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Abstract
Potato tuber shape is a morphological trait which displays continuous variation. Tuber shape
ranges from compressed, round, oval and long. A large proportion of the phenotypic
variation in tuber shape is determined by the Ro-locus. The Ro-locus contains 15 annotated
candidate and 8 of these candidate genes are peroxidases. In this study it is tried to identify
the gene influencing tuber shape by gene expression experiments and by apoplastic
peroxidase activity measurements. Prior to the identification of this gene, several in silico
experiments have been performed in order to get a better understanding about the Ro-locus
at a functional genomic level. Also the ability to study tuber shape in vitro has been studied
in this thesis. Small indications for a general enhancement of expression in the Ro-locus have
been observed in round genotypes. Also a trend of higher apoplastic peroxidase activity has
been found in the round genotypes. After the in silico experiments it became clear that the
genome assembly of the reference sequence is of a relatively low quality. Therefore, it is not
exactly known how many peroxidases are located in the Ro-locus. Round and long
genotypes treated with tuber inducing conditions showed differences in their time to tuber
formation. No differences in tuber shape have been observed in vitro. No hard conclusions
could be drawn about the ability to study tuber shape in vitro, because the phenotypes of
the genotypes used in the in vitro tuber formation experiments did not correlate with earlier
acquired phenotypic data.
Key words: Potato, Solanum tuberosum, Ro-locus, Tuber shape, Peroxidase, In vitro tuber
formation, Gene expression, Functional genomics
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1. Introduction
1.1 Potato
Potato (Solanum tuberosum) is one of the most important food crops in the world. The
production in 2013 was estimated at 368 million tonnes, which makes potato the fourth
highest produced directly consumable food crop in the world (FAOSTAT, 2015). The family of
Solonaceae contains many economically important crops like tomato, pepper and tobacco
(PGSC, 2011). Cultivated Solanum tuberosum has its centre of origin in the Andean region,
where genetic diversity for this species is the highest and many wild relatives have been
discovered (PGSC, 2011). Most potato cultivars are outbreeding autotetraploid (2n = 4x = 48)
cultivars with highly heterozygous genomes, which suffer from acute inbreeding depression
(PGSC, 2011). Taking into account the growing importance of the crop in countries like China
and India (FAOSTAT, 2015) and the high nutritional value of the crop (PGSC, 2011), it is
almost certain potato will play an important role in guaranteeing food security worldwide.
Potatoes are consumed freshly and are processed in many different ways. Especially for the
processing of potatoes the shape of the tubers is very important. In general cultivars
producing long potatoes are preferred to produce French fries, whereas potato cultivars
producing round tubers are preferred to produce crisps (Van Eck et al., 1994). The genetic
basis of a morphological trait such as tuber shape is less investigated, because in the past
research mostly focussed on the genetic basis of agronomical traits (van Eck, 2007). Tuber
shape seems a continuous trait due to the range of different tuber shapes like round, oval
and long which are described for cultivated potato species. For wild potato relatives even a
broader spectrum of tuber shapes is observed (The European Cultivated Potato Database,
2015). An example of this huge
variation is shown in Figure 1. The
loss of the large tuber shape
diversity as is observed Solanum
tuberosum species could be caused
by a domestication event, where
people selected for uniform shape
to satisfy the demands of both
consumers
and
processors.
However this loss of genetic
diversity for tuber shape could also
be caused by selection on another Figure 1: Illustration of the huge variation in tuber
trait, which is genetically linked to shape and tuber colour (USDA, 2015)
tuber shape (Uitdewilligen et al.,
2012).
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1.2 Development of a Potato Tuber
In order to understand and study the trait tuber shape, it is necessary to understand the
development of a potato tuber. Potato tubers are formed from thickened stolons, which will
develop into the storage organs. Stolons are in fact stems, bearing small leaves and axial
buds (Ewing and Struik, 1992). Therefore Potato belongs to the class of plants bearing stem
tubers, just like yams and cyclamen.
Several environmental factors influence the induction of tuberization. A well-studied
environmental factor influencing tuberization is photoperiod. When a potato plant is
exposed to long day conditions, stolons often tend to grow upward to form new shoots.
However when a plant is exposed to short day conditions, the stolon will cease elongation
and start to swell below-ground (Jackson, 1999). Other factors known to promote induction
of tuberization are low N2-availability, low temperatures and high sucrose levels (Jackson,
1999).
Under high tuber-inducing conditions or on diseased/injured plants it is even possible for
plants to develop tubers on above-ground parts of the plant (Jackson, 1999). Most often
plants above-ground formed tubers will develop from axillary nodes, but tubers can also
form from flowers under very specific circumstances (Ewing and Struik, 1992). By combining
the knowledge of the specific tuber-inducing circumstances and the knowledge about tuberinduction on all different kinds of stem-derived meristems, it has been made possible to
induce tuber growth in vitro. For in vitro tuber-induction also some knowledge about the
hormonal-regulation of tuber induction is required, but this will be explained later this
chapter.
The development of a tuber can be divided into the stages tuber initiation, tuber growth and
tuber filling, before a tuber becomes dormant. Kloosterman et al., (2005) also shows a
differential gene-expression in the different developmental stages of the tubers. Somewhere
during the development of the tuber, the genes influencing tuber shape are expressed.
When this expression really takes place is not known yet.

