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Sammanfattning 
Abstract 

 

All plants have a protection against the surrounding environment called a cuticle coating. When this cuticle coating is constructed it is believed that 

the family of protein called lipid transfer proteins (LTPs) is involved. The LTPs are small and cysteine rich. In Marchantia polymorpha the groups 
of LTPs called LTPd and LTPg can be found. 8 and 4 in each group respectively. In the genes of LTPd there is an intron placed downstream of the 

start codon. Firstly, a sequence database search was performed and LTPd2 and LTPd3 were chosen for further experiments in this study. Secondly, 

a control that the intron was present in the samples were done by preforming a PCR reaction of cDNA from isolated RNA taken from untreated 

Marchantia polymorpha. A gel electrophoresis of the product was also performed. Lastly, the amount of alternative splicing in LTPd2 and LTPd3 

from Marchantia polymorpha after treated with cold and dehydration were studied using quantitative PCR. For the qPCR MpACT and the exon of 

respective gene were used as references. The ΔCt values and the expression fold (2ΔΔCt) calculated from the qPCR results showed that most of the 
transcript with introns preserved were upregulated after subjected to stress. Only the intron in MpLTPd2 and MpLTPd3 with MpACT as reference 

showed a small downregulation after the cold treatment. The intron in MpLTPd3 with MpLTPd3s exon as reference didn’t show any difference. 
None of the intron transcript in any of the genes on the other hand showed any significant difference in the alternative splicing. This could be 

because of small sample groups when the test was performed. In conclusion, there were no significant difference in intron expression between 

treated and control samples. Therefore, nothing can be said about the change in alternative splicing in MpLTPds after cold and dehydration 

treatments. 
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1 Abstract 

All plants have a protection against the surrounding environment called a cuticle 

coating. When this cuticle coating is constructed it is believed that the family of 

protein called lipid transfer proteins (LTPs) is involved. The LTPs are small and 

cysteine rich. In Marchantia polymorpha the groups of LTPs called LTPd and 

LTPg can be found. There are eight and four genes in each group respectively. 

In the genes of LTPd there is an intron placed downstream of the start codon. 

Firstly, a sequence database search was performed and LTPd2 and LTPd3 were 

chosen for further experiments in this study. Secondly, a control that the intron 

was present in the samples were done by performing a PCR reaction of cDNA 

from isolated RNA taken from untreated Marchantia polymorpha. A gel 

electrophoresis of the product was also performed. Lastly, the amount of 

alternative splicing in LTPd2 and LTPd3 from Marchantia polymorpha after 

cold and dehydration treatments were studied using quantitative PCR. For the 

qPCR MpACT and the major LTPd transcripts were used as references. The ΔCt 

values and the expression fold (2ΔΔCt) calculated from the qPCR results showed 

that most of the transcript with introns preserved were upregulated after 

subjected to stress. Only the intron in MpLTPd2 and MpLTPd3 with MpACT as 

reference showed a small downregulation after the cold treatment. The intron in 

MpLTPd3 with MpLTPd3s exon as reference didn’t show any difference. None 

of the intron transcript in any of the genes on the other hand showed any 

significant difference in the alternative splicing. This could be because of small 

sample groups when the test was performed. In conclusion, there were no 

significant difference in intron expression between treated and control samples.  

 

2 Introduction 

Plants health and growth are severely affected by the environment. Some factors 

that can afflict are abiotic stresses, such as drought, heat, cold and heavy metal 

toxicity (Mahajan and Tutejan 2005). To protect themselves against these 

conditions most plants have a coating barrier between the air and the plant 

surface. This coating is called the cuticle. The cuticle coating consists of 

insoluble cutin and soluble waxes. When the cuticle is assembled it is 

hypothesised that the family of protein called lipid transfer proteins (LTPs) is 

involved (Domínguez et al. 2015). 

Lipid transfer proteins (LTPs) are small proteins with a molecular weight under 

10 kDa. They are highly soluble proteins that contain at least 8 cysteines 

(Salminen et al. 2016). The cysteines are a part of the stability of the protein. 



