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The aim of this project was to study the enzyme Glycerophosphocholine Acyltransferase (GPCAT) 

and try to find its physiological function. The biochemical reaction that the enzyme GPCAT 

catalyses is known, but its physiological function, e.g. why and when plants need the enzyme 

GPCAT, is unknown. To investigate the physiological function, Arabidopsis plants with (wild type) 

and without (knockout 19) the gene encoding for the enzyme GPCAT were cultivated and then 

exposed to abiotic stresses. The gene expression of six genes were studied by Q-RT-PCR and 

differences in gene expression was calculated by the Pfaffl method. The three genes that were 

associated with Sphingolipids (delta-9 acyl-lipid desaturase 2, very-long-chain 3-oxoacyl-CoA 

synthase and sphinganine C4-monooxygenase 1) showed higher gene expression in the knockout 19 

plants than the wild type in the cold treatments. This implies that the silencing of GPCAT gene 

influences the genes in sphingolipids synthesis in the cold treated plants. Therefore, GPCAT might 

be involved in the regulation of lipids, with focus on sphingolipids, in cold stress. 
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GPCAT Glycerophosphocholine Acyltransferase 

KO Knockout 19 

LPCAT Lysophospatidylcholine Acyltransferase 

PC Phosphatidylcholine 

WT Wild type 
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1.1. Membrane and lipids 

Around eukaryotic cells and organelles are plasma membranes that consist of lipids 

and proteins (Yu et al., 2021, Bowsher et al 2008). The plasma membrane forms 

boundaries between cells and organelles and can by the help of transport proteins 

control the flow of metabolites through the membrane. Therefore, organelles can 

have different inner environments to optimize specific reactions. Most membrane 

lipids consist of a glycerol head with attached fatty acid chains, also called acyl 

groups. The membrane lipids are arranged in two layers with their hydrophilic 

heads outward and their hydrophobic fatty acid chains towards each other. This 

membrane organisation is called bilayer or the fluid mosaic model. The glycerol 

head can be composed of different polar groups and the fatty acids can vary in 

length and be saturated or unsaturated. The major categories of lipids are 

glycolipids, sphingolipids, and sterols. 

As there are many varieties of lipids and its components they vary in characteristics. 

Galactolipids and phospholipids are the major lipid groups found in the membranes 

of plant cells. Phosphatidylcholine (PC), a member of the phospholipids, is the most 

abundant lipid in the membrane of non-photosynthesising organelles. 

Membranes constantly change as a response to environmental factors (Bowsher et 

al 2008, Stålberg et al., 2008, Liu et al., 2019). One of these factors are abiotic 

stress. For example, cold tolerant plans have shown to have more lipids with 

unsaturated fatty acid chains (Bowsher et al 2008). As unsaturated fatty acid chains 

have double bond this leads to more loosely packed lipids that can keep their 

fluidity in colder temperatures.  

 

1. Introduction  
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1.2. Enzymes and lipid assembly 

To facilitate the synthesis and renewal of lipids specific enzymes are used. Enzymes 

are proteins that catalyse biochemical reactions (Taiz et al, 2015). They are 

involved in almost all reactions and greatly increase the speed of the reaction 

without fundamentally changing themselves. Acyltransferase is a group of enzymes 

that transfers acyl groups (fatty acid chains). 

With the help of enzymes different lipids are assembled in various pathways. One 

of these pathways is the Kennedy pathway (Gibellini and Smith, 2010, Napier and 

Graham, 2010, Li-Beisson et al., 2013). In the Kennedy pathway triacylglycerol 

(TAG) is assembled through several steps. The first step in the Kennedy pathway 

is that an acyl group is attached to glycerol-3-phosphate (G3P) with the help of an 

acyltransferase called glycerol-3-phosphate acyltransferase (GPAT), resulting in 

the substrate lysophosphatidic acid (LPA). Then another acyltransferase (lyso-

phosphatidic acid acyltransferase, LPAAT) attaches the second acyl group resulting 

in phosphatidic acid (PA). The enzyme phosphatidic acid phosphatase (PAP) 

removes a phosphate group resulting in diacylglycerol (DAG). The last step in the 

Kennedy pathway is another addition of an acyl group by the enzyme diacylglycerol 

acyltransferase (DAGAT) forming TAG, typically stored in seeds. (Figure 1). 

Several other enzymes are also involved in the formation of TAG from DAG 

(Gibellini and Smith, 2010, Li-Beisson et al., 2013). The enzyme 

phosphatidylcholine diacylglycerol cholinetransferase (PDCT), rearrange the 

phosphatidic choline group and PC is formed (Figure 2). The enzyme PDCT can 

catalyse in both directions and 

transform PC to DAG. In this way acyl 

groups can be moved from DAG to PC 

and vice versa. The enzyme 

phospholipid diacylglycerol 

acyltransferase (PDAT) removes an 

acyl group from PC and add it to DAG 

thereby making TAG and 

lysophosphatidyl choline (LPC).  

Figure 1. In the Kennedy pathway oil triacylglycerol (TAG) is assembled through several steps. 

Two first enzymes (GPAT: glycerol-3-phosphate acyltransferase and LPAAT: lyso-phosphatidic 

acid acyltransferase), attached an acyl group to the substrate (G3P: glycerol-3-phosphate and 

LPA: lysophosphatidic acid). Phosphatidic acid phosphatase (PAP) removes a phosphate group, 

the substrate phosphatidic acid (PA) becomes diacylglycerol (DAG). Diacylglycerol 

acyltransferase (DAGAT) add an acyl group forming TAG. (Picture: Naiper JA. 2007. Annu Rev. 

Plant Biol. 58:295-319) 



9 

 

From the substate LPC, lysophospatidylcholine acyltransferase (LPCAT) removes 

the other acyl group making glycero-3-phosphocholine (GPC). GPC have no acyl 

groups attached. The enzyme glycerophosphocholine acyltransferase (GPCAT) 

transfers an acyl group to GPC forming LPC and the enzyme LPCAT then attaches 

the second acyl group and PC is reformed. This way the acyl groups of PC can be 

changed (Figure 2). 

Understanding how lipids and its acyl groups is assembled is an important part in 

oil crop production and breeding. Oil in plant seeds consist mainly of TAG and 

have a variety of uses e.g. human consumption, biodiesel, soap, and 

pharmaceuticals (Dyer et al., 2008). The fatty acid composition of the different 

plant oils is very important for its end-use and differs a lot between plant species. 

Therefore, it is very important to understand the factors that control the lipid 

assembly and the final TAG fatty acid composition. With the rising concerns for 

the environment and the impact of using fossil fuel, the demand for oil from 

renewable resources such as oilseed crops are increasing. 

1.3. Arabidopsis as a model plant 

Arabidopsis thaliana has long been used as a model plant in genetic research 

(Gepstein and Horwitz, 1995, Anon 2002). The model plant has a relatively small 

genome size therefore making it easy to map and edit genes. It is also fast growing 

and small in size and the whole genome is documented making it advantageous for 

research.  

Figure 2: PC recycling pathway. With the help of different enzymes, the acyl groups in PC can be 

exchanged. Abbreviations: TAG: Triacylglycerol, DAG: Diacylglycerol, PDCT: 

phosphatidylcholine diacylglycerol cholinetransferase (also abbreviated to PDCT) PC: 

phosphatidylcholine, PDAT: LPC: lysophosphatidylcholine, LPCAT: lysophospatidylcholine 

Acyltransferase: GPC: glycero-3-phosphocholine, GPCAT: glycerophosphocholine 

Acyltransferase, Acyl – CoA: acyl groups (fatty acids) bound to Coenzyme A. (Illustration: Ida 

Hallström) 



10 

 

1.4. GPCAT and gene selection 

GPCAT was first identified in yeast, and by using sequence homology the enzyme 

was later identified in Arabidopsis (Głąb et al., 2016). The biochemical reaction 

that GPCAT catalyses is known, but its physiological function, e.g. why and when 

plants need the enzyme GPCAT is unknown. A common way of studying genes 

with an unknown function is to silence them in a model organism. There are several 

ways to silence a gene, one way is to use CRISPR/Cas9 to induce a mutation in the 

gene, thereby making the encoded protein non-functional. In that way plants 

without the gene can be compared to wild type plants and the physiological function 

of the gene of interest might be elucidated. Moreover, the plants can be subjected 

to an array of stresses, such as different climates, and thus study how the gene 

expression changes due to said stress.  

In the same study (Głąb et al., 2016), the authors investigated the Membrane-based 

Interactome Network Database (M.I.N.D). MIND is a database for protein-protein 

interactions for Arabidopsis membrane proteins. The study found four protein-

protein interactions for Arabidopsis that interacts with GPCAT. The genes 

encoding three of these proteins were selected to be tested in this project and are all 

associated with sphingolipids. From the PC recycling pathway, the gene coding for 

LPCAT 1 and LPCAT 2 was selected. GPCAT was only tested in the wild type 

plants.  

Genes selected for this experiment: 

• From PC recycling pathway 

o GPCAT 

o LPCAT 1 

o LPCAT 2  

• Sphingolipid (Głąb et al., 2016) 

o Delta-9 acyl-lipid desaturase 2  

o Very-long-chain 3-oxoacyl-CoA synthase 

o Sphinganine C4-monooxygenase 1  
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1.5. Gene expression, Q-RT-PCR, and calculations 

 

A way to measure the gene expression is to do a real time quantitative reverse 

transcription polymerase chain reaction (Q-RT-PCR or qPCR). In Q-RT-PCR, 

cDNA is used, cDNA is transcribed from mRNA as cDNA is a more stable and not 

as easily degraded. From the Q-RT-PCR a cycle threshold (CT) value is obtained. 

The CT value indicates the number of cycles before the sample crosses the threshold 

for the fluorescent signal. The lower the CT value is the higher amount of cDNA 

the sample contains; fewer cycles are required to reach the threshold i.e., the higher 

the gene is expressed. 

To compare the gene expressions between the different samples, a housekeeping 

gene is used as a reference to normalise mRNA levels between the samples (Pfaffl, 

2001). A housekeeping gene is defined as a gene that are expressed in all cells of 

an organism and codes for basic cellular functions. A good reference gene should 

also have the same CT value in all samples, independent on which tissue is used or 

what treatment that has been applied to the samples. It is often difficult to find stable 

reference genes. 

To calculate the gene expression the Pfaffl method (Bradburn, 2018) uses the 

delta (average) CT value for the gene of interest and the delta of the housekeeping 

gene. 

 

𝐺𝑒𝑛𝑒 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =
(𝐸𝐺𝑂𝐼)∆𝐶𝑡 𝐺𝑂𝐼

(𝐸𝐻𝐾𝐺)∆𝐶𝑡 𝐻𝐾𝐺
 

 

E = Primer efficiency, assumed 100% = 2 

GOI = Gene of interest 

HKG = Housekeeping gene  

∆Ct = Average CT value  

To investigate significant difference between the gene expression wild type and 

knockout 19 in respective treatment a t-test was performed to analyse the results.  
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The aim of this project was to study the physiological function of the enzyme 

GPCAT in plants. This was done by comparing the expression of genes related to 

lipid metabolism in plants with (e.g. wild type) and without (knockout 19) the gene 

encoding for the enzyme GPCAT. Both normal and abiotic stress conditions were 

used in this study. 

The null hypothesis states that no significant difference in the gene expression will 

be observed between the wild type and knockout 19 for each of the genes in 

respective climate condition. 

 

2. Aims 
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3.1. Plant material and cultivation conditions 

The seeds of two different Arabidopsis thaliana lines were sown and cultivated in 

controlled climate (Biotron, SLU-Alnarp) at 20°C, 60% 

humidity and day length of 16h, 260 µmol/m2/s light (standard 

treatment). A wild type and one with a mutation where the gene 

encoding GPCAT previously had been silenced by the 

CRISPR/Cas9 method (here called knockout 19). 

On day 15 after sowing, the plants were 

transplanted into individual pots (18 plants of 

wild type, 18 plants of knockout 19). More plants 

than needed were cultivated and therefore plants 

were chosen randomly when 

transplanted. On day 35 after sowing, 6 

plants each of wild type and knockout 

19 were placed in a cold chamber at 

+3°C and a climate chamber at +30°C, 

both with full spectrum light (16h). 

After four days, leaf tissues were 

harvested and directly put in liquid 

nitrogen and then stored in a -80°C 

freezer. The Eppendorf tubes for RNA/ 

Q-RT-PCR were prepared with a 

couple of glass beads. 

 

3. Materials and Methods  

a 

b 

c 

Figure 3. a: Arabidopsis thaliana, wild type 

plants before sorting, b: Eppendorf tubes being 

prepared for leaf sampling, c: Arabidopsis 

thaliana plants before heat and cold treatment. 

(Photo: Ida Hallström, 2021) 



14 

 

3.2. Primer design and selection for the selected 

genes 

The primers for the genes (Table 1) were designed and selected with the help of the 

online program BLAST (National Center for Biotechnology Information). This 

program proposes primer pairs to the inputted gene in a selected plant. The primers 

were ordered from Invitrogen then diluted to 100µM and 10µM. Two primer pairs 

were orders for some of the genes. 

The primers were first tested in a Q-RT-PCR to validate that they are functional 

and to select one of the duplicates. In all the duplicate, pair 1 performed better then 

pair 2, therefore pair 1 for all the duplicates was selected for the following Q-RT-

PCR.   

Table 1. The primers used in Q-RT-PCR reactions: name, their AGI number from TAIR Arabidopsis 

Genome Initiative (AGI) locus identifier and their sequence. 

Name AGI 

number 

Sequence (5`->3`)  

(F=Forward, R=Reverse) 

GPCAT 

 

At5g35460 F-TTGGGTCATTTTCCTTCACCA 

R-TGAAAAACACGAGCCCAGGT 

LPCAT 1 

 

At1g12640 F-TCCTTTGGCTTCTCCTCCAAC 

R-CACTCATATAAAACACATGACAGCC 

LPCAT 2  

(Primer pair 1) 

At1g63050 F-GTGCTGTCTGGCATGGACT 

R-GCATTGCCATTTTCGGAGGT 

LPCAT 2  

(Primer pair 2) 

At1g63050 F-CATCCGTCGGTTTCATGGTTT 

R-GCTGAGAAGAAGCACAGCGA 

Delta-9 acyl-lipid 

desaturase 2  

(Primer pair 1) 

At2g31360 F-CGTTACTTGGGGAATGGGGG 

R-TCTTCCAAGTTCGAGTGCCC 

Delta-9 acyl-lipid 

desaturase 2  

(Primer pair 2) 

At2g31360 F-ACGTGGAGGATTTGAAGAGGC 

R-ATGCTGCTCCTACCCCCATT 

Very-long-chain 3-

oxoacyl-CoA 

synthase 

At3g06470 F-TCCTCAAACCGATCACAGCC 

R-GTCGACGGGAAAGCAAATCG 

Sphinganine C4-

monooxygenase 1  

(Primer pair 1) 

At1g69640 F-CTTTTGTTCACGGTGACGGG 

R-TTGCCATGTGTCGAGGACTA 

Sphinganine C4-

monooxygenase 1  

(Primer pair 2) 

At1g69640 F-TTCTGTTGTGAAAGGTGTTCTTGT 

R-CTTCCCGTCACCGTGAACA 
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3.3. Q-RT-PCR 

3.3.1. RNA Isolation 

The samples from the plants were ground, using glass beads in the Eppendorf tubes 

and a Mixer Mill (Retch MM 400), for 45s at 30 Hz. The samples were kept cold 

with liquid nitrogen. The protocol PureLink® Plant RNA Reagent from Ambion® 

was used to isolate the RNA. In brief, the isolation reagent was added to frozen 

ground leaf tissue and through several steps of adding different solvents, mixing 

and cold centrifuging (to get rid of unwanted organic matter) a pellet with the 

isolated the RNA was formed in the Eppendorf tubes. 

3.3.2. RNA Qualification 

The RNA concentration and quality was measured with a spectrophotometer 

(Xpose, Trinean). The quality was also confirmed by running it on an agarose gel. 

3.3.3. DNase Treatment 

To remove genomic DNA from the isolated total RNA, a kit DNase 1, RNase-free 

from Thermo Scientific® was used.  

Some of the DNase treated total RNA samples were kept and used as negative 

controls (minus reverse transcription control, -RT) when running Q-RT-PCR. This 

was to make sure that the RNA samples did not contain any genomic DNA 

contamination. 

3.3.4. cDNA Synthesis 

A kit from Thermo Scientific® (Maxima First stand cDNA synthesis kit for RT-

qPCR) was used to transform the mRNA in the DNased total RNA to cDNA. 

Both the cDNA and the previously DNase treated sample were then diluted with 

RNase free water to 500ng/200µL. 

3.3.5. Q-RT-PCR 

To add the fluorescence to the samples a kit from Thermo Scientific®, (maxima 

SYBR green/ROX qPCR master mix) was used. Then from Applied Biosystems™ 

the qPCR machine QuantStudio™ 3 was used with the three-step protocol (from 

the same kit) to obtain the CT values.    
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3.3.6. Housekeeping gene, replicates, and calculations 

The housekeeping gene chosen in this study was actin. 

Three biological replicates (i.e. three plants) were used and for each three technical 

replicates were performed. The average CT values and standard deviation were 

calculated for each sample (plant) and treatment. The purity of each sample was 

confirmed by a negative control (minus reverse transcription control, -RT). The 

DNase treated RNA were used as -RT.   

To calculate the gene expression the Pfaffl method (Bradburn, 2018) was used. 
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The gene expression for GPCAT was only tested in the wild type as the gene is 

silenced in the knockout 19 (the seeds for knockout 19, had been previously used 

and tested and the silencing of GPCAT confirmed). The CT average for each 

biological sample was calculated (Figure 4) and then also for each treatment (Figure 

5). As housekeeping gene, actin was used for both wild type and knockout 19. The 

CT for the actin gene was calculated in the same manner (Figure 6 and 7). Then 

with the Pfaffl method the gene expression was calculated (Figure 8 and 9). The 

results showed that in wild type plants, the gene GPCAT was observed to be less 

expressed in cold treated plants compared to plants that were kept either in the 

Biotron (standard treatment) or at +30°C. To confirm this observation a t-test was 

used to calculate difference between the treatments (Table 2). A significant 

difference could be confirmed between the cold treatment and the heat treatment. 

Additionally, between the cold treatment and the standard (Biotron) treatment.  

 

 

4. Results 
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Figure 4. Average of CT values per wild type plant 

from Q-RT-PCR with the gene GPCAT. 

S=Biotron, standard treatment, H=heat 

treatment, C=cold treatment. Three technical 

replicates were performed for each plant. Error 

bars show standard deviation. 

 

Figure 5. Average of CT values from Q-RT-

PCR per treatment (Biotron=standard, heat, 

and cold treatment) of wild type plants with 

the gene GPCAT, n=3. Error bars show 

standard deviation. 

 

Figure 6. Average of CT values per wild type plant 

from Q-RT-PCR with the house keeping gene 

actin. S=Biotron, standard treatment, H=heat 

treatment, C=cold treatment. Three technical 

replicates were performed for each plant. Error 

bars show standard deviation. 

 

Figure 7. Average of CT values from Q-RT-

PCR per treatment (Biotron=standard, heat, 

and cold treatment) of wild type plants with 

the house keeping gene actin, n=3. Error bars 

show standard deviation. 
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Figure 8 Average of gene expression in wild type 

of GPCAT per plant. S= standard treatment, 

H=heat treatment, C=cold treatment. Three 

technical replicates were performed for each 

plant. Error bars show standard deviation. 

 

Figure 9. Average of gene expression 

(calculated by using the Pfaffl method) of 

GPCAT in wild type plants per treatment 

(standard, heat, and cold treatment). Error 

bars show standard deviation. 

Table 2. P-values from of gene expression levels of GPCAT in wild type to determine significant 

differences between treatments (p≤0,05). A significant difference between cold and heat treatment 

and also between cold and standard, was observed. 

T-test of gene expression  
(GPCAT) 

 Standard Heat Cold 

Standard 1,00 0,32 0,000002 

Heat 0,32 1,00 0,000003 

Cold 0,000002 0,000003 1,00 
 

The expression levels of the housekeeping gene (actin) within the samples from the 

knockout 19 (Figure 10 and 11) showed no detectible values for sample S3 

(Standard treated plant number 3). This was the same for all the tested genes. 

Therefore, the standard treated plants from knockout 19 only had 2 biological 

replicates (n=2). 
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Figure 10. Average of CT values per knockout 19 

plant from Q-RT-PCR with the house keeping 

gene actin S=standard treatment, H=heat 

treatment, C=cold treatment. Three technical 

replicates. S3: value was unreliable or 

undetectable. Error bars show standard 

deviation. 

 

Figure 11. Average of CT values from Q-RT-

PCR per treatment (Biotron=standard, heat, 

and cold treatment) of knockout 19 plants with 

the house keeping gene actin, n=3. Error bars 

show standard deviation. 

4.1. LPCAT 1 

Regarding the gene LPCAT 1, the results from the wild type were unreliable 

because of very high CT values and in several samples the gene expression was 

even undetectable, therefore no gene expression for the wild type and knockout 19 

could be compared. 
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4.2. LPCAT 2 

With the gene encoding LPCAT 2 the standard treated plants showed no significant 

difference in expression between the wild type and knockout 19 (Figure 12). In the 

heat-treated plants there was a significant difference between the two lines, where 

the gene LPCAT 2 in the knockout 19 was higher expressed than in wild type (Table 

3). In the cold treatment a significant difference was also shown between the wild 

type and the knockout 19 where the LPCAT2 gene was higher expressed in 

knockout 19. But due to the high standard deviation in all the treatments, no 

definitive conclusion can be drawn. 

  

 

Figure 12. Average value of gene expression of LPCAT 2 in wild type (WT) and 

knockout 19 (KO) per treatment (standard, heat, and cold treatment) n=3, *n=2. 

Error bars show standard deviation. 

Table 3.  P-values from t-test of gene expression levels of LPCAT 2 between wild 

type (WT) and knockout 19 (KO) to determine significant differences in the 

treatments (p≤0,05) n=3, *n=2. A significant difference was observed in the heat 

treatment and in the cold treatment. 

T-test of gene expression  
(LPCAT 2) 

 Standard WT Heat WT Cold WT 

Standard KO* 0,738085   
Heat KO  0,019661  
Cold KO   0,001392 
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4.3. Delta-9 acyl-lipid desaturase 2 

The gene encoding delta-9 acyl-lipid desaturase 2, which was previously found to 

interact with GPCAT in the yeast-two-hybrid system (Głąb et al., 2016), was higher 

expressed in knockout 19 than in the wild type in the cold treated plants (Figure 13 

and Table 4). No significant difference between the wild type and knockout 19 were 

observed in the treatments standard or heat.  The highest expression of all the genes 

in this study was observed in the gene encoding delta-9 acyl-lipid desaturase 2 in 

knockout 19 in cold treatment. 

 

  

 

Figure 13. Average value of gene expression of delta-9 acyl-lipid desaturase 2 

in wild type (WT) and knockout 19 (KO) per treatment (standard, heat, and cold 

treatment) n=3, *n=2 Error bars show standard deviation. 

Table 4  P-values from t-test of gene expression levels of delta-9 acyl-lipid 

desaturase 2 between wild type (WT) and knockout 19 (KO) to determine 

significant differences in the treatments (p≤0,05) n=3, *n=2. A significant 

difference was observed in the cold treatment. 

T-test of gene expression  
(Delta-9 acyl-lipid desaturase 2) 

 Standard WT Heat WT Cold WT 

Standard KO* 0,930035   
Heat KO  0,251150  
Cold KO   0,000004 
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4.4. Very-long-chain 3-oxoacyl-CoA synthase 

Between the wild type and knockout 19, no significant difference was observed in 

the standard treatment in gene expression for the very-long-chain 3-oxoacyl-CoA 

synthase (Figure 14 and Table 5). No difference was observed in the heat treatment 

either. However, in the cold treatment a significant difference was observed 

between the wild type and knockout 19, where the knockout had a higher expression 

of the gene very-long-chain 3-oxoacyl-CoA synthase when compared to the wild 

type. Overall, the cold treated plants had a lower gene expression of very-long-

chain 3-oxoacyl-CoA synthase than the standard and heat-treated plants.  

 

 

  

 

Figure 14. Average value of gene expression of very-long-chain 3-oxoacyl-CoA 

synthase in wild type (WT) and knockout 19 (KO) per treatment (standard, 

heat, and cold treatment) n=3, *n=2 Error bars show standard deviation. 

Table 5.  P-values from t-test of gene expression levels of very-long-chain 3-

oxoacyl-CoA synthase between wild type (WT) and knockout 19 (KO) to 

determine significant differences in the treatments (p≤0,05) n=3, *n=2. A 

significant difference was observed in the cold treatment. 