1.3 In Vitro Tuber induction
Tuber induction is regulated by both biotic and abiotic factors. By optimizing both abiotic
and biotic factors it is possible to induce tuber-formation in vitro. However what the optimal
conditions are to induce tuber formation depends strongly on the genotypes which have to
be induced. Tuber induction is regulated by several hormones, with all their specific effects.
Generally, hormones are divided in a group of stimulating hormones and a group of
inhibiting hormones.
A well-studied hormone which is inhibiting tuber induction is Gibberellin (GA). GA’s are
known to enhance stem organ elongation, therefore GA’s are also known to enhance potato
stolon elongation (Vreugdenhil and Struik, 1989). Factors stimulating stolon growth are
6

unfavourable for induction of tuber formation because the induction of tuber formation is
related to ceasing stolon growth (Aksenova et al., 2012).
A well-known hormone which stimulates tuber formation is Cytokinin (Ck). Cks are known to
stimulate tuber formation in many tuberiferious plant species (Aksenova et al., 2012). When
a stolon starts to from a tuber, endogenous Ck concentrations increased substantially in the
stolons (Obata-Sasamoto and Suzuki, 1979). A higher rate of tuber formation has been
established, by treating potato explants with Cks in the first 3-4 days. This indicates that Cks
stimulates tuber formation early in the development (Aksenova et al., 2012).
By growing explants under the right conditions like High Ck concentrations and high sucrose
concentrations, Aksenova et al. (2000) managed to induce potato explants to form tubers in
vitro. Depending on the genotypes, tuber inducing conditions have to be fine-tuned.
Unfortunately, it is not known yet whether the trait tuber shape can be studied in vitro.

1.4 Loci Involved in Tuber Shape Regulation (Ro-locus)
Tuber shape is commonly regarded as a continuous trait, however different studies on
diploid potatoes concluded a monogenic inheritance of tuber shape (de Jongh, 1972)(Taylor,
1978)(Masson, 1985). The locus describing this monogenic inheritance of tuber shape is
called the Ro-locus. Round tubers are dominant over long tubers, segregating according to
Mendel’s laws (Masson, 1985). The broad-sense heritability of the Ro-locus was estimated
on h2=0.8 and the Ro-locus explained 75% of the genetic variation found for tuber shape(Van
Eck et al., 1994). Twenty years later both Willemsen (2014 ) and D’Hoop et al. (2014)
concluded even a higher broad-sense heritability of h2=0.9. This difference could be related
to the fact that more replicates were used by Willemsen (2014), which resulted into a
decrease of variance between samples. Both Willemsen (2014) and Van Eck et al. (1994)
concluded the presence of several alleles with different effects on tuber shape for the Rolocus.
Van Eck et al. (1994) managed to locate the Ro-locus on chromosome 10 by RFLP linkage
mapping in a CxE population. Vos et al. ( data unpublished) showed by an association study
significant associations for tuber shape with super-scaffold DMB385, locating the Ro-locus in
a region of approximately 3.1 Mb. Witteveen (2013) and Willemsen (2014) managed to finemap the locus to an interval of 280 kb located on chromosome 10 on DMB546 by HRManalysis. The locus still contains 15 annotated candidate genes, which can be divided in 4
categories: genes of unknown function, non-specific lipid-transfer protein, aspartate
aminotransferase and peroxidases. Willemsen (2014) is suggesting that peroxidases are the
most logical candidates to be influencing tuber shape. For the other three categories no
evidence of involvement in tuber shape regulation can be found. The Ro-locus is mainly build
up from highly repetitive sequences like transposons and peroxidases.
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Another locus influencing tuber shape is described by Prashar et al. (2014). This locus is
located on chromosome 2 of Solanum tuberosum. This locus may be the same locus as
described by Sliwka et al. (2008). A QTL study in CxE did only reveal a significant association
on chromosome 10, which was confirmed in different crosses (Eck, 1994). For this study a
CxE population will be used, because this population is segregating for tuber shape and has a
relatively similar genetic background. The focus will be on the QTL on chromosome 10 in
this study.