2 

 

They form disulphide bridges between four or five α-helices. In LTPs protein 

structure there is a hydrophobic hollow pocket that contains enough space for a 

fatty acid. This pocket allows the protein to carry fatty acids. When there is no 

ligand bound to the protein the cysteines are important for maintaining the 

tertiary structure (Shin et al. 1995, Edstam et al. 2011). The lipid transfer 

proteins are divided into subcategories named LTP1, LTP 2 and LTPc-k. The 

more common of these subcategories are LTP1, LTP2, LTPc, LTPd och LTPg. 

The less common subcategories are LTPe, LTPf, LTPh, LTPj and LTPk 

(Edstam et al. 2011).  

In the liverwort Marchantia polymorpha there are 14 genes that encodes for 

LTPs, 8 of these goes under the category LTPd and 4 goes under the category 

LTPg (Salminen et al. 2016). M. polymorpha can reproduce asexually using 

small disk-like cells called gemmae. The individual gemmae disks come from 

single cells that are located on the parental thallus (Flores-Sandoval et al. 2015). 

According to sequence data and morphology the liverwort M. polymorpha have 

similarities to the first plants that colonized land (Edstam et al. 2011). 

In eukaryotic genes there are both exons and introns. To get mature mRNA the 

synthesized sequence needs to go through splicing. The process of splicing is 

when introns are removed, and exons are joined in the order of number. For 

example, exon number 1 and exon number 2 are joined. The mRNA can also go 

thru a process called alternative splicing. Alternative splicing is when the exons 

are joined in many different combinations instead of in order of exon number. 

This generates many different mature mRNA sequences (Craig et al. 2014). 

During alternative splicing the introns is sometimes preserved, which Iñiguez et 

al. (2017) shows in their study. This event can be referred to as retained intron 

type of alternative splicing. Egawa et al. (2006) also investigated alternative 

splicing in their study. The authors write in their paper that they have researched 

the alternative splicing, among other things, in a DREB2 homolog in wheat 

plants after abiotic stress. They suggested that there is a significant change in the 

factors contributing to the alternative splicing and therefor a significant change 

in the alternative splicing after subjected to cold and dehydration. In another 

study about alternative splicing, Iida et al. (2004) has studied the retained intron 

(RT) type of alternative splicing in different genes from Arabidopsis thaliana 

after different stress conditions. The authors state that both the cold and 

dehydration treated plants had a statistical significant difference in the RT-type 

of alternative splicing. 
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The aim of this project is to study the impact of the alternative splicing in M. 

polymorpha after it have been exposed to cold and dehydration. The hypothesis 

of this project is that there is going to be a significant change in the alternative 

splicing after the stress treatments. The genes that this project will focus on are 

the LTPds from the LTP family. 

 

3 Material & method 

3.1 Growth of plants and stress condition 

The specimens of M. polymorpha were grown asexually from gemmae from the 

parental thallus. 4-5 of these gemmae were placed on 1 % agar plates that 

contained 3 g L-1 Gamborg B5 medium (Duchefa Biochemie, Haarlem, The 

Netherlands). The plants were then allowed to grow for about four weeks in a 

tissue culture chamber with light and a temperature of 22-23 oC. 

One plate each were used for the two different abiotic stress treatments. The 

cold treatment was done by placing the agar plate on ice inside the culture 

chamber for 24h. The drought treatment was done by placing the agar plate 

without the lid in the culture chamber for 40h. The treatment conditions were 

based on previous bachelor project (Berglund, 2017) although some incubation 

times were altered slightly. 

  

3.2 Sequence database search 

To search for studies that support the hypothesis that the intron is kept in the 

mature mRNA in the genes LTPd 1 – LTPd 6 and LTPd 8 a sequence database 

search was performed. The search was done using the nucleotide BLAST 

program on the website NCBI. The sequences were run against studies 

containing RNA sequences from M. polymorpha found on the SRA-database. 

Gene LTPd 2 and LTPd 3 were the genes that were chosen to proceed with after 

this search since they gave the most matches. 

 

3.3 Control of alternative splicing in M. polymorpha  

To investigate if the intron were present in the mRNA in the plant M. 

polymorpha a RNA isolation was performed. This isolation was done with the 

RNeasy Plant Mini Kit (Qiagen, Hilden, Germany) following the provided 

protocol. Two samples from the plant were prepared. After isolation 
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concentration was measured using a NanoDrop 2000 spectrophotometer (Saveen 

and Werner AB). Then a DNase treatment was conducted using the DNA-free 

™ DNA removal Kit (Invitrogen, Vilnius, Lithuania) according to the provided 

protocol. Later the treated mRNA was used to synthesize cDNA. This process 

was done by using the RevertAid First Strand cDNA Synthesis Kit (Thermo 

Scientific, Vilnius, Lithuania) and its complementary protocol. A negative 

control was performed as well. This was proceeded by an optimisation of the 

annealing temperature using a gradient PCR reaction. The optimal temperatures 

can be found in table S1 in appendix. The master mixes were done using the 

KAPA Taq PCR Kit (KAPABIOSYSTEMS, Cape Town, South Africa) 

according to instructions. The PCR reactions were done in a BIO RAD S1000™ 

Thermal Cycler PCR machine. The primers used for these reactions can be 

found in table S2. After preforming the PCR reaction, the products were 

analysed on a 1.2% gel electrophoresis. 

 

3.4 Analysis of alternative splicing after stress treatments 

To study the amount of alternative splicing after the stress treatments, RNA was 

isolated. Four samples from both treated agar plates and four samples from a 

control plate were taken for this experiment. After isolation the RNA 

concentration was measured (Table S3). Later the two samples with the highest 

concentrations were chosen and DNase treatment was done. Then cDNA was 

synthesised. All of these steps were performed as previously described above. 

The cDNA was then used in a qPCR reaction using the Maxima SYBR Green 

qPCR Master Mix (Thermo Scientific, Vilnius, Lithuania) using the protocol 

that follows. The reaction was done two times for each gene in a Corbett 

Research RG-6000 qPCR machine. The Ct values taken from this experiment 

were used to calculate the normalized expression (ΔCt) compared to the 

reference gene MpACT that encodes for Actine 7 (Saint-Marcoux et al. 2015). 

Later the expression fold (2ΔΔCt) were calculated from the normalized 

expression.  

 

3.5 Statistical analysis 

To analyse the result taken from the qPCR reaction, the calculated ΔCt values of 

the treated samples were compared to the ΔCts of the control samples in a non-

parametric Mann-Whitney U test. The test was done on each gene in GraphPad 

Prism. The level of significance was 0.05 and the Confidence Interval was set to 

95%. The values used can be found in tables S4-S7.  
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4 Results  

A sequence database search was done to support the theory that the intron is 

preserved in the MpLTPd genes. The results of this search can be found in Table 

1. The genes MpLTPd2 and MpLTPd3 gave matches against most of the 

experiments. The genes MpLTP 1, MpLTP4, MpLTP 5 and MpLTP 6 gave 

matches against about half of the experiments. The gene MpLTP 8 only gave 

matches against two of the experiments. 

 

Table 1: The results of the sequence search. The accession code represents different experiments from 
the SRA database (https://www.ncbi.nlm.nih.gov/sra)  

LTPd1 LTPd2 LTPd3 LTPd4 LTPd5 LTPd6 LTPd8 

Accession: 
SRX3661970  
Intron: No match 
Exon: Match 

Accession: 
SRX3661970 
Intron: Match  
Exon: Match 

Accession: 
SRX3661970 
Intron: Match 
Exon: Match 

Accession: 
SRX3661970 
Intron: Match 
Exon: Match 

Accession: 
SRX3661970 
Intron: Match 
Exon: Match 

Accession: 
SRX3661970 
Intron: Match 
Exon: Match 

Accession: 
SRX3661970 
Intron: No match 
Exon: No match 

Accession: 
SRX3661969  
Intron: No match  
Exon: Match 

Accession: 
SRX3661969 
Intron: Match  
Exon:  Match 

Accession: 
SRX3661969 
Intron: Match 
Exon: Match 

Accession: 
SRX3661969 
Intron:  No 
match 
Exon: Match 

Accession: 
SRX3661969 
Intron: Match 
Exon: Match 

Accession: 
SRX3661969 
Intron: Match 
Exon: Match 

Accession: 
SRX3661969 
Intron: No match 
Exon: Match 

Accession: 
SRX1162423  
Intron: Match 
Exon: Match 

Accession: 
SRX1162423 
Intron: No match 
Exon: No match 

Accession: 
SRX1162423 
Intron: No match 
Exon: Match 

Accession: 
SRX1162423 
Intron: No match 
Exon: No match 

Accession: 
SRX1162423 
Intron: No match 
Exon: No match 

Accession: 
SRX1162423 
Intron: No match 
Exon: No match 

Accession: 
SRX1162423 
Intron: No match 
Exon: No match 

Accession: 
SRX682815  
Intron: Match 
Exon: Match 

Accession: 
SRX682815 
Intron: Match 
Exon: Match 

Accession: 
SRX682815 
Intron: No match 
Exon: Match 

Accession: 
SRX682815 
Intron: No match 
Exon: Match 

Accession: 
SRX682815 
Intron: No match 
Exon: Match 

Accession: 
SRX682815 
Intron:  No 
match 
Exon: Match 
 

Accession: 
SRX682815 
Intron: No match 
Exon: Match 

Accession: 
SRX447355  
Intron: No match 
Exon: Match 

Accession: 
SRX447355 
Intron: Match 
Exon: Match 

Accession: 
SRX447355 
Intron: Match 
Exon: Match 

Accession: 
SRX447355 
Intron: No match 
Exon: Match 

Accession: 
SRX447355 
Intron: No match 
Exon: Match 

Accession: 
SRX447355 
Intron: No match 
Exon: Match  
 

Accession: 
SRX447355 
Intron: No match 
Exon: No match 
 

Accession: 
SRX114615  
Intron: Match 
Exon: Match 

Accession: 
SRX114615 
Intron: Match 
Exon: Match 

Accession: 
SRX114615  
Intron: Match 
Exon: Match 

Accession: 
SRX114615 
Intron: Match 
Exon: Match 

Accession: 
SRX114615  
Intron: Match 
Exon: Match 

Accession: 
SRX114615 
Intron: Match  
Exon: Match 

Accession: 
SRX114615 
Intron: Match 
Exon: Match 

Accession: 
SRX114614 
Intron: Match 
Exon: Match 

Accession: 
SRX114614 
Intron: Match 
Exon:  Match 

Accession: 
SRX114614 
Intron: Match 
Exon: Match 

Accession: 
SRX114614 
Intron: Match 
Exon: Match 

Accession: 
SRX114614 
Intron: Match 
Exon: Match 

Accession: 
SRX114614 
Intron:  Match 
Exon: Match 

Accession: 
SRX114614 
Intron: Match 
Exon: Match 
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To research if the intron is present in the mRNA from the plants grown under 

normal condition PCR reactions were conducted. The reactions were done with 

one primer pair for the exon and one primer pair for the intron (Table S2). The 

product was then analysed using gel electrophoresis (Figure 1). The bands 

showing corresponds to the right sizes when compared to the ladder, which 

means that both the exon and the intron is present in the mature mRNA isolated 

from these plants. The strong bands show a high yield and the weak band show a 

low yield. 

 

 

  

Figure 1: The agarose gel showing the bands from the gradient PCR reactions. well number 1 contains 
the ladder, well number 2-5 contains the intron and well number 6-9 contains the exon. A) shows 
MpLTPd2. The temperature span was 55-62 oC for this reaction. B) shows MpLTPd3. The temperature 
span was 53-60 oC for this reaction. 

 

The amount of alternative splicing after the abiotic stress treatments was studied 

using a qPCR. The normalized expression (ΔCt) were calculated from the Ct 

values received in the qPCR reaction using ΔCt = CtTarget – CtReference (Figure 2, 

Tables S4-S7). A lower ΔCt value means a higher expression. The ΔCt values 

were then used to calculate the expression fold 2ΔΔCt showing the regulation of 

the transcription levels for the introns in gene 2 and 3 (Figure 3). Most of the 

transcript with the intron preserved showed an upregulation after the abiotic 

stress treatments. Only the introns in MpLTPd2 and MpLTPd3 with MpACT as 

references showed a small downregulation after being subjected to the cold 

treatment. The MpLTPd3 with the major MpLTPd3 transcript as reference 

didn’t show any difference. 

 

A B 
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Figure 1 : The general expression of MpLTPd 2 and MpLTPd 3 after each stress condition. The bars 
show the normalized expression (ΔCt) when compared to either the reference gene MpACT or the 
MpLTPds exon for respectively gene. ΔCt was calculated using ΔCt = CtTarget – CtReference. A) shows 
the ΔCt values of LTPd2 when compared to the exon of MpLTPd2. B) shows the ΔCt values of the 
LTPd2 when compared to MpACT. C) shows the ΔCt values of LTPd3 when compared to the exon of 
MpLTPd3. D) shows the ΔCt values of the LTPd3 when compared to MpACT. 
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Figure 2: Regulation of the transcriptional level after the abiotic stress treatments. The bars show the 
expression fold (2- ΔΔCt) both when MpACT and MpLTPd exon is used as a reference. The expression 
fold of the control plant is equal to one. Values over one represents an upregulation of the gene and 
values under one represent a downregulation. A) shows the expression fold of MpLTPd2 and B) shows 
the expression fold of MpLTPd3. 
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The non-parametric Mann-Whitney U tests for each gene and stress trial showed 

no significant difference in alternative splicing for any of the samples. The p -

and U values can be found in Table 2 and 3.  

 

Table 2: The results of the Mann-Whitney U tests for ΔCt calculated with MpACT as reference gene. A 
p-value under 0.05 is considered significant.  

Gene Sample U p Significantly difference 

LTP2 Cold 1 0.1143 No 

LTP2 Drought  6 0.6857 No 

LTP3 Cold 5 0.8571 No 

LTP3 Drought 6 >0.999 No 

 

 

Table 3: The results of the Mann-Whitney U tests for ΔCt calculated with MpLTPds exon as reference 
gene. A p-value under 0.05 is considered significant. 

Gene Sample U p Significantly difference 

LTP2 Cold 6 0.6857 No 

LTP2 Drought  6 0.6857 No 

LTP3 Cold 7 0.8857 No 

LTP3 Drought 4 0.3429 No 
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5 Discussion 

The results of this study of alternative splicing in MpLTPds were that the intron 

was present in a fraction of the mature mRNA. The outcome of the sequence 

database search shows that there are several previous studies were the intron is 

preserved after the process of splicing in the LTPs in M. polymorpha. This may 

suggest that the intron serves a purpose. The study also suggested that there is a 

small upregulation of most of the expression of the intron after the plant have 

been subjected to stress. The statistical U test on the other hand didn’t show any 

significant difference in the alternative splicing. The result of the U test could be 

explained by the fact that the sample sizes is to small and therefore gives some 

skewed values.  

These findings are not aligned with the results of the previous studies made by 

Egawa et al. (2006), who suggested that there is a significant difference in 

alternative splicing in wheat after cold and dehydration treatments. The findings 

are also not aligned with the result of the study made by Iida et al. (2004). They 

suggested that there is a significant difference in RT type of alternative splicing 

in Arabidopsis thaliana after being subjected to cold and dehydration.  