T-test of gene expression  
(Very-long-chain 3-oxoacyl-CoA synthase) 

 Standard WT Heat WT Cold WT 

Standard KO* 0,700242   

Heat KO  0,715748  

Cold KO   0,002725 
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4.5. Sphinganine C4-monooxygenase 1 

No significant difference was observed in the standard treatment between wild type 

and knockout 19 regards to the expression of gene encoding sphinganine C4-

monooxygenase 1 (Figure 15 and Table 6). In the heat treatment a significant 

difference was observed but since the standard deviation on the knockout 19 is high 

no definitive conclusion can be drawn. However, in the cold treatment a significant 

difference was observed in knockout 19 compared to wild type for the gene 

expression of sphinganine C4-monooxygenase 1. The lowest gene expression for 

the wild type was seen in the cold treatment. 

 

 

Figure 15. Average value of gene expression of sphinganine C4-monooxygenase 

1 in wild type (WT) and knockout 19 (KO) per treatment (standard, heat, and 

cold treatment) n=3, *n=2 Error bars show standard deviation. 

Table 6. P-values from t-test of gene expression levels of sphinganine C4-

monooxygenase 1 between wild type (WT) and knockout 19 (KO) to determine 

significant differences in the treatments (p≤0,05) n=3, *n=2. A significant 

difference was observed in the cold treatment. 

T-test of gene expression  
(Sphinganine C4-monooxygenase 1) 

 Standard WT Heat WT Cold WT 

Standard KO* 0,721759   

Heat KO  0,006178  

Cold KO   0,000000 
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The aim of this project was to study the enzyme GPCAT and its physiological 

function. The biochemical reaction that GPCAT catalyse is known, but its 

physiological function, e.g. why and when plants need the enzyme GPCAT is 

unknown. A common way of studying genes with an unknown function is to silence 

them in a model organism. In that way plants without the gene can be compared to 

the wild type and the physiological function of the gene might be elucidated. In this 

study, the gene expression of six different genes encoding enzymes involved in 

plant lipid metabolism was analysed in a Q-RT-PCR. 

The three genes that were associated with Sphingolipids (delta-9 acyl-lipid 

desaturase 2, very-long-chain 3-oxoacyl-CoA synthase and sphinganine C4-

monooxygenase 1) showed higher gene expression in the knockout 19 plants than 

the wild type in the cold treatments. This implies that the silencing of GPCAT gene 

influences the genes in sphingolipids synthesis in the cold treated plants. Therefore, 

GPCAT might be involved in the regulation of lipids, with focus on sphingolipids, 

in cold stress. The null hypothesis, regards to genes that were associated with 

Sphingolipids, can therefore be rejected. 

One of the functions of the membranes is to keep the cell in homeostasis, to do this 

the plant can alter the lipid composition (Bowsher et al 2008). When a plant is 

exposed to colder temperatures the lipids can exchange their acyl groups with acyls 

that have one or more double bonds. Unsaturated fatty acid chains have double 

bonds which leads to more loosely packed lipids that can keep their fluidity in 

colder temperatures, thus increasing that the plant tolerances to cold. Due to this it 

could also be interesting to do a fatty acid profile (FAP) especially regarding the 

cold treatment.  

The results from LPCAT 1, were unreliable due to several high or undetected values 

in CT. When looking at LPCAT 2, the standard deviation was too high to draw any 

definitive conclusion. Due to the time limitation, it was not possible to repeat the 

experiment. To make sure that the results are valid the experiments should be 

repeated.  

5. Discussion 
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Factor that could affect the results in this study, were that all the climate parameters 

from the standard treatment could not be replicated in the heat and cold treatments 

due to the equipment. Therefore, the humidity and light quality can be an aspect 

that affected the result. 

Moreover, it would have been interesting to test plants at a younger stage, since the 

plants we used here were fully developed. A younger plant would still increase the 

size of the leaves and thus we might have seen bigger changes. Also, it could be 

interesting to test the roots and therefore eliminate the aspect of the chlorophyll 

lipids in the samples. Another approach is to silence the gene or genes regarding 

the sphingolipids synthesis in Arabidopsis and examine the gene expression of 

GPCAT. 

Finally, three samples is a start and an indication but to be more certain of the result 

further studies would need to be done and with more replications.  
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