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ABSTRACT
Potato is a multipurpose crop used in food and starch industry for various industrial uses.
Improving the protein content in potato is one of the major challenges because of its
tetraploid level. Potato is one of the main crops, but protein content of potato tubers is lower
when compared with other crops. QTL analysis in soybean and pea revealed that protein
content is a quantitative trait and controlled by multiple genes (Bandillo et, al., 2015). In this
study the main aim is to increase the protein content in potato by over expressing amino acid
transporter genes or cofactors that was identified in a GWAS study for protein content.
Nicotine amide adenine dinucleotide co-factor functions in carbon and nitrogen assimilation
and promotes plant development. Whereas nitrate transporters are involved in improving the
nitrate levels in plants which could possibly improve amino acid levels and promote protein
biosynthesis. These candidate genes could possibly have an impact on protein content in
potato tubers. Gateway cloning was used for gene isolation of all the candidate genes and
transformation was performed for Entry and destination vectors to E. coli competent cells.
After transformation, a PCR and sequencing were performed to confirm the right gene insert
in vectors. Two out of three genes were confirmed in entry clone with right gene insert and
ready for further cloning process. An expression analysis was done on genetically modified
Kardal lysine histidine transporter (LHT) plants and effects of over expression in plants was
measured. Results indicated that there was no increase in overall protein content in LHT over
expressed lines and no correlation of lysine histidine transporter (LHT) gene expression with
soluble protein content trait in tubers. When chlorophyll content was measured using SPAD
(soil plant analysis development) chlorophyll meter it was observed that top leaves have lower
SPAD values and lower leaves had higher chlorophyll content when compared with kardal wild
type. However, from results it could be possible to say that over expression of LHT had no
impact on protein content in potato tubers, but it influences leaf chlorophyll content. Anyway,
LHT gene needs to be studied further and more evidence need to be collected to know the
exact function of LHT in potato.

Key words: Nitrate transporter, qPCR, lysine histidine transporter, amino acids, aldehyde
dehydrogenase, cloning, transformation, principle component analysis, protein content
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Abbreviations:
ANOVA
PCA
PFJ
SPC
GWAS
Kardal WT
SPAD-TL
SPAD-LL
SPAD
LB-agar
GM
Cv
dCT
ddCT
NAD
QTL

Analysis of variance
Principle component analysis
Potato fruit juice
Soluble protein content
Genome wide association study
Kardal wild type
SPAD measurement of top leaves
SPAD measurement of lower leaves
Soil-plant analysis development
Lysogeny broth agar
Genetically modified
Cultivar
Delta Ct value
Delta delta Ct value
Nicotinamide Adenine Dinucleotide
Quantitative trait locus
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1. INTRODUCTION
Potato is the 4th most important crop in the world after rice, maize, and wheat (Devaux et
al., 2014). Total global production of potato has been calculated about 388 million tonnes
in the year 2017 (FAOSTAT, 2019). It is expected that by 2020, world’s potato demand
needed to be doubled of what produced in the year 1993 (Scott et al., 2000). Over 1 billion
people are undernourished and most of them live in developing countries. People from
these developing countries depends mostly on potato as primary or secondary source of
food (FAO, 2009).The potato plant alone has almost 85% edible human food in the form
of tubers while, the other cereal crops has around 50%. Potato is a multipurpose crop rich
in carbohydrates, when harvested freshly it contains 80% water and 20% dry matter.
Protein content in potato is comparable to that of cereals and higher than that of the other
tuber or root crops under dry weight basis (Lutaladio, N. and Castaldi, L., 2009). Potatoes
are not classically regarded to be a major dietary source of protein due to its low protein
content in the tubers. Potato tuber has only 1-1.5% of protein (FW) overall with high
biological value of 100 compared with soybean (84) and beans (73) (Kasper, 2004; cited in
Buckenhuskes, 2005). Apart of food industry potatoes are also cultivated for various other
industrial uses for extraction of starch and proteins (Taskila et al., 2017). Although potato
has just 1.0-1.5% protein, the overall yield of potato per ha is 124 tonnes which produces
more protein per ha (Kunkel and Campbell 1987). Exactly 11% of world’s potato crop is
used for starch production mainly in Europe (Lokra, 2008). In starch industry proteins are
mainly a by-product from potato fruit juice (PFJ) an aqueous by-product after starch
extraction. PFJ contains a small amount of 1-2.5% of industrial proteins on an average
(Taskila et al., 2017). PFJ contains functional proteins that are used in pharmaceutical and
food industrial applications as emulsifiers, foaming agents and as antioxidants (Creusot et
al. 2011; Edens et al. 1999; Kudo et al. 2009). About 1-2% of human population has
allergies from egg, soy, fish and other important protein sources whereas, potato protein
is less likely to promote allergy towards humans (Lokra, 2008). However, to improve the
protein content in potato tubers first we should know about genetics and heritability of
this trait. Protein content is a quantitative trait (Bandillo et al., 2015) which indicates this
trait associated with multiple genes. This quantitative trait is controlled by combination of
both genetic and environmental factors (Balyan et al. 2013; Hwang et al. 2014; Karn et al.
2017). Potato is a tetraploid species and breeding for a complex genetic trait like protein
content makes it even challenging (Klaassen et al. 2019).
Studies from Acharjee et al. 2018; Klaassen et al. 2019; Werij 2011 about the protein
content in bi-parental populations shows only a moderate amount of this protein content
trait heritability of 40-74%. Minor-effect QTL’s have been identified for this trait on
chromosomes 1, 2, 3, 5 and 9 in both diploid and tetraploid germplasms of potato.
Recently in soybean 3 potential candidate genes for protein and oil content were found
on chromosomes 15 and 20 (Bandillo et al., 2015). Similarly, in potato it can be possible to
identify different QTL regions which effects protein content. Potato genome has been
sequenced in 2010, availability of genomic data makes it much easier to identify and target
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specific genes at certain location and improve the desired trait. GWAS from Klaassen et
al., 2019 revealed underlying alleles or genes of QTL region which provided both negative
and positive effect. From the GWAS study it is known that on the top arm of chromosome
5 a strong QTL has found with cluster of amino acid transporter genes. Therefore, targeting
those amino acid transporter genes could lead to improve protein content trait in potato.
Several attempts have been made to increase the protein content in different plant
species by targeting specific essential amino acids like threonine and lysine (Gibbon et al.,
2005; Mertz et al., 1964). Creating mutants artificially or naturally to improve lysine
content through traditional breeding methods for example high lysine mutant opaque2 in
maize (Mertz et al., 1964). This mutant is used as a parent line to develop high quality
protein maize. This resulted in twice the amount of lysine protein than in the normal seeds
(Gibbon et al., 2005).
Another strategy is to increase the essential amino acids by regulating the biosynthetic
pathways (Galili et aal.,2001; Long et al., 2013; Galili , 2002; Galili and Amir, 2013). Fan et
al., 2017 reported that in rice cultivars overexpression of OsNRT2.3b, the nitrate
transporter resulted in better yield. Overexpression of OsNRT2.3b also improved the
nitrogen use efficiency in rice cultivars. So, by targeting different transporter genes of
nitrate, lysine amino acid pathways and over expression using 35s promoter through
cloning could results not only in improved/ enhanced yield quantity but also in improved/
enhanced protein content in potato plants.

1.1 NITRATE TRANSPORTERS
Nitrogen plays a key role in most of the physiological processes including protein synthesis
and amino acid metabolism. Nitrate, ammonium, and amino acids are vital available forms
of nitrogen (Maathuis, 2009). Once absorbed by the plant, these compounds are
transported to different tissues around the plant or been used up by plant before
translocation. Nitrogen assimilation involves reduction of nitrate to ammonium and then
ammonium to amino acids (Masclaux-Daubresse et al., 2010). This process takes place
both in root and shoot cells of the plant with the help of two enzymes. Nitrate reductase
enzyme catalyzes nitrate to nitrite in cytosol whereas, in chloroplast nitrite to ammonium
is catalyzed by nitrite reductase. Ammonium can be synthesized through photorespiration
or by amino acid deamination (Hildebrandt et al., 2015). Ammonium is the primary source
of various amino acids (Berg et al., 2002) and amino acids are building blocks of protein
synthesis. Furtherly, ammonium is assimilated in chloroplast by two enzymes in GS-GOGAT
pathway. One is glutamine synthase (GS) which incorporates ammonium into glutamine.
While the second enzyme glutamate synthase that catalyzes the reaction between
glutamine and 2-oxoglutarate that results in 2 molecules of glutamate. Whereas, in turn
glutamine and glutamate aid as nitrogen donors in the cellular process. Therefore,
different forms of nitrogen mainly ammonium and their assimilation to amino acids and
involved enzymes in this pathway could have a lead role in protein content in plants.
2

FIGURE 1. NITROGEN‐ASSIMILATION PATHWAY IN HIGHER PLANTS (LU ET AL., 2016)

In any plant species nitrate(NO3-) is one of the most important essential minerals for plant
development. Nitrate transporter genes help in transportation of NO3- in root cells in
higher plants. So, nitrate must be loaded to xylem in root cells to transport into aerial
parts. A nitrate transporter gene NRT1.15 is responsible for transportation of nitrate in
Arabidopsis (Lin et, al 2008). In Arabidopsis thaliana NRT1.11 and NRT1.12 plays a key role
in distributing NO3- in to developing leaves through transporting from xylem to phloem.
Amino acids obtained from roots are distributed through xylem and phloem system to the
aerial parts of plant (Hsu & Tsay, 2013; Tegeder, 2014). Similarly, if the function of these
nitrate transporter genes is highly conservative it will be the same in potato as in
Arabidopsis. From GWAS of Klaassen et.al 2019, a cluster of nitrate transporter genes were
identified with a QTL peak for protein content trait. One of the nitrate transporter genes
NitPGSC0003DMG400004134 on chromosome 5 was selected as a candidate gene to
improve the protein content in potato.

1.2 NICOTINE AMIDE ADENINE DINUCLEOTIDE (NAD)
Nicotine amide adenine dinucleotide (NAD) a cofactor involves in transport of electrons in
oxidation-reduction reactions, and a highly important element in cellular signalling (Noctor et
al., 2006; Petriacq et al., 2013). The existence of NAD is in two following forms: an oxidized
form NAD+ and a reduced form NADH (Pollak, 2007a). Even though these molecules share high
similarity in structure they have different biological roles in several biosynthetic processes
such as photosynthesis, fatty acid synthesis acting as reductants and oxidants (Kramer et al.,
2004; Rawsthorne, 2002 ; Geigenberger, 2003). NAD+ controls nitrogen and carbon
assimilation in plants and enhance the plant productivity by acting as an electron carrier across
3

membranes (Bertrand et, al. 2018). Assimilation of nitrates in plants is catalyzed by nitrate
reductase with the help of NADH (Miflin, 1970; Vincentz and Caboche, 1991). These NAD
genes also involved in defence mechanisms for example in rice, different NAD kinases are
induced by multiple abiotic stresses (Li et al., 2014). NAD is also involved in root development
and play a key role in plant immunity by controlling functions in signalling and cell redox
positions in plants (Bertrand et, al. 2018). The molecular and biochemical characterization of
NAD+ transporters was revealed and explained fairly, the exact physiological functions of
various NAD transporters was not yet understood.
From GWAS of Klaassen et.al 2019, two Nicotine amide adenine dinucleotide (NAD+) cofactors
were identified on chromosomes 3 and 5 with corresponding sequence id’s
NADPGSC0003DMG400022885 (position: 61,505,990 bp to 61,512,715 bp) and
NADPGSC0003DMG400017005 (position 8,018,695 bp to 8,022,801 bp). From SPUD database
2019, both genes expression occurs during pollen development and leaf development stages
in the plant. In plant structure expression levels can be quantified in leaf apex, stem and
vascular leaf structures and roots.

1.3 LYSINE HISTIDINE TRANSPORTERS (LHT)
Plant roots absorb nutrients like organic nitrogen from the soil in the form of amino acids,
peptides, and proteins (Nasholm et al., 2009). This absorption of organic nitrogen was
performed by the action of localized plasma membrane transporter proteins.
Studies revealed that various transporter proteins may facilitate transport of organic nitrogen
through root uptake in plants (Tegeder and Rentsch, 2010). One of the amino acid
transporters is LHT (lysine histidine transporter), which transports substrates mostly lysine
and histidine. It is also involved in transport of neutral and acidic amino acids in different
tissues and in different levels of expression in each tissue (Hirner et al., 2006; Lee and Tegeder,
2004). It was identified in Arabidopsis that two of the lysine histidine transporter genes LHT1
and LHT 6 have a vital role in uptake of amino acids though roots (Perchlik et al., 2014). These
two LHT transporter genes functions in different tissues and at various developmental stages
of the plant. For example, function of LHT 1 in mesophyll cells is to uptake of amino acids
derived from xylem (Hirner et al., 2006). Whereas LHT 6 transport amino acids for pollen
development through tapetal cells (Foster et al., 2008). Recent studies on LHT amino acid
transporters suggested these LHT transporters have an important role play in plant sexual
reproduction. From these different literature studies on LHT genes it indicates that LHT gene
could play an important role in amino acid transport in plants. Moreover, the recent findings
from GWAS study of Klaassen et al., (2019) there identified an LHT gene along with few other
candidate genes for protein content trait. So, these findings support that LHT could be a one
of the potential gene responsible for influencing protein content in potato tubers.
This study focusses on the different stages of cloning and transformation of various amino
acid transporter genes like nitrate transporter genes, Nicotinamide adenine dinucleotide
(NAD+) genes. Also, evaluating the genetically modified plants with Lysine histidine
4

transporter (LHT) gene over expression and comparing these OE lines with kardal wild type
plants to observe any phenotypical differences that correlates with gene expression and
protein content.

Aim: Enriching the protein content in potato tubers by over expressing amino acid
transporters and analyzing the phenotypic changes in LHT over expressed plants.

Research questions
1. Does LHT gene influence any phenotypic trait changes in transgenic potato plants
when over expressed?
2. Is there an increase in overall amino acid content due to LHT over expression in PFJ?
3. Does over expression of LHT gene have any influence on protein content in transgenic
potato plants?

2.0 MATERIALS AND METHODS
2.1 GENE CLONING AND TRANSFORMATION
2.1.1 RNA ISOLATION AND CDNA SYNTHESIS OF POTATO PLANT TISSUE
Different tissue samples were collected from tubers, leaves, young buds, buds, flowers, and
stems of kardal potato plants for RNA extraction. RNA extraction was done using
cetyltrimethylammonium bromide (CTAB) mini RNA extraction protocol. RNA concentration is
measured with Nanodrop spectrophotometer. Samples checked for concentration were run
on the gel electrophoresis to see the genomic contamination of samples and a DNAse
treatment was done using DNAse I enzyme. The DNAse treated samples run on gel
electrophoresis to completely make sure there is no genomic background left. Using
Multiscribe reverse transcriptase single stranded RNA is converted to complementary DNA
(cDNA). Now the cDNA samples are tested with a PCR using primers F76 and R77 of a
household gene Elongation Factor with dream tag polymerase as enzyme. PCR protocol is:
step1 ; 94o c for 5 minutes of 1 cycle, step 2; 94 o c for 30 seconds, 60 o c for 30 seconds, 72 o c
for 30 seconds of 30 cycles, step 3; 72 o c for 10 minutes, α hold at 10 o c of 1 cycle.

2.1.2 GENE AMPLIFICATION OF NITRATE TRANSPORTERS AND NAD+
For Nit4134 and NAD22885, NAD17005 genes primers were designed (Table 1) using NCBI
primer blast tool and primer3 software (Ye J et.al, 2012).
5

TABLE 1. PRIMERS DESIGNED FOR ISOLATION OF CANDIDATE GENES FOR CLONING.

Name
1.

Nitrate
transporter
PGSC0003DMG40000
4134

Short
form

Primer Position
(bp)

Code

5’-3’ sequence

(NIT4134)

Forward

1……29

PrTg283NIRext 2

caccATGATAGCAACATATGGTTTACAAACAAA

Reverse

1629......16
59

PrTg284NIRext 1

TCAAGATTCAGGTAAGAGTCTATAATCACAT

Forward
(outer)

85....113

PrTg261NAD+Fext1

CACCATGACTAGTTTCACGAAGAAAGAGTACGA

Reverse
(outer)

1591....161
4

PrTg262NAD+Rext1

CTAGCCAAAATTGATTCCTTGAG

Forward
(inner)

585....605

PrTg263NAD+Fint2

CCCATGTGCTGTACTTGGATG

1165...1184

PrTg264NAD+Rint2

AGGATCTTTCCACCCTGGGA

61......81

PrTg271NAD+Fext1

CACCTGATCAAATTGCAACGCTTGAGAC

Reverse
(outer)

1622....164
5

PrTg272NAD+Rext1

Forward
(inner)

441....464

PrTg273NAD+Fint 2

ATGGCGGCTCGTGTATTTCTC

Reverse
(inner)

1472....149
3

PrTg274NAD+Rint 2

ACCATGCTGGATTCTTCAATGGTG

(NAD22885)
2.

3.

Aldehyde
dehydrogenase
PGSC0003DMG40002
2885

Aldehyde
dehydrogenase
PGSC0003DMG40001
7005

(NAD17005)

Reverse
(inner)
Forward
(outer)

GTCCCAACTCTCAAGGCTCGTG

Due to unavailability of gene code numbers or any short forms to use in report for our targeted genes, I used the
complete gene ID’s in the beginning and later in manuscript I used the short forms of those genes or cofactors
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Polymerase used was either Phusion or Pfu polymerases, which are highly specific to amplify
larger gene fragments. Phusion and Pfu polymerases generates PCR products with high speed,
accuracy, and high yield of product, ideal for cloning especially when difficulty in amplification
and with an error rate 50 times lower than Tag DNA polymerases. Hence, in the PCR reaction
Pfu polymerase is used and PCR is as follows:

95o c
95 o c
62 o c
72 o c
74 o c
10 o c

2 min
30 sec
30 sec
3 min
5 min
Α

1 cycle
35 cycles
1 cycle

The annealing temperatures for different genes were adjusted in the PCR reaction by doing
separate PCR reactions for each gene. The PCR products were run on 1% agarose gel for 3045 minutes at 100V. The gel was observed under the UV light and size of the gene fragment
was checked with our target genes using the DNA ladder. The gel was placed on UV transilluminator where the gel was cut using a blade. Obtained piece of gel fragment with target
gene is transferred immediately to an Eppendorf tube and purification was done using QIAGEN
MinElute® Gel Extraction Kit. For isolation of target gene there should be enough amplicon
DNA material for cloning in to the pENTRTM TOPO vector so, a nested PCR was done to obtain.

2.1.3 CLONING OF CANDIDATE GENES INTO ENTRY CLONE

7

FIGURE 2. SCHEMATIC REPRESENTATION OF CLONING OF GENES TO AGROBACTERIUM EXPRESSION CLONES
USING GATEWAY CLONING TECHNOLOGY (XU AND LI, 2008)

Genes with successful amplification were cloned into TOPO pentry vector . Before cloning
Purification of the DNA is done by using a Zymo Research DNA clean & concentrator kit. After
purifying, DNA ligation was done with Topo vector, and transformed into E. coli bacteria by
using the protocol for pENTR Directional TOPO cloning kits of Thermo Fisher Scientific was
tailed. The transformed cells grew in LB agar medium plates comprising of kanamycin
(50µg/ml) at 37 oc overnight. A colony PCR was done to verify the gene of insert in TOPO pentry
vector. This PCR was performed using internal primers of gene of interest and M13 F&R
primers of the vector. After confirmation of entry vector with gene of interest, the samples
are purified to isolate the plasmid DNA by using QIAGEN QIAprep kit. The purified DNA
samples are sent to a biotech company for sequencing to check the sequence of insert.

2.1.4 CLONING INTO DESTINATION VECTOR
An LR reaction was performed with 50-150 ng/µl TOPO vector containing gene of interest
(entry clone) and 150 ng/µl destination vector PK7WG2.0. Gene of interest in TOPO pentry
vector is exchanged with ccdb region of destination vector this recombination results in
transfer of gene of interest from entry clone to destination vector. This recombination takes
place with the help of flanking regions attR1 and attR2 in both the vectors (figure 2).
Destination vector (PK7WG2.0) with gene of inserts were put into E. coli competent cells with
a heat shock treatment. These competent cells with destination vectors were grown in the LB
agar medium plates that containing 200 µg/ml of antibiotic streptomycin. Overnight growing
these plates at 37 oC and colonies were selected from the plates for colony PCR. Resulting
positive colonies with gene of interests are sent for sequencing to confirm the insert.

2.2 GREENHOUSE EXPERIMENTS OF OE LHT LINES OF KARDAL
Greenhouse experiment was done in the Uni-farm of Wageningen University and Research
with LHT GM lines of kardal WT. Two series of plants were grown in pots as series 3 and 4.
Series 3 and series 4 were harvested on 2 different dates with a gap of 2 months. Series 3
consist of 175 LHT GM kardal plants (27 GM kardal lines and one kardal control line) and were
harvested in the month of September 2019 (halfway harvest). In halfway harvest relative
chlorophyll content was measured using a SPAD plus chlorophyll meter. SPAD measurement
was taken from every fourth fully expanded leaf from top of the plant and measured three
times to get an average value. Similarly, lower SPAD value was taken from fifth leaf at the
bottom of the plant. Plants were also measured for plant height, tuber size, leaf FW/DW, no.
of tubers, no of green tubers, soluble protein content in PFJ (%), tuber weight (g) and soluble
protein content (%). Samples of tubers slices and leaves were taken for expression analysis of
LHT gene for all the plants. In the month of November2019 the 2nd harvest or end harvest was
done. During end harvest tuber weight (g), no of tubers, SPC% in PFJ, over all SPC% and leaf
8

and root FW/DW ratio were measured, this was after 2 months of halfway harvest. Tuber
slices and root samples were taken for expression analysis of end harvest plants.

2.2.1 SOLUBLE PROTEIN CONTENT MEASUREMENT
After harvesting the tubers of GM LHT lines from greenhouse tuber samples were analyzed
for soluble protein content and fresh weight dry weight ratio. Tuber slices were dried at 700C
for 2-3 days in an Oven to obtain complete dry weight of the tubers. The remaining part of
fresh tuber is grinded to obtain PFJ. Soluble protein content in PFJ is measured using SPRINTTM
Rapid Protein Analyzer (CEM Corporation, NC, USA) (Klaassen et. al, 2019). In both halfway
harvest and end harvest same procedure has been followed to measure the SPC% IN PFJ.
Soluble protein content was calculated as:
SPC (%) = SPC in PFJ (%) × tuber fresh weight (%)

2.2.2 GENE EXPRESSION OF LHT GENE IN GM KARDAL PLANTS
Gene expression of LHT OE lines was measured using CFX Bio-Rad Real time PCR detection
system. Tuber samples were collected from greenhouse and cDNA was synthesized similarly
as explained in section (2.1.1). The amplification of gene in samples was tested using SYNR
green of Bio-Rad a fluorescence dye, the reaction protocol is as follows:
cDNA
Buffer
MQ
Primers
F&R
(100 picomoll)
Final volume

2µl
5µl
2.4µl
(0.3µl F)
(0.3µl R)
10µl

Expression analysis was measured using primers F226 × R227 of LHT gene with following PCR
cycle: 95 0C for 3 min, 95 0C for 30 sec (40 cycles), 60 0C for 266 F × 267 R 30 sec, 720C for 1
minute and last step with 720C of 10 minutes. A reference gene EF was used (Pr76 × Pr77) to
normalize the mRNA levels of gene of interest.
Values obtained from qPCR are calculated as follows:
Δct (expression of LHT gene) = Ct x (LHT)- Ct x (EF)
Whereas, after correction of reference gene a relative gene expression was calculated by
subtracting the delta ct value of LHT gene to the wild type (kardal WT)
ddCt = dCt (GM kardal LHT) – dCt (kardal WT)

9

2.2.3 GM KARDAL LHT LINES STATISTICAL ANALYSIS
Analysis of various phenotypic traits were done using either SPSS software or GenStat
software for identifying the outliers in normal distribution. Different traits were measured
using box plots, QQ- plots and see the significant difference within the trait values. Plants
which does not have any values or outliers which are affecting the results were removed
during analysis. The SPAD-LL, SPAD-TL, shoot weight, plant height, SPC, weight of tubers, no
of tubers were checked for normal distribution with histogram in GenStat software.
ANNOVA (analysis of variance) with a two-way t-test was performed to see the significant
difference in the trait values like plant height, shoot weight, tuber weight, no of tubers, SPADLL, SPAD-TL between Kardal WT and GM LHT lines. Correlation analysis between various traits
measured was verified with a correlation graph in GenStat. A PCA was done between
measured phenotypic traits to identify the correlation within the traits. Due to place effect in
green house there was a variance observed in middle plants and border plants shoot weight
and plant height. To confirm the significance, we divided plants in to two sections and done
an ANNOVA using a two-way t-test.

3.0 RESULTS
This results section consists of two parts. The 1st part of results was about cloning of amino
acid transporter genes in to kardal wild type potato plants. Several amino acid transporter
genes were selected for cloning as candidate genes and various cloning, LR reactions and
transformation steps were explained in this part. Second part is about LHT gene expression
analysis of tuber samples by qPCR and analyzing the phenotypic changes in 27 GM kardal LHT
lines. Various phenotypic traits were measured in the plant grown in the green house, these
included the number of tubers, leaf chlorophyll content, plant height and FW/DW was also
measured. Whereas, in the biochemical lab potato tubers were grinded and PFJ has been
extracted and total soluble protein content was calculated.

3.1 CLONING OF AMINO ACID TRANSPORTER GENES
3.1.1 NAD22885
NAD22885 is amplified by using designed outward primers (1530 bp) from cDNA sample of
flower buds of potato showed an expression for this gene. Gene amplification was done from
flower bud tissue and a band of >1300 bp was visible in agarose gel (Figure 6).
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Figure 3. Candidate Genes Amplified Using
Pfu polymerase With Pr271×272.
1)NAD22885
gene Around 1.5 Kb with Pr261×262.
2) NAD17005 around 1.1kb with Pr273×274
3)Nit4134 of 1.5 Kb with Pr283×284
Primers.

After ligation entry clone with gene insert is transformed to E. coli competent cells and grew
in LB-agar plates with kanamycin resistance. Furtherly, a colony PCR was done with gene inner
primers (215bp) many colonies from LB-agar plate. Out of those 40 colonies 8 showed
amplicon matching to NAD22885 (1400bp) whole gene with outer primers (figure 7)
Those colonies were sent for sequencing to
confirm the presence of target NAD22885
gene insert and see alignment for both
NAD22885 gene and vector sequences.
FIGURE 4. COLONY PCR OF NAD22885 GENE OF
ENTRY CLONE WITH PR265×266. COLONIES
5,6,10,12, 17, 23, 35 AND 37 SHOWED RIGHT
AMPLICONS IN AGAROSE GEL.

Sequencing result was positive for entire
sequence of NAD22885 gene for both the ends
in a good alignment. Colony plasmid 23,
positive in sequencing was selected for the LR
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FIGURE 5. COLONY PCR OF DESTINATION VECTOR. F306*R303 ARE THE DESTINATION VECTOR SEQUENCES.
F261*R262 ARE NAD22885 GENE PRIMERS (1.5KB LENGTH). THESE COMBINATIONS ARE TO CHECK THE WHOLE
INSERT IS PROPER WITH RIGHT SEQUENCES.

reaction of NAD22885 to destination vector PK7WG2.0. Heat shock treatment was performed
to put destination vector to T10 competent cells. E coli competent cells with destination vector
with gene insert grew on LB-agar plates with streptomycin. Only 3 colonies were observed in
the plates after the incubation at 370C overnight. A colony PCR was done to check for right
amplicon (1500 bp) and it was negative (figure 8).

3.1.2 NITRATE TRANSPORTER (NIT4134)
Another candidate gene for cloning to Kardal was Nit4134, a nitrate transporter gene. Primers
designed: Pr283×284 (1659 bp) whole sequence, cDNA of flower tissue showed an expression
of gene and gene amplification was done with help of outer primers (1.5kb) (figure 6).
After the amplification, the gel fragment was
purified further to ligate in to the pENTRTM TOPO®
vector for cloning. After transformation of Nit4134
to topo entry vector, colonies were grown on LBagar plates with kanamycin resistance. 32 colonies
were selected for colony PCR, out of those 3
colonies showed right amplicons in agarose gel
(figure 9).
FIGURE 6. COLONY PCR, ENTRY CLONE OF NIT4134 GENE.
The resulting colonies were purified with a QIAGEN COLONIES 2, 15, 16 (AMPLICONS OF 1.5KB) WERE SELECTED AND
QIAprep® Spin Miniprep Kit and verified for right SENT FOR SEQUENCING WITH THE HELP OF M13 F&R PRIMERS
Nit4134 gene insert was done by sequencing with AND PR283×284 COMBINATIONS

primers M13 F&R, pr283 and 284. The sequencing
result showed positive for colony number 15.
The isolated plasmid 15 with Nit4134 gene insert was
selected for the LR reaction to the destination vector PK7WG2.0. After LR reaction the
destination vector is transformed and put into TOP 10 cells with heat shock treatment. E. coli
competent cells with destination vector PK7WG2.0 grew on LB-agar medium with
streptomycin. Only one single big colony was present on plate and it was negative for right
amplicon size (1659 bp) in colony PCR (data not shown). In colony PCR both primers of
destination vector (F306* R303) and Nit4134 gene primers (pr283 and 284) were used to
obtain results.

3.1.3 NAD17005
Third gene for cloning is NAD17005 in to kardal plant. This gene was amplified by using cDNA
tissue of flower buds using primers designed pr271×272 (whole gene sequence (1.5kb)). When
gene amplification was done amplicon size in PCR was about ± 1000bp (figure 6).
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After the amplification, the DNA was
purified and ligated in to pENTRTM
TOPO® vector for cloning. Ligated entry
vector was transformed into E coli
competent cells and grew on LB agar
medium. 16 colonies were selected from
the agar plates, 4 out of 16 colonies
(1,2,9,11) (Figure 10) were sent for
sequencing. Sequencing could not
confirm the right insert of gene
NAD17005 in entry clone.
For this reason, NAD17005 was unable
to continue with further cloning process.
From next time confirmation of desired FIGURE 7. COLONY PCR FOR GENE NAD17005. PLASMIDS 1, 2, 9, 11
HAVING AMPLICON OF ABOUT 1000BP WERE SELECTED AND TESTED WITH
gene amplicon size before cloning is
GENE INNER PRIMERS (273×274) AND VECTOR PRIMERS M13 F&R IN
necessary to avoid errors in result.
COMBINATIONS TO CHECK THE RIGHT INSERT.

3.2 GENE EXPRESSION ANALYSIS OF LHT GENE IN TUBER SAMPLES
In series 3 total of 175 plants in green house contain an over expressed LHT gene driven by
CaMV 35S promoter which was done by previous student. In this study, series 3 GM kardal
LHT lines were checked for the presence of LHT gene in tuber tissues. PCR product was
checked in agarose gel and amplicons of ±150/ 160 bp confirms that presence of cloned LHT
gene in GM Kardal LHT lines. Gene expression data of 27 GM kardal LHT lines in halfway
harvest was presented in this study (figure 8), end harvest results and their plant LHT gene
expression levels were checked by Koen Van Oostrom (data not shown). Exactly 120 lines out
of 175 were measured for LHT gene expression in tuber samples remaining which are
degraded during RNA isolation were not used further in for gene expression analysis.
Expression of LHT in tubers was analysed using qPCR with help of primers EF 76×77 (±150/ 160
bp) as a reference gene to compare the fold expression of the over expressed LHT in qPCR.
Gene expression was measured using CFX96 Touch TM Real-Time PCR Detection System BioRad®. SYBR green was used as a fluorescent dye to detect the amplification of LHT gene in GM
kardal LHT lines. In overall 27 kardal lines were calculated for dCt differences in LHT expression
compared to kardal wild type. Out of 27 lines line numbers 28, 26, 70, 71, 54, 32, 61, 26, 9,
104 showed a ddCt difference or higher expression level of LHT than kardal wild type (figure
3). Remaining other lines show relatively less expression than kardal control plant.
Melt curve data of qPCR run with Pr226×227, Pr151×152 and Pr153×154 were compared to
check the specificity of the qPCR result was correct or not. For majority of the samples two
peaks were observed one at 760C and another curve at 810C. The melt curve data of Pr226×227
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showed one single peak at 81.5 0C and this seems to specify better expression data for LHT
gene. The delta delta Ct (ddCt) method is to calculate the relative fold gene expression of
samples when performing q-PCR. Basically, delta delta Ct = (Ct target gene in treated (GM LHT)
- Ct housekeeping gene (GM EF) in treated) - (Ct target gene in untreated (LHT) - Ct
housekeeping gene in untreated (EF)). Whereas, in figure 3 different calculation has been
used. Since, few lines have negative values 2-ddct calculation was used in the figure so that all
the lines can be comparable.

FIGURE 8. SHOWING 2-DDCT VALUES OF 27 GM KARDAL LHT EXPRESSION LEVELS
ALONG WITH KARDAL CONTROL LINE OF LHT IN IMMATURE TUBERS. THE BLUE
COLOUR LINES INDICATE THE QPCR EXPRESSION DATA.

3.2.1 PHENOTYPIC CHANGES IN GM KARDAL LHT
When analysis was performed 14 lines out of 27 showed lower SPAD-LL (ANNOVA, P-value
<0,001) (Appendix, figure 12). For SPAD-LL 13 lines showed higher value than kardal wild type
(ANNOVA, p-value <0,001)(Appendix, figure 12). Whereas 7 out of 27 lines showed higher
SPAD-TL values than kardal wild type plant. For SPAD-TL 20 out of 27 showed lower SPAD-TL
value than kardal wild type (Appendix, figure 13). These results indicate that LHT gene
overexpression could be responsible for less chlorophyll content in top leaves due to
translocation of all proteins from source to sink tissues. Therefore, a negative correlation
between SPAD-LL and SPAD-TL values was expected, when SPAD-TL is compared with SPADLL a very weak negative correlation appeared (r=0.0316) (ANNOVA, p-value <0,001)
(Appendix, figure 11).
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Plant height is one of the most important factors to screen for plant growth, 27 lines were
evaluated on plant height comparing with kardal wild type. Whereas, 5 lines out of 27 were
found to be higher for plant height (ANNOVA, p-value <0,001) (Appendix, figure 14) than
kardal wild type, 22 lines out of 27 lines showed lower height (ANNOVA, p-value <0,001)
(Appendix, figure 14). Shoot weight is also measured for all the 27 lines, 5 out of 27 showed
higher value for shoot weight than kardal wild type (ANNOVA, p-value <0,001) (Appendix,
figure 18). Phenotypic traits like stolon number and tuber numbers were also measured for
each plant 7 out of 27 lines showed a greater number of stolons than kardal wild type
(ANNOVA, p-value <0,001) (data not shown), 14 out of 27 lines showed higher number of
tubers than kardal wild type (ANNOVA, p-value <0,001).

In this study all the 27 lines were compared with kardal wild type for soluble protein content
in the potato tubers also in PFJ. 7 lines out of 27 showed higher SPC% (ANNOVA, p-value
<0,001) than kardal wild type, 20 lines showed lower SPC than kardal wild type. Line LHT 54
showed higher tuber SPC% and line LHT 70 showed higher SPC% in PFJ (ANNOVA, p-value
<0,001) (Appendix, Figure 17). To evaluate if there was any relationship between phenotypic
traits measured and gene expression, a correlation analysis was done. Correlation analysis was
done with relative gene expression of LHT (2-ddCt values) with 9 phenotypic traits of potato
i.e., plant height, shoot weight, tuber weight, tuber number, Soluble protein content, no of
stolon’s, SPAD-TL, SPAD-LL per plant. For all the series 3 halfway harvested lines there was no
significant correlation found between trait values with relative gene expression of GM kardal
LHT lines (p-value <0,02)

FIGURE 9. CORRELATION ANALYSIS OF NINE PHENOTYPIC TRAITS WITH LHT GENE EXPRESSION
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By using GenStat, a correlation analysis was done between gene expression and various
phenotypic traits measured. Phenotypic traits measured were plant height, shoot weight,
tuber number, number of stolons, SPA-LL, SPAD-TL, tuber weight, SPC% and SPC% in PFJ. Gene
expression data was used, and a correlation analysis was done with phenotypic traits. When
2-ddCt data has been compared with plant height (shoot length) it shows a positive
correlation. SPAD-TL data of 27 lines showed a negative correlation with LHT gene expression
that could explain the mobilization of all the amino acids and lower leaves having less
chlorophyll content (figure 4). There was no correlation of LHT gene expression with SPC%
from the analysis. Although, in this study potatoes were harvested in halfway growth it could
be possible that the end harvest tubers might have a different result.

A principle component analysis (PCA) was done to see the correlations between the following
8 traits: SPAD-TL, SPAD-LL, soluble protein content, SPC in PFJ, plant height or shoot length,

SPAD-TL
Number of tubers
Tuber weight
PFJ protein content
Number of stolons
Shoot weight
Shoot length
SPAD-LL

FIGURE 10. PICTURE PRINCIPLE COMPONENT ANALYSIS OF PHENOTYPIC TRAITS MEASURED IN GREEN HOUSE

shoot weight, no of tubers, tuber weight. From the PCA model PC 1 explains 6 of 9 components
could explain about 70% of variation SPAD-TL, tuber weight, number of tubers, PFJ protein,
SPC%, stolons are correlated with each other (figure 5). Plant height or shoot length and SPADLL showed a weak correlation with each other. (The order of traits in PCA is same way as in
the box that is next to PCA).
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During harvesting it was confirmed that there was a place effect in green house, plants which
are in the border had lower plant height and shoot weight compared to the plants in the
middle. However, lower values were observed in few plants in first and last rows similarly in
the first two and last two columns of plants in green house.
To confirm this, we separated the plants in to two sections border and middle based on their
plant height values, then did 2 sample t-test in GenStat assuming they have unequal mean
values. Two-way t-test confirmed that their mean values are significantly different (ANNOVA,
P<0,001) (Appendix, figure 16). Border plants have a mean value of 62 for plant height and
middle plants have a mean value of around 85.
Border plants which are having lower shoot weight and plant height were compared with
middle plants. In comparison their mean values were significantly different to each other in
both the traits. This explains that change in mean values of plants within the same greenhouse
experiment caused by place effect might have an impact on the end results.
So, it could be possible to explain that phenotypic trait differences were caused by
environmental interactions not only influenced by LHT gene over expression . The observed
place effect was within very few numbers of plants in green house. Moreover, not all the
measured traits showed this place effect only plant height and shoot weight showed lower
values of data. Tuber weight values did not show any place effect relation when measured so
protein content in PFJ had no issue with place effect. This is the reason we did not took this
place effect into consideration before result analysis.

4.0. DISCUSSION
4.1 GM KARDAL LHT LINES
All LHT transgenic line contained the insert of LHT gene as confirmed through PCR. LHT gene
is targeted based on gene homology with other crops to increase the protein content in potato
(Mendoza et al., 2017). LHT gene encodes for a transporter protein with a domain of amino
acid transporters (Spud DB, http://solanaceae.plantbiology.msu.edu/index.shtml). This is one
of the strong reasons it was selected as a candidate gene to increase the protein content in
potato. It is expected that if LHT has a positive effect on nitrate metabolism or transportation
of amino acids, lower leaves will senesce sooner and have lower SPAD values (Have,
Marmagne, Chardon, & Masclaux-Daubresse, 2017; Hsu &Tsay, 2013; O'Brien et al., 2016).
During harvesting it has been observed that there was development of flower buds and
flowers in plants without any tuber growth. This could be possible because LHT genes function
in flower development and during pollen development (Hirner et al., 2006., Foster et al.,
2008). Increased LHT expression triggers high transport activity from source to sink tissues this
leads to senesce of source leaves faster. Relative chlorophyll content was measured for each
GM kardal LHT plant because of function of LHT gene in transportation of amino acids in plant.
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These amino acids in turn influence nitrogen metabolism of plant which might increase the
leaf chlorophyll content. Increase in nitrate metabolism will lead to high amino acid
transportation levels. Interestingly, all the proteins in source transfer to sink parts during
senescence tissues (Hsu & Tsay, 2013) so, expecting a high chlorophyll content in sink leaves
than the source leaves.
An LHT gene in Arabidopsis was known to transport a broad spectrum of amino acids (Tegeder
and Ward, 2012), which is homologous to LHT gene in potato. Whereas, in Arabidopsis LHT1
mutation is enough to disrupt the amino acid uptake and inhibit the plant growth (Hirner et
al., 2006). So, over expression of LHT gene might have an influence on amount of amino acids
that could possibly affect the protein biosynthesis. So, the amino acid transporters could be
an important source for remobilization of substrate proteins from source to sink tissues. All
the available amino acids in source could be transferred to sink tissues like tubers due to
proteolysis (Hsu & Tsay, 2013) when senescence occur in source leaves. Relative chlorophyll
content (SPAD) measurements of GM kardal LHT lines were done because of the relation in
nitrate metabolism and a possible enhancement of chlorophyll content in leaves (Zheng et al.,
2015). Protein translocation occurs during senescence of source leaves (Hsu & Tsay, 2013;
Masclaux-Daubresse et al., 2010). Therefore, we could expect less chlorophyll content values
in top leaves and more chlorophyll content in developing sink tissues or leaves.
The SPAD-LL measurements of 14 lines of 27 GM kardal LHT lines showed lower values than
kardal wild type (Appendix, figure 12). Similarly, 20 out of 27 GM kardal LHT lines showed
lower SPAD-TL values compared to kardal wild type (Appendix, figure 13). This could explain
that increased expression of LHT can result in lower chlorophyll content in source leaves. Foliar
senescence does not occur at the same time for all source leaves and for different plants so,
measuring chlorophyll content approximately is not possible and this may impact the result
specificity for SPAD values.
Increased nitrogen supply or protein synthesis will have a positive impact on plant chlorophyll
content and overall plant growth. Higher amino acid transport activity promotes
photosynthetic activity which gradually increases the transport of carbohydrates to sink
tissues (Tegeder, 2014). Only 5 out of 27 GM kardal LHT lines showed higher plant height than
the kardal wild type (Appendix, figure 14) and it is not enough data to confirm that over
expression of LHT gene resulted in plant growth.
For soluble protein content 2 lines LHT 54 and LHT 70 were found to have higher soluble
protein content in potato tuber. A very low number of lines were enhanced in protein content
therefore it is indefinite to decide it is caused by LHT over expression.
Principal component analysis showed a weak correlation between plant height, SPAD-LL and
shoot weight. Increased LHT expression enhanced levels of amino acid transporters and
boosted the mobilization of nutrients from source to sink tissues and helped in plant
development in GM LHT lines than kardal wild type plants. However, mobilization of nutrients
had no influence in increasing soluble protein content in potato tubers from the results. We
also expect that over expression of LHT could have an increase in amino acid content levels in
PFJ and an experiment was planned. Due to lack of time amino acid content analysis was not
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performed in this study. During harvesting it was confirmed that there was a place effect in
green house as mentioned in result section So, phenotypic differences in plants could also be
because of environmental interactions. However, not all phenotypic traits showed this place
effect only two traits shoot weight and plant height showed place effect. So, the place effect
was ignored before analysing the results because the number of plants effected by this is very
less. The effect of place effect might not be strong in all the plants, but it can still cause
significant changes in results.

4.2 CLONING OF NAD22885 AND NAD17005
NAD22885 was cloned into TOPO pentry vector and sequencing result confirmed the insert of
NAD22885 gene with the help of vector and gene primers. An LR reaction was performed
between positive NAD22885 gene plasmid 23 with PK7WG2.0 and this expression vector was
transformed into E. coli competent cells. Resulting colonies on LB-agar plates were negative
for NAD22885 gene of interest. We predicted that error was because of LR reaction and tried
with a new LR reaction and performed the PCR to check the gene of interest in present in
expression vector (PK7WG2.0). But the result showed very light bands on gel with different
amplicon size which is very smaller than the expected amplicon size.
NAD17005 gene was a 3rd candidate gene cloned into entry vector and sequencing result came
negative for gene insert of NAD17005. The possible explanation for this negative result in
sequencing can be non-specific amplification of target gene in the beginning which resulted
in lower amplicon than the original size of the gene.
Studies from Bertrand et, al. (2018) says NAD plays a key role in photosynthesis and root
development, NAD+ improves and plays a key role in nitrogen and carbon assimilation
pathways. Perhaps, NAD+ genes can be a potential target to improve the nitrogen metabolism
and improve plant protein content.

4.3 CLONING OF NITRATE TRANSPORTER (NIT4134)
The 2nd candidate gene was a nitrate transporter cloned successfully into topo entry vector
and came positive in sequencing result with right gene insert of Nit4134 tested with both
vector and gene primers. An LR reaction was performed between positive nitrate transporter
Nit4134 gene plasmid 15 and PK7WG2.0 and this expression vector was transformed into E.
coli competent cells. Resulting colonies on LB-agar plates were negative for nitrate transporter
Nit4134 gene. The possible explanation for this negative result in sequencing can be nonspecific amplification of target gene in the beginning which resulted in lower amplicon than
the original size of the gene. However, there was not enough time to do multiple attempts
with new LR reaction.
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Protein content is a quantitative trait and lot of genes influences this trait. This statement
strongly supported by the mapping study of Klaassen et, al 2018 which revealed a potential
source of QTL’s associated with protein content in potato. From the previous studies it was
confirmed that over expression of NRT1.1 has a positive influence in improving the SPC % in
potato tubers. Similarly, over expression of Nit4134 could have same impact on SPC% in
potato tubers. Over expression of nitrate transporters could increase levels of nitrite, peptides
and nitrate levels in stem and leaf tissues (Tilsner et al., 2005; Tsujimoto et al., 2007). So, we
could expect more amount of nitrite in leaf and stem tissues because over expression of
nitrate transporter genes promote high intake of nitrite from soil. Remarkably, increase of
these substrate molecules assimilated in other forms or transported directly to sink tissues
from source leaves or stems to produce vital biochemicals like proteins. This could explain
increase of SPC% in potato tubers with OE of nitrate transporter gene.

5.0. CONCLUSION
In the present study, it was confirmed that one NAD+ gene and one nitrate transporter gene
were cloned successfully into entry vector. However, over expression of LHT gene had no
impact on SPC% in the potato tubers, there was a slight positive correlation with gene
expression and plant height in correlation analysis. From the correlation analysis it showed
that LHT over expression resulted in low SPAD-TL content in the leaves which explains that
mobilization of nutrients from source to sink tissues. LHT over expression was measured only
in tuber tissues perhaps, measuring the expression levels of LHT in leaves and roots could help
in understanding more about LHT expression in various tissues or could explain leaf
chlorophyll content variation in top leaves and lower leaves. Anyway, LHT gene over
expression had no effect on SPC% but at molecular level LHT could have a different function
or it is acting in coordination with another gene like an epistasis affect. As protein content is
a complex trait and there could be several genes influencing this trait which are yet to be
spotted and studied. For now, from the results LHT gene could have an influence on leaf
chlorophyll content and no direct influence on soluble protein content in potato tubers.

Future recommendations:
During cloning process always confirm the right gene sequence before designing of primers.
Both in colony PCR and in sequencing the right gene insert should be confirmed to continue
with further cloning steps. When plants will be transferred to green house to avoid place effect
like in this study, for every two weeks plants need to be shifted from their original position
(eg: replacing middle plants with border plants and keep track of their positions). The number
of plants can be lowered in experiment and analysis can be widened (eg: In this study nearly
400 plants were harvested and various tissues (leaves and roots) were collected for sampling
but, in the end we only managed to see the expression levels of tuber samples of all the plants
and we couldn’t manage to see the expression levels of leaves and roots). It was mentioned
in this study that there was a place effect influencing plant height and shoot length variation
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in border and middle plants which might influence the results. In this study it was not
considered for result analysis may be in future if any similar effect observed it is good to
consider and plan the experiments or analysis. In this thesis two genes were successfully
cloned in to entry clone perhaps, next time another student can continue with further cloning
process and transform these genes into potato kardal cultivar through Agrobacterium
transformation. Another recommendation could be from the results it was observed that LHT
does not influence the direct soluble protein content it might be influencing the amino acid
composition in PFJ. So, next time checking amino acid composition in PFJ might be a good idea
see if there is any increase in composition when LHT over expressed.
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7. APPENDIX

25

7.1 SPAD VARIANCE IN LHT OVER EXPRESSED LINES
SPAD values of both top leaves and lower leaves were measured, a two-sample t-test
was done in GenStat to check for variation in their values. This gives an idea that LHT
influence leaf chlorophyll content, lower leaves having less chlorophyll content

compared to top leaves that means all LHT over expression resulted in transportation of
amino acids to sink tissues when senescence occurs.
Figure 11. Variance in SPAD values of SPAD-LL and SPAD-TL in GM kardal lines
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7.2 ANNOVA FOR SPAD-LL

Figure 12. ANNOVA for SPAD-LL values for GM kardal LHT lines
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7.3 ANNOVA FOR SPAD-TL

Figure 13. SPAD-TL values for GM kardal LHT lines
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7.4 PLANT HEIGHT OF GM KARDAL LHT LINES

Figure 14. plant height variance between lines and kardal wild type

7.5 TUBER WEIGHT OF GM KARDAL LINES

Figure 15. weight of tubers in LHT OE lines and kardal wild type
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7.6 PLACE EFFECT ON PLANT HEIGHT
A two-way t-test was done in GenStat to see the variances in the plant height mean values in
two populations, divided based on their position in green house.

Figure 16. Plant height differences in border plants and middle plants
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7.7 SPC% IN GM KARDAL LHT LINES
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Figure 17. SPC% of 27 GM kardal LHT lines and kardal wild type plant
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7.8 SHOOT WEIGHT OF GM KARDAL LHT LINES

Figure 18. shoot weight of 27 GM kardal LHT lines
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