1.5 Peroxidases
Peroxidases can be considered as
bifunctional enzymes which are able
to oxidize various substrates in the
presence
of
H2O2
via
the
peroxidative cycle, but are also able
to produce reactive oxygen species
(Passardi et al., 2004). Peroxidases
are involved in several physiological
processes like lignin formation, auxin
catabolism,
defence
against
pathogens, cell elongation and crosslinking of cell wall components
(Passardi et al., 2004). In the context Figure 2: Strongly simplified illustration of the roles of
in cell wall elongation. (Passardi et al.,
of tuber shape cell elongation and peroxidases
2004)
cross-linking of cell wall components
are interesting because these two processes can determine the shape of cells. The role of
peroxidases in cell wall elongation is shown in Figure 2. Lin et al. (2014) is even suggesting
that peroxidases play a role in turnip shape formation. Peroxidases could have a similar role
in determining shape of an organ in the tubers of potato plants.
In general three classes of peroxidases can be distinguished, which influence different
metabolic processes: 1) Class I peroxidases are intracellular peroxidases like ascorbate
peroxidases, which is an hydrogen peroxide scavaging enzyme that protects cells from
damage caused H2O2 (Asada, 1992) 2) Class II consists of fungal secretory peroxidases like
like lignin peroxidases, which is involved in the degradation of lignin. 3) Class III plant
secretory peroxidases, which can be involved in cell wall biosynthesis(Welinder 1992). In
this study we will mainly focus on class l and class lll peroxidases, because class ll
peroxidases are not found in plants.
Peroxidases are characterized by 4 peroxidase domains (Dellanoy et al., 2003)(Passardi et al.
2004a). The first domain is characterized by the amino-acid sequence FHDC and is
responsible for distal binding of heme. This is also the catalytic domain (Dellanoy et al.,
2003)(Passardi et al. 2004a). The second domain is characterized by the amino-acid
8

sequence GAHT, this domain is responsible for the proximal binding of heme. The last two
domains are characterized by the amino-acid sequences VSCAD and GEIR, but the function of
these domains is not known yet (Dellanoy et al., 2003)(Passardi et al. 2004a).
In Solanum tuberosum hardly any research is done to the role of peroxidases. However, in
tomatoes (Solanum lycopersicum), a close relative of Solanum tuberosum, several studies are
done to the role of peroxidases in fruit development. It is suggested that peroxidases are
involved in the cessation of growth, because a higher activity of peroxidases was observed
just before the cessation of growth of the tomato fruit (Thompson et al., 1998). No relation
with the shape of tomato fruits has been proposed.

1.6 Goals
The main goal of this study is to characterize the genes/category of genes which are
influencing potato tuber shape. This is done by molecular techniques like qPCR, but also
biochemical analysis like enzyme activity measurements are used. Measurements are done
on dormant tubers which originate from a CxE cross. It is also tried to get a better overview
of the highly repetitive region where the Ro-locus is located on the basis of sequence-data.
This is done by taking a close view at the reference genome of potato cultivar DM in silico.
The main focus of this study is to get a better understanding about the effects of the
different peroxidases on the shape of tubers. The other candidate genes located in the Rolocus will not be neglected in this study.
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2. Material & Methods
2.1 Searching for unannotated peroxidases
In order to find unannotated peroxidases transcripts of all the annotated peroxidases shown
in Table 1 were aligned using BLAST to the 280 kb long QTL (Altschul et al. 1990)(NCBI,
2015). Transcripts used for the blast were extracted from the potato genome reference
sequence V4.03 (Sharma et al., 2013)(Hirsch et al., 2014). Default settings were used for this
blast alignment. Blast hits per transcript were processed to .gff files and analysed in
IGV_2.3.34. Regions were peroxidase transcripts had a blast hit were analysed with the gene
prediction program Fgenesh, selecting Solanum lycopersicum as a model-species(Solovyev et
al. 2006). When a gene was predicted, this gene was analysed with the NCBI-domain finder
in order to find specific peroxidase domains (Marchler-Bauer et al., 2015). When these
domains were found, the gene was considered as a newly found peroxidase.
Table 1: All annotated candidate genes, their description and RNA-seq data located
within the 280 kb region (between marker Asp6678 and Per20801) (Willemsen, 2014)

2.2 In silico localization of the peroxidases
To gather more information where to extract peroxidases for the peroxidase activity
measurements, in silico predictions of the subcellular location of the peroxidase proteins
have been made. Genomic sequences from all annotated peroxidases located in the QTL
shown in Table 1 were extracted from the potato genome reference sequence V4.03(Sharma
et al., 2013) (Hirsch et al., 2014). From these sequences, genes were predicted by the gene
prediction program Fgenesh, selecting Solanum lycopersