layer of phospholipid. Oleosins embedded



'Figure 2. The Structure of TAG. The glycerol backbone is esterified via the
hydroxyl ends of FAs, and contains three FAS in total. The three positions on the
glycerol backbone are iabeled as sn-1, 2, and 3 due to lack of rotational
symmetry. The “R”. groups are the fatty acid chains without the carboxyl group.
In B. napus oilseeds the sn-1 and 3 positions tend to be occupied by SFAs

whereas the sn-2 position tends to be associated by USFAs. Adapted from

Weselake (2002).



in to the surface of oil bodies prevent droplets of oil from coalescing during desiccation

of the seed (Lacey and Hills 1996).

2.2.2 FA Biosynthesis in the Plastid

The biosynthesis of oil in otlseeds starts from carbohydrate sources including
glucose, fructose, and sucrose (Hill and Rawsthorme 2000). These metabotic products of
photosynthesis yield the acetyl coenzyme A (CoA) substrate for de novo faity acid

synthesis (FAS) (Harwood 1996).

The de novo biosynthesis of FAs occurs in the stroma of the plastid, the
prokaryotic pathway, where the stepwise condensation of 2C units produces acyl chains
(See Figure 3) (Slabas et al. 2001b). The metabolic precursors of the synthase complex
are produced from the ATP dependent reaction of acetyl-CoA and bicarbonate catalyzed
by acetyl-CoA carboxylase (ACCase) to produce malonyl-CoA, making this the
committed step in FA biosynthesis (Slabas et al. 2001a). The role of ACCase has been
investigated by Post-Beittenmiller et al. (1992) who provided evidence of the regulatory
role that ACCase plays in chloroplast FA biosynthesis. Next, malonyl-CoA is converted
to malonyl-ACP via malonyl-CoA:ACP transacylase. The next four reactions are
necessary for chain elongation and are also catalyzed by different enzymes. The first step
in the acetyl chain elongation occurs with the condensation of acetyl-CoA and malonyl-

ACP to form 3-ketobutyl-ACP and CO; via the 3-ketoacyl-ACP synthase IIT (KAS II).

The ACP unit is a small, 9kD), acidic protein which acts as an arm to aid in the

production of the FA elongation product. (Ohlrogge and Browse 1995). There are a
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Figure 3. FA biosynthesis in plants. This occurs in the plastid where stepwise
condensation of two carbon units produces acy! chains. The mechanism starts with
acetyl-CoA, where ACCase (1) catalyzes the production of malonyl-CoA from
acetyl-CoA (Johnson et al. 2002). Malonyl-CoA is then catalyzed by MCAT (2) to
produce malonyl-ACP (Suh et al. 2002). The malonyl-ACP and acetyl-CoA undergo
condensation via KAS III (3) (Slabas et al. 2001) to produce 3-ketobutyl-ACP. Next,
reduction occurs via 3-ketobutylacyl-ACP reductase (4) (Johnson et al. 2000),
followed by dehydration with 3-hydroxylacyl-ACP (5) (Wiberg et al. 2000). A last
reduction occurs through cataiytic action of enoyl-ACP reductase (6) to produce 4:0-
ACP. This product is subsequently cycled around again with malonyl-ACP for further
elongation until the FA is 16 or 18 carbons in length. The 18:0-ACP is then caialyzed
by acyl-ACP TE (7) (Voelker and Kinney 2001) to move across the plastidial
envelope. Prior to entering the cytosol, acyl-ACP is catalyzed by acyl-ACP
hydrolyase (8) to remove the ACP unit. and then with CoA to produce acyl-CoA and
is catalyzed by acyl-CoA synthetase (9) (Hill and Rawsthorne 2000). Adapted from

Somerville et al. (2000).



number of isoforms of ACP and many of them have yet to be elucidated. Branen et al.
(2001) over expressed Arabidopsis thatiana ACP-1, a major isoform present in the seed,
using the Cauliflower Mosaic Virus 358 (CaMV358S) promoter. Western and Northern
analysis showed there was a 3 - 8 fold increase in the expression of ACP-1 _in leaf tissue,
but there were no significant changes in expression levels in the seed. The increase in the
ACP-1 isoform in the leaves also altered the FA composition in the leaves causing a
decreasc in 16:3 and an increase in 18:3, indicating that overexpression of an ACP

isoform can change FA composition in plants {Branen et al. 2001).

Both KAS 1l and ACCase are important regulaiory enzymes and can affect the
flux in FAS (Roesler et al. 1997). This idea was further investigated by Verwoert et al.
(1995), when the Escherichia coil fabH gene was isolated and the effect of the
overproduction of this bacterial KAS III on B. napus was determined. Significant
increases in KAS ]I activities were found in transgenic plants resulting in cffects on the
FA profile of the seed oil, although this did not cause a significant change in the total
lipid biosynthetic flux. The changes in FA profile included a decrease in #918:1 and
concomitant increase in **'?18:2 and **'#1518:3. These results suggested that KAS III
may exert some control over FAS. In a similar study by Dehesh et al. (2001), the
overexpression of Ch KAS TI-1 and Ch KAS {I1-2 genes from Cuphea hookeriana caused
a significant decrease in the total FA and an increase in the amount of 16:0 present. The
increase in KAS III also caused a lower expression of KAS 11, and was suspected to be a
result of less malonyl-ACP available to KAS Il. As stated earlier, ACCase is thought to
limit FAS. In an experiment by Roesler ct al. {1997}, the effect of inserting cytosolic

ACCI, an A. thaliana ACCase gene, into B. napus was investigated using a napin
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promoter fused to the A. thaliana ACCI to térget the plastid. The insertion of ACC/! into
B. napus caused a 10 - 20 fold increase of ACCase in maturing seeds, and also an
increase of 5% in tine seed oil content. Here, the FA profile of the transformants showed
an increase in “*18:1 and eicosenoate (*1120:1), and a decrease in 271%18:2, #*'¢1%18:3 and
&1322:1 content. If ACCase was thought to be the main enzyme in the regu.iation of FAS,
then overexpression of KAS IIT should have had little effect on the flux, but in the
examples above this was not the case. Nikolau et al. (2000) produced a series of 4.
thaliana plants that had reduced levels of acetyl-CoA metabolizing enzymes including
ACCase, ATP citrate lyase, acetyl-CoA synthetase, and plastidial pyruvate
dehydrogenase. To date the investigators have shown that reducing the ACCase
expression by 20 - 30% of the wildtype (WT) caused a significant reduction in the growth
of the plants. Evidence also indicated that ACCase has a substantial role in affecting the
amount of FA that is synthesized. Turnham and Northcote (1983), found that B. napus
lipids began to accumulate 16 days after pollination (DAP) and rapidly increased until
lipid synthesis began to plateau at about 28 DAP, resulting in about 60 times the amount
of lipid compared to the initial level. The ACCase activity also increased 14 DAP to
peak at 24 DAP, rising 64 fold over that period with the highest rate at day 16, and then

decreased rapidly.

Following condensation, reduction occurs to produce 3-hydroxylacyl-ACP via the
catalytic action of 3-ketoacyl-ACP reductase (KR). Next, dehydration occurs to produce
enoyl-ACP via the catalytic action of 3-hydroxylacyl-ACP dehydrase, and lastly a second
reduction occurs to form the elongated 4:0-ACP product. The last reduction is catalyzed

by enoyl-ACP reductase {ENR) (Ohirogge and Jaworski 1997). The 4:0-ACP then
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undergoes subsequent rounds of condensation reactions with malonyl-ACP unti} 16:0-
ACP is synthésiZed. These subsequent reactions are catalyzed by the enzyfne KAS i,
except in the last reaction producing IS:O—ACP, where the reaction of 16:0-ACP and
malonyl-ACP is catalyzed by KAS 11. The FAs present in most oilseeds are 16C and 18C
units in length. More than 90% of FAs produced in WT B. napus seeds have a chain
length of 16C or longer (Eccleston. and Ohlrogge 1998).

Some genes that regulate the FA biosynthesis have been investigated. O' Hara et
al. {2002) investigated the mole ratios of the FA synthesizing enzymes over
embryogenesis. The peak of mRNA accumulation of all the enzymes from developing B.
napus seeds tested occurred between 20 to 29 DPA, with drastic reductions at 32 DPA.
The steady state for ail the enzymes occurred at 42 DPA, where all transcripts fell to
about 5% of their peak }évels, signifying that the mRNAs have similar stability and
kinetics during synthesis. The proteins and_.enzymes tested included ACP, biotin
carboxylase (BC), one of the four subunité_that make up ACCase, KR, ENR, and
thioesterase (TE). Previously, Ke et al. (2000) reported that the four components of
chloroplastic ACCase maintain a constant molar ratio of mRNA in siliques throughout
development. O' Hara ct al. (2002) reported that the molar ratios of the enzymes were at
a constant ratio throughout embryogenesis,. but the absolute levels were different. The
ratios of the transcripts were calculated to be 1.0:0.6:1.2:0.4:6.9 for
KR:BC:ENR:TE:ACP, respectively. It was apparent that the transcript abundance of the
mRNAs for each of the catalytic proteins (KR, BC, ENR, and TE) were relatively similar,
whereas the number of transcripts for the ACP was 7 fold higher that that of KR. The

regression coefficients for each of these data are greater than 0.88, clearly suggesting that
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the mRNA levels involved in lipid biosynthesis accumulate at a constant ratio throughout

embyrogenesis.

2.2.3 Desaturation of Acyl-ACP in the Plastid

Desaturation can occur at the level of the plastid in plants. In B. napus, the
soluble **18:0-ACP desaturase acts upon 18:0-ACP to produce “*18:1-ACP, and accounts
for the major FA in the seed oil. The involvement of *°18:0-ACP desaturase in the seed
oil was clearly demonstrated by Knutzon et al. (1992} using antisense~-RNA gene
expression in both B. napus and B. rapa. Here, the decrease in *”18:0-ACP desaturase
activity caused a dramatic decrease in the oil content. The specificity towards 18:0-ACP
substrates is over 100 fold greater than for 16:0-ACP {(Harwood 1996). A number of
other oilseeds also contain soluble acyl-ACP desaturases with low specificity for 16:0-
ACP, including Glycine max (soybean), Carthamus tinctorius (safflower) and Ricinis
communis 1. (castor bean) (Tocher et al. 1998, Cahoon et al. 1998). The expression of
#718:0-ACP desaturase mRNA during sced development has been followed by Slocombe

et al. (1992, 1994) in B. napus. The iranscript was first detected at 25 DPA, peaked at 45

DPA and decreased thereafter.

One plant known to have a soluble ACP-desaturase with increased preference for
16:0-ACP is cat’s claw, with 64% of the FA present in the seed oil as *?16:1 (Chisholm
and Hopkins 1964). The homology in the aﬁino acid sequences between cat’s claw
“916:0-ACP desaturase and the “°18:0-ACP desaturase from castor bean is 85% (Cahoon

et al. 1998). To determine the substrate specificity, Cahoon et al. (1998) performed an
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amino acid substitution of castor bean 918:0-ACP desaturase from leucine 11810 a
iryptophan. This substitution resulted in an 80 fold increase in substrate specificity
towards 16:0-ACP indicating that a small differeﬁée in amino acid sequence can
dramatically change the desaturase preference fowards a FA. The homology of many
amino acid sequences from desaturases have been investigated by Harwood (1996). The
precursor polypeptides {with a signal peptide atiached) of Spinacia oleracea (spinach)
18:0-ACP desaturase shares 84, 81, and 82% homology, respectively, to the precursor

polypeptides from castor bean, Cucumis sativus (cucumber) and safflower.

Desaturation is an oxidation reaction that occurs under aerobic conditions with the
requirernent of two electrons, and one molecule of oxygen (Bloomfield and Bloch 1958,
Los and 'Mufata 1998). All known acyl-ACP desaturase enzymes use ferredoxin (Fd) as
the electron-donating cofactor {Schultz et al. 2000). There are two classes of Fds,
including the .photosynlhetic and heterotrophic class. The photosynthetic :Fds are light-
regul.ated'and expressed in photosynthetic tissue, whereas the heterotrophic Fds are
independent of light and are found more ubiquitousty (Schultz et al. 2000). Schultz et al.
(2000) examined the influence of the different isoforms of Fd on acyl-ACP desaturases in
Coriander satﬁ;'um (coriander), Thunbergia alata and Pelargonium x hortorum '
(gerantum). Here, the heterotrophic Fd isoform showed 20 fold higher activity with acyl-
ACP desaturase in all three plants when cémpared to the photosynthetic Fd isoforms.

The heteotrophic Fd also increased she ubiquitous *°18:0-ACP desaturase 1.5 - 3.0 fold in
both seed and leaf tissue. These results suggested that the Fd isoforms that specitically
interact with acyl-ACP desaturases _té achieve optimal enzyme activity are heterotrophic

isoforms of Fd. It has been suggested the each acyl-ACP desaturase binds two atoms of
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tron to form reactive complexes with oxygen, Fe-O-Fe (Los and Murata 1998). This
complex removes two H atoms, one from each C, and the bond between the C molecules
changes from a C-C single bond to a C=C double bond in the carbon chain of the FA

substrate, See section 2.3 for more on desaturases.

2.2.4 Hydrolysis of Acyl-ACPs in the Plastid

Once the acyl chain is assembled and desaturation has occurred, termination of
FA elongation occurs via the action of an acyl-ACP TE (Harwood 1996). Acyl-ACPs
can also serve as substrates for plastidial acyliransferase (AT). For example, acyl-ACP:
sn-glycerol-3-phosphate acyltransferase (GPAT) (EC 2.3.1.15) catalyzes action of sn-
glycerol-3-phosphate (G3P) to generate lysophosphatidic acid (LPA) (Murphy 1994,
Facciotti ct al. 1999). Different plants are known to comtain TEs with specificities for
various endogenous chain lengths. A comparison of over 30 plant TE sequences revealed
there arc two classes: FatA and FatB (Jones et al. 1995, Voelker and Kinney 2001). The
FatA TEs act preferentially towards °18:1-ACP, whereas FatB TEs prefer saturated acyl-
ACPs with lengths from 8C to 16C. The K, for both 16:0 and 4918:1 substrates were
investigated by Hellyver et al. (1992) and were found to be almost identical, at about 1uM,
implying the binding affinity of the enzyme for the substrate is not a function of the chain
length, but rather the enzyme recognizes the ACP moiety for binding. The Vp, for the
5918:1 substrate was considerably higher than for 16:0, indicating that once the FA is
bound, both length and degree of unsaturation determine the reaction velocity. The

difference in the V s, also suggests why more *°18:1 than 16:0 is exported from the
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plastid. As an example, the TE in the California bay plant has a preference for 12:0-
ACP. Eccleston and Oﬁlrogge (1998) studied the expression of this TE in developing
seeds of transgenic B. népus and found that it resulted in up to 60 mole% of laurate in
TAG. Although the total seed oil was not reduced, levels of 3-oxidation also increased.
This increasc in B-oxidation was explained as a maintenance mechanism to dispose of
excess FAs in order to prevent the interference of the excess FAs with other enzyme
systems. Other changes included higher levels of ACP and acyl-ACP, particularly
medium chain length variants. Several other enzymes of FAS werc increased 2 — 3 fold
at the mid stage of development including ACCase, 18:1-ACP desaturase and KAS IIL
This upregulation of enzymes enabled the transgenic plants to maintain the same amount
of total FAs as was present in the WT plants. In a similar study, Wiberg et al. (2000)
found that developing and mature transgenic B. napus seeds accumulated up to 7 mole%
of caprylate (8:0), 29 mol % caprate (10:0) or 63 mole% of 12:0. The accumulation of
8:0 and 10:0 resulted from the overexpression of the medium chain TE, Ch FatB2, from
California bay in B. napus when crossed with a line overexpressing Cocos nucifera
{(coconut} lysophosphatidic acid acyltransferase (EC 2.3.1.51) (LPAAT), an enzymc

responsible for the acylation of LPA to generate phosphatidate.

2.2.5 FA Export from the Plastid and Biosynthesis of Acyl-CoAs

Adfter termination of FA clongation in the chloroplast, acyl-ACP is converied to
free fatty acids via acyl-ACP hydrolase, and then to their CoA thiol-ester derivatives by

the catalytic action of acyl-CoA synthetase (ACS) in the outer plastidial envelope
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(J-Ohﬁson et al, 2002a). Johnson et al. determined the raté of acyl chain export from the
.plastiid in B. napus. The investigators separated the in vitro synthesis of the FAs from
export by making use of acyl-CoA binding protein (ACBP.), which are 10 kDa ubiquitous
proteins found in eukaryotes that specifically bind to long chain acyl-CoAs. Afier the
FAs were synthesized, CoA was added to the plastids and their acyl chains were
convérted to acyl-CoAs and exported into the incubation medium. The export rate was
dependent on the acyl-CoA concentation, The medium containing the highest rate of
export contained acyl-CoA concentrations in the range of 10-20 uM, whereas one-half
the maximum export rate could be altained at a concentration of 2.5 uM. The group also
found that the maximal rate of acyl chain export was comparable to the rate of FA
synthesis before export was initiated, at 110 nmol acyl chains U GAPdH h
{glyceraldehyde-3-phosphate dehydrogenase). The concentration of ACBP has been
estimated by Fox et al. {2000) to be between 10-30 pM and is. somewhat greater than thai
of the general concentration of the acyl CoA pool. The exact mechanism of export of
acyl-CoAs is not known, but it is hypothesized that the acyl-CoAs leave the plastid bound

to ACBPs. A cDNA encoding an ACBP homologue has been cloned from B. napus

(Hiils et al. 1994),

2.2.6 FA Elongation in the Endoplasmic Reticulum (ER)

Once FAs are built and after ACS catalyzes the formation of acyl-CoA TEs, FA
elongation can occur further in the ER. ACS was investigated by Domergue et al. (1999)

and Hlousel-Radojcic et al. (1998), and does not directly play a role in FA clongation.
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Rather, the genes named Bn-FAE1. I and Bn-FAEL.2 c_:ontrol 3-ketoacyl-CoA synthase
(KCS) and are responsible for FA elongation.. Pﬁyaubert. et al. (2001) examined the
difference in the expression of these two genes in cultivars of B. napus. The first was
Gaspard, a rapeseed containing high *1*22:1, and the second was ISLR4, a low *'722:1
rapeseed. Although the Bn-FAEL 1 gene expression was similar in both cultivars, Bn-
FAFE1.1 was expressed at a higher level than that of Br-FAEL 2. T he difference between
these two cultivars resulted in the identification of the protein KCS encoded by the gene
Bn-FAE!L.1 and was determined by using anti-FAET antibodies prepared against a
recombinant Bn-FAE1.1 fusion protein. This resulted in no protein detection for KCS at
any developmental stage of ISLLR4. The absence or limitation of KCS is in agreement
with others because low AIS'22.:1 cultivars of canola are known to have mutations in KCS

genes that lead to lower levels of #*22:1 (Han et al. 2001, Siabas et al. 2001a).

2.2.7 TAG Biosynthesis

Acyl-CoAs produced through the catalytic action of ACS and elongases become
part of an acyl-CoA pool located in the cytosol. Here the acyl-CoA pool can be used as a
substrate for the ATs of phospholipid and TAG biosynthesis located in the ER. The TAG
biosynthesis pathway is known as the Kennedy pathway (Johnson et al. 2000} (Figure 4).
The pathway uses acyl-CoAs as acyl donors and G3P as the initial acceptor. The glycerol
backbone undergoes sequential acylations via AT action. The AT catalyzes the acyl
portion of the acyl-CoA to be added to the sn-1 position is GPAT, and is known to draw

upon both saturated and unsaturated FAs to yield 1-acylglycerol-3-phosphate or LPA
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Figure 4. TAG biosynthesis. In the ER, FAs from acyl-CoA are added to produce LPA
catalyzed by GPAT (1) (Johnson et al. 2002). Next, another acyl group from the acyl-
CoA pool is added to produce DAG via the catalytic action of LPAAT (2). The removal
of phosphate from PA is catalyzed by PAP (Slabas et al. 2001) (3), and the final acyl-
CoA dependent acylation is catalyzed by DGAT (4). Another mechanism for producing
TAG can occur with DAG accepting a FA from PC catalyzed by PDAT (5) (Wiberg et al.
2000). Lastly, DGTA (6) can catalyze the transfer of a FA between two DAG molecuies

to produce TAG and MAG (Stobart et al. 1997). Adapted from Somerville et al. (2000).
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(Murata and Tasaka 1997). There are three types of GPAT; with the different isoforms
present in the chloroplast, mitochondria and cytoplasm. The type being referred to here
is the cytoplasmic GPAT, as this form is a hydrophobic protein that is bound to the ER
(Murata and Tasaka 1997). The next AT to catalyze the sn-2 position is LPAAT yielding
phosphatidic acid (PA) (Slabas et al. 2001b). In oilseeds, LPAAT appears to be the most
acyl-specific ATs among the three-glycerol ATs (Sun et al. 1988), and does not use SFAs
including 12:0 and 16:0. The enzyme is also known to exclude 22:1 from this position
(Sun et al. 1988, Slabas et al. 2001a}. Although LPAAT does not use SFAs for
substrates, Knutzon et al. (1999) demonstrated that B. napus could be genetically
engineered to incorporate 12:0 at the sa-2 position The B. napus line was produced by
crossing B. napus transformed with California bay cDNA encoding 12:0-ACP TE with B.
napus transformed with coconut cDNA encoding a 12:0-CoA-preferring LPAAT. Some
plants of this cross had up to 75% 12:0 at thc sn-2 position. Another group of
investigators transformed high #'°22:1 B. napus with an AT from Limnanthes alba alba
(meadowfoam) (Lassner et al. 1995). Although this transformation did not change the
amount of “'°22:1 present in the total lipid, it did increase the amount of '*22:1 found at
the sn-2 position and resulted in a concomitant decrease in *'*22:1 in sn-1 and sn-3
positions. Prior to acylation at the sn-3 position, a phosphate group must be removed
from PA by phosphatidic acid phosphatase (PAP) (EC 3.1.3.4) (Stobari et al. 1997).
Alter the phosphate group is removed from the glycerol backbone, the third and final AT,
diacylglycerol acyliransferase (DGAT) (EC 2.3.1.20), catalyzes the addition of the last
acyl group to form TAG (Weselake 2002). DGAT activity is also thought to limit the

flow of carbon, resulting in a high flux control coefficient in TAG formation (Weselake
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et al. 1993, Perry 1993b, Ichihara et al. 1988, Perry et al. 1999). In a study by Weselake
et al. {1993), DGAT activity was found to be maximal during the active phase of lipid
accumulation in B. napus seeds where DGAT activity increased from 14 DPA tc a

maximum level at 33 DPA and then decreased until 40 DPA.

Some plants are known to have acyl-CoA independent mechanisms for TAG
production. Examples of these include both phospholipid: diacylglycerol acyltransferase
(PDAT) (E.C. 2.3.1.158) and diacylgyicerol transacylase (DGTA). PDAT catalyzes the
transfer of FA from a phosphatidylcholine (PC) donor to a sn-1,2-diacylglycerol (DAG)
molecule, the acceptor. PDAT appears to play a major role in removing unusual FAs
from phospholipids in Helianthus annuus (sunflower}, castor bean and Crepis palaestina
(hawk’s beard) (Banas et al. 2000). Here, thc unusual FAs can be removed from the
phospholipids and incorporated into TAG, where most unusual FAs are found (see
section 2.3.8 for more detail about unusual FAs). Dahlqvist et al. (2000) found that the
specificity of PDAT was different for varying plant species. Ricinoleoyl and vernoloyl
groups of PC were incorporated into TAG from castor bean, and hawk's beard,
respectively. Another example of acyl-CoA independent reactions producing TAG
involves DGTA. Two DAG molecules react through the catalytic action of DGTA to
produce TAG and monoacylglycerol (MAG) (Stobart et al. 1997), and the enzyme was
first identified in rat intestine by Lehner and Kurksis (1993).

Although major glycerolipids are first synthesized using the FAs 16:0 and 18:1,
subsequent desaturation reactions of these FAs can occur by membrane bound
desaturases in the chloroplast and ER (Ohlrogge and Browse 1995). The advancement in

understanding the regulation and mechanism of these desaturases occurred by the
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characterizationlof seven A. thaliona mutants. Here, the loci that control each of these
are fad genes. Mutations of different fad genes confrol desaturation at different locations.
For example, the mutation at the fad2 and fad3 loci affects desaturation of the
extrachloroplast lipids, ﬁhereas mutations in fad4 through to fad¥ affect chloroplast
desaturation. See Tocher et al. (1998) and Los and Murata (1998) for extensive reviews

on desaturases and also section 2.3 of this thesis.

2.2;8 Incorporation of Unusunal FA into TAG

Many plants contain unusual FAs in their seed storage lipids that occur naturally
or as a result of genetic engineering; These unusual FAs vary in chain length, degree of
unsaturation, position of unsatﬁration or can contain functional groups such as hydroxy,
€poxy, cyclic,.and acetylenic groups (Roscoe et al. 2002). Plants can tolerate large
amounts of unusual FAs in the storage lipids because they are sequestered into 0il bodies
(Millar et al. 2000). Wiberg et al. (1997) investigated the distribution of two transgenic
}ines of 12:0 producing B. rnapus. Both medium and high 12:0 producing lines \f/ere
investigated. The medium and high lines accumulated 34 mole% and 55 mole% of 12:0
in TAG fraction, respectiveiy, whereas the PC fraction was only composed of 2.7 mole%
and 6.6 mole% of 12:0 at seed maturity, respectively. Although the majority of unusual
FAs eventually end up in TAG molecules, these unusual FAs are often a part of PC first.
To determine the role that PC plays in TAG formation Schultz and Ohlrogge (2000) have

examined the seed oil of 7. alata. T. alata contains an endogenous *°16:0-ACP

desaturase resulting in oil with petroselinic acid (*°18:1) accounting for 80% of the TAG

composition, with most of this coming from the PC fraction. Eccleston et al. (1996) have
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also looked into the regulation of unusual FAs in plants. Here, the investigators
expressed the 35S-FatB1 gene into B. napus. The transgenic plants accumulated high
levels of medium chain fatty acids (MCFAs) into their TAG without detection of the
MCFAs anywhere else in the plant, even though higher levels of FatB1 wefc present in
vegetative tissues other than the seed. The investigators proposed that the MCFAs were
being synthesized in the leaves and then broken down because the enzymes from both the
[>~oxidation and the glyoxylate cycles were induced in the leaves of the 355-FatBI
transgenic B. napus plants {Eccleston and Ohlrogge 1998).

Two theories have been proposed to explain the targeting of the unusual FAs to
storage lipids and their exclusion from membrane lipids. These theories include
specificity of enzymes and compartmentalization (Roscoe et al. 2002). Enzymes having
various specificities include TEs, ATs, ctyidine diphosphocholine diacylglycerol choline
phosphotransferase (CDP-CPT), PLs and PDAT (Roscoe et al. 2002).
Compartmentalization was proposed as an alternative to enzyme specificity whereby the
membrane lipid and TAG assembly might be carried out in separate domains of the ER.
A study on B. napus zygotic embryos by Lacey and Hills (1996) provided evidence for
the difference in the localization of membrane lipid and TAG biosynthesis. The
investigators prepared sub-cellular fractions using a sucrose gradient, and tested the
fractions for enzyme activity. The high-density fraction closely matched the marker
enzymes of the ER, including LPAAT and CDP-CPT. Analysis of the lipids extracted
from the low-density fraction revealed that 50 mole% were from TAG, and were

compared to only 15 mole% in the bulk ER. This suggested that the low-density
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membranes are derived from the portion of the ER that is involved in the formation and

secretion of TAG.

2.2.9 TAG Accumulation in Relation to Embryo Developmcht in B. napus
The accumutlation of lipid in B. napus follows a typical pattern for oil rich tissues

(Perry and Harwood 1993a). There arc three phases of oil development. These include
the initial stage of rapid cell division where little iipidz synthesis takes place as
' fertilization .has just occurred, The next phase includes rapid accurmulation of TAG, and
the third and final phase has little TAG deposition.because desiccation of the seed takes
place. These three phases include 0-18, 18-40 and 40-65 DPA (mature), respectively.
Changes in lipid content in developing B. napus cv. Shiralee weré- investigated by Perry
and Harwood (1993a}, where the rapid deposition of TAG began at 16 DPA and
continued until about 40 DPA. This data was in agreement with number of important
lipid-synthesizing enzymes that were mentioned in section 2.2.2, and have been shown to
be more active during the second phase, 18-40 DPA (O' Hara et .a]. 2002). The classes of
lipid investigated included TAG, DAG and polar l:i'pids (PLD). At the earliest stage of
development, TAG was the most abundant lipid class, representing 83.5% of the lipid
content. DAG represented 6.7% and PLD 9.8% of the lipid content, with the majority of
the lipid accounted for by PC. During seed development, the percentage of TAG
continually increased until around 40 DPA wheré the steady state was 95%. Also, at
maturity, the amount of DAG and PLD only ac_counted .for 1.2 and 3.7%, respectively,
with the PLD content similar to that in the mature embryo at 46 DPA. Tt is important 1o

note that canola grown in a greenhouse matures fasier when compared to cancla grown in
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a field setting and causes a reduction of about 20% in oil preduction as a longer
maturation period usually increases oil yield (Perry and Harwood 19932). Murphy and
Cummins (1989) conducted a similar study, exce.pl the B. napus cv. Bienvenue was
grown in a field setﬁng. In this experiment the first stage occurred between 14 and 21
DPA (two to three weeks), while the rapid phase of TAG biosynthesis, stage two,
occurred during the period 28-42 DPA (four to six weeks), where the production of TAG
then leveled off until dehydration occurred. Tﬁe plants were harvested at 133 DPA (12
weeks).

Investigators are also working to understand the factors that limit the flux of TAG
produced. Bao and Ohlrogge (1999) found the supply of FAs limited the accumuiation .of
TAG. This was further éupﬁomed by Ramli et al. {2002) where flux biosynthesis of both
FA synthesis (block A} and lipid assembly (block B) were investigated in Elaies
guineensis (oit palm) and Olea europea (olive}. Here, the biosynthésis fiux coefficients
where higher in both oil paim énd olive for block A, suggesting that FA synthesis had
more control in regulating the amount of TAG produced in the overall production of oil.
Regardless of the mechanism controlling TAG production, the B. napus oil is composed
of common FAs. In mature seeds, the TAG, DAG and PLD content are 95.4, 1.5, and
3.1%, resﬁective]y (Murphy and Curﬁmins 1989}, and the values are in agreement with
the study by Perry and Harwood (1993a). The major FAs present in B. napus seed
reported by both Perry and Harwood (1993a) and Murphy and Cummins (1989) were

16:0 (<5%), 18:0 (<2%), 18:1 {~60%), 18:2 (~20%). 18:3 (~10%) and others (<1%).
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2.2.10. FA Composition of Acylglycerols in Relation to Chilling Tolerance

Mile an increase in USFAs present in membr’aﬁe lipids helps to maintain
mcmbran_e fluidity, Murata et al. (1982) discovered the correlation between the nature of
the FAs in the sn-1 position of phosphatidylglycerol (PG) in the chloroplasts and the
sensitivity of a particular plant species to chill tolerance. Chill resistance plants had
0 - 20% of 16:0 esterified to thé ;sn—l position while Ch.ill sensitive plants exhibited
25 - 65% 16:0 at this position. In a recent study, Ariizumi et al. (2002) reported an
increase in the USFAs in PG from the leaves of transgenic rice when grown at low
temperéture_s. Rﬁce leaves were genetically rﬁodified to contain cis USFAs from 19.3%
in the WT to 29.4 and 32..0% in T1 plants segregated with cDNAs eanding GPAT of the
chloroplasts from A. thaliana and spinach, respectively, and to 21.4% in the non-
transformed GPAT spinach containing plants (-SGPAT). While all-plants had the same
amount of O, (y evolution at 25°C, the plants containing 4. thaliana and spinach GPAT
had less of é reduction of Oz () evolution when placed at 5° and 11°C when compared to
the WT and the -SGPAT plants. Also, the level of USFAs in the PG fraction of both the
A. thaliana and spinach GPAT containing piants showed less impaired rates of Q2 g
evolution from leaves when compared to the WT and the -SGPAT plants at 14 and 17°C.
This result indicated that the photosynthetic rate was maintained in the transformed plant
at lower temperatures.

_Othér resecarch has been done to test the effect of low temperature photoinhibition
on plants. Low temperature photoinhibition occurs when photosynthesis is impeded
when plants are exposed to light at low temperatﬁre. Photoinhibition is known to tafget

photosystem (PS) II where damage to the D1 protein impairs electron transport (Moon et

26



al. 1995). When the D1 protein at the PS I center is damaged renaturation of this protein
involves several steps (Nishida 1996). The recovery of the D1 protein has been
hypothesized to decrease in time as USFA content increases in membrane lipids. An
example of this was performed by Moon et al. (1995), where tobacco transformed with a
cDNA encoding squash GPAT resulted in plants with a decrease in the amount of ¢is
USFAs in the PG fraction of thylakoid membranes. The purpose of this experiment was
to determine the relationship of the USFA content in the thylakoid membrane lipids and
the low temperature photoinhibition. The isolated thylakoid membranes in the
transformed, null vector control and WT tobacce underwent the same photoinhibitory
effect when placed at iemperatuares of 5, 15 and 25°C, indicating the USFA content of PG
does not affect the photoinhibition of PS 11 activity in thylakoid membranes (Moon et al.
1995). Rather, the differences found were associated with an increase in recovery time of
photosynthetic rate in the isolated membranes from the transgenic tobacco when kept at
lower temperatures and then moved to 25°C when compared to the null vector control
and WT tobacco. These results indicated that the USFAs of PG in the thylakoid
membrane help to stabilize against photoinhibition of the photosynthetic machinery
(Moon et al. 1995). A similar study by Vijayan & Browse {2002) showed mutants fad1,
Jads, fad6 and fad 3-2fad7fad8 of A. thaliana had reduced USFA content in the thylakoid
membranes when compared to WT. The three mutants fad5, fad6 and fad 3-2fad7fad8
were more susceptible to photoinhibition, whereas the fadl mutant behaved the same as
the WT. The triple mutant, fad 3-2fad7fad8, while it had the same rate of
photoinactivation of PS II as the WT and other mutant plants, did not contain any trienoic

FAs and had longer recovery periods, relative to WT at temperatures lower than 27°C.



The results of Vijayan & Browse (2002) indicate that trienoic FAs of the thylakoid

membrane also help to maintain low temperature recovery from photoinhibition in 4.

thaliana,

23  Properties of Desaturases

In plants there are three types of desaturases including ACP-desaturase and
glycerolipid desaturase, and the just recently discovered acyl-CoA-like desaturases
(Cahoon et al. 2000, Marilta et al. 2002). These desaturases catalyze the introduction of
double bonds into FAs esterified to acyl-ACP, glycerolipids, or acyl-CoA, respectively.
As stated earlier, desaturases can act in the plastid or ER. The acfl—ACP desaturases act
at the plastidial level, whereas glycerolipid desaturases work at both the membranes of
the plastid and ER level. The acyl-CoA desaturas¢ is operative in the cytoplasm.

At any level, in order for desaturation to be successful, the reaction requires
molecular oxygen to function (Los and Murata 1998, Bloomfield and Bloch 1958).
Molecular oxygen is split and adds to two protons to produce two molecules of water
(Sperling and Heinz 2001). Based on spectroscopy, X-ray crystallography and the amino
acid sequence, it seems most likely that the desaturase contains a di-iron complex
(Sperling and Heinz 2001). In the unreactive form, two iron ions of the complex are
coupled by a bridging oxygen atom ligand that forms a p-oxo-di-iron complex. After the
reductive removal of the oxygen and replacement with molecular oxygen, the resulting
u - peroxo complex gains catalytic ability by rearranging and splitting the oxygen
molecule to form the reactive bis-p-oxo-di-ferryl (Fe'v ). This activated center then

catalyzes the stepwise removal of two hydrogen substrates with their combination to one
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of the oxygen.atom.s, ieaving the second in the p-oxo-di-iron complex and ready to start a
new cycle.

An example of a désaturaée with this mechanism is the *°18:0-ACP desaturase
(EC 1.14.99.6) containing a di~iron structure within a four helix bundle of the protein.
The erysial structure of “*18:0-ACP desaturase was deduced by overexpressing the
c¢DNA in £. coil and making sufficient crystals (Lindqvist et al. 1996). X-ray
crystallography studies revealed a tununel in the protein lined with hydrophobic residues
to éccommodate the 18C substrate. When the 18C acyl chain is inserted into the tunnel a
bend is caused in the middle of the acyl chain and the H on the ninth and tenth Cs are
presented to the active site,

Another requifement for desaturation includes electron donors. For plastidial
désatﬁrases, both soluble and membrane bound, the source of the electron donor is Fd
(Los and .Muratla 1998, Sperling and Heinz 2001). Under photosynthetic conditions, Fd is
the eleciron donor in PS I, whereas in the dark or non-photosynthetic plastids the
electrons are derived from the soluble flavoprotein ferredoxin:NADP oxidoreductase
(FdR) (Sperling and Heinz 2001). In the case of glycerolipid desaturases in the ER, the
electron donor is usually cytochréme b5 (Los and Murata 1998). Cytochrome b5 recieves
electrons froms NADH, or in part from NADH:cytochrome b5 oxireductase or NADPH
cytochrome P450 oxireductase (Sperling and Heinz 2001). The electron donor for the
acyl-CoA-like desaturases in plants have not been identified.

In order for desaturase activity to occur, the metal center of the desaturase is kept
in place by the ligand shells of the amino acids such as histidine, glutamine, glutamic

acid and aspartic acid. The primary sequences cause substrate specificities that are
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characteristic of desaturases (Sperling and Heinz 2001). Together, the amino acid
residues are believed to contribute to metal chelation and the overall amino acid
sequences for identification of the type of desaturase. With the exception of acyl-ACP
desaturases, the desaturases, including glycerolipid and acyl-CoA desaturases, have three
characteristic histidine boxes. Other enzymes that have histidine boxes include
hydroxylases from castor bean, which also have sequence homology to desaturases (van
de Loo et al. 1995).

The first level of desaturation occurs at the plastidial level in plants. After FA
bioassembly occurs in the plastid, desaturase is known to act upon an acyl chain before
the hydrolysis of the chain from the ACP. Although one of the major FAs exported from
the plastid is *°18:1, thus making the major desaturase in the plastid the A9 desaturase,
other major FAs exported from the plastid include 16:0 and 18:0. There has been much
work on A9 desaturases. Refer to section 2.2.3, for an overview of some of the research
done to date. Other studies on A9 include the research on the activity in developing
cotyledons of sunflower (Griffiths et al. 1998). The result of this investigation showed
that developing cotyledons of sunflower at the most active stage of oil synthesis had
stimulated A9 desaturase when NADPH, Fd, and FdR were added. The removal of
endogenous Fd from the soluble enzyme by gel filtration showed complete loss of A9
desaturase activity, although activity was restored when exogenous Fd and FdR were
provided to the rcaction mixture. Lastly, when Fd was replaced with a soluble form of
cytochrome bs, lacking a hydrophobic anchoring domain, no desaturation resulied,
proving further the specificity of the binding site is towards Fd. The ¥Fd donor was

further verified when Fd inhibitors such as bis {salicylidene)-1,3-propanediamine were
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added and caused a reduction in the A9 desaturase activity. Due to the importance of the
2918:0-ACP desaturase, the isolation of several cDNA clones have been made from
species including soybean, jojoba, satflower, rapeseed, sunﬂowef and oil plam (Griffiths
ét al. 1998, Shah et al. 2000), Althoug.h the idea that the first unit of unsaturation occurs
at the .plastidial-levei has geﬁerally been accepted, there is evidence that this may not be
the case. Exambies of these include homologs of the A9 acyl-glycerolipid desaturases
(commonly found in cyanobacteria) which are not localized within the plastid, and have

been cloned from rose petals (Fukuchi-Mizutani ¢t al. 1995) and A. thaliana (Fukuchi-

Mizutani et al. 1998).

While 18:0-AC15 or A9 desaturase are thought to be the first substrate and
desaturase, tespectively, this is not always the case. An exémple of a substrate other than
18:0-ACP includes 16:0-ACP in the production of ’16:1 in the seed oil of cat’s claw
(Chisholm and Hopkins 1964), and also in Asclepias syriaca {milkweed). The production
of *°16:1 is the result of the desaturation of 16:0-ACP with A9 desaturase. In cat’s claw
the major FA exporting the plastid is “*16:1, with the minor elongation product being
1118:1 (Chisholm and Hopkins 1964, Cahoon et al. 1997a). Examples of desaturases,
other than A9 desaturase, include the soluble A6 acyl-ACP desaturase that have been
detected in the endosperm of T. alata {Cahoon_et al. 1994) and the A4-acyl-ACP
desaturase involves the production of “*18:1 of coriander endosperm and transgenic
Nicotiana tabacum (tobacco) cells (Cahoon et al. 1992, Cahoon and Ohlrogge 1994).
Cahoon and Ohlrogge (1994) report that the A4 desaturase first used 16:0-ACP as a

substrate and the product was elongated to **18:1-ACP.

31



In spite of the difference in functiona properties these enzymes share,.they have =
70% aminol acid seq'uenée similarity. The notable difference between the “*18:0-ACP
desaturase and the others mentioned inélude variations in the number of .amino acids
present in the N-termini (Cahoon et al. 1997a). For example, the “*16:0-ACP desaturase
of coriander and the **16:0-ACP desa£urase from milkweed contain 15 and 22 fewer
amino acids in the N-terminus region, respectively, relative to the known “*18:1-ACP
desaturase sequence from castor b:ean {Cahoon et al. 1992). Although the number of
amino acids in the N-terminus was thought to be associated with substrate specificity,
Cahoon et al. (1997a) found that this was not the case for 7. alata. To test this, the
918:0-ACP desaturase was compared to a mutant enzyme missing the first 31 amino
acids from the N-terminus. The mutant was made according to a prediction from the
**18:0-ACP castor desaturase because 32 amino acids from the N-terminus werce thought
to influence the substrate specificity. Results of the substrate specificity of the mutant
desaturase showed that there was almost no difference in relative activity, and the mutant
had only half the specific activity when compared to the WT T. alata. Cahoon et al.
(1997a) suggested that the N-terminus of the *°18:0-ACP desaturase contributed to the
folding or structural stability of the enzyme rather than to binding specificity.

After unsaturation at the pl.astid.ial.lével using a soluble desaturase, further
desaturation can occur using gl_yéerolipid desaturases. The unsaturation of glycerolipids
is essential for proper function of the bioldgical membranes. At physiological
temperaturés, polar gl ycerolipids containing only SFAs cannot form a bilayer needed for

membrane function (Los and Murata 1998}. The introduction of USFAs enables
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membrane fluidity to change from a more solid or gel phase to a liquid crystalline phase
at lower temperatures. |

There are a number of common glycerolipid desaturases. One includes the Al2
desaturase that works from the carboxyl end, or w-6, working from the methyl end, and
allows the cerwersion. of ¥18:1 to A91218.0 The genetic loci responsible for both ER and
plastidial A12 desaturase include fad2 and fadé6, respectively, and have been
characterized within A. thaliana, spinach, soybean, Petroselinum crispum (parsley), B.
rapa and Gossypium herbaceum (cotton) {Pirtle et al. 2001). Other plants only have A12
ER glycerolipid level desaturases. For example, Sesamum indicum L. (sesame) has two

copies of fad-2 genes (Jin et al. 2001), whereas sunflower has three fad2 genes (Martinez-
Rivas et al. 2001).
Other major and minor glycerolipid desaturases include the A15 and A6

49.12J% 18:3, whereas

desaturases, respectively. The major triunsaturated FA in plants is
the production of y-linolenic acid (***1%18:3) in plants is uncommon. Known sources of

86912 18:3 include Borago officinalis (borage), Oenothera biennis (evening primrose) and

the fruits of Ribes nigrum (black current) with 26, 9, and 19% of the total FA accounted
for by 86912 18:3, respectively. The production of PUFAs include successive
desaturations of “*18:1 to produce **'* 18:2 by a Al2 desaturase and then a second
desaturation by a A6 or A15 to produce “**'* 18:3 or **'*'° 18:3, respectively (Galle et
al. 1993). The A6 or A15 desaturases are a source of EFAs in human nutrition. The
genes controlling w-3 desaturases in both B. napus and A. thaliana have been identified

as fad3 (Arondel et al. 1992), and the A. rhaliana sequence was cloned using T-DNA

(Yadav et al. 1993). Reed et al. (2000) performed the characterization of the **'?18:2 of
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B. napus’extraplastidial desaturase by expressing it within a yeast system. The results
included a w-3 instead of a A15 double bond regioselectivity. Also, the desaturase had
the ability to act upon carbon lengths of 16 to 22 with a preference for substrates with a
w-6 instead of ®w-6 hydroxyl groups, or »-5 or w-9 double bonds. Lastly there was
insensitivity to doubte bonds proximal to the carboxyl end.

Although the major desaturases were mentioned above, there are also a number of
more rare desaturases that are specific to certain plants. Examples of these include the
1,4 acyl-lipid desaturases in pomegranate seeds (Hornung et al. 2002), and the 1,4
desaturase of Calendula officinalis (Reed et al. 2002).

The lasi level of desaturation in plants, and only very recently discovered, occurs
at the level of the acyl-CoA. The first acyl-CoA like desaturase included a Limnanthes
acyl-CoA A5 desaturase gene expressed in soybean (Cahoon et al. 2000). Another
example of this includes the cloning and first functional characterization of the A9

desaturase from Picea glauca (white spruce) acting as a membrane bound acyl-CoA-like

desaturase {(Marillia et al. 2002).

2.4  Approaches to Alter the Degree of Unsaturation in the Fatty Acyl Groups of
Oil Seeds and Plants
2.4.1 Conventional Breeding
Examples of plant breeding to alter the FA composition of oils include the
development of both high “°18:1 sunflower varieties for beiter frying properties and low
21322:1 rapeseed for human consumption (Topfer et al. 1995), In the 1960s, a new type

of B. napus was bred with a small amount of “'*22:1 and glucosinolates. The line was
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named canola, and became a prime edible oil. Although the prior example deals with low
81322:1, classical breeding is often used to increase the amount of #122:1 in oil. There is
also requirement for indﬁstrial oils containing high amounts of 2°22:1, which are used in
manufacturing plastic films, high temperature lubricants,. surfactants, plasticizers, nylon
and surface coatings (Katavic et al. 2001}. The highest proportion of 81322:1 in B. napus
seed oﬂ that c.ah be theoretically achicved via fraditional breeding is 66 mole% (Katavic
et al. 2001), whereas genetic engineering can result in *1*22:1 levels higher than 66

mole%, see section 2.4.5.

. 2.4.2 Chemical Mutagenesis

Chemical mutégenesis has. been used to increase the amount of 2 18:1 in canola
(Auld et al. 1992). Desﬁit«; the nutritional necessity of PUFA (see section 2.1), oils
containing high amounts of PUFA are more prone (o oxidative damage than oils with
little or no 2%%1% 18:3. For example, the oxidation rates of 4912 18:2 and %712 18:3 are 10
and 25 times higher, respectively, than for “*18:1 (Lands 1997). To obtain oils with low
- PUFA, B. napus was treated by chemical mutagenesis via exposure to cthyl
methanesulfonate (EMS) and mutants were subsequently selected by the altered ratios of
8912 18:2/4%712 18:3 by rapid screening using the thiobarbituric acid test (Auld et al.
1992). EMS is the most common chemical mutagen for in vitro mutagenesis (van Harten
1998). Results of the EMS-induced mutation of B. napus resulted in a ** 18:1 content of
over 80% with PUFAs accounting for less than 6%, whereas in the control plants, 60% of
the FA was accounted for by *’18:1 and 6.6% from PUFA. The change in FA profile was

the result of a mutation in the fad2 gene, a gene responsible for the desaturation of 18

35



‘carbon chain lengths including 18:1 to 18:2 and 18:3.- Mollers and Schierholt (2002)
fouﬁd similar fesults, except there was also a reduction in the content of both SFA
including 16:0 and 18:0. Lastly, Lightner et al. (1994) investigated mutants of the fad2
gene in A. thaliana finding a 2 — 3 fold increase in the amount of 18:0 present in the seeds

and also a significant increase present in the leaves.

2.4.3  Site Directed Mutagenesis (SDM)

SDM involves substituting éritical amino acids present in the polypeptide.chain
that affect enzyme performance. SDM has been used to change the substrate specificity
of a desaturase enzyme enabling a different FA to be active in the accommodated site,
thereby resulting in a convenient way to produce unusual oils in plants. An example of

SDM was used by Cahoon et al. (1997b) (o investigate the differences between “°16:0
and *°18:0 desaturases. The group compared the sequences of a “°16:0 and a *°18:0
desatﬁrasé_and changed the amino acid residues in 7. alata including alanine 181 to
threonine, alanine 200 to phenylalanine, serine 205 to asparagine, leucine 206 to
threonine and glycine 207 to alanine. The modified “°16:0-ACP desaturase acted as
a *?18:0-ACP desaturase. Although this mutant still acted upon 16:0-ACP after SDM,
the ratio of substrate specific activity of 16:0-ACP to 18:0-ACP decreased one to four
fold after mutagenesis. In another study, Whittle and Shanklin (2001) engineered a
16:0-ACP desaturase from a “’18:0-ACP desaturase in castor bean. To change the
substrate specificity, two amino acid positions at the base of the substrate-binding cavity
were changed including threonine 117 to arginine and glycine 188 to leucine. The

mutant *°16:0-ACP desaturase activity yielded a turnover rate that approached that of the
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endogenous WT *°18:0-ACP desaturase. This improfe’ment towards a 16C substrate was
increased 82 fold from that of the WT.

SDM has also be used to increase oxidative stability, as in the study on Arachis
hypogaea L. {peanut), ﬁfhere changing asp.artate 150 to asparagine caused a reduc'tion in
the é?l,S:O—ACP desaturase activity and created a high 18:0 peanut oil (Bru.ner et al.
2001).

Lastly, SDM has been used to show small differences between the hydroxylase
and desaturase enzymes. Here, the homology between the oleate hydroxylase from
Lesquerella fendleri has approximateiy an 81% sequence identity when compared to 4.
thaliana desaturase and about 71% sequence identity to oleate hydroxylase from castor
bean (Broun et al. 1998b). The conservation of seven residues in a number of desaturases
was assessed when SDM was employed to change the seven residues to their
corresponding residues found in L. fendleri hydroxylase. The resulting mutant was called
m;LFAH12. Broun et al. {1998b), also replaced the seven residues in the A. thaliana
fad2 ’18:1 desaturase with the corresponding L. fendleri hydroxylases residues and
called the mutant, m;FAD2. The W' and mutants were expressed in yeast cells. The
WT yeast cells did not accumulate diunsaturated FAs or hydroxylated FAs, whereas the
expression of the FAD2 caused an accumulation of 4% diunsaturated FAs and no
hydroxylated FAs, while WT L. fendleri accumulated 1.4% diunsaturated FAs and 1.5%
ricinoleic acid verifying the dual function of the ehzyme. The mutant m;LFAH12
showed major increases in desaturase activity and a reduction in hydroxylase activity. In
the cells expressing the m;FAH12, the ratio of 18:2 FA to ricinoleic acid was 43 fold that

of the cells expressing LFAH12, and there was also a 16 fold increase in the ratio of 16:2
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diunsaturated FAs compared to ricinoleic acid inWTL fendleri. The m7FADZ2 mutant
accumulated ~0.5% ricinoleic acid with ~50% reduction.in diunsaturated FAs. A similar
study veﬁfying the close association of hydroxylases and desaturases was conducted by
van de Loo et al. (1995), except here the L. fendleri oleate 12-hydroxylase from castor
bean was transformed into tobacco using a 355 promoter and resulted in the accumulation
of 12-hydroxyoleic acid, su.ggesting that FA désaturases and hydroxylases share a similar
reaction mechanism and evolution. Thus, SDM is a promising method to change the FA

profile in plants,

2.44 Post Transcriptional Gene Silencing (PTGS)

PTGS enables the expression of genes to be down regulated during oil synthesis
in developing seeds, without altering their expression in other parts of the plant (Lui et al.
2001). PTGS expresses a DNA sequence that is complementary to the whole or part of
the appropﬁate target FA biosynthesis gene, and can be inserted either in the forward
(sense) or reverse (antisense) orientation. The introduction of the complementary DNA
sequence leads to the formation of double stranded RNA (dsRINA), triggering the
degradation of this dsRNA and aliso the complementary mRNA transcripts of the
- endogenous target gene. The degradation of the mRNA prevents the synthesis of the
protein and causes an alteration in the FA biosynthesis enzymes. More recently, the
discovery of hairpin RNA (hpRNA) has been used and inserted into constructs to
generate a hpRNA containing regions of dsRNA causing a high proportion of gene

silencing (Lui et al. 2002).
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The first success at manipulating the degree of dgsaturation inB. n_dpus was by
Knutzon et al. (1992) vie.l.PTGS, where the increase in the amount of .18:0 occurred at the
expense of 4918:1. This was accomplished by down regulating the *° 18:0-ACP
desaturation activity via antisense expression of ** 18:0-ACP desaturation cDNA. The
amount of desaturase protein was dramatically reduced resulting in up to 40% of the FA
content of the oil being 18:0, making the oil a prime substitute for cocoa butter (Knutzon
et al. 1992). Similarly, PTGS has been used to down' regulate A12 desaturase that
converts “°18:1 10 “*1%18:2 producing high *°18:1 soybcan and B. napus oils (Lui et al.
2001). The hpRNA PTGS method has also been employed a great deal in the production

of high 18:0 and 2°18:1 cottonseed oils, which are used for deep frying {Lui et al. 2002).

2.45 Plant Transformation

As pointed out earlier, the FA content of seed oil can change drastically while the
composition of the plant membranes are conserved. This suggests that TAG is tolerant to
changes in chemical structure and will not perturb the plant's physiology, and allows for a
large production of 0il containing a manipulated FA content for both fooed and non-food
usage.

Changing the unsaturation in plant oil seeds via genetic engineering has included
manipulating IFA biosynthetic or TAG bioasseﬁbly enzymes. The genes being
transferred into the plant includes sources such as cyanobacteria, fungi, mammal, other
plants and yeast. The fgéal includes up-regulating or down-regulating a gene causing a
change to the transformed plant’s FA composition by eithef an increase/decrease of an

endogenous FA or making an unusual FA in the transformed plant. Note that
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manipulating the amount of unsaturation in seed oils is not always performed to reduce
the amount of SFA, but can often be used to increase the amount of SFA in the case of

producing industrial oils.

Many studies focus on decreasing the amount of SFA, and often this is an attempt
- to produce a healthier edible oil. A major focus of research to increase USFA content has
focused on the increase in “”'?18:3 because this FA is a precursor for the synthesis of a
class of cempouﬁds calfed the eicosanoid.s and includes “>®11420:4. The eicosanoids
have many fuﬁctions rel.ated to reproduction and regulation of blood pressure. Although
46912 183 i.s currently marketed from the seeds of plants such as evening primrose,
borage and black cufrant, these plants are not oil rich and as a result production of AGS12
18:3 in oleaginous plants has been suggested as a possible alternative (Garcia-Maroto et
al. 2002). Recently, a group of Marcaronesian plants from the genus Eschium
(Boraginaceae) were identified among the richest sources of *>*'*18:3 (Guil-Guerrero et
al. 2000).. Of these, E. gentianoides, contains 28% 46212 18-3 in the total FA compdsition
and a close relative, E. pitardii, contains a little less 26912 18:3, at 22% of the total oil
compdsition. Garcia-Maroto et al. (2002) cloned and characterized the A6 desaturase
from E. gentianoides and E. pitardii by expression in yeast and tobacco. Although yeast
does not contain the precursor A%12 18:2 (0 make 24712 18:3, tobacco is known to
contain®>'? 18:2. The transformation resulted in the expression of the A6-E. pitardii
desaturase gene having the highest expression in the developing fruit of the tobacco and
also the highest content of “**'218:3. Both °%'%18:3 and “**'*'" 18:4

(octadecatetraenoic acid) were present in the transgenic tobacco, but were not present in
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A69.12

the control tobacco. In the case of the yeast, 18:3 was produced only following

th a912

supplementation wi 18:2. Another example of the production of

86%1218:3 includcs the investigation by Hong et al. (2002) where Brassica juncea, under
the control of a B. napus napin promoter (seed specific), was transformed with a A6
desaturase from Pythium irregulare. an oleaginous fungus. The transformation caused
the production of three FA including™'* 18:2, 2712 18:3 and ***'>"" 18:4 with 40% of
the seed oil represented by ***1218:3. Almost all of the “**'*18:3 was found in TAG,
with only a trace amount present in other lipids. Another group examined tobacco
transformed with a A6 desaturase from borage (Sayanova et al. 1999). In this experiment
6512 18:3 was present mostly in the TAG portion of the seeds but was also present
throughout the plant. This was not surprising even though the promoter used was 35§,
what was surprising was that the A6 unsaturated FAs, including **”'?18:3 and

8621213 18:4, did not change the physiology of cither the borage or the tobacco plants
used in this study. The ***1%1°18:4 is a highly USFA and is used for industrial purposes
such as oil films, special waxes and plastics (Reddy and Thomas 1996). A similar
transformation was performed by Cook et al. {2002) using the A6 desaturase from borage,
but this time the transformation was into Lycopersicon esculentum (tomato) and resulted
in a significant increasc in “**'*18:3 and ***'> 18:4 with other modifications to the FA

A9,52

profile such as a reduction in 18:2 and a concomitant increase in “*'>'°18:3. Yet

another group, Reddy and Thomas (1996), transformed tobacco with a A6 desaturase

gene from the cyanobacteria Synechocystis and again produced 46912 18:3 apd®*121?

18:4.
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~ Another experiment into the investigation of FAs that are ben’efig:ial when
consumed by humans includes the increased production of M'?‘.l0‘13’.16’1922:6. This .Eong
chain FA is essential in cell membrane and tissues in the retina and brain of mammals. It
is also essential ih the growth and development of infants and the maintenance of
function in the adult brain. In a study by Qui et al. (2001}, a A4 desaturase from
Tkraustochjm’um sp. wés transformed into B. juncea under the control of a constitutive
promoter producing 27*%1#161%32:6 in the vegetative tissue when supplied with
ATI013161955:5, This suggests that 4710131819226 can be produced via A4 desaturation
and also may be produced on a large scale in oilseed crops.

Yet another example of increasing USFAs includes the investigation of 8618:1,
but this time with a focus on industrial pufposes. The melting point of “°18:1 is 33°C, and
is being considered for the manufacture of solid fats (Broun and Somerville 1999).
Chemical cleavage at the number 6 carbon results in the production of 12:0, a major
component of detergents and surfactants and also adipic acid, 6:0, a component of nylon
66 (Cahoon et al. 1992). Coriander is a source of *°18:1, and Cahoon et al. (1992)
conducted tobacco transformations with a cDNA encoding the 36 kDa coriander
desaturase. The transformed tobacco produced “°18:1 and **16:1 in callus tissue,
whereas neither FA was found in the untransformed callus tissue. The increase of “°18:1

in the transgenic callus of 1 - 4% by weight. suggests that other factors may be needed to
increase accumulation of different FAs.

Plant transformation can be used to increase oxidative stability of oils and be
manipulated to have high MUFAs. Here, the goal is to decrease the amount of PUFAs by

manipulating the A-12 desaturase. An investigation by Chapman et al. (2001) included
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Agrobacterium mediated plant transformations using a binary vector to suppress the
expression of the endogenous fad2 gene in cottonseed. This was done by subcloning a
mutant allele of the fad?2 gené from B. napus downstream frorﬁ a seed Sp.ecific prémoter,
phaseolin. The results of this transformation caused an increase in “*18:1 ranging from
21 to 30% by weight of the total FA content, compared to 15% present in the W'T.
Attemnpts to increase an oils’ oxidative stability have also been made using PTGS and are
discussed in section 2.4.4.

Genetic engineering work has been performed on A9 desaturases. This has been
accomplished by the expression of a yeast cytochrome b5 dependent A9 desaturase in
tobacco under the direction of a ubiquitous promoter enabling the conversion of
16:0 - COA t0 2%16:1 in the ER (Polashock et al. 1992). The yeast A9 desaturase
;transformation caused an increase in the °16:1 levels in plant tissues. The increases
included an oil content of 2 molc% in seeds of transformed plants compared t6 none
present in the control seeds. Another example of an increase in the content of MUFAs of
both 16 and 18 carbon chains includes the results of the study by Graybum et al.

(1992). The investigators transformed tobacco with a rat 18:0-CoA desaturase gene. The
expression, - under the control of a phaseolin promoter, caused increases in leaf **16:1 and
reduced the amount of 16:0, 18:0 and 18:3 in leaf total lipids. .The 216:1 was n.lalinly
found in the PC fraction, and due to the fact that PC is a precursor to TAG this is a good
indication that the ®”18:0-CoA desaturase gene was successfully working wi;hin the
tobacco plant. Further investigation showed a I.arge MUFA increase, especiaily 4916:1, in |
the leaves, stems, and root tissue, with corresponding decreases in 16:0, 18:0 and 18:3.

levels (Mcon et al. 2000). Although theses changes occurred, there were very little of
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these FAs present in the petal or seed. This trend was the same for the ! 18:1 because
this FA was also not detected in either the petal or seed portion (Moon et al. 2000.)..
Las_tly,_ Rouéselin et al. (2002), produced sunflower with a significant reduction in the
amount of 18:0 .by traﬁsformation with a cDNA encoding a castor bean ~*18:0-ACP
désaturase. '

Another reason to try (0 increase the amount of USFA in plants includes-
increasing chill tolerance thereby allowing plants to grow in colder climates. An example
of this includes the study by Suga et al. (2002). A low temperature inducible Cholorella
vuigaris .C-27 gene, CviFad3, was isolated, .cloned and expressed in tobacco, The CvFad3
gene from C. vuigaris was chosen because il encodes -3 (A15) desaturase that enables
cells to harden and survive slow freezing d..own to —196°C (Suga et al. 2002). With
e;pression of CvFad3, an increase in the amount of 18:3 would be expected because this
desaturase catalyzes the conversion **#18:2 to **'#'°18:3. In the transformation, one out
of the ten plants had increases in trienoic FAs. The leaf lipids showed a decrease in 18:2
and increase in 18:3 phospholipid when comparing the transformed plant to the control
plants. Although there was an increase in the amount of 18:3 in the phospholipids
components of the choloroplast membrane such as PG, monogalactosyldiacylglycerol and
digalatosyldiacylclycerol, no other changes occurred, suggesting the desaturase activity
was localized within the ER.

Another approach to decrease the chilling sensitivity of a piant includes altering
the substrate selectivity of plastidial AT, particularly GPAT, with sensitive plants having
SFA in the sn-1 position (Slabas et al. 2001a). A. thaliana has a plastidial GPAT with a

preference for USFAs, whereas Cucurbita pepo (squash) does not contain this substrate
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selectivity. Murata et al. (1992) studied chilling sensitivity in tobacco p]anté expréssing
-either the squash AT or the A. thaliana AT, resulting in changes in only the FA
éomposilion of PG. Inthe squas'h AT transformation experiment there was a reduction in
the amount of 18:1, 18:2 and 18:3, whereas an increase was seen m these FAs in the
: traﬁsformed A. thaliana. As 'suspected, transformed tobacco plants containing the squash
AT were more sensitive to chilling than 'thése with the A. thaliana AT. Taking the
experiment oné step further, Moon ét al. {1995) looked at the effect of the unsatufation in
the PG fraction of the rransformed squash AT in tobacco and tested the thylakoid
fractions for high and low tempgratures, and also photoinhibition. The transformation
resulted in leaves that were more sen.sitive to photoinhibition and also had longer
recovery of photosynthesi:s than those of the WT. This suggests that the unsaturation in
the FA of PG in the thylakoid membrane stabilizes photosynthesis from low temperature
photoinhibition by the recovery of the PS1I. In a similar set of experiments, the same
effects were found except the transgenic plants were produced by introducing a GPAT
gene from E. coli into A. thaliana (Vijayan and Browse 2002, Wolter et al. 1992} :
Brough et al. (1996) genetically engineered LPAAT, the AT that controls the FA
substrate in the sn-2 position. LPAA'T c¢DNA from Limnanthes douglasii was inserted
into B. napus under a napin promoter in an attempt to increase A322:1 present in TAG.
~ Total FA composition in transgenic B. napus revealed that there was no mole% increase
in 21%22:1. There was, however, an increase in the “'*22:1 in the sn-2 position compared
to the WT. The WT plants contained no 2"*22:1 in the sn-2 position whereas the
transgenic B. napus had 9 to 28.3 mole%. These results demonstrate that the LPAAT

gene from L. douglasii encoded an LPAAT enzyme that could be expressed in B. napus.
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Similar results were obtained by Lassner et al. (1995) when B. napus was transformed
with a LPAIAT from meadowfoam. Again there was no change in the amount of 413221
present in the total lipid, although there was an increase the amount of “°22:1 found at
the sn-2 position. Zou et al. (1997) alsc transferred an LPAAT gene into A. thaliana and
high #1%22:1 containing B. napus except the gene was from Saccharomyces cerevisiae
(yeast), SLC-1, under the direction of a CaMV 35S promoter. The transformation resulted
in B. napus seed oil with *'*22:1 ranging from 49.1% 1o 56.2 weight%, compéred to 45.2 .
+ 0.5 weight% in the non - transformed plants. Transformed plants also increased
production of very tong chained fatty acids and ranged from 47.210 59.6 mole% of seed
oil content compared to 38.1 £ 1.5 mole% in controls. There was also an increase in the
amount of *22:1 present in the sn-2 position of the TAG in the transformed B. napus.
Lastly, overexpression of a .DGAT in A. thaliana was performed by Jako et al.
(2001) where the ¢cDNA encoding the enzyme was inserted into mutant and WT 4.
thaliana. The mutant A. thaliana included a mutation present at the locus on
chromosome II designated as Tag!, causing a reduction in the amount of DGAT
produced in the mutant plants. When the mulant 4. thaliana was transformed with a
single copy of the WT Tag! DGAT cDNA, the DGAT activity and TAG content was
restored. In the case where the WT A. thaliana were transformed, DGAT aetivity

increased by 10 - 70% during sced development and mature sced dry weight increased by

9 - 12% dry weight and an increase in PUFAs.
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2.5  Plant Transformation using Agrabacteriufﬁ tumefaciens

Agrobacterium tumefaciens is referred to as the genetic engineer of plants and the
Ti plasmid of Agrobacterium is used as a vector for the transformation of plant cells. A.
tumefaciens is the bacterium that is responsible for Crown gall disease in plants, which
causes tumors to form in dicotyledonous species. As the tumor ages the bacterium dies
and the detection of the bacteria becomes impossible. The Ti plasmid is a double
stranded circular DNA, around 200 kb in size, and is responsible for the proper opines,
which are a novel amino acid and sugar derivative used for energy in bacterium (Walden
1998). In the Ti plasmid of A. tumefaciens, four regions of homology have been
identitied and two of these, the transferred DNA (T-DNA) and the vir regions, have been
shown to be directly involved in tumor formation. The T-DNA can be present more than
one time in the transformed plant, whereas the other two regions are responsible for the
plasmid replication and encode for conjugative transfer.

A. tumefaciens mediated cDNA insertion involves a number of steps with both the
plant and the bacterium participating (Walden 1988). Initially, chemotaxis and plant cell
conditioning occurs as the plant undergoes a response, as if it were wounded, and
phenolic derivatives such as acetosyringone are released. The phenolic compounds
condition the plant cell to transformation by possibly inducing cell division. Next, the
indﬁction of the vir genes occur by the expression controlled by at least two regulatory
mechanisms, vird and virG loci. Pin loci are also induced when the plant is wounded.
Both vir and pin expression are mediated by the phenolic compounds produced. The pin
are not required for virulence, but the i»z'rA protein is known to be a membrane bound

sensory molecule that interacts with virG molecule, and together they induce the
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trans'cr.iption of vir and pin loci. The following step involves the expression of the vir
loci. Here, the activated ;)z'rA product causes the virGG protein to induce transcription of
many vir genes including B, C, D, E, and G. Although the vir loci 4, B, G, D are critical
in tumor formation, the virC, E, and F are not. After the acti.vatién of transcription
occurs by vir loci, the production of T-DNA intermediates occurs. First ﬁicks appear at
about twelve hours after exp#sure to acetosyringone and occur in the border of the T-
DNA and also in the T-strand DNA. This strand appears as a single stranded DNA that
corresponds to the bottom strand of the T-DNA. There is one copy of a T-strand in every
bacterium which is thought to act as the T-DNA transfer intermediate and may arise ffom
the strand displacement following DNA intermediates. The overproduction of the Ti
plasmid seems to maximize the level of the T-strand intermediates prodﬁced in the
infection. In the next step, the transfer of the DNA to the plant cell occurs. Although the
exact mechanism by which DNA is transferred to tﬁe plant cell is not known. the T-strand
DNA is thought to be transferred in an analogous manner to bacterial conjugation. The
transfer involves one strand of DNA, protected by the DNA-protein complex, to be
transferred from the donor to the recipient bacteria with the 5' end leading. A single
bacterium can transfer more than one copy of the TIMDNA during the transfer randomly
into the plant’s genome. Lastly, the stabilization of the T-DNA in the nucleus of the
transformed plant cell occurs, followed by the expression of the T-DNA in the plant.
Although T-DNA can be integrated stably into the plant genome, it often cannot be

expressed, which is thought to be a result of methylated DNA in the transformed tissue.
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2.5.1 The Transformation 6f A. thaliana and B. napus with a cDNA Encoding

Cat’s claw “°16:0-ACP Desaturase

Transfo;mation of 4. thaliana and B. napus with cDNA enceding cat’s claw
%916:0-ACP desaturase has been performed by Dr. Saleh Shah of the Alberta Research
Council in V egreville, Alberta (Shah and Weselake, unpublished reSults). For A. thaliana
transformation cDNA was inserted between the CaMV 358 promoter and the polyA
signal from the terminator of the rubisco small unit polyadenylation (thcS-E9) of pea in
the pKYL.Z71 binary vector (Schardl et al. 1987). The pKYLX71 binary vector also
contains the nos-Aph (3') II-nos gene for kanamycin resistance marker. The construct
was named pdesC, and was successfully mobilized into A. tumefaciens strain C58 by
triparental mating and was used for the transformation of B. napus.

There were changes in the transformation vector before B. napus was performed.
For the transformarion of B, napus, the CaMV 35S promoter was replaced with the seed
specific promoter from L. fendleri, a bifunctional oleate 12-hydroxylase promoter
(LFAH12) (2.2kb), followed by the cDNA from cat’s claw “?16:0-ACP desaturase gene
downstrcam of the promoter. Previously, Broun et al. {1998a) showed that the fusion of
the LFAH12 promoter to the {3-glucuronidase (GUS) coding sequence resulted in a high
tevel of early seed specific expression of GUS activity in transgenic 4. thaliana. This
construct was named pdesC;. The plasmid is shown in Figure 5 and the entire sequence
of the pdesC; vector is shown in Figure 6, The “*16:0 - ACP desaturase sequence from
cat’s claw is 1560 nucleotide base pairs (bp) in length and encodes both the transit
peptide and desaturase sequences. The desaturase and transit peptide sequence is shown

in Figure 6. The chloroplast transit peptide present in the cat’s claw desaturase sequence
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pKYLX71  pdesC,

ungiis-cati
ACP Desaturdase
1.6kb

rbeS3 T erminafﬁf 0.6 kb

Figure 5. The pdes C, expression cassette. The vector was incorporated in a
kanamycin resistance pKYLX71 plasmid that contained a 2.2kb LFAH seed specific
promoter, a 0.1kb transit peptide, the cDNA encoding the 1.6kb D. unguis-cati desaturase

and a (.6kb rbeS3 terminator.
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paattcglegacgeggecgettitgagoicatcagitacicagpaapatiaagictigetigigiclyatiticits daaalacalpaag galcgaitai g aalcticiiiingpuugggatatgaaget gretiyg patast
agitgcgghatiageargenctetitigigiiigggeanaigaageagg aicigicialgtaaigcatitgitgaaaacicagotaal pelaatgeaalictil gagacot lignatgiiticgaaaatalig aatan gitc
tgitatggatiattigcaaaagecal (zatiaasicaascal lacalaagaacaacallcatlaitaactaattaga galgcaaacacaacat| acatacyacaicagigactaanl atigagacaaa acasc alcacarac
acaaacaltcaletcatacalc acktagagagacacaanangeaaccagacacaaciaticeggesacaacaallagoncalacgitgcticicetitcaagecticaarcateiclcacageeacgaateigagectt
caatlaglaacatticiicatcglgacacttercacggitatgaatgtaagectttatgtecicractciictactaaagacacatcagtecacliccaggigiggaatectectettiigaaatitiicicacag gtatgg aataal
ciacclaggintggagtictigaggtcigatcacaacacgacaicaaalcgacapgicilag gasaacc ac gaiggital calclilcdu g Ccact gicaadagagaasaacyagiitgaa gaagaa gaaggcall
atcaatticagagaatiiggagaariigagagatigagaangggaaalaagaaccclaatecccaalitaligagattg, alccgliagagaagaaacataalpergegcatittaatiagaaaaaatagagalg
ggctitalciinglisagagutigggengpecigggiin gal laaaccaaaacgac glegii pgitaaltgliginaa accapaacgacglegtitigptptiatiaacg peet
laaaacggatladatlccalastocgicaglcaactaggiacggalpsleaacgpeptiilt geataacggagpeacagti caggcilaacggaglggacegaatggenitag gaagtiiglaaccgg ganugt
algalglatigicecogteggetantgintaggee gitittectataratig gaaataaciatigiceagacgagitactictecaacatalcaagasargttacaaagaagtoitacananal g gllactaagccaraaaact
caaagcalataictlagaceclaageciaaaccctagaactuctaggacginatacerigicetuetiwagriceittaaaggecicglaticataagtttiatinigettaatactaacacia gaaat aatc aacataa acl
agpilaagic grgpaictaattiiattgigaaaatglaatigetictottaagaasagaticatageaaaalaticgcatettictigigaate atcutgitttigearctattaaa gasaaaltgaactcargagat g gigacaa
ctitatictagaggidac agaac aaazalalaggaacaacacyigiyiicataaaciacacgiyi aal acicaag aagat gaalciilalaagaslilagiiicical gadaucatasaaaatitt gicaattgasagtgaca
gltgaageaadggasacaaaagealpgugptrargargelgdaaigaaaatgigicalicalcaaalactaaatact acatiacligicacigeciacticieciallice itegecacccattiggacccac gageette
antaaacceleicicgigelalicaccagaagagaagecangagagagaguagagagarigigeigaggatcatigicliciicalughtartaacglaagtititiitgaccacicanatctaaaalclaglacalgoaatag
atiaalgacigiiccicInegilal illcage et gatatcogegplaceeg egaago g galceicgoc aatacragaagaanaganaatgpreitas et paateceatcaactticanteteccagaty

mu.cilitggacttucu_agtcgtcggcLtt.gg&tctcctaagctttccggg tgccactettegttctgptitpagpeatgtigngacegteasgaanactittagtecigeacgigagpttcatgtican
grancacacictatgs e tatggnapacigggetpagaacaatatactggitcaccitaanaaigtigaaaaatgeccgraaccleapgatiteetpeoegace

cagcttctgatgaatrtcalgnnagalLaaggaattacgagaadbagccaaggdbducctge;tgaua(tu:glt;,uczagttggtgatatgataan!gugaagccclmgacntalcaancaatgc
ttaataccigggatggtgigcgagatgaaacggpaEcaagcecaacaloalgpp cantiigpacangggegipgactgetgaaganantagpcatggagaccciclaaatanaiatetctacetatecy
pacgagtggatatgasacasatagagaagaccatecaalalcicalvpgggicagpaatggatectaggacags geecgtactiagpaticatatacacatecliceasgaaaggactactitea
tetcceacgpgaacacagecagucitpcgaggeaccacggeeacticaaactggeteaaatetgegpiactattgectegpucgagnagegicatgaaactgcalalaccaagatagigpagaagelat
tigagatcgacecigalgggacagigctagettitggegacatgaigangnagaagatetctatgecggaccactttatgtacgatggtegtgnigntancetettigatcacliciciictgitgctengege
ctiggtgtetacacigetaaapactatgeagacatectigarcatitgptegpangatgrasagtpoanaagetagecggactgtecgeagaappscagnaageicaggactacgteltgtpppetpect
ceangaatcapacpeityragospapagcteasaiicggeccaaacaggeaccgaggcteccaltlagelggalatatgacagagageipcaacictgagiicatrataggattgaacaaatigatan
gaaaaagaaanttlgtgttgtgccgttgtggtttgtcigmlagttcc&amgttglccctitgttgg,.laggatgacgfggagagtgagaaaggcggggllggttmtntccattgccgiﬂgactagatctt
gatataggggcagctatagaataaataalttgtgccccacttgguMcclgggaLcacgtlgaugaaataaaagcacaalajggagctttgtl.ttatgglattralgama!n“ L t

attiggttatanatantagticttic ICZAZCIRCAGIAZCICEACHE QCCICIARABCITIC MG IAECALCE R, _gg_cga_cg_!_r_@g{wagﬂmﬂlgCm‘mgHICK_I!_{&ME
amccagautccmctgagttfg gt tie ggcatrggggaaacrgtrmgxtgmccatrggn‘gfgcugmauraetgtgtttrrtadcggttn‘cgcratcgaacrgtggaa _‘ggaaatggmggagaagagzm

aaggmfgga,rgggga_;_cg@caggﬁglggraccatm{g_cuammtaggcaa aaaturatmcggacc‘mg@r_zgcrgmamguactgaamcaagm Lctag grrttagamtrm gaqc
decctnargtaaiticedgaaicetgreag aticlaatcattec iin aa iiding tataclcaty gt g 2 Hpa s lalg aagaigiiiaal e carttia ig ac e COGINE A ac aacalg cateaqic
Zai

Figure 6. The pdes C,; vector sequence. The vector is equipped with (i) a 2.2 kb sced
specific bifunctional oleate 12-hydroxylase promoter from Lesquerella fendleri; LFAH
(i) the multiple cloning site of pKYLX71 (iii) the 1.6 kb desaturase gene of Doxantha;

start and stop codons and the 0.1 kb transit peptide sequence (iv) and the 0.6 kb

terminator sequence of pea rbcS3 gene.
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was predicted using program the CHLOROP (http:ﬁwww.cbs.dlu.dkjservicés /ChloroP)
and was shown to be 34 amino acids long. This sequence directs the desaturas¢ into the
plastid and is then cleaved off. As cat's claw has a *’16:0-ACP desaturase, it is logical
that “°16:1 is the main seed oil present. The FAs present in the seed oil of cat’s claw
include 16:0 (129). “16:1 (64%), 18:0 (<19%), **18:1 (4%), *"'18:1 (15%), and 16:2
(1%) (Chisholm and Hopkins 1964). The cat’s claw “716:0-ACP desaturase sequence has
been compared to that of the castor beaﬁMIS:O-ACP desaturase sequence and was found
to be 85% identical with a 90% similar amino acid sequence (Cahooh et al. 1998). Also,
a single amino acid substitution in the casior bean sequence of leucine 118 to tryptophan

caused an 80 fold increase of substrate specificity to 16:0-ACP indicating that the 16:0

and 18:0 desaturase sequences are very similar.
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3.0 MATERIALS AND METHODS

3.1 Chemicals

All solvent used in the Gas liquid Chromatography (GLC) were ordered from
VWR Canlab (Mississauga, ON). All the 32P-Jabelied compounds used were from
Amersham Canada Ltd. (Qakville, ON). All other chemicals used were of highest purity

available and were from Sigma-Aldrich Canada (Oakville, ON) unless otherwise stated.

3.2  Transformation of Plants

The ‘3916:0—ACP desaturase cDNA was isolated from cat’s claw and cloned by S.
Shah into the transformation vector (Cahoon et al. 1998). Transformation of A. thaliana
ecotype WS and B. napus cv.L. Westar were performed via Agrobacterium mediated
plant transformation, with the pKYILX71 transformation vector (Schardl et al. 1987).

The pKYLX71 vector was 12 kb in total and also contained the kanamycin resistance

gene.

3.2.1 Transformation 6f A. thatiana Containing Cat’s claw **16:0-ACP
Desaturase
The expression cassette was denoted as pdesC; and included (i) a CaM V35S
promoter (i) a 0.1 kb transit peptide, (7i) the 1.6 kb D. unguis-car L. **16:0-ACP
desaturase, and (iv) a 0.6 kb pea rbeS-E9. T, plants were grown at the Alberta Research

Council (ARC), and T4 seeds were sent to the University of Lethbridge, where Ts plants

WETC grown.
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3.2.2 Transformation of B. napus Containing Cat’s claw 4916:0-ACP Desaturase
The expression cassette.was denoted as pdesC; and included (7) a 2.2 kb LFAH12,
(i} a 0.1 kb transit peptide, (iii} the 1.6 kb D. unguis-cat L. 2916:0-ACP desaturase, and
(iv) a 0.6 kb pea rbcS-E9 (Figure 5). T, plants were grown at the ARC, and T seeds
were sent to the Universi.ty of Lethbridge. For generation designation of transformed

plants see Figure 7.

3.3 Growth of A. thaliana
3.3.1 I1dentification of T; Seeds for Further Propagation

Untransformed 4. thaliana ecotype WS was planted as a conirol.  The
transformed T4 seeds chosen from the transformed lines including C;16-1, C;26-1, and
C12?;1 as these lines showed the highest 16:1/16:0 ratios of 0.24, 0.18 and 0.22,

respectively. The control A. thaliana, WS, had a 16:1/16:0 ratio of 0.

3.3.2 'Specific Conditions for A. thaliana

The T4 and control A. thaliana seeds were planted in 100 cm® pots containing
water saturated Metro Mix soil (Greenleaf Products Inc.) and 5 mL of Nutricote 14-14-14
fertilizer (type 140} (Greenleaf Products Inc). Fifty seeds were brushed onto the surface
of the soil of each plant pot in a grid and there were five plant pots per transformed line
and control. The pots were then covered with saran wrap and put into the greenhouse for
20 d to allow germination with light supplementation of greenhouse lights for a 16 h
day/8 h night cycle. Upon observing the first shoots all pots were transferred to a

Conviron growth chamber. The WS A. thaliana and the transformed plants were kept in
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T, Plants (Transformed)

}
T, Seeds

{

T, Plants

¢
T, Seeds

Figure 7. The designation of plant generations for the transformed B. napus.
The transformed plants are denoted as T, and when the T, plants grow the seeds
produced are known as T; seeds. The T, seeds are then planted and T, plants grow to

produce T seeds.
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separate chambers to prevent cross—pdilinati_on of plants. All plants were grown at 23°C
and 65 % relative humidity with 16 h day/ 8 h night cycle. The average light intensity
during the day cycle was 190 umol m"zs"_]. The plants were watered by scaking the
bottom of the pots, as needed, to keep soil moist. After 21 d under these conditions, the
leaves of all plants were harvested, flash frozen in N3¢ and stored at -ZQUC until lipid
extraction was performed. Folloﬁing the leaf harvest the plants received ho further
watering, allowing them to mature. After an additional 20 d of growth under the drought

condition the seeds were harvested, frozen in Ny and stored at —20°C until lipids were

extracted.

3.4  Growth of B. napus
3.4.1 Identification of Ty Seeds for Further Propagation

Untransformed B. napus cv. L. Westar was pilan.ted és a control. The transformed
T, seeds chosen from the transformed lines included C,-31A and C»- 41.. These two
transformed lines were selected as the analysis of the T; seeds showed the highest
16:1/16:0 ratio, 0.10 and 0.11, respectively. Westar control plants had the 16:1/16:0 raﬁo
of 0.04. The T, and control B. napus seeds were planted in 25 cm diameter pots with
water saturated Metro Mix soil (Greenleaf Products Inc.) and 10 mL of Nutricote 1.4_ - 14
- 14 fertilizer (type 140) (Greenleaf Products Inc.). The soil was water saturated again
and a single seed was pushed 1 cm into the middle of each pot. All plants were top
watered when needed. Once flowering occurred, the plants were covered with bakery

bags (Cryovac) to eliminate cross-pollination.
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3.4.2 Specific Conditions for B. napus -Summer 2001 Plants

Twelve T} seeds were planted for each Cz-31A, and C;-41. Twelve control seeds
for Westar were planted and produced seeds to harvest (W1-W12). Of the twelve planted
in. the C>-31A line only nine germinated, and only seven of those nine produced siliques
for .Tz harvest (C;-31A-1, 3, 4,5, 6,10, 11, and 12). Ten out .of the twelve plants in the
C,-41 line. germinated and produced siliques for T, harvest (Cz-41-1, 2, 4, 6, 7, 8§, 9, 10,
11, 12). All plants weré top watered when needed and sprayed with Diazinon (6 mL/L)
for Thrips, and once with Ambush (5 mL/L} for Cabbage Pod Weevil. The greenhouse
temperature was to be maintained between 23 - 27°C, but often the temperature was as
high as 37°C, because of the hot summer and poor ventilation. All records for .B. napus
were kept including anthesis date, amount and time of watering, and spraying. Material
collected for experimental work included a) fresh leaf tissue for neomycin
phosphotransferase assay (Nptll) and Southern blotting, b) micot seeds for RNA
extraction ¢) eight week post anthesis seeds for embryo assay, and d) mature T; and
control seeds for FA analysis. All mature seceds were collected at around 13 weeks after

planting.

3.4.3 Specific Conditions for B. napus -Fall 2001 Plants

Fifteen T seeds were planted for each C,-31A, and C;-41 also, fifteen Westar
were also planted. All seeds germinated and mature seeds from plants were collected
(W1 through W15). All fifteen plants in C;-31A and C;-41 lines germinated, with only
twelve of the Cp-31A liﬁe producing siliques and T; seeds for harvest (Cz-31A-1, 2, 3, 4,

5,6, 8,10, 12, 13, 14, 15,). Of the C;-41 plants, all produced siliques and T; seeds for
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harvest {(C2-41-1 through 15). Weekly, the .plams w’ére. fertilized with Plant Prod Soluble
Fertilizer (20/20/20) (Greenleaf Products Inc.) (200 mL of 3 g/L) and moved around the
greenhouse to diminish possible plant specific effects related to greenhouse temperature
gradients. The greenhouse lights were turned on for a 16 hour light/8 hour dark period to
help with the reduction in day light hours. All plants were top watered when needed, and
sprayed with Diazinon (6 mL/L) once for Thrips. The greenhouse temperature was to be
maintained between 23 - 27°C. The average measured temperature high was 31.34 &
4.30°C and the average measured temperature low was 15.35 + 3.28 °C. All records for
B. napus were recorded including anthesis date, amount and time of watering, spraying,
and the temperature high and low for each day. Materials collected included: a) four
weeks post anthesis developing seeds for the evaluation of acyl-CoAs (stored at — 80°C),
b) mature T, and control seeds for Low Resolution Nuclear Magnetic Resonance (LR-

NMR) to determine % oil and extract lipids to run on the GLC for FA analysis.

3.5 | Nptll Detection in Leaf Material from B. napus -Summer 2001 Plants

A 1 cm leaf disk was collected in a 1.5 mL microfuge tube. An aliquot of 100 uL
of Nptll extraction buffer was added (50 mM Na,HPQO, pH 7.0, 0.07%
3 - mercaptoethanol, 10 mM Na,EDTA pH 8.0, 0.1% Sarcosyl, 0.1% Triton X-100} and
the leal lissue was ground using a teflon bit sterilized in 95% ethanol. The homogenized
sample was cenirifuged at 13 000 x g (4°C) for 20 min and the supernatant was tested for
Nptll activity against a negative control tube. The negative control tube contained 20 uL
supernatant, 10 uL reaction buffer (67 mM Tris-maleate pH 7.1, 42 mM MgCl;, 400 mM

NH4CL, 1.7 mM DTT) and 10 uL [y-**P] ATP mix (15 uM cold ATP, 4 uM [y-"°P] ATP
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{3 000 Ci/mmol) in reaction buffer) and a test sample containing 20 ul. supernatant, 10
uL reaction buffer containing 0.4 mg kanamycin/mL and 10 pL [y-**P] ATP mix. After
incubation at 37°C for 60 minutes, the reaction mixtures were spotted on Whatman P81
paper, and the paper was washed two times with a wash solution (10 mM Na,HPO4, 1%
SDS) for 30 min at 65°C. The paper was then wrapped in Saran wrap and exposed onto a
Multi-purpose phosphoimager film for one hour before an image was taken. The
activated film was visualized on a Storage Screen Phosphoimager (Canberra Packard
Canada Ltd.. Mississauga, Canada). The T, leaf tissue included C;-31A-1, 3,4, 5, 6, 8,9,
10,11, 12, and C;-41-1, 2,4, 6,7, 8,9, 10, 11, 12. All Westar plants 1 through 15 were

also tested.

3.6  Embryo Assay on Developing B. napus T; Seeds -Summer 2001 Plants
Embryo assay plates (Murashigi and Skoog (MS) Salts with MS vitamins 4.4 g/L.
{Gibco BRL), 3% sucrose, 2 mg/L 2,4-D pH 5.6, 0.8% agar, 50 mg/L kanamycin, and 0.5
mg/L BA) were prepared and three (o four siliques from each plant were gathered and
placed in a Flacon tube. All plants that produced siliques were tested (see 3.4.2). The
sitiques were then sterilized with (i) 95% ethanol and drained, (/i) a drop of Tween 20
and 70% bleach and then washed for 10 min and drained, (/i) 0.025% HgCl; to cover
siliques, washed another 10 min and drained, (7v) rinsed four to eight times with d;H,0
(autoclaved) water and decanted. The siliques were dissected and the embryo was
removed using a sterilized scalpel and tweezers to the assay. The embryo was cut into
eight pieces and transferred to the media. For each plant being tested, 20 seeds were

dissected with 10 embryos on each plate. Once transferred to media, the outside of the
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petri dish was taped with micropore tape to eliminate contamination. The plates were
then placed in a Revco growth chamber and grown on a 16 h day light/8 h night cycle at
24°C and light intensity between 70 - 80 mmol m™ s Ty plates where grown from 7 -

14 d until the callus tissue formed and the color of each callus was noted.

3.7 Molecular Genetic Procedures
3.7.1 Smali Scale Preparation of Plasmid DNA
Initially, the transfer of a single coiony was placed into 5 mL LB medium with
tetracycline. (15 mg/mL), and incubated at 37°C with vigorous shaking overnight. The
following day, 0.5 mL of the culture was pipetted into a microfuge tube and centrifuged
“at 12000 x g for 5 min at 4°C. The supernatant was removed and the bacterial peilet was
resuspend in ice-cold solution #1 (50 mM glucose, 25 mM Tris-HCL, pH 8.0, 10 mM
EDTA) by vigorous vortexing. Next, 200 uL of freshly prepared solution #2 (0.2 M
NaOH and 1% SDS) was added to lyse the cells. The tubes were inverted 8 X, and placed
on ice for 5 min. When the solution became clear indicating all the bacterial cells are
lysed, 150 uL of ice-cold solution #3 (3 M with respect to potassium and 5 M with
respecti to acetate) was added to precipitate any chromosomal DNA and proteins. The
‘tubes were gently inverted 10 x, and stored on ice for 3 - 5 min. The microfuge tubes
were then centrifuged at 12 000 x g for 15 min at 4°C, and the supernatant was
transferred to a fresh tube. An equal volume of phenol:choloform was added and mixed
by voriexing. The tube was centrifuged at 12 000 x g at 4°C and the top layer was
transferred to a new tube. To precipitate out the double stranded DNA, 2 volumes of

95% ethanol (stored at —20°C) was added, and the mixture was allowed to sit at room
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temperature for 2 min. The tubes were then centrifuges at 12 000 x g for 15 min at 4°C,
the supernatant removed and the tubes were mverted on a paper towel to allow all the
fluid 1o drain. The DNA was air dried to ensure the ethanol was evaporated and the

resulting DNA was resuspended in 100 uL of TE with 20 ug/mL of RNase.

3.7.2 Genomic DNA Extraction from Leaf Tissue

Fresh B. napus leaf tissue was collected, flash frozen in Ny, and freeze dried. A
mortar and pestle was used to grind 0.3 g of freeze dried léaf tissue with Nag. A 5.0 mL
aliquot of fresh Kirby mix (1% sodium tri-isopropylnaphathalene sulphonate, 6% sodium
4-alﬁinosalicylate, 50 mM Tris-HCL pH 8.0, 6% Tris saturated phenol) was added to the
powder. The slurry of leaf powder and Kirby mix was incubated at 65°C for 10 min
followed by rocking at 30 rpm for 1 h in a polypropylene Falcon tube. An equal volume
éf phenol:chloroform:iscamyl alcohol (1AA) (25:24:1) was added to the slurry and the
mixture was inverted three times and centrifuged at 3 000 x g for 10 min to allow phase
separation. The upper phase was transferred to a clean tube and at least two other washes
were performed each time transferring the upper phase. The washes were repeated until
the interface became clear and precipitate formed overnight using 0.1 volume of 3M
sodium acetate (pH 5.2) and 0.6 volumes of isopropanol. The following day the
precipitate was collected by centrifugation at 3 000 x g for 10 min and resuspended in 1.0
mL. TE buffer containing 40 ug RNase/mlL.. Pronase was added to a final concentration
of 20 pug/mL and the solution was incubated for 1 h at 37°C. An equal volume of
phenol:chloroform:IAA (25:24:1) was mixed into the solution, centrifuged at 3 000 x g

for 10 min, and the upper phase was precipitated overnight as described above. The
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following day, a centrifugation at was performed at 3 000 x g for 10 min and the pellet
was resuspended in 150 uL d;H,0 and guantified on a Ultrospec 3000 spectrophotometer

(Amersham Pharmacia Biotech Inc., Baie d'Urfe, Quebec).

3.7.3 Total RNA Extraction from Developing Seeds

Total RNA exiractions were prepared on developing T and Westar seeds grown
in the summer of 2001 using a TRIzol ex.tréction protocol (Invitrogen Canada).
Approximately 1 g 6f developing seeds were ground with a mortar and pestle using Nzg).
Powder was immediately transferred to a 15 mL polypropylene tube containing 10 mL of
TRIzol reagent and samples were mixed gently by inversion. Proteins, polysaccharides,
lipids and DNA were pelleted by centrifugation at 12 000 x g for 10 min at 4°C and the
supernatant was transferred to a 15 mL polypropylene tube. Following the addition of 2
mL chloroform and vigorous mixing, the samples were incubated at room temperature for
3 min and centrifuged at 3 000 x g for 15 min at 4°C to allow phase separation. The
aqueous phase was transferred (0 new tube containing 2.5 mL of isopropanol and 2.5 mL
high salt solution (0.8 M sedium citrate and 1.2 M NaCl pH 7.0). Samples were mixed
gently by inversion at room temperature for 15 min, centrifuged at 3 000 x g for 10 min
at 4°C, and the pellet was washed twice in 75% ethanol (once in 10 mL and the second in
1 mL). During the second wash the pellet was transferred to a 1.5 mL microcentrifuge
tube. The supernatant was then discarded and the samples were air dried on a heating
block at 60°C. Once the ethanol was removed the pellet was resuspended in 150 uL of
DEPC-treated water. Samples were then incubated at 60°C for 10 min, flash frozen in

Nag, and stored at — 80°C.
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3.7.4 *’P. Labeled Probes

Probes were made from 1 gg of DNA isolated from gel electropheresis and the
gel was extracted with Qiag.en Gel Extracton Kit. The DNA was diluted to a volume of
31 uL and heat denatured for 10 min in boiling water followed by cold shocked on ice for
2 min. To the DNA 10 pL of OLB buffer was added (random hexamers and dNTPs), 2
uL BSA (10 mg/mL), 2 uL Klenow enzyme (2 U/uL) and 5 uL{c-*P1-dCTP (3 000
~Ci/mmol). The reaction was allowed to int?ubate at room temperature for-4 hours at
which time 50 uL of stop dye (1% dextran biue, 0.33% bromophenol blue, 13.3%
gly;:eroi, 40 mM EDTA, pH 7.6). The reaction mixture was added to a Biogél~60 column
{(bed volume = 2 cm™) suspended in 20 x TES (2 mM EDTA, 4% SDS containing 200
mM Tris-HCL buffer pH 7.6). The lower phase was collected in a microfuge tube and.

heat denatured for 10 min followed by cold shocked as described above.

3.7.5 Southern Blotting

Samples tested were loaded on an 0.8% agarose gel and the DNA was transferred
to Hybond — N* positively charged nylon membrane (Version 2.0) (Amersham Canada
Lid, Oakville, ON}. Blotting was performed according to the protocol provided by the
supplier. For imaging, the hybridized membrane was wrapped in saran wrap, exposed to
a muiti purpose film, and visualized on a Storage Phosbhor Screen Phosphoimager

(Canberra Packard Canada Ltd., Mississauga, Canada).
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3.7.5.1 Genomic DNA

A mass of 20 pg of genomic DNA from B. napus was restricted ovemigﬁt with
Pvull and EcoRI (New England Biolabs, R01518 and R01018S, respectively) for each
plant being tested. The probes used included the “°*16:0-ACP desaturase sequence, 1.6

kb, for the analysis of the genomic DNA. See Figure 6 for the entire pdesC; sequence.

3.7.5.2 Reverse Transcription —-Polymerase Chain Reaction (RT-PCR) Product
A volume of 45 pL of the amplified cDNA was used. The membrane was
hybridized twice, once with the amplification product using the 16Des1 and 16Des2

primers and the second with the amplification product of the Tul and Tu2 primers.