If the result of the U test had shown a significant downregulation in expression 

of the intron it could have indicated that the intron is less expressed due to 

saving of energy when the plant is under stressed conditions. If the U test on the 

other hand had shown a significant upregulation in expression of the intron it 

could have indicated that the intron is involved with the protection of the plant 

since the LTPs are hypothesised to be involved in the assembly of the cuticle 

coating (Domínguez et al. 2015). As the intron is placed at the end of the gene 

(Figure S1) it will give an extra tail in the mRNA and therefore the protein if it 

is preserved. This may suggest that the intron helps the mRNA with protection 

from degradation before translation and therefor increase the protein yield. 

Another possibility is that the involvement of the intron may be to help with 

stability or increase the affinity of the lipids depending on where the translated 

intron is located in the tertiary structure.  

Since the result of this study do not aligned with results of previous studies it 

would be interesting to conduct these experiments again with larger sample sizes 

so that more data could be collected. This would lead to more accurate statistical 

values and therefor give more accurate conclusions about the function of the 

intron. 
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5.1 Social and ethical aspects 

If the connection between the alternative splicing and abiotic stress is studied, it 

could help the possibilities to develop more stress resistant crops and plants. 

This could help, since according to Mahajan and Tutejans (2005) article, more 

than 50 % of the major crops yield and about hundreds of million dollars are lost 

due to abiotic stress.  

Even though gene modified crops would help to prevent this loss there are some 

aspects that move against gene modification. One example is the cost of the 

gene modified crops. Is everybody that is in need for it going to be able to afford 

it? Another example is the possible health risks of gene modified crops. Weale 

(2010) states in his review that there is no evidence of any health risk as today, 

but that the technology of gene modification still is held back till further 

evidence is acquired. 

Considering that this study was conducted on M. polymorpha grown in the 

laboratory no ethical aspects regarding the plant was taken into account for. If 

the plants on the other hand would have been collected from the forest some 

more aspects would have been considered, such as its effect of the ecosystem 

and if the plant is threatened with extinction.  

 

5.2 Conclusion 

To summarize, a sequence database search has been conducted and the presence 

of the intron has been displayed using PCR. Additionally, an investigation on 

whether subjecting M. polymorpha to abiotic stress will affect the alternative 

splicing. In conclusion, there is no significant difference in the alternative 

splicing after the stress treatments. Therefore, no connection can be drawn 

between the alternative splicing and the plants protection mechanism when it 

comes to cold and dehydration.  
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8 Appendix  

Table S1: The optimal protocol for the PCR reaction 

Step Temperature (oC) Duration  Cycles 

Initial denaturation 95 3 min 1 

Denaturation  95 30 s 35 

Annealing 58 30 s 35 

Extension 72 45 s 35 

 

 

 

Table S2: Primers used in the PCR and qPCR reactions for MpLTPd2 and MpLTPd3. The prefix 2 in the 
name indicates that it matches to the exon 

Name  Amino acids  Sequence (5’ to 3’)  Tm (°C)  GC-content  

D2ORFF  24  CACCTCATGGCATTCGTTAAGGTT  61.0  45.8 %  

D2ORFR  21  TCAGGAATCGGTGCGCAGAGC  63.7  61.9 %  

2D2ORFR  24  AGAGAGTCTTTACGGAGGCACTGG  64.4  54.2 %  

D3ORFF  24  CACCATGGATCCCAGAAATGCACA  62.7  50 %  

D3ORFR  23  TCAAGGGAAGACGTTTGTGTTTG  58.9  43.5 %  

2D3ORFR  23  TGAAGAGCCGGAGCTCTACCATC  64.2  56.5 %  
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Table S3: The concentration and the quality of the treated RNA-samples after isolation. An absobtion 
quote of around 2 shows good quality of the sample. The samples marked with a star (*) is the 
samples used in the qPCR. 

 Sample  Concentration (ng/µl) Abs: 260/280 Abs: 260/230 

Cold 1 29.2 2.10 0.14 

Cold 2 68.0 2.13 0.56 

Cold 3* 105.1 2.17 1.38 

Cold 4* 106.3 2.13 0.95 

Drought 1 5.3 2.27 0.03 

Drought 2* 23.4 2.15 0.43 

Drought 3 8.5 2.44 0.04 

Drought 4* 23.0 2.14 0.21 

Control 1* 93.4 2.15 0.93 

Control 2 60.1 2.11 0.34 

Control 3* 94.0 2.14 0.64 

Control 4 70.0 2.13 0.59 
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Table S4: The normalized expression (ΔCt) 
of the intron in LTP2 when compared to 
the reference gene MpACT. The qPCR 
reaction was done twice. 

 

 

 

 

Table S5: The normalized expression (ΔCt) 
of the intron in LTP2 when compared to 
the exon in LTP2. The qPCR reaction was 
done twice. 

 

 

 

 

Sample 
Run  ΔCt 

Drought 1 
1 4.63 

Control 1 
1 4.65 

Drought 2 
1 4.59 

Control 2 
1 3.46 

Cold 1 
1 9.4 

Control 1 
1 4.65 

Cold 2 
1 7.07 

Control 2 
1 3.46 

Drought 1 
2 1.77 

Control 1 
2 6.83 

Drought 2 
2 2.48 

Control 2 
2 0.02 

Cold 1 
2 7.38 

Control 1 
2 6.83 

Cold 2 
2 4.93 

Control 2 
2 0.02 

Sample 
Run  ΔCt 

Drought 1 
1 1.89 

Control 1 
1 0.83 

Drought 2 
1 1.43 

Control 2 
1 -2.05 

Cold 1 
1 2.45 

Control 1 
1 0.83 

Cold 2 
1 0.7 

Control 2 
1 -2.05 

Drought 1 
2 -0.46 

Control 1 
2 3.83 

Drought 2 
2 0.52 

Control 2 
2 -1.38 

Cold 1 
2 0.91 

Control 1 
2 3.83 

Cold 2 
2 0.43 

Control 2 
2 -1.38 
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Table S6: The normalized expression (ΔCt) 
of the intron in LTP3 when compared to 
the reference gene MpACT. The qPCR 
reaction was done twice. 

 

Table S7: The normalized expression (ΔCt) 
of the intron in LTP3 when compared to 
the exon in LTP3. The qPCR reaction was 
done twice. 

 

  

Sample 
Run  ΔCt 

Drought 1 
1 6.48 

Control 1 
1 7.69 

Drought 2 
1 10.98 

Control 2 
1 7.88 

Cold 1 
1 6.89 

Control 1 
1 7.69 

Cold 2 
1 8.55 

Control 2 
1 7.88 

Drought 1 
2 6.63 

Control 1 
2 7.51 

Drought 2 
2 10.06 

Control 2 
2 0.47 

Cold 1 
2 6.96 

Control 1 
2 7.51 

Cold 2 
2 7.76 

Control 2 
2 0.47 

Sample 
Run  ΔCt 

Drought 1 
1 4.88 

Control 1 
1 6.4 

Drought 2 
1 8.76 

Control 2 
1 7.26 

Cold 1 
1 4.79 

Control 1 
1 6.4 

Cold 2 
1 6.93 

Control 2 
1 7.26 

Drought 1 
2 5.13 

Control 1 
2 4.54 

Drought 2 
2 7.76 

Control 2 
2 4.73 

Cold 1 
2 5.58 

Control 1 
2 4.54 

Cold 2 
2 5.97 

Control 2 
2 4.73 



17 

 

  

 

 
Figure S1:  The nucleotide sequences of the studied genes. The grey nucleotides mark the 
intron. The underlined nucleotides mark the start and stop codon respectively. A) shows the 
sequence for MpLTPd2 and B) shows the sequence for MpLTPd3

 

 