3.7.6 RT-PCR

A mass of 60 ng of total RNA were reverse transcribed using random primers
p{dN)s and the Roche 1* Strand cDNA Synthesis kit for RT-PCR {AMV Cat. No. 1 483
188) according to the protocol provided. A PCR reaction mixture was setup containing 5
nL 10 x PCR reaction buffer, 1.5 pL 50 mM MgCl,, 1.0 uL. 10 mM dNTPs, 1.25 L 10
uM 16Des], 1.25 uM 16Des2, 1.25 pL 4 uM Tul, 1.25 pl. 4 uM Tu2, 0.25 uL. Tag
polymerase, 35.25 uL. OPTIMA H,O, and 2.0 uL of RT product. For sequences of the
primers 16Des] and 16Des2 used see Figure 8. The Tul and Tu2 primers were designed
from the A. thaliana sequence for the nuclear encoded mitochondrial elongation factor-
Tu (GenBank accession #T04276). The Tu elongation gene was used as a control in the
PCR. The forward primer, Tul, sequence was (53’ -GTAGGACTTCTTCTGCGTGG-3’)

and the reverse primer, Tu2, sequence was (5-AACTGTTCTACCTCCTTCCC-3"). The
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ceecagatgotctichitggacticecccasicotcagoctcapalciecraagettrecgt

: aatacaagaagaaaagaaaatg pectigaagetgaatpecalcanctitcaalet

gtgecacteticgliclgglilgagpgat gitga gaccgtcazgaaaactitlagicetgeac gigaggitcargiicaagtaacacaciclat ggeaccacaaaaaatigagaictica
16Dest primer—»
aagcralggaagactgggctgapaacaatalacigglicaccttanaaatgrigaaaaatgeccgeaaccteaggaicetgecegaceeagettetpatgaatticatgatcag

atcaaggaattacgagaaaga gccaaggagattccigﬁtgattamcgLtgctctagttggtgatatgataactgaagaagccc ticcgacatatcaaacaatgettaatacctggga

Lggtylacpagalzaaacggggycaageceaacatcatgggeaarttggacaaggecatgpact gel gaagaaaataggeatg gagacecictaaatasataiotclacetaic

cggacgamggalatgasacaaatagagaagaceatceaatalcicalegggicaggaatggateclag gacagaaaacagecc glactiaggaticatatacacatcetecaa
¢ gaaagggctactttcaicteccacgggaacacageeaggetigegagggaccacggggacticaaaclggeicaaatetgeggtactaitgectcggacgagaagegicatgaa

aclgeatataccaagatagtoga §aa gctl%tit:l;]g' §atcgaccctgatg gpacagtgctagertttggegacargatgaagaagaagatctetatgec ggaccaciitatgtacgat
es2 primer

ggtegigatgataacceclitgateacticteticigtigeteagegoectiggtgtglacact getaaagactatgeagacarcetigaacatitggioggaagatggaaa glggaaaa
cigacaggegtcttecegict

gotaaceggactgiccgeagaagggcagaaagercaggactacgtctgigggelgectccaagaatcagacgglggagpagagageicaaaticg ggecaaacaggeace

gaggctceeatttagetggatatatgacagagaggt gcaactctgagllcatcatag.gatlgaacaaatlggtaagaaaaagaaaaLtEgtgtLgtgcc griptgwttigtctgaagly

gticcaatiigtigiccettigltggaaggatgacgiggagaglgagadaggeggg griggtticttticcattgeogttigactagaiottgalataggggea getatagaataaataat

tgtgceccactiggteaaccigggaccacgtigartgaaataaaagcacaatatggagetitgitttatggtatitatgaal atattt tgaaataaaaaattclatttggeataaataatag

ftetitcaaaaaaaaaaaa

Figure 8. Amplification of *°16:0 desaturase cDNA of cat’s claw with 16Desl and
16Des2 primers. The 1.6 kb desaturase cDNA of cat’s claw; start and stop codons, the

0.1 kb transit peptide sequence, and 16Desl and 16Des2. Both primers are 21

nucleotides in length.
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PCR reaction was run for 38 cycles because this amplification was in the linear range; y =
1.65x — 47.75, ¥ = 0.979. 'The PCR amplification conditions were 94°C for 3 min (hot
start), and 38 subsequent PCR cycles at 94°C for 45 sec, 57.6°C for 30 sec (specific for
16Des] and 16Des2), and 72°C for 90 sec. Following the 38 cycles a final extension of
72°C for 10 min was performed. The amplified DNA was then electrophoresed on a

0.8% (w/v) agarosc gel

© 3.7.6.1 Primer Design and Synthesis of 16Desl and 16Des2
Primers were designed for the PCR amplification of the £916:0-ACP desaturase

from cat’s claw sequence. The forward primer, 16Des]1,
(5°-CCCGACCCAGCTTCTGAA-3") was designated to anneal to the complementary
sequence of | cDNA nucleotides 323-343.  The reverse primer, 16Des2 (5'-
TCTGCCTTCTGCGGACAGTC-3"), will anneal to nucleotides 1062-1083 of the cDNA
seqence (figure8). The optimal annealing temperature for the primer combination was
57.6°C, and the PCR produci should generate a 760 bp product. The primers were
synthesized with a Beckman Oligo 1000 DNA Synthesizer (Beckman Instruments,

Fullerton, CA} at the Lethbridge Research Station, Lethbridge.

3.8  Isolation and Analysis of Lipids
3.8.1 Oil Analysis Usi.ng LR-NMR of B. napus -Fall 2001 Plants

Oil seeds analysis was performed on a mq 20 LR-NMR Analyzer Bruker
minispec (Mitton, Ontario). The LR-NMR was calibrated with B. napus samples from

the Grain Research Laboratories of the Canadian Grain Commission. Each sample of
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about 3 g was weighed out on an analytical balance to four decimails. The samples run
included C-31A-1 (n = 12}, Co-41-1 (n = 14), and Westar (# = 14}. The LR - NMR tube
was placed in the instrument and the % oil was obtained and was corrected for the exact
mass. The analysis was performed for each sample listed above in the same LR-NMR

18.2 mm diameter tube.

3.8.2 Lipid Extraction
For all lipid extractions and analysis only glass pipettes and vials with teflon lids
were used. As well, all hexane used was HPLC grade. Prior to extraction all glassware

was washed with hexane and dried with Ny,

3.8.2.1 Lipid Extraction using the Hexane Isoprepanol (HIP) Procedure

| Approximately 30 rﬁature seéds were weighed (~ 0.1 g) when B. napus was
analyzed, whereas ~0.2g of frozen leaf tissue or seeds were used in the analysis of A.
thaliana. Tissue being analyzed were placed in a glass homogenizer and one milliliter of
isopropanol was added and the tissue was boiled for 10 min at 80°C and then placed on
ice for .2 min. Next, I mL of each hexane and 3:2 HIP was added and the tissue was
crﬁshed. The solution was then transferred to a screw cap vial, thé homogenizer was
rinsed with 1 mL 3:2 HIP, and the rinse was added to the same collection vial. To the
collection vial, 3:2 HIP was then added until the final volume was 6 mL. Next, 2 mL of
3.3% Na;SO, was added, the solution was mixed, and gently centrifuged to separate the
phases and the upper organic phase was trénsferred to a new vial. Another extraction was

performed on the original tissue sample using 7:2 HIP and the upper phase was combined
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with the previous extract. The contents were dried under Noe at 40°C with periodic
rinses of 7:2 HIP along the walls of the vial to concentrate all the oil at the bottom of the
tube. The oil was removed. with 3_Washes of 2:1 chloroform:methanol into a preweighed
tube and cqhtents were completely dried again under Nzg. The vial was weighed for
gravemetric oil coﬁtcnt and diluted to 5 mgme..in hexane. Only B. ndpus grown in

summer 2001 and the A. thaliana seed and leaf tissues were analyzed by the HIP method.

3.8.2.2 Lipid Extraction using Petroleum Ether (PE) Procedure

Approximately 30 mature seeds were wei.ghed (~ 0.1 g), placed in an electric
homogenizer and 1 mL of petroleum ether (b.p 35-60°C) was added and the sample was
ground. The solvent was transferred to a clean preweighed vial, and the meal was
washed with 3 x 1 mL of petroleum ether combining the washes. The sample was dried
down and resuspended to 5 mg/mL in hexane. B. aapus seeds harvested in both the

surnmer and fall of 2001 were analyzed by the PE extraction procedure.

3.8.2.3 TAG Isolation from Total Lipids in A. thaliana

The TAG fraction was isolated from the seed total lipids extracts of A. thaliana
using 10 x 20 cm” thin layer chromatography (TLC) plates, pre-coated HP-TLC
Fertigplatten Kieselgel 60 (VWR Canlab, Mississagua, ON. Canada). Fifty uL of 10
mg/mL of the seed total lipid fraction was spotted across the origin of the TLC plate
against 25 uL. of a2 10 mg/ml. 19:1 trinonadec.;enoin TAG standard. The loaded plate was
allowed to air dry before it was run in a TLC jar contéining 40 mL of solvent consisting

of hexane : diethyl ether : glacial acetic acid (80:20:1 v/v/v). The plates were removed
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when the solvent front was approximately 2 cin frorﬁ the top of the plate, and air-dried.

' | The .19:1 standard was. visualized using o and the corresﬁondi-ng area of the A. thaliana
sample was scraped and using a glass microscope slide. The scraped silica containing the
TAG fraction of the total lipid extract was stored at -20°C until the sample was

methylated and run on the GLC.

~ 3.8.3 FAs and GLC Analysis
3.3.3.1 Methylation of Fatty Acids with Methanolic HC (MHCD

Three milliliters of MHCI were added to a Ny dried sample. For the total lipid
analysis of B, napus grown in summer 2001 and A. thaliana 50 pL. (5 mg/mL) of sample
was used, whereas the entire scraped TAG fraction, containing TAG and silica, were
directly methylated. The solution was heated at 50°C for 16 h under N (Christie -
1992}, Tubes were remo.ved and cooled. To each tube 0.25 mL of water was added and
the fatty acid methyl esters (FAMEs) were extracted twice with 4 mL of hexane.. The
extracted FAMES were transferred to new tubes and dried under Ny at 40°C. Then 0.5
mL of GC grade hexane was added to each tube and solution was transferred a GC vial,

flushed with Ny, and sealed with a lid (Christie 1992).

3.8.3.2 Methylation of FA with Sodium Methoxide (NaMeth)

Fresh 2% methylating solution (1 g sodium methoxide and 50 mL methanol) was
made fresh and 1.2 mL was added to 50 uL (5 mg/mL) of sample dried under Na¢). The
reaction sat at room temperature for 30 min. After 30 min, 1.0 mL of d;H,0 and 2 x 2mL

of hexane was added, mixed, and phases allowed to separate. The upper phase from each
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hexane addition was removed, dfied under Ny, and resuspended in 0.5 mL GC grade

hexane. The sample was transferred to a GLC vial, flush with N2, and seal with a lid.

3.8.3.3 GLC Conditions

All samples were analyzed on a flame ionization gas chromatograph (model 5890,
Helwett Packard, Mississauga, ON, Canada) with 2 J&W Scientific 30m DB-23 column
{(Chromatographic Spccialties, Brockville, ON, Canada). The samples were analyzed for
the following FAMEs: methjfl myristiate (14:0), methyl palmitate acid (16:0), methyl
palmitoleate (**16:1), methyl sterate {18:0), methyl oleate (**18:1), methyl vaccenate
(®'118:1), methyl linoleate (**'*18:2), methyl linolenate (**'#'°18:3), methyl arachidate
(20:0), methyl behenate (22:0), methyl eurcate (*'722:1), and methyl lignocerate acid

(24:0). The standards were purchased as FAMEs from NuCheck Prep.

3.8.3.4 GLC Conditions for Mature Seed FA Analysis
All samples were run on RAMP3A method. This method contained the following
parameters: the split injection volume was 3 pL, set temperature was 180°C (5 min} and

the temperature was ramped 2°C/min (o a final temperature of 230°C.

3.8.4 Isolation and Analysis of Acyl-CoAs

3.8.4.1 Acyl-CoA Extraction and Methylation Procedure of Four Week Post
Anthesis Developing Seeds from B. napus -Fali 2001 Plants

For each sample a mass of 10 x _ICO mg of bulk developing seeds were placed in a
polypropylene microfuge tubes and 200 pl. of fresh extraction buffer was added (2mL 2-

propanol, 2 mL 5_0 mM KHZP_O4, pH 7.2, 50 uL glacial aéetic acid, and 80 pl 50 mg/mL

70



essentially fatty acid free BSA). The sample was ground with a teflon bit sterilized in
95% ethanol. Te remove the lipids and pigments 200 uL of petroleum ether (b.p. 40 -
60°C) saturated with 1;1 {v/v} 2-propanol/water was added, and centrifuged at 100 g for 1
min. This step was performed 3 x and eacﬁ time the ﬁpper phase was removed and
discarded. To the lower phase 5 pL of saturated (NH,),S0, and 600 pL of
chloroform/methancl (1:2) was added. The tubes were capped, vortexed to mix, and left
on the bench at room temperature for 20 min. After 20 min, the tubes were centrifuged at
21 000 x g for 2 min. The supernatant of two tubes was applied to a dry alumina column,
and the column was washed with chloroform:ethanol (1:2) (v/v). To elute the acy'LCoAs,
0.1 M potassium phosphate, pH 7.2/methanol (1:1) {v/v) was added. To the elutant 50
nL of acetic acid (pH 5) was added and the methanol was evaporated with Ny, From
the aqueous phase the acyl-CoAs were ext-racted with n-butanol, and five tubes from the
extraction were combined together. The n-butanol was evaporated using Ny, The
samples were methylated with 2 mL 5% (w/v) H,SQy4 in methanol at 75°C for 2 h under
Nig. At the end of 2 h the samples were cooled to room temperature and the FAMESs
were extracted by adding 4 mL of d;H,0 and 3 x 2 mL hexane. The organic phase was
removed and combined in a new tube. The hexane layer was washed with 1 mL Na,COj3
and the organic phase was extracted and dried under stream of Ny, The extracled
FAMEs from the acyl-CoAs were then resuspended in 50 uL. of GLC grade hexane and
place in 100 uL volume GLC tube. This procedure was a combination of protocols from

Larson & Graham (2001) and den Breejen et al. (1989).
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3.8.4.2 GLC Conditions for Acyl-CoA Analysis

The GL.C program used to analyze the FAMES from the extraction of the acyl-
CoAs was SPLTLSS8. The progrém had the following parameters: the splitléss injectibn
was 5 pl, the set temperature was 180°C (5 min) énd the temperature was ramped

2°C/min to a final temperature of 230°C.

3.8.5 Statistics

Analysis of variance (ANOVA) tests were performed for all statistical analysis of
the FAMEs from the extracted lipids of the mature seeds, leaves, and also acyl-CoAs.
ANOVA was chosen due to the completely randomi.zed design .of all experiments.
Significant differences included P - values les.é than or equal to 0.07 and not the common
P - value of 0.05. The slightly higher P - value was chosen because by chance we would
expect a P - value to be 0.05, meaning 5% of the time there will be no difference in the
mean between the two samples being compared. All statistical analysis was performed

using JMP IN statistical software (version 3.2.1, Duxbury Press, Toronto, ON).
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4.0 Results and Discussion

4.1.  Ubiquitous Expression of a ¢cDNA Encoding Cat’s Claw 16:0-ACP
Desaturase in A. thaliana
The analysis of ransgenic 4. thaliana only includéd determining the FA profiles
from the total seed acyl lipid, seed TAG, and the leaf total acyl lipid. The analysis did

not include any molecular work,

4.1.1. FA Composition of Total Acyl Lipid and TAG from T4 Seeds

Analysis of both the seed total acyl lipid and seed TAG from tfansgenic A.
thaliana were investigated to determine if there were any changes to the FA seed profiles
as a result of the transformation. The FA composition of the seed total acyl lipids is
depicted in Table 1 (in Appendix} and Figure 9. The FA composition of TAG is shown
in Table 2 (in Appendix) and Figure 10, whereas the FA composition of TAG compared
to FA of the seed total acyl lipids from the transgenic 4. thaliana to the untransformed
WS are in Tablé 3 {in Appendix) and Figure 11. The mole % of SFAs from the seed total
acyl lipids increased in all transgenic lines compared to the untransformed WS, and
significantly in the 16-1 and 27-1 lines (Figure 9). The increase in the SFA content was
due to significant increases in the SFAs that were equal to and longer than 18:0 (Table 1
in Appendix). In TAG, there were no significant changes in the overall SFAs compared
to the WS control due to the high S.E., but there were significant increases in 20:0 in all
transformed lines {Table 2 in Appendix). The significant increase in the 20:0 from the
total acyl lipids extracted from the A. thaliana seeds are probably attributed to the

increase in the 20:0 of the TAG fraction.
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Figure 9. The FA composition (mole%) + S.E. of seed total acyl lipids from A. thaliana transformed with a cDNA encoding
cat’s claw 16:0-ACP desaturase. The total acy! lipids were extracted from mature A. thafiana seeds using the HIP extraction,
methylated by methanolic-HC! and the FAMES were run on a GLC. Transformed lines include 16-1, 26-1, 27-1, and were compared

to the untransformed control WS using ANOVA testing. All significant differences are indicated with an * and »=>5 for all samples.
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Figure 11. Comparison of the FA composition (mele%) + S.E. of the seed total acyl lipids and TAG from A. thaliana

transformed with a eDNA encoding cat’s claw 16:0-ACP desaturase. The lines compared included 16-1 seed total acyl lipids and

16-1 TAG, 26-1 seeds total acyl lipid and 26-1 TAG, 27-1 seed total acyl lipid and 27-1 TAG, and WS seed total acyl lipid and WS

TAG fraction using ANOVA testing and all significant differences are indicated with an * and for all samples =5,



While there were no increases in the amount of USFAs in either the total acyl
lipids or the TAG fractions from the seeds of 4. thalfiana, there were significant increases
in both the 2’16:1 and *''18:1 when compared 1o untransformed WS. This suggests that
the cat’s claw 16:0-ACP desaturase was inserted in the A. thaliana genome and was
being expressed. Also, the significant increases in.both 2916:1 and #1118:1, appear 1o be a
result of the incorporation of these FAs into TAG rather than the membrane (Table 3 in
Appendix and Figure 11).

When investigating the 16:1/16:0 ratios of the transformed plant lines compared
to untransformed, WS, all 16:1/16:0 ratios were significantly increased in the total acyl
lipid of the seed, and most of this increase was a result of the contribution from the TAG
fraction (Table 4 in Appendix and Figure 12).

To determine if there were differences between the total acyl lipid and TAG
fractions from the seeds of the transformed and uniransformed 4. thaliana, the two
fractions were compared (Table 3 in Appendix and Figure 11). There were much higher
SFAs present in the TAG fractions than in the total acyl lipid, with increases in both 18:0
and 20:0, and decreases in ***'*18:3 in TAG compared to total acyl lipid. These
differences were not a result of the insertion of the cat’s claw desaturase cDNA, because
both transgenic and non-transgenic plant lines showed the same differences.

In sammary, the cat’s claw 16:0-ACP desaturase cDNA appears to have been
inserted into A. thaliana genome. The significant increase in ®°16:1 and *''18:1 in all
transgenic lines compared to the untransformed WS in both seed total lipid and TAG

fraction further suggest that the cDINA was being expressed. The increase in #%16:1 and

77



0'25 I - [ o e e

0.20

0.15 |~

16:1/16:0

0.05 T

0.10 TN\

0.00

= [N

;\%}&\\Q\ ' 1 eaf L

-y - s .

;i%x&\\% i I teaf Totat Lipids
N

NN {E3 Seed Total Lipids

'fl Seed TAG

Plant

Figure 12. 16:1/16:0 + S.E. of A. thaliana transformed with a cDNA encoding a cat’s claw 16:0-ACP desaturase. The ratios
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transformed plant lines and the control WS and all significant changes are marked with an *. For all samples »=5.
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41'18:1 was mainly associated with TAG. Also, the total acyl lipids from the seeds and

the seed TAG from all transgeuic lines showed increases in the SFA content

4.1.2. FA Composition of Total Acyl Lipid from Leaves

The purpose of examining the FA profile in the leaves of transgenic 4. thaliana
containing the cDNA for cat’s claw desaturase with 358 promoter was an attempt to
determine if the FA profile was increased in USFAs, which could potentially increase the
chilling tolerance of genetically engineered plants. At lower temperatures, the fluid state
of membrane lipid components is thought to be one of the prerequisites for survival
(Wolter et al, 1992), therefore, increasing the USFAs at a lower temperatures should help
the maintenance of membrane fluidity. In the current research, the change may be
expected to come from a decrease in 16:0 and concomitant increase in ~16:1. It is
known that the chilling sensitivity of plants is closely related to the USFAs present in the
PG of chloroplast membranes (Murata et al. 1992). Our study focused on total lipids
from the leaf. Lastly, although, it is well established that the composition of the FAs in
plant membrane phospholipids are temperature-dependent (Caiveau et al. 2001), all
plants were grown at 23°C. This allows only the investigation of the differences in the
FA composition, due to the effect of transforming with the cDNA encoding the cat’s claw
desaturase without imposing a low temperature treatment.

The FA profile of total acyl lipids from the transgenic A. thaliana leaves did not
decrease in SFA content. The levels of SFA were slightly, but not significantly,
increased compared to untransformed WS (Table 5 in Appendix and Figure 13}. The

GLC standard for 16:3 was not available, but was included in the FA profile because 16:3
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Figuré 13. The FA compesition {mole%) + the 5.E of leaf total acyl lipids from A. thaliana transformed with a cDNA encoding
cat’s claw 16:0-ACP desaturase. The total leaf acyl lipids were extracted using HIP extraction, methylated with methanolic-HCI,
and FAMES were run on a GLC. Note ** did not have a standard but was assumed to be 16:3, but due to the major content of 16:3
known to be present in 4. thaliana leaves the FA was included. All significant changes are noted with an * and for all samples #=5.

The samples include 16-1, 26-1, 27-1, and WS.
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is known to be a major FA present in the leaves of 4. thaliana (Browse et al. 1989, Kunst
et al. 1988, Lemieux et al. 1990). The lack of change in the leaves is not surprising,
because both structure and function need to be maintained within the membrane of plants
for thé photosynthetic machinery to operate (Millar et al. 2000). In order to overcome
this, plants can tolerate large amounts of unusual FAs in the storage lipids because they
are sequestered into oil bodies (Millar et al. 2000). A similar experiment by Eccleston et
al. (1996) showed that even though the 355-FarB1 was inserted into B. napus, only
significant changes occurred in the TAG fraction of the seeds. There were no changes in
the leaves or roots even though higher levels of FarBI were present in vegetative tissue
other than the sced. The ratio Qf #%16:1/16:0 in leaf lipids of transformed and WT plants
are depicted in Table 4 (in Appendix) and Figure 12. The “°16:1/16:0 ratio only
significantly increased in the 16-1 line, due to the decrease in 16:0 and significant
increase in the “?16:1 mole %, as seen in Figure 13. While there were only significant
increases. in the mole% of *’16:1 in the 4. thaliana teaves in line 16-1, there were
significant increases in the elongated product of *°16:1, #1'18:1, in the 16-1, 26-1, and 27-
1 transformed A. thaliana lines. As mentioned earlier, in the investigation by Vijayan &
Browse (2002), an increase in the trienoic FAs was correlated with increased chill
tolerénce. In the current study there was an increase, for the most part, in all trienoic FAs
in the transformed plant lines compared to the WS control (Figure 13). This increase
does not necessarily mean that there is an increase of trienoic FAs in the PG fraction.
This aspect would need to be investigated further. Overall, the SFA content in the leaves
of the transgenic A. thaliana remained the same or increased when compared to the

untransformed WT control. This might have been caused by oxidative stress on the
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plants induced by slightly higher light intensity levels, because the average light intensity
d?uring the 16h day light period was 190 pmol m” 5™, compared to the more mod.erate
level of 100 pmol m?s™ reported by Rossel et al. (2002). Clearly, the FA profiles of the
A. thaliana leaves did not alter significantly by the insertion of the cDNA encoding cat’s
claw desaturase with 35S promoter. More experiméntation, including low temperature
treatment, 1s needed to determine if cat’s claw 16:0-ACP desaturase leads to increased

chilling tolerance in 4. thaliana.

4.2.  Sced Specific Expression of a cDNA Encoding Cat’s Claw 16:0-ACP
Desaturase in B. napus
The analysis of the transgenic B. napus included molecular work and analysis of

the FFA profile of the total acyl lipids and the acyl-CoA pool.

4.2.1 Identification of Transformation of T, Leaves from B. napus Grown in

Summer 2001 using the Nptll assay

Once B. napus T, plants had developed leaves, the Nptll assay was carried out as
an indication of the efficiency O:f transformation. Although the NptIl assay confirms
whether or not a plant is transgenic, the results only verify that the plant contains the
kanamycin resistance cDNA and not necessarily the entire cDNA of interest. While the
Nptll assay is an indication of the transformation of the entire vector, Southern blotting is
an absolute indicator of the insertion of the cDNA of interest. Analysis of inserted of
c¢DNA enceding cat’s claw 16:0-ACP desaturase canbe found in-section 4.2.3. Even

though the cat’s claw desaturase cDNA was insecrted using a seed specific LFAH12
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(Figure 6), the cDNA should be present in the genomic DNA throughout the plant, and
therefore should be detectable. The data for the Nptll assay is shown in Table 6. All
plants in C,-31A and some C;-41 lines were positive for the kanamycin resistance cDNA,

except for C,-41-10, 11,and 12 where the results were inconclusive.

4.2.2. Identification of the Zygosity of the Kanamycin Resistance cDNA in

Transgenic B. napus using the Embryo Assay

The embryo assay is used to determine if transgenic plants are homozygous or
heterozygous for the kanamycin resistance cDNA and is determined by the ratio of green
to white callus tissue formed. To do this, the embryos from developing seeds, 40 DPA,
were extracted in a sterile manner and placed on the embryo assay media that contained
callus forming chemicals, and also kanamycin. Each plate contained 10 embryos and two
plates for each plant were dissected. The plants were grown in a growth chamber for two
weeks and the ratio of green to white callus was noted. All green callus suggest the plant
is homozygous for the kanamycin resistance cDNA, whereas a mixture of green and
white callus implies that the plant is heterozygous for the kanamycin resistance cDNA.
All white callus implies the gene is not present in the plant. An example of the embryo
assay is depicted in Figure 14, with results presented in Table 7. Most plants in
transformed lines C,-31A and C,-41 were homozygous for the kanamycin resistance
c¢DNA. Exceptions to this included C;-31A-8, 9, and 12 where these plants did not
produce stliques even though they did germinate, and also C;-41-1, 6, and 7 where the
embryos died during the embryo assay. All the transgenic plants that produced siliques

and survived during the procedure were homozygous, whereas all the non-transformed
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Table 6. The results of the Nptll assay on the developing seeds from B. napus
transformed with a cDNA encoding cat’s claw 16:0-ACP desaturase for piants
grown in summer 2001, The + indicates that test was positive for the kanamycin gene,

whereas a - implies the kanamycin gene was not present, and i indicates the result was

inconclusive.

Plant Nptll Plant Npill Plant Nptll
Cp31A-1 |+ Cy-41-1 + Wl -
C»-31A-3 + Cp-41-2 + w2 -
Cy-31A-4 + Cy-41-4 + W3 -
C2-31A-5 + Cy-41-6 + w4 -
C:-31A-6 + C,-41-7 + W5 -
C,-31A-8 + C,-41-8 + W6 -
Cr31A9 + C,-41-9 + w7 .

Cz-31A-10 + C,-41-10 i W8 -
Cy-31A-11 + Cs-41-11 i W9 -
Cp-31A-12 + Cp-41-12 i W10 -
* plants C;-31A-2 and 7, and C;-41-3 and 5 W11 -
never germinated Wi2 -
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Figure 14. The callus tissue of the embryo assay in developing seeds of B. napus 1.
cv Westar and C;-31A B. napus. The plate located on the left contains 10 dissected
embryos from the Westar 7 plant (all white) and the plate located on the right contains 10
dissected embryos from C;-31A-1 (all green). Both plates were grown on embryo assay
media in a growth chamber with the light intensity of 70-80 mmol m? s™, on a 16 hour

light/eight hour dark cycle, at 24°C, for a period of two weeks.
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Table 7. Results of the embryo assay on develeping seeds of B. napus transformed
with ¢cDNA encoding cat’s claw 16:0-ACP desaturase. Embryos were dissected in a
sterile manner at around 40' DPA, but while all seeds were still green, and placed on
plates containing kanamycin and also callus forming hormones. The callus were allowed
to grow for two weeks, and the color and number of callus tissue was noted. The

abbreviations NS means no siliques and D means died.

Plant # Green Plant # Green Plant # Green
Cs-31A-1 20 C,-41-1 D W1 0
C2-31A-3 20 C,-41-2 20 w2 0
C:-31A-4 20 Cp-41-4 20 W3 0
C:-31A-5 20 C,-41-6 D W4 0
C,-31A-6 20 C,-41-7 D W5 0
C;-31A-8 NS C;-41-8 20 w6 0
C;-31A-9 NS C;-41-9 20 W7 0
C;-31A-10 20 C»-41-10 20 W8 0

C;-31A-11 20 Cy-41-11 20 w9 0
C;-31A-12 NS Cy-41-12 20 W10 0
* plants C;-31A-2 and 7, and C;-41-3 and 5 W1l 0
never germinated W12 0
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control Westar did not show a single green callus. This latter result was expected as the

kanamycin resistance cDNA was not present within the genome of the control plants.

4.2.3. Identification of cDNA Enceding Cat’é Claw 16:0-ACP Desaturase in

Transgenic B, napus using Southern Blotting

Southern blotting was used in order to determine if the cDNA encoding cat’s claw
16:0-ACP desaturase was insérted into the B. napus genome via probing I;he. membrane
with a cat’s claw cDNA full length radiolabeled **P-dCTP, and also Lo determine if there
were multiple copies of the exogenous ¢cDNA. The probe was made by restricting the
p566 vector, containing the entire cat’s claw desaturase sequence with Sal I restriction
sites on either side, with Sal I and gel cleaning the probe. See Figure 15 for a gel of the
restricted p566 with Sal 1, and Figure 16 for a depiction of the cleaned probe. For each
plant grown in the summer of 2001, the genomic DNA was extracted.and restricted with
EcoRl and also Pvull, independently, as neither of these enzymes will cut within the
cDNA encoding the cat’s claw 16:0-ACP desaturase sequence. All of the samples were
then probed twice, to determine if the copy number could be verified. Due to the large
nuinber of samples generated with EcoRI and Pvull digests, samples were run on two
separate gels. The probed blots for all the membranes probed with the *P- radiolabeled
cDNA encoding cat’s claw 16:0-ACP desaturase for the EcoRI#1, EcoRI#2, Pvull#1,
Pvull#2, are found in Figure 17, 18, 19 and 20, respectively. A summary of the number
of insertions of the cat’s claw ¢cDNA can be found in Table 8.

All the transgenic B. naﬁus contained more than one copy of the cDNA encoding

cal’s claw desaturase. There were at least two bands present in each of the transgenic
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the cat’s claw 16:0-ACP desaturase was cut out of p566 plasmid with Sal I because the plasmid contained the cDNA with Sal 1
restriction sights on either side. The cDNA was extracted from the gel. The gel contains from left to right, in lanes (1-5) p566 uncut,
with the following amounts 1) 4.2 pg, 2) 6.1 pg, 3) 3.5 ug, 4) 5.0 ug, 5) 3.8 pg and in lanes (6-10) p566 restricted with Sall, with the
following amounts: 6) 4.2ng, 7) 6.1j1g, 8) 3.5 ug, 9) 5.0 pug, 10) 3.8ug and 11) 8 pl A-DNA (cut with EcoRI and HingllIl) labeled in

bp.
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Figure 16. Ethidium bromide stained agarose gel of full-length sequence of cDNA
encoding cat’s claw 16:0-ACP desaturase following purification of the cDNA by
electrophoresis. The 1560 bp band was extracted and gel cleaned in order to be
radiolabeled for use as a probe for Southern blotting. Lanes 1 and 2 represent 8 ulL A-
DNA restricted with EcoRI and HindIII and no sample, respectively. Lanes 3 -9
represent increasing amounts of the 1560 bp ¢cDNA encoding the cat’s claw 16:0-ACP
desaturase with the following amounts: 3) 0.04 ug, 4) 0.06 ug, 5) 0.08 ug, 6) 0.10 pg, 7)

0.12 ug, 8) 0.14 ug, 9) 0.16 ug.
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Figure 17. The Seuthern blot, EcoRI’1, digested genomic DNA from B. napus
containing cDNA encoding 16:0-ACP desaturase from cat’s claw. The probe was the
¢DNA encoding cat’s claw desaturase (1560 bp) labeled with *’P-dCTP. The contents of
the lanes are as follows lane 1) 0.1ug positive control (1560 bp cats claw desaturase
seqqence), 2) C-31A-1, 3) C5-31A-3, 4) C;-31A-5, 5) C-41-1, 6) C;-41-2, 7) C,-41A-4,
8) C»-41A-6, 9) C-41-7, 10) Westar 1, 11) Westar 2, 12) Westar 3, 13) Westar 4, 14)

Westar 5, and 15) Westar 6. All B. napus samples contain 20 pg of genomic DNA.

90



Figure 18. The Southern blot, EcoRI*2, digested genomic DNA from B. napus
containing ¢DNA enceding 16:0.--ACP desaturase from cat’s claw. The probe used
was the cDNA encoding the cat’s claw desaturase (1560 bp) labeled with**P-dCTP. The
contents of the lanes are as follows: 1) positive control (1560 bp cats claw desaturase
sequence}, 2) C»-31A-6, 3) C,-31A-10, 4) C2-31A-11, 5) C-31A-12, 6) C2-41-8, 7) C»-
41-9, 8) C2-41-10, 9) C2-41-11, 10) C,-41-12, 11) Westar 7, 12) Westar 8, 13) Westar 9,
14} Westar 10, 15) Westar 11, and 16) Westar 12. All B. napus samples contain 20 ug of

geh'omic DNA.
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Figure 19. The Southern blot, Pvull#l, digested genomic DNA from B. napus
containing ¢cDNA encoding 16:8-ACP desaturase from cat’s claw. The probe was the
c¢DNA encoding cat’s claw desaturase (1566 bp) labeled with 2p_dCTP. The contents of
the lanes are as follows: 1) positive control (1560 bp cats claw desaturase sequence}, 2)
C2-31A-1, 3) C3-31A-3, 4) C-31A-5, 5) Cy-41-1, 6) Cz-41-2, 7) C3-41A-4, 8) C2-41A-6,
G) C,-41-7, 10) Westar 1, 11} Westar 2, 12) Westar 3, 13} Westar 4, and 15) Westar 5.

All B, napus samples contain 20 ug of genomic DNA.
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Figure 20. The Southern blet, Pvull#2, digested genomic DNA {rom B. napus
containing cDNA encoding 16:0-ACP desaturase from cat’s claw. The probe wés the
cDNA encoding cat’s claw desaturase (1560 bp) labeied with ¥*P-aCTP. The contents of
the lanes are as follows: 1) positive control (1560 bp cats claw desaturase sequence), 2)
C2-31.A—6. 3} C5-31A-10, 4) C5-31A-11, 5) C-31A-12, 6) C5-41-8, 7) (2-41-9, 8) Cz-41-
10, 9) Cp-41-11, 10) C-41-12, 11) Westar 7, 12) Westar &, 13) Westar 9, 14) Westar 10,

15) Westar 11, and 16) Westar 12. All B. rapus samples contain 20 ug of genomic DNA.
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Table 8. Southern blotting of B. napus to determine if the cDNA encoding cat’s claw 16:0-ACP desaturase was present in the
genome. Genomic DNA of freeze dried leaf tissue samples from transformed plants was restricted with EcoRI and Pwvuil,
independently, and the membrane was probed with the *PACTP labeled full-length cat’s claw ¢DNA encoding 16:0-ACP desaturase.

The number of copies of the gene found from the Southern blot are indicated for each plant tested.

Number of Gene Number of Gene umber of Gene
Plant |Copies Plant |Copies Plant [Copies
Sample EcoRl Pvull Sample EcoRl Pvull | Sample | EcoRI Pvull

Cs-31A-1 3 3 C-41-1 3 2 (Westar 1 0 0
C2-31A-3 3 3 (412 3 2 [Westar 2 0 0
C.-31A-5 3 2 Cy-41-4 3 1 'Westar 3 0 0
C.-31A-6 6 4 C2-41-6 3 i Westar 4 0 0
C2-31A-10 6 2 [Crra1-7 3 1 [Westar 5 0 0
C,-31A-11 5 2 Ci-41-8 4 2 Westar 6 1 0
C,-31A-12 6 2 C2-41-9 4 2 (Westar 7 1 0
Ca-41-10 4 2 'Westar 8 1 0

{Ca-41-11 4 2 'Westar 9 1 0

Cy-41-12 4 2 Westar 10 1 0

Westar 11 1 0

Westar 12 1 0
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plant samples tested (Table 8).. Transformed plants can contain more than one copy of
the inserted gene as a single bacterium can transfer more than one copy of the T-DNA
during the transfer, which could enter the plant genome randomly (Walden 1988). The
number of copies could only be verified for C2—31A—i and C;-31A-3 because there were
three copies of thé desaturase cDNA in the case of either restricticn enzyme. In the case
of digestion with EcoRl, there were more copies on average per plant when compared to
digests with Pvull, and would be due the fact that ECQRI obviously cuts more often -
within the B. napus genome thdn Pvull.

In the case of the Westar control plants, including plants 6 through 12, there was
hybridization for the desaturase cDNA. This is found on the EcoRI#2 blot (Figure 18),
and also aligned with a band that is present in all the _tranéformed B. napus plants and is
likely due to hybridization of probe to the gene encoding endogenous *18:0-ACP
desaturase. This degree of h'ybridization can be explained based on the high sequence
homology between the cDNA encoding cat’s claw desaturase and the endogenous 4918:0-
ACP desaﬁxrase because the DNA sequences were found to have a 75% sequence
homology when a two sequence BLAST comparison was performed (data not shown).
Although these bands were present faintly in the case of the EcoRI#2 blot (Figure 18),
these inserts were not found on the Pvull#2 blot (Figure 19) or any other Westar sample
on the EcoRI#1 or Pvull#1 blots (Figures 17 and 19, respectively). There are no Pvull
restriction site within the coding dngi:O-ACP desaturase and as long as there are aisb
none present within the inirons of the endogenous **18:0-ACP desaturase, Pvull would
not cut the 18:0-ACP desaturase and result in a loss of hybridization to the probe. Most

likely this band does not show up because there is much less hybridization and therefore



th.e mtensity is much less when compared to the hybridization of the cDNA encoding the
16:0-ACP desaturase sequence.

Lastly, there is evidence that the plants that were undistinguishable in the Nptll
assay were, in fact, transformed and include C,-41-10, C5-41-11, C,-41-12. All of these
plants were positive for hmre than one cDNA encoding cat’s claw 16:0-ACP desaturase

gene.

4.2.4. Analysis of Transcripts Encoding Cat’s Claw 16:0-ACP Desaturase using

RT-PCR and Southern Blotting

Transcript analysis was conducted as a follow up to detecting the cDNA encoding
cat’s claw 16:0-ACP desaturase in the B. rapus genome. Due to the lack of RNA
present, RT-PCR was performed using random primers and then Southern blotting
techniques were used. The bands present on the agarose gel of the RT-PCR products
were very faint, see gel in Figure 21. The RT portion was done using random primers
and a 38-cycle PCR program for the primers was made. Thirty-eight cycles were chosen
because this was the highest number of cycles that could be accommodated while still in
the linear range, with the equation of the line of y = 1.645x — 47.75, R* 0.979 (data not
shown). Once the gel was transferred to the nylon membrane, the membrane was probed
twice. The initial probe was the **P-dATP-labeled RT-PCR product made by primers
designed to amplify a 760 bp sequence within the cDNA encoding the cat’s claw 16:0-
ACP desaturase sequence, {sec Figure 8 for forward and reverse primers and the primed
sequence). The second “P-dATP-labeled RT-PCR probe used was made from

amplifying mitochondrial elongation factor Tu (EFTu) using primers to generate a 330 bp
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Figure 21. Ethidium bromide staining of electrophoresis resolved RT-PCR
products from amplification of the 760 bp ¢cDNA encoding 16:0-ACP cat’s claw
destaruase and 330 bp EFTu. Contents of lanes: 1) negative control containing no
desaturase template, 2) positive control for the 760 bp cats claw desaturase gene, 3) C,-
31A-1, 4) C2-31A-10, 5} Cy-41-1, 6) C,-41-6, 7) C,-41-10, 8) C,-41-11, 9) Westar 3, 10)
Westar 6 and 11) 2.5 ug 100 bp ladder. All B. napus samples started with 60ng of RNA
in the RT reaction, with 4uL of RT product was used for PCR. and 45uL of the total 55

ulL sample loaded (50ul. RT-PCR product and 5 uL of 6x loading dye) on an agarose gel.
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cDNA as a control. The EFTu was chosen as a control as a previous study demonstrated
that the cDNA for EFTu appeared to be constant (Weselake et al. 1998). Electrophoresis
purified 760 bp cDNA encoding 16:0-ACP desaturase and the 330 bp ¢cDNA encoding
EFTu can be seen in Figure 22. Results for the membrane probed initiaily with p-
dATP-labeled 760 bp desaturase is shown in Figure 23, and results for the membrane
probed with both**P-dATP .]abel.ed 760 bp 16:0-ACP desaturase RT-PCR prbduct and the
2P_dATP-labeled EFTu RT-PCR product are shown in Figure 24. The 760 bp cDNA
from cat’s claw encoding 16:0-ACP desaturase appears (o be within the B. napus genome
in the C;-41-6 and C,-41-11 (Figure 23). These samples, along with samples C;-31A-1
and C;-31A-10, have the cDNA encoding EFTu at 330 bp (Figure 24). While the bands
corresponding to the cDNA encoding EFTu in C;-31A-1 and C2-31A-10 and C;-41-6 are
about the same intensity, sample C;-41-11 has a slightly 'iighter 330 bp EFTu band.

Thus, there was an increase in the amount of transcription of the cDNA encoding cat’s
claw 16:0-ACP desaturase in sample C;-41-11 when compared to C;-41-6. This was due
to a greater amount of the RNA used in the initial RT portion of the experiment, and can
be seen in the more intense band correspending to the cDNA encoding EFTu (330 bp) in
C;3-41-6 compared 10 C;-41-11. Assuming that these results were representative of the
entire population of plants grown, one would expect an increase in the transcription of the
cDNA encoding cat’s claw 16:0-ACP desaturase in the C,-41 transformed line compared
to the C»-31A line. While the CDNA encoding EFTu (330 bp) was present in C;-31A-1,
C;-31A-10, C2-41-6 and C;-41-11, there was no band present in Westar 3 and Westar 6.
One would expect to see a band for the ¢cDNA encoding EFTu in each Westar 3 and 6, as

the EFTu should be found in transformed and non-transformed plants alike. The cDNA
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760 bp

330 bp

Figure 22. Ethidium bromide staining of the resolved RT-PCR products from the amplification the 760 bp in the cDNA
encoding cat’s claw 16:0-ACP desaturase and the 330 bp nucleic acid sequence for EFTu in order to be used for radioiabeled
probes. The cat’s claw 16:0-ACP desaturase probe was designed using primers to amplify a 760 bp, a partial sequence, within the
cDNA encoding cat’s claw 16:0-ACP desaturase sequence and is present on the left hand side of the gel. The 330 bp probe was made
using the EFTu nucleic acid primers to amplifying EFTu ¢cDNA. The PCR product of 2 Westar control plant and can be seen on the

right side of the gel, and the DNA nucleic acid markers on the far left is the 100 bp ladder.
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Figure 23. Southern blotting of the RT-PCR products from the amplification of the
760 bp cDNA encoding cat’s claw 16:0-ACP desaturase and the 330bp EFTu using
2P.dATP labelled 760 bp cDNA encoding the cat’s claw desaturase. Contents of
lanes: 1) negative contro! contaning no template, 2) positive control for the 760 bp cats
claw desaturase gene, 3) C;-31A-1, 4) C;-31A-10, 5) C;-41-1, 6) C,-41-6, 7) C,-41-10, 8)
C,-41-11, 9) Westar 3, 10) Westar 6 and 11) 2.5 ug 100 bp ladder. All B. napus samples
started with 60ng of RNA 1in the RT reaction mixture, with 4uL of RT product was used

for PCR, and 45uL. of the total 55 ul. sample loaded (50ul. RT-PCR product and 5 uL of

6x loading dye) on the agarose gel.
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Figure 24. Southern blotting of the RT-PCR products from the amplification of the
760 bp cat’s claw 16:0-ACP desaturase and 330 bp from the EFTu using radio -
labeled **P-dATPs including both the cDNA enceding 760 bp cat’s claw 16:0-ACP
desaturase partial sequence and the 330 bp nucleic acid sequence from EFTu.
Contents of lanes: lane 1) negative control containing no template, 2) positive control for
the 760 bp cats claw desaturase gene, 3) C;-31A-1, 4) C,-31A-10, 5) C;-41-1, 6) C;-41-6,
7) C5-41-10, 8) C;-41-11, 9) Westar 3, 10) Westar 6 and 11) 2.5 pg 100 bp ladder. All B.
napus samples started with 60 ng of RNA in the RT reaction mixture, with 4uL. of RT
product used for PCR, and 45uL. of the total 55 ulL. sample loaded (50ul. RT-PCR product

and 5 uL of 6x loading dye) on the agarose gel.
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probe encoding EFTu was made by the PCR amplification of untransformed Westar
plants and should havé the same sequence as the Westar plants. The lack of a band in
both Westar plants indicates the RNA used may not haVe.been equivalent in each sample
or the RNA was degraded.

While these results are an indication that the introduced cDNA was being
transcribed, it cannot be .assumed that “*16:0-ACP cat’s claw desaturase protein was
being synthesized. Polyclonal antibodies were raised against a stretch of amino acid
sequence in the signal peptide to “°16:0-ACP cat’s claw desaturase that was different
from the amino acid sequences of the 918:0-ACP from B. napus. The antibodies,
however, were not sufficiently specific to assess 16:0-ACP desaturase synthesis in

developing seeds from transgenic plants.

4.2.5. The Effects on the FA Profile of Neutral Lipids in B. napus Transformed
with the cDNA Encoding Cat’s Claw 16:0-ACP Desaturase and Grown in
Summer 2001
The neutral lipids from the B. napus grown in the summer 2001 were extracted

using PE extraction and the NaMeth methylation of FAs (Table 9 in Appendix and Figure

25). Other extraction and methylations methods were tried and results for these methods

are shown in Tables 12-15 (in Appendix) and Figures 36 -39 (in Appendix). There were

significant increases in the SFA content of both transformed lines grown, which resulted
from an increase in almost all the SFAs present. The increase in the amount of SFA may
have been a consequence of high greenhouse temperatures during the summer growing

season. While the exact temperatures are not known, often the temperature was around
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Figure 25. FA composition of secd total acyl lipids from B. napus transformed with a cDNA encoding cat’s claw 16:0-ACP

desaturase using the PE-extracted lipid and NaMeth derivitized FAs- summer 2001 plants. The two transformed lines C2-31A

(r=7) and C;-41 (n=10) were compared to Westar (#=12) using ANOVA testing and all significant differences are indicated with a *.
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37°C. Although there was an increase in the amount of SF As, there were also other
changes in the FA profile. These included a significant decrease in the 16:0 content of
the C;-31A trans'fonn.ed line, an increase in the amount of 4%16:1 and the elongation
product *"'18:1. As well the *°16:1/1 6:0 ratio increased significantly for both
transformed lines compa_red to the control, see Figure 26 for comparison of the ratios.
There were also many other significant changes in the FA profile compared to the
control, see Figure 25, for these changes.

In summary, although there was an increase in the amount of SFA, the 16:0-ACP
desaturasc appeared to be functioning within the transformed B. napus. The larger
#%16:1/16:0 ratio for the Cp-41 line compared to the C,-31A line suggests that the cat’s

claw desaturase was more active within the C;-41 transformed line.

4.2.6. The Effects on the FA Profile of Neutral Lipids in B. napus Transformed

with Cat’s Claw 16:0-ACP Desaturase and Grown in Fall 2001

The FA profile from the plants grown in the fall of 2001 can be seen in Table 10
{in Appendix) and Figure 27. Here, there were no significant changes in the amount of
SFA present in the transformed lines compared to the untransformed Westar control.
There were, however, significant increases in the amount of **16:1 and the elongation
product *'18:1, as was the case in the B. naﬁus grown in summer. There was also a
significant decrease in the amount of 16:0 present in the C2-41 line. These changes
indicated that the cat’s claw ..16:_0-ACP desaturase waé éctive within B. napus. There
were also other significant changes within the FA profile, including decreases in the

amount “*18:1 and other FAs (Fi gure 27). While there was no change in the SFA
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Figure 26. 16:1/16:0 ratio of seed oil from B. napus transformed with a cDNA encoding cat’s claw 16:0-ACP desaturase -

summer 2001 plants. Total lipids were extracted using PE extraction and NaMeth methlylation. Plants included C;-321A (n=7), C-41

(JT:IO), and Westar (#=12). ANOVA testing was performed and all significant differences are shown with a *.
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Figure 27. The FA composition (mole%) of B. napus iransfermed with a cDNA encoding cat’s claw 16:0-ACP desaturase-fall
2001 plaats. The total lipids were extracted with PE and methylated with NaMeth. The transformed lines C;-31A (#=12) and C3-41
(n=1.5) were compared to the untransformed control, Westar (7=15) using ANOVA testing and all significant differences are shown

with *.
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content, there were significant increases in the “?16:1/16:0 ratios for both transformed
plant lines compared to the control (Figure 28). Again, the higher °16:1/16:0 ratio can
be seen in the C;-41 line suggesting that there was a greater amount of *916:0-ACP
desaturase activity in this transformed line compared to the C;-31A line.

In summary, the insertion of the cDNA encoding cat’s claw 16:0-ACP desaturase
caused many changes within B. napus, including significant increases in the mole% of
916:1 and its elongated product *''18:1. While the insertion of the cDNA encoding cat’s
claw 16:0-ACP desaturase did increase the expected FAs, it did not cause an overall
change in the total amount of SFA content in the transformed lines. This may be
explained due to the reduced selectivity of endogenous ATs towards the *16:1.

Chung Suh et al. (2002} investigated the effects of the introduction of three
different acyl-ACP desaturases into A. thaliana on the FA profile of the sced. The
desaturases were all expressed using seed specific napin promoters and included a cDNA
encoding 216:0-ACP desaturase product from coriander, a 4%16:0-ACP desaturase from
7. alata and a **14:0-ACP desaturase from geranivm. In the plants expressing the 4416:0-
ACP coriander desaturase, the sced’s oil contained “*16:1 and “°18:1 ranging from 0.5 —
1% of the seeds FA, while in 7. alata there was no “*16:1 detected, but the elongation
products “*18:1 and **°20:1 were produced at a combined level of about 4%. Similar
results were found in the casc of the 4. thaliana that contained a *°14:0-ACP desaturase,
as there was no *°14:1 detected the elongation products *''16:1, 41418:1 and *'°20:1 were
present. These FAs ranged from trace amounts to 13%, with most lines containing nearly

7%. These results showed that the products of these three different unusual acyl-ACP

desaturases remain a minor component in the seed oil. To investigate whether the
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monoenc production was limited by low desaturase expression, the levels of the 416:0-
ACP desaturase and **16:0-ACP desalurase in transgenic plants were estimated by
Western blotting and compared to the endogenous 918:0-ACP desaturase. The levels of
both were at least equal to that of the endogenous “°18:0-ACP desaturase and in some
cases even higher. This result clearly showed that the accumulation of the unusual FAs
did not correlate with the desaturase expression. Also, loss of unusual FAs due to B—
oxidation was eliminated as a possibility for limited production of the unusual FAs
because the acyl-CoA oxidase activity did not increase. Lack of subsirate was also
eliminated using fab! mutants. The fab! mutants have an abundance of 16:0 substrate
because fabl controls the elongation of 16:0 to 18:0. Here the fab! mutants were also
transformed with “*16:0-ACP desaturase and *°16:0-ACP desaturase and the FA profile
of the transformed plants were investigated. The WT contained < 1% of **16:1 and
5618:1, while the fab1 mutant had nearly 3%. The ratio of the “*16:1/°°18:1 (2:1) were
similar in both, leading to the conclusion that the increase in the monoenes relative to the
WT was not increased. The investigation also reported low activity for the unusual acyl-
ACP desaturases in transgenic lines *°16:0 and “°14:0 compared to the endogenous
2918:0-ACP desaturase activity, and were thought to be due to the proper forms of ACP
and Fd needed for optimal enzyme activity. The investigators also eliminated lack of
proper ATs. Lastly, théy determined the incorporation of [H°] %%18:1 and [C"*] 2°18:1
uptake into the TAG. This seems rather presumptive considering that 18:1 is a major FA
in A. thaliana and therefore may include “°18:1 simply due to its chain length and not the
exact position of the double bond. While all of these suggestions are ideas to the

limitation of unusual FA present in the oil of transformed plants, there is evidence that
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the ATs selectivity is responsible for limited amounts of 4916:1 and #''18:1. This aspect

will be discussed further in section 4.2.9.

4.2.7. Seeds Oil Content Determination by LR-NMR of B. napus Transformed with

a ¢cDNA Encoding Cat’s Claw 16:0-ACP Desaturaée - Fall 2001 Plants

If the FA composition of an oil seed is altered through genetic engineering, it is |
also important that oil vield is not affected in order to justify the_value of the
transformation. To determine the percentage of oil present in B napus transformed with
the cDNA encoding cat’s claw 16:0-ACP desatﬁrase compared to control Westar LR-
NMR was used (Figure 29). Results showed a signifiéant decreas¢ in the amount of oil
present in the C,-31A transformed line, whereas there was a slight increase in the amount
of oil in the C;-41 line. The reduction in oil content of line C,-31A may be due to the
stress placed on the plant because of the trans.formation process, or the random insertion
of the cDNA encoding cat’s claw 16:0-ACP desaturase into the genome may have

disrupted a gene associated with oil formation.

4.2.8. Comparison of the FA Composition of Seed Oil from the B. napus Grown in
the Summer and Fall of 2001
The differences within the FA profiles from the B. agpus grown in the summer
and the fall 2001 were compared using ANOVA testing. The differences in the profiles
can give insight on the effect of increased temperature on the transformed plants. As
stated earlier, the exact temperature was not recorded for the B. napus grown in the

summer, but the temperature was often as high as 37°C, whereas the B. napus grown in
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Figure 29. The average % oil (w/w) in B. napus transformed with a ¢DNA encoding cat’s claw 16:0-ACP desaturase using LR-
NMR-fall 2001 plants. The transformed lines C;-31A (#=12) and C;-41 (#=14) are compared to untransformed Westar control

(7=13) using ANOVA, and all significant differences are shown with *.



the fall had the average temperature high of 31.34 + 4.30°C and the average temperature
tow of 15.35 £ 3.28°C. Comparison of the plant lines grown in the summer to those
.groWn in the fall showed si gnific.ant differences in the FA profiles (Table 11 in Appendix
and Figure 30).

B. napus grown in the summer had a much higher SFA content in the transgenic
plant lines than the untransformed Westar control (Figure 31), and was probably a result
of the unstable and newly transformed plant lines. The SFAs following this trend
included 20:0 and 24:0, while ali plant lines had significant increases in 18:0.

When investigating the effect of the fransformation with a cDNA encoding cat’s
claw 16:0-ACP desaturase on the plant lines grown in the summer and the fall, striking
differences were seen. While all plant }ines had reduced amounts of 16:0 in the summer
compared to the fall, the amount of 2916:1 (for Cy-41 only) and A118:1 were much higher
in the transformed lines, suggesting that the desaturase activity was also higher at the
warmer growing temperatures. Both increases in SFA and increase in desaturase at
warmer temperatures may be a result of stress on the newly transformed plants. The
5916:1/16:0 ratios were compared between growing seasons and the only significant
difference arose in the plant line C;-41 (Figure 32). As demonstrated earlier in the thesis,
there were more cat’s claw desaturase ¢cDNA inserts in C;-41 compared to C>-31A, and
while there seemed to be more desaturation of 16:0 in this plant line, this plant line was
also the most affected by elevated temperature. There was significantly more »18:1
present at the higher temperatures in C2-31A and the Westar control, whereas therc was

less of this FA at the warmer temperature in Cz-41. Other changes included reductions
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Figure 30. Comparison of FAs in B. napus transformed with a ¢DNA encoding the cat’s claw 16:0-ACP desaturase- summer
“and fall 2001 plants. ANOVA testing was performed comparing the transformed line C2-31A grown in summer (#=7), and C2-31A
grown in fall (»=12) this was also performed between C;-41 grown in summer (#=10), and C;-41 grown in fall (#=15), and Westar

grown in summer (17=12) and in Westar grown in fall (»=15) and all significant differences are shown with a *.
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Figure 31, Comparison of SFA (mole%) in control and B. napus transformed with a ¢DNA encoding cat’s claw 16:0-ACP
desaturase-summer and fall 2001 plants. Plants were grown under different temperatures and due to poor ventilation in the
summer, the temperature in the greenhouse often reached 37°C. In the fall, the average high was 31.34 + 4.30°C and the average low
was 15.35 +3.28°C. The plants lines compared using ANOV A testing and included Cz-31A Summer (#=7) and C;-31A Fall (n=12),
C2-41 Summer (#=10) and C,-41 Fall (#=15) and lastly Westar Summer (n=12) and Westar Fall (»=15). All significant differences

are shown with a *,
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Figure 32. Comparison of 4%16:1/16:0 ratio of seed oil from B. napus transformed with a cDNA encoding cat’s claw 16:0-ACP
desaturase and control B. napus - summer and fail 2001 plants. The samples were compared using ANOVA testing and included
C,-31A grown in the summer (#=7) to C3-31A grown in the fall (n=12), also C;-41 grown in the summer (7=10) to C>-41 grown in the

fal! (n=15), and lastly, Westar grown in the summer (7=12}, to Westar grown in the fall (»=15), all significant differences are

indicated with a *.

115



of 2*1218:2 and significant reductions in the amount of **'>'%18:3 present in all plant

lines grown in the summer.
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4.2.9. Analysis of the ACY]-IC(JA_ pool of Developing B. napus Seed Transformed
with ¢DNA Encoding Cat’s Claw 16:0-ACP Desaturase

The FA composition of the acyl-Cc-)A pool in the transgenic plant line transformed
with ¢cDNA encoding cat’s claw 16:0-ACP was determined to assess whether endogenous
AT sélectivity limited the incorporation of certain FAs into TAG. Cat’s claw seeds are
known to contained nearly 80% *°16:1 and **18:1 in the seed oil and therefore, probably
have the proper enzyme requirements for these FAs to be incorporated to TAG (Cahoon
et al. 1998). The current acyl-CoA pool study showed that at 4 weeks PA there was
much less SFA present in the acyl—.CoA pool than that of the untransformed Westar
(Figure 33). This increase in SFA of the untransformed Westar was a result of the very
high amount of 18:0 present in the acyl-CoA pool, and may be explained based on the
deve?opmental profile of 4918:0-ACP desaturase mRNA. Slocombe et al. {1992, 1994)
reported that that mRNA was just detectable at 25 DPA, peaking at 45 DPA and

_ déciining théreafter. No statistical analysis were performed on our data because there
was very limited sample for the untransformed Westar control, where the seeds were
pooled and n#=1. Also, the GL.C detection method used here was not as sensitive as a
fluorescence based method (Larson & Graham 2001). Here, the seeds from each
transformed plant line were also pooled, but in this case n=3 for each.

Other trends in the acyl-CoA pool included an increase in all other USFAs
detected in the transformed lines compared to the untransformed Westar control. Two of
these included the *“16:1 and *''18:1 which were present only in the transformed plant
lines, and not in the Westar control. Also, in the transformed plant lines, there was a

much reduced proportion of 16:0 present. There were large differences in the *°16:1/16:0
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Figure 33. The FA composition (mole%) of the acyl-CoA pool in four week PA transformed B. napus containing a cDNA
encoding cat’s claw 16:0-ACP desaturase. The acyl-CoA pool was extracted from pooled four week PA developing seeds of 5.
napus, methylated, and run on a GLC. The lines include transformed lines C2-31A (r#=3), C;-41 (#=3), and the untransformed Westar

(n=1).



ratios in both C;-31A and C;-41 present in the acyl-CoA pool study 4 weeks post

- anthesis and the FA present in the mature seeds (Figure 34). The 2916:1/16:0 ratios were
almost 25 and 30 times higher in the acyl-CoA pool 4 weeks post anthesis than in the
total acy! lipids of mature transformed lines C,-31A and Cp-41, respectively. There was
no 16:0 present in the Westar control of the acyl-CoA pool. Therefore, this ratio could
not be calculated. The high ratio of the 8916:1/16:0 in the acyl-CoA pool compared to the
mature FA in the total lipids sugge.sted that AT selectivity problem limited the
incorporation .of 21 6:1. into TAG.. This is also seen when comparing the major acyl-CoA
pool FAs to that of the mature FAs in the total lipids (Figure 35). Again this indicates
that the f)iant limits the amount of both “°16:1 and “''18:1, as there were much higher
amounts of these FAs present in the: acyl-CoA fraction than there is in the FAs of the
mature seeds. The FAs 16:0, 18:0 and 2”18:1 were all present in the WT B. napus and
there were almost no differences in the amounts of these FAs in the total acyl lipid of
seed from the transformed and non-trans{ormed plants, while there were greater
differences in the amount of these FAs in the acyl-CoA pool.

A very recent study supports our observations and prediction that AT selectivity may
limit achieving the desired FA composition in transgenic lines. Larson et al. (2002)
cransformed B. napus in an atteropt to change the FA profile with many transgenes. A
medium chain TE and KAS transgenes from Cuphea hookeriana were transformed into
B. napus in an attempt to produce seed oil with medium and high 8:0 and 10:0 content, as
C. hookeriana contains up to 50% 8:0 and 25% 10:0 in it’s 0il. The groups also made
transformation to over produced 12:0 by transforming B. napus with California Bay TE.

another FA not found in the FA profile of B. napus. Lastly, 18:0, an endogenous FA to
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Figure 34. Comparison of **16:1/16:0 ratio in the acyl-CoA pool of four week PA and mature total lipids from B. napus

containing a cDNA encoding cat’s claw 16:0-ACP desaturase.
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Figure 35. Comparison of the major FAs (mole%) in the acyl-CoA pool of developing and total lipids of mature B. napus
transformed with a ¢cDNA encoding cat’s claw 16:0-ACP desaturase. Acyl-CoAs were extracted from pooled samples of four
week-PA developing B. napus. The acyl-CoA samples included Westar (n=1), C2-31A (1=3), Cz-41(n=3), whereas the mature seeds

total lipids included Westar (#=15), C3-31A {#=12), C;-41 (n=15).
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B. napus, was over expressed and a nuil control line was produced. The results of the
transformations showed that the activity of marker enzymes for 3-oxidation or the
glyoxylate cycle did not incfeaée above background, and therefore, degradation of FAs
were eliminated as a reason for .the limitation of unusual FAs in TAG. The group did
find that the acyl-CoA and lipid FA profiies were very different. In medium and hi gh
expressing lines, the 10:0-CoA and FA pmfile; were markedly different by 40 DPA
compared to the nuli and WT 1iﬁ'es.' Theré was 47 mole% of 10:0-CoA and only 22
mole% of 10:0 FA in the high 8:0/10:0 line at 40 DPA. Altered profiles were also

| observed for 12:0 and errproducihg 18:0 lines. Here, there was 61 mole% of 12:0-CoA
and 55 mole% FA by 40 DPA, and 8.2 moie% 18:0-CoA and 20 mole% 18:0 FA. These
numbers revealed that the acyl—CoA content does not necessarily correlate to the FA%.
Also, due to highly sensitive techniques, the group measured the total acyl-CoA and lipid
FA pool sizes, on a fresh weight basis, Here they found that in both the 8:0/10:0 and the
12:6 lines., the total acyl-CoA pool was significantly higher than the pool size of the WT
seeds, whereas in the overproducing 18:0 line there was a significantly lower pool size
‘than that of the WT. In contrast, while the acyl-CoA pools of the 8:0/10:0 and 12:0

| producing lines were elevated, the total iiﬁid FA pool size was significantly decreased
from the WT line by 40 DPA, while in the overproducing 18:0 line there was no
difference in the FA content between the transgenic and the WT lines. These resuits
suggested that there were higher amounts of medium chain CoAs in the cytosol, or the
medium chain FAs compromised the overall lipid accumulation process. This was

explained based on a lack of AT activity towards the unusual acyl-CoA produced.
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Clearly, just because a plant has the ability to produce a FA, that FA may not always

appear with_in the oil and AT limitations may be the underlying cause.
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5.0 Summary anp Future DirecTIONS

The rﬁain purpose of this thesis was to determine if the SFA content of B. napus
sced oil could be reduced by transforming the oilseed crop with a cDNA encoding cat’s
claw 16:0-ACP desaturase. Some experiments were élso conducted with A. thaliana, the
model Crucifer. Lipid analyses were conducted with seed and leaf tissue from 4. .
thaliana transformed with the intention of ubiquitously expressing the cat’s claw
desaturase. Transformations with B. napus were aimed at seed-specific expression of the
enzyme. Mature seed from B. napus transformants were analyzed for cDNA inserts, cat’s
claw desaturase transcript zind seed lipid FA composition. As well, developing B. napus
seeds were analyzed for the FA composition of the acyl-CoA pool. In 4. thaliana,

transformed plants were identified that had seed lipid “’16:1/16:0 ratios that were
significaﬁtly higher than the untransformed control. Only one transformed plant line, 16-
1, had an increase in “?16:1/16:0 in the leaf total lipids. In all fractions tested, the
elong.ated product of 2°16:1, #1*18:1, had increased significantly in the transformants.
These increases in **16:1 and ‘M_l 18:1 suggested that the cat’s claw 16:0-ACP desaturase
was functionally expressed in A. thaliana. For B. napus, the results of all the gene
- identification tests showed that the transformed plants contained at least 2 copies of the
cDNA encoding cat’s claw 16:0-ACP desaturase. The level of transcript, encoding the
cat’s claw desaturase, was greater in B. napus transformants C,-41-6 and C,-41-11,
compared to C3-31A-1 and C;-31A-10. In both summer and fall, two greenhouse trials
on two promising lines indicated that there were increased amounts of °16:1 and the
elongation product, “''18:1, produced in the seed oil. The increase in °16:1 and

decreases in 16:0 in the C»-31A in the summer and Cs-41 in the fall caused 2916:1/16:0
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ratios to be increased significantly for both transformed lines compared to the control in
both summer and fall. In both cases, the C,-41 line had a larger “°16:1/16:0 ratio than the
C2-31A line suggesting that the cat's claw desaturase was more active within the C,-41
transformant. A number of other changes in FA composition of seed oil were observed.
The seed oil from B. napus grown in the first g.r'eenhouse trial, during the summer,
showed asi gnificantly increased SFA content for both transformants compared to the
control, and involved increases in almost all SFAs present. In contrast, seed oil from B.
napus grown in the greeﬁhouse in the fall had no significant changes in the amount of
SFA present in the seed oil of the transformants compared to the untransformed control.
The greenhouse temperatures in the summer trial were constderably greater than for fall
trial suggesting that the transformants exhibiting an increase in SFA in response to higher
lemperatures than control plants. The investigation of the acyl-CoA pool of developing
seeds of B. napus transformants revealed increases in all USFAs when compared to the
untransformed control. Two of these FAs included **16:1 and “!'18:1, which probably
represented the product of the catalytic action of 16:0-ACP desaturase and the elongation
product, respectively. Also, the transformants displayed a reduced mole% of 16:0. The
£916:1/16:0 ratios of the acyl-CoA pools of developing seeds (4 weeks post anthesis) of
transformants C;-31A and C;-41 were about 25 and 30 times higher, respectively, than
for the mature seeds of the two lines. This observation indicated that AT acyl-CoA
selectivity might have placed limits on the incorporation of 16:1 into seed TAG because
there appears to be more 16:1 avaliable as CoA then there is 16:1 present in TAG.
Further insight into the relationship between the FA composition of the acyl-CoA

pool of developing seeds and the FA composition of TAG from mature seed of B. napus
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transformants will come from analyses of the acyl-CoA pool at different stages of seed
development. Substantial decreases in SFA content of B. napus transformed with the
cDNA eﬁcoding cat’s claw 16:0-ACP desaturase may only be r_ealiged if the
traﬂsform_ants developed in this_ study are crossed with transformanis containing AT
activity with an enhanced selectivity for “°16:1, Studies on the positional distribution of
FAs on TAG and selectivity properties of the ATs involved in synthesizing TAG, with
respect to utilizing *’16:1-CoA and acceptor substrates containing “*16:1 moieties,
shoutd reveal the enzymes that need to be modified. It would also be interesting to
further investigate *’16:1 production in thé leaf lipids of A. thaliana transformed to
ubiquitously express the cat’s claw desaturase. A fow temperature challenge of these
transformants may incrcase the production of *’16:1 in the leaves and lead to the
additional benefit of increased membrane fluidity in the leaves at lower temperatures.
The investigation should be coupled with the analysis of the PG fraction. In the long
term, it may be possible to develop a genetically engineered line of canola with enhanced

chilling tolerance and decreased content of USFAs in the seed oil.
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Table 1. FA composition (mole%) of seed total acyl lipid from A. thaliana transformed with a cDNA encoding cat’s claw 16:0-

ACP desaturase. The total acyl lipids were extracted using HIP extraction, followed by methylation with methanolic-HCl and
FAMES were run on a GLC as described in MATERIALS AND METHODS. ANOVA tests were performed 'comparing the
_ transformed lines, 16-1, 26-1, and 27-1 to the untransformed WS control. All significant P-values (p<0.07) are in bold. For all

transformed lines and control 7=5,

14:0 16:0 161 18:0 18:1 18:1  18:2 1853 18:3A4 20:0 2001 20:2  20:3A4  22:0 221 24:0
A% A3 A1 A8,12 A6,9,12 $,12,15 A1 AM1,14 11,4417 A13

SFA

16-1 TL Avg 0.03 591 1.37 000 1240 748 2478 048 1472 413 1508 1.47 031 036 137 012
164 TLS.E. 0.03 002 001 015 005 007 010 002 011 006 007 0.01 go0 001 001 000

20.56
0.21

P>F16-1TL 035 0.00 000 000 ©0.00 000 000 035 0.03 0.00 000 000 000 000 0.00 000

0.00

26-1 TLAvg 0.03 855 1.33 899 1287 617 2526 057 1390 334 1532 1.40 0.37 032 137 021
26-f TLS.E. 003 139 0417 088 107 016 068 007 030 008 041 004 008 001 001 010

21.44
2.3

P>F25-4TL 035 047 (00 006 001 000 001 035 025 0.00 0.00 0.01 0,33  0.00 0.00 0.30

0.12

271 TLAvg 0.03 7.16 122 919 1297 536 2563 048 1491 414 1530 148 031 . 035. 136 012
271TLS.E. 003 010 002 024 019 134 031 004 022 011 020 002 001 -0.01 002 0.01

2099

0.41

P>F27-1TL 035 001 0600 000 000 002 000 020 004 000 000 005 002 000 0.60 0.01

8.00

WS TLAvg 000 749 026 7.07 1684 152 2756 051 1430 255 1821 155 028 025 150 0.0
WSTLSE. 000 003 000 007 007 001t 004 002 010 002 005 0.0 600 000 0.01 . 000

17.47
0.08
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Table 2. FA composition (mole%) of seed TAG from A. thaiiana transformed with a ¢DNA encoding cat’s claw 16:0-ACP
desaturase. The TAG lipids were extracted from the seed total lipid via the HIP exiraction and separation of TAG using TLC in the
solvent system of hexane:diethy! ether:glacial acetic acid (80:20;1) (v/v/v) against the a 19:1TAG standard. The TAG portion was
methlyated using methanolicu-HCL and FAMES were run on a GLC as described in MATERIALS AND METHODS. The
transformed lines, 16-1, 26-1, and 27-1, were compared to the untransformed control WS. ANOV A tests were performed and all
significant P-values (p< 0.07) are in bold. For all transformed lines and controls #=5.

14:0 16:0 16:1 18:0 181 181 48:2 18:3 148:3A 20:0 20:1 20:2 20:3A 22:0 224 24:0 SFA
A% A9 A1 A912 A6,9,12 9,12,15 Al Adf,44 11,14,17 A13

161 TAGAvg 000 710 099 2103 1457 675 1848 183 587 506 1534 108 008 041 130 012 3372
16-1TAGS.E, 000 043 025 862 111 104 339 105 192 032 152 028 005 011 033 003 797

p >F 161 035 029 001 098 004 000 099 075 049 001 014 0N 0.41 064 022 004 0.9

26-1 TAGAvg 000 833 112 1114 1510 638 2349 083 974 416 1620 133 017 045 147 011 24.20
26-1TAGS.E. 000 006 003 118 083 010 1.09 017 140 021 026 006 004 002 004 003 143

p >F 26-1 043 000 026 004 000 025 025 0.02 097 D013 0.37 003 030 0.06 0.04 030

2T-1TAGAvg 000 7.08 082 2821 1581 511 1380 309 270 541 1498 083 000 051 1486 010 41.31
271 TAGS.E. 000 053 025 1087 257 129 364 174 080 058 258 022 000 014 037 008 064

p >F 271 - 031 003 058 028 002 041 074 043 002 023 061 035 033 046 030 048

WS TAG Avg. 0.00 789 015 2065 1947 132 1842 238 414 346 1892 103 003 034 176 0.02 3239
WSTAGSE. 000 054 006 778 1863 033 394 124 147 027 158 0.31 003 010 012 002 718
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Table 3. Comparison of the FA composition (mole%) in the seed total acyl lipids and TAG in 4. thaliana transformed with a

cDNA encoding a cat’s claw 16:0-ACP desaturase. ANOVA testing was performed and all significant P-values (p< 0.07) are in

beld. For all samples n=5.

14:0 16:0 16:1 18:0 181 18:1 18:2 18:3 18:3A 20:0 20:1 20:2 20:3A 22:0 221 24:0 SFA 161/

A9 A% AT A912 A6,9,12 81215 At A11,44 11,1447 A13 16:0

18-1 TL Avg. 0.03 8.91 1.37 9.00 1240 7.48 2478 1472 048 413 1508 1.47 0.31 036 137 012 2056 0.20
16-1TLSE. 003 002 001 015 005 007 010 01% 002 006 0.07 001 000 001 001 000 021 000
16-1 TAG Avg. 0.00 7.10 0.99 21.03 1457 675 1848 587 183 506 1534 108 0.08 041 130 012 3372 013
18-1 TAGSE. 0.00 043 025 862 191 104 339 192 105 032 152 028 0.05 011 033 0.03 757 003
P >F 0.35 067 017 020 009 051 010 00C 023 002 087 020 0.00 067 084 087 0.14 0.08
26-1 TLAvg. 0.03 855 1.33 8989 1287 617 2526 1390 057 334 1532 140 037 032 137 021 2144 0.6
26-1TLSE. 003 139 0147 088 107 016 068 030 007 008 041 004 008 001 001 0140 231 0.4
26-1 TAG Avg. 0.00 833 1.12 11.14 1510 636 2348 974 083 4.16 1620 133 0.17 045 147 011 2420 013
768-1 TAGS.E. 0.00 0.06 0.03 119 063 010 109 140 017 021 026 0.06 004 002 004 003 143 0.00
P >F 0.A5 088 026 018 011 033 021 04902 021 601 011 037 g.06 0.00 008 037 034 0.01
27-1 TLAvg. 003 718 122 919 12897 536 2563 1491 046 4.14 1530 149 031 035 1236 012 2099 0417
27-1 TLS.E. 0.03 010 002 024 018 1.34 031 0.22 004 011 020 002 0.1 P01 ©£02 001 041 000
27-1 TAG Avg. 0.00 7.08 0.82 2821 1591 511 13.80 270 3.09 541 1498 083 000 051 146 010 41.31 0.11
27-1 TAGSE. 0.00 053 0.25 1067 257 128 364 0980 174 058 259 022 000 014 037 006 964 0.03
P oF 035 088 015 041 029 080 001 000 017 006 0980 0.02 6ot 028 081 070 0.07 0.07
WS TL Avg. 0.00 748 026 7.07 16.84 152 2758 1430 051 255 1821 1.55 028 025 150 010 1747 0.03
WS TL S.E. 000 003 0.00 007 007 001 004 010 002 002 005 001 000 000 0.0t 000 008 0.00
WS TAG Avg. 0.00 7.89 015 2069 1947 1.32 1842 414 236 346 1892 1.03 003 034 176 002 32.3% 0.02
WSTAGSE. 000 054 006 778 163 033 394 147 124 027 159 031 003 010 012 002 7.18 001
P >F - p.48 015 012 048 057 005 000 017 801 067 013 0.60 041 007 0.01 0.07 005
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Table 4. The 16:1/16:0 ratio for A. thafiana transformed with a cDNA encoding a
cat’s claw 16:0-ACP desaturase. The three transformed lines include 16-1, 26-1, and
27-1, and were compared to the untransformed control, WS, using ANOVA analysis. All

significant P-values (p< 0.07) are shown in beld. For all transformed lines and the

controf n=>5,
Leaf Total Lipids Seed Total Lipids Seed TAG

16-1 Avg 0.03 0.20 0.13
16-1 S.E. 0.00 0.00 0.03
P sF 0.04 0.00 0.01
26-1 Avg. 0.01 0.16 0.13
26-1 S.E. 0.01 0.01 0.00
P>F : 0.92 0.00 0.00
27-1 Avg. 0.02 017 0.1
27-1 S.E. 0.01 _ 0.00 0.03
P»F 0.44 : 0.00 0.02
WS Avg. 0.01 - 0.03 0.02
WS S.E. 0.01 0.00 0.01
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Table 5. FA composition (mole%) of total acyl lipids from leaves of A. thaliana transformed with a cDNA encoding cat’s claw
16:0-ACP desaturase. The total acyl lipids were extracted using HIP extraction, followed by methylation with methanolic-HCl and
FAMES were run on a GLC as described in MATERIALS AND METHODS. ANOVA tests were performed comparing the
transformed lines, 16-1, 26-1, and 27-1 to the untransformed WS control. All significant P-values (p< 0.07) are in bold. For all

transformed lines and control #=5.

14:0 16:0 16:1 163> 180 1811 18:1 18:2 18:3 18:3a 2000 20:1 22:0 24:0 SFA

A9 AS A9 M1 A812 A6,8,12 912,15 A1
16-1 002 2081 059 838 115 473 355 1361 136 3305 083 000 O 081 3474
16-1S.E, 000 055 004 172 054 037 030 026 01N 116 0.03 000 003 002 0.95
p>F 033 024 005 094 004 003 000 000 039 051 0.00 - 004 007 035

26-1Avg. 0.02 21.04 029 1059 1224 658 280 1297 227 2000 075 000 0685 079 3550
26-18E. 000 068 012 082 104 137 020 026 077 128 002 000 002 003 092
p>F 027 048 096 007 008 0680 000 000 022 Q.06 0.01 - 017 019 O
271 Avg. 0.02 2022 04 883 1140 472 307 1413 190 3318 075 005 060 072 33.71
2718SE. 000 05 012 054 025 029 020 036 051 055 002 005 002 0.01 0.40
p>F 053 005 0.51 Q.70  0.01 003 000 003 023 025 0.01 035 064 050 099
WS Avg. 002 215 020 852 1015 750 095 1564 125 3214 064 000 058 074 3371
WSS.E 000 030 012 05 022 097 005 046 005 065 002 000 005 002 0.38
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Table 9. FA compesition (mole%) of seed total acyl lipid from B. napus containing a ¢DNA cat’s claw 16:0-ACP desaturase -

summer 2001 plants. The two transformed lines C-31A (#=7) and C;-41 (n=10) were compared to Westar (n=12), where the total

acyl lipids were extracted using the PE extraction, foillowed by methylation with NaMeth and FAMES were run on GLC as described

in MATERIALS AND METHODS. ANOVA testing was performed with significant P-values (p< 0.07) in bold.

14:0 16:0 16:1 18:0 18:1 18:1 18:2 18:3 20:0 20:1 22:0 24:0 SFA 16:1/18:0
A% A9 A1 A%12 A$,12,15 A1
C-31A Avg 0.07 4.45 0.48 3.23 62.94 5.99 15.11 4.98 D.97 1.11 0.43 0.27 .42 0.10
C~31AS.E.  0.00 0.07 0.01 0.18 0.75 0.26 0.38 0.12 0.04 0.02 0.01 0.01 0.23 6.00
p=F 0.53 0.06 0.060 0.00 0.00 6.00 0.01 0.02 0.00 0.43 0.00 0.00 6.00 ¢.00
C41A Avg. 0.09 4,65 0.62 4.14 56.12 8.52 17.60 5.67 1.05 0.98 0.41 0.25 10.49 0.14
C,-41 S.E. 0.00 0.21 0.05 0.24 1.81 0.70 0.71 0.30 0.05 0.03 0.02 0.04 0.51 0.01
p>F 0.62 0.23 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.60 0.01 0.02 0.00 0.00
Westar Avg. 0.12 4.31 0.19 2.65 67.32 2.25 16.20 4.62 0.76 1.10 0.28 0.19 8.32 0.04
Westar S.E. 0.06 0.03 0.02 0.08 0.36 0.21 0.21 0.07 0.02 0.01 0.03 0.02 0.10 0.00
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Table 10. FA composition (mole%) of total acyl lipids of seeds from B. napus containing cDNA encoding cat’s claw 16:0-ACP
desaturase- fail 2001 plants. The total acyl lipids from mature T, seeds were extracted via PE extraction, followed by methylated by
NaM, and FAMES were run on a GLC as described by MATERTALS AND METHODS. The transformed lines, C,-31A (#=12) and
C,-41 (n=15), were compared to the untransformed and control B. napus cv L. Westar (n=15). Statistical analysis was performed by
ANQVA testing and all significant P-values (p< 0.07) are in bold.

14:0 18:9 48:1 18:0 181 18:1 18:2 18:3 20:9 26:1 22:0 24:0 SFA 16:1/16:0
A9 A9 A1 A912 A91215 A1t

Cr-3MA Avg. 0.03 513 048 28 5670 563 1896 7.98 0.85 1.24 0.55 0.26 2.0 0.09
C,-HMASE. 0.0 0.10 0.02 0.10 1.00 0.24 0.64 0.24 0.03 0.02 0.02 0.01 .22 0.00

P>F 0.17 0.37 0.00 0.68 0.00 0.00 0.57 0.00 0.83 0.39 0.30 0.48 0.88 0.00

Cz-41 Avg. 0.06 4,71 0.49 214 5884 655 1796 664 0.75 1.15 0.47 0.23 8.37 0.10
C,-41 8.E. 0.04 0.10 0.02 0.10 0.89 0.30 0.51 0.15 0.05 0.02 0.02 0.01 0.26 0.00

P>F 0.89 0.04 0.00 0.46 0.02 0.00 0.48 0.56 0.12 0.00 8.03 0.1 0.11 0.00

Westar Avg. 0.05 5.01 501 224 8186 243 1847 6.76 0.85 1.26 0.53 0.28 8.99 0.03
Westar S.E. 0.01 0.09 0.08 0.09 0.98 0.21 0.57 0.21 0.03 0.02 0.01 0.01 0.19 0.00
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Table 11. Comparison of FA compeosition (mole%) of seed total lipids from B. napus transformed with ¢DNA encoding cat’s

claw 16:0-ACP desaturase- summer and fall 2001 plants. FAs were extracted using the PE extraction, followed by methyiation
with NaMeth and FAMES were run on a GLC as described in the MATERIALS AND METHODS. ANOVA testing was used and

significant P-values (p< 0.07) are in bold.

14:0 16:0 16:1 18:0 18:1 18:1 18:2 18:3 20:0 20:1 22:0 240 SFA 16:1/16:0
A% A9 At A812 A9,12,15 At
C.-31A 8 Avg. 0.07 4.45 0.46 323 6294 509 1511 4.98 0.97 1.1 043 027 9.42 0.10
C31A S8 S.E.  0.00 0.07 0.01 0.18 0.75 0.26 0.38 0.12 0.04 0.02 0.01 0.01 0.25 0.00
Co-31AF Avg. 0.03 5.13 0.48 219  56.70 563 18.86  7.98 0.85 . 1.24 055 026 a.01 0.09
C.-31AF S.E.  0.01 0.07 0.03 0.09 1.18 0.32 0.70 0.28 0.03 0.02 0.01 0.01 0.14 . 0.01
P>F 0.63 0.00 0.56 6.00 0.00 0.45 0.00 0.00 0.01 0.60 0.00 0.61 0.13 0.22
Cx41 SAvg.  0.08 4.55 0.62 414  56.12 852 1760 567 1.05 0.98 0.41 0.25 1049  0.14
C,-41 8 S.E. 0.00 0.21 0.05 0.24 1.81 0.70 0.71 0.30 0.05 0.03 0.02 0.01 0.51 0.01
C,41F Avg.  0.06 4.71 0.48 214 5884 655 1796 664 0.75 1.15 0.47 0.23 8.37 0.10
C-41 F S.E. 0.08 009"  0.03 011  0.84 0.40 0.0  0.10 0.08 0,02 0.02 0.01 0.28 0.01
P>F 073 0.45 0.02 0.00 0.14 0.02 0.87 0.00 .60 0.00 0.03 043 0.00 0.00
WS Avg. 0.12 4.31 019 - 265 6732 225 1620 482 0.76 1.10 0.28 0.19 8.32 0.04
WS S.E. 0.08 0.03 0.02 0.08 0.38 0.21 0.21 0.07 0.02 0.01 0.03 0.02 0.10 0.00
WF Avg. 0.05 5.01 0.24 224 B188 243 1847 6.76 0.85 1.28 0.53 0.28 8.97 0.05
WF S.E. 0.01 0.11 0.01 0.09 0.94 0.13 0.52 0.18 0.03 0.02 0.02 0.01 0.24 0.00
P>F 0.21 0.00 0.07 0.0D 0.00 0.43 0.00 0.00 0.01 0.00 0.00 .00 0.03 0.62
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Table 12. Differences in FA composition (mole%) in B. napus transfermed with ¢cDNA encoding cat’s claw 16:0-ACP
desaturase using the PE extraction or the HIP extraction followed by methylation with NaMeth-summer 2001 plants, Once
FAMES were obtained they were run on a GLC as described in MATERIALS AND METHODS, Samples included C,-31A (#7=7)
and Cz-41 (»=10) and Westar (n=12). ANOVA testing was performed with all significant P-values (p< 0.07) shown in beld.
Abbreviations in the table include P for the Pe, H for HIP and N for NaMeth.

14:0 16:0 6.1 18:0 18:1 18:1 18:2 18:3 20:0 20:1 22:0 24:0 SFA 16:1/16:0
A9 A9 A1 AS12 A91215 A1 _

C,-31A PN Avg. 0.07 445 0.46 3.23  62.94 599 15.11 498 0.97 1.11 0.43 0.27 9.42 0.10
C.-3APNS.E 000 0.07 0.01 0.18 0.75 0.26 0,38 012 0.04 0.02 0.01 0.01 0.25 0.00
Co-31A HN Avg. 0.08 4.37 0.46 3.06 §2.72 613 15.27 524 0.93 110 0.41 0.25 9.09 0.11
C,-31AHNS.E. 001 0.05 0.01 0.15 0.78 0.34 0.45 0.14 0.03 0.02 0.01 0.01 0.19 0.00
Pe=F 0.39 0.41 0.84 049 084 0.75 0.79 0.17 0.37 D.43 0.44 0.14 0.30 0.63
C:-41 PN Avg. 0.09 4.55 0.62 4.14 56,12 8.52 17.80 587 1.05 0.98 0.41 0.25 10.49 0.4
C,-41 PN S.E. 0.00 0.21 0.05 0.24 1.81 0.70 0.71 0.30 0.05 0.03 0.02 0.01 0.51 0.01
C.41 HN Avg.  0.16 4,38 0.62 4.07 56.11 8.88 17.80 5.32 1.04 0.98 0.41 0.22 10.29 0.14
C,-41 HN S.E. 0.08 0.15 0.05 0.27 1.68 0.71 0.58 0.28 0.06 0.03 0.02 f02. 050 0.04

P>F 041 052 09 08 100 072 083 040 084 093 09 027 079 065
WS PN Avg. 012 431 019 265 6732 225 1620 462 076 110 020 019 832 004
WS PN S.E. 006 003 002 008 036 021 021 007 002 001 003 002 010 000
WS HN Avg. 007 449 020 251 6720 242 1633 467 073 110 032 019 801  0.05
WS HN S.E. 001 003 000 007 025 005 018 008 001 001 001 000 007 000

P>E 0.35 0.01 077 0.22 0.94 0.43 0.64 0.69 022 0.82 0.37 0.78 0.02 0.51
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Table 13. Differences in FA composition (mole%) in B. napus transformed with <DNA encoding cat’s claw 16:0-ACP

desaturase using the PE extraction or the HIP exiraction followed by methylation with methanolic HCl-summer 2001 plants.

Once FAMES were obtained they were run on a GLC as described in MATERIALS AND METHODS. Samples included C2-31A

(n=T) and C;-41 (#=10) and Westar (#=12). ANOVA testing was performed with all significant P-values (p < 0.07) shown in bold.

Abbreviations in the table include P for the Pe, H for HIP and M for methanolic HCI.

14:0  16:0 161 18:0 181 181  18:2 183  20:0 204 22:0 24:0 SFA 16:116:0
A9 A% A1 A912 A9,12,15 AN
C,21APMAvg. 000 429 038 703 5968 640 1463 477 101 108 046 028 1306 0.09
C,-3APMSE 000 005 001 026 063 029 034 01t 004 002 001 001 032 000
CrMAHMAvg. 009 431 044 434 6150 630 1513 516 094 109 044 026 1038 010
C,3MAHMSE 000 006 001 016 075 027 042 014 003 002 001 001 022 000
P>F 0.00 073 002 000 009 079 037 004 021 083 043 034 000 0.04
C,41 PMAvg. 000 475 058 806 5236 905 1708 550 103 093 042 025 1451 0.2
C,41PMSE. 000 024 004 050 183 064 087 027 005 003 002 002 08  0.04
Cr41HMAvg. 000 438 057 883 5249 003 1708 500 104 092 041 023 1490  0.13
C,41HMS.E 000 016 005 035 187 072 055 025 008 002 002 001 057 0.0
P>F - 0235 094 023 096 088 099 019 082 088 090 046 070  0.53
WS PM Avg. 000 421 016 654 6384 263 1567 456 078 105 034 021 1200 004
WS PM S.E. 000 010 003 016 028 004 024 007 002 002 001 001 023 0.1
WS HM Avg. 002 417 011 648 6410 247 1584 447 075 105 034 020 1195  0.03
WS HM S.E. 001 003 003 043 039 003 018 008 001 001 001 001 043  0.0%
P>F 010 083 029 091 061 0060 057 048 013 0.8 033 012 079  0.33
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Table 14. Differences in FA composition (mole%) in B. napus transformed with cDNA encoding cat’s claw 16:0-ACP

desaturase using the PE extraction followed by methylation with either NaMeth or methanolic HCl-summer 2001 plants. Once

FAMES were obtained they were run on a GLC as described in MATERIALS AND METHODS. Samples included Cz-31A (#=7)

and Cp-41 (#=10) and Westar (n=12). ANOVA testing was performed with all significant P-values (p < 0.07) shown in bold.

Abbreviations in the table include P for the Pe, N for NaMeth or M for methanclic-HCI.

14:0 16:9 16:4 18:0 18:1 18:1 18:2 18:3 20:0 20:1 22:0 24:0 SFA 18:1/16:0
A9 A9 A1 A912 A812.15 Al1
C,-21A PN Avg. 0.07 4.45 ¢.46 323 6294 5,99 15,11 498 0.97 1.11 0.43 0.27 9.42 0.10
C,-31APNS.E. 0.00 0.07 0.01 0.18 0.75 0.26 0.38 0.12 0.04 0.02 0.01 0.01 025 0.00
C.-31A PM Avg. 0.00 4.29 0.38 7.03 5068 6.40 1463 477 1.01 1.08 0.46 0.28 13.08 0.09
C-3tAPMS.E. 000 0.05 0.01 0.26 0.63 0.29 0.34 0.11 0.04 0.02 0.01 0.01 0.32 0.00
Pk 0.00 0.09 0.00 0.00 0.01 0.30 0.37 0.22 0.48 D.18 0.20 0.91 0.00 0.02
Co-41 PN Avg. 0.09 4.55 0.62 4,14 5612 862 1780 567 1.05 0.98 0.41 0.25 10.49 0.14
C.-41 PN S.E. 0.00 (.21 0.05 0.24 1.81 0.70 0.71 0.30 0.05 0.03 0.02 0.01 0.51 0.01
C.-41 PM Avg. 0.00 475 0.58 8.06 5236 9,05 17.08 550 1.03 0.93 0.42 0.25 14.51 0.12
Co-41 PM S.E. 0.00 0.24 0.04 0.50 1.83 0.64 0.67 0.27 0.05 0.03 0.02 0.02 0.81 6.01
P>F 0.00 0.56 0.52 0.00 0.16 0.58 0.59 0.68 0.75 0.23 0.76 0.82 0.00 D.26
WS PN Avg. 012 4.31 0.19 265 6732 225 16.20 4.62 0.76 1.10 0.29 0.19 8.32 D.04
WS PN S.E. 0.06 0.03 0.02 0.08 0.36 0.21 0.21 0.07 0.02 0.01 0.03 0.02 0.10 0.00
WS PM Avg. 0.000  4.21 016 654 8384 283 1567 456 078 105 0.34 021 1209 0.04
WS PM S.E. 0.00 0.10 0.03 0.16 0.28 0.04 0.24 0.07 0.02 D.02 0.1 0.01 0.23 0.01
[ 0.07 0.32 0.29 0.00 0.00 0.11 0.10 0.53 0.32 £.03 0.10 0.25 0.00 0.05
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Table 15. Differences in FA composition (mole%) in B. napus transformed with ¢cDNA encoding cat’s claw 16:0-ACP
desaturase using the HIP extraction followed by methylation with either NaMeth or methanolic HCl-summer 2001 plants.
Once FAMES were obtained they were run on a GLC as described in MATERTIALS AND METHODS. -Samples included C;-31A
(n=7) and C5-41 (#=10) and Westar (#=12). ANOVA testing was performed with all significant P-values {p< 0.07) shown in beld.
Abbreviations in the table include H for the HIP, N for NaMeth or M for methanolic-HCL

14:0 18:0 16:1 18:0 18:1 18:1 18:2 18:3 20:0 20:1 22:0 24:0 8FA  186:1/16:0
A% A8 A1l A912 A812156 A1
C-31A HN Avg. 0.06 4.37 0.46 3.06 82.72 8.13 15.27 5.24 0.93 1.10 0.41 0.25 9.09 0.1
C,-3MAHNS.E. 0.01 0.05 0.01 0.158 0.76 0.34 0.45 0.14 0.03 0.02 0.01 0.01 0.19 0.00
C,-31A HM Avg. 0.09 4.31 0.44 4,34 61.50 6.30 15.13 516 0,94 1.09 0.44 0.28 10.38 0.10
C,-31AHMS.E. 000 0.06 0. 0.16 0.75 0.27 0.42 0.14 D.03 0.02 0.01 0.04 0.22 D.00
P>F 0.07 0.44 0.27 .00 0.28 0.70 0.82 0.68 0.71 0.70 017 0.47 0.00 0.48
C.-41 HN Avg. .16 4.38 0.62 4.07 56.11 8.88 17.80 5.32 1.04 0.98 0.41 0.22 10.29 0.14
C.-41 HN S.E. 0.08 0.15 0.05 0.27 1.68 0.71 0.58 0.28 0.06 0.03 0.02 0.02 0.50 0.04
Cz-41 HM Avg. 0.00 438 0.57 8.83 52.49 9.03 17.08 5.00 1.04 0.92 0.41 0.23 14.80 0.13
C,-41 HM S.E. 0.00 0.16 0.05 0.35 1.67 0.72 0.55 0.25 0.06 0.02 0.02 0.04 0.57 0.01

P>F 006 099 049 000 014 088 038 039 100 D013 085 060 0.00 039
WS HN Avg. 007 419 020 251 6729 242 1633 467 073 140 032 019 801 0.5
WS HN S.E. 001 003 000 007 025 005 018 008 001 001 001 000 007  0.00
WS HM Avg. 002 417 041 648 6410 247 1584 447 075 105 034 020 1195 0.3
WS HM S.E. 001 003 003 043 039 003 018 008 001 001 001 001 043  0.01

P>F 0.00 0.58 0.01 0.00 0.00 0.35 0.06 0.11 0.30 0.00 0.06 0.34 0.09 0.01
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Figure 36. Differences in FA composition (mole) of B. napus transformed with a cDNA encoding cat’s claw 16:0-ACP
desaturase using the PE or HIP extraction and NaMeth methylation-summer 2001 plants . Comparisons were made for B. napus
containing the cats claw desaturase gene plant line C;-31A Pe NaMeth (PN) (#=7) and Cz-31A HIP NaMeth (HN)(n=7), C,-41 PE
NaMeth (PN)(7=10) and C;-41 HIP NaMeth (HN) (#=10), and the untransformed Westar Pe NaMeth (PN} (#=12) and Westar HIP

NaMeth (HN) (7=12).
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Figure 37, Differeﬁces in FA composition (mole%) of B. napus transformed with a ¢<DNA encoding cat’s claw 16:0-ACP

desaturase using the PE or HIP extraction and methanolic-HCl methylation- summer 2001 plants. Comparisons were madé for
B. napus containing the cats claw desaturase gene plant line C;-31A PE M-HCI (PM) (#=7} and C»-31A M-HCI (HM){(r=T7}, C5-41 PE
M-HCI1 (PM) (#=10) and C»-41 HIP M-HCI (HM) (#=10), and the untransformed Westar PE M-HC! (PM) (#=12) and Westar HIP M-

HC1 (HM) (7=12).
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Figure 38. Differences in FA composition (mole%) of B. napus transformed with a cDNA encoding cat’s claw 16:0-ACP

desaturase using the PE extraction and either NaMeth or methanolic-HCl methylation- summer 2001 plants. Comparisons
were made for B. napus containing the cats claw desaturase gene plant line C;-31A PE NaMeth (PN) (n=7) and C;-31A PE M-HC!
(PM) (=7}, C2-41 PE NaMeth (PN) (#=10)and C;-41 PE M-HCI (PM) (»=10), and the untransformed Westar Pe NaMeth (PN) (n=12)

and Westar PE M-HC] (PM) ((n=12).
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Figure 39. Differences in FA composition (mole%) of B. napus transformed with a cBNA encoding cat’s claw 16;0-ACP

desaturase using the HIP extraction and NaMeth or methanolic-HCl methylation- summer 2001 plants. Compafisons were
made for B. napus containing the cats claw desaturase gene plant line C;-31A HIP NaMeth (HN) (#=7) and C»-31A HIP M-HCI
(n=7), C;-41 HIP NaMeth (HN) (»=10) and C,-41 HIP M-HCI (H.M) .(_n=10), and the untransformed Westar HIP NaMeth (HN) (r=12)

and Westar HIP M-HC! (HM) (=12).
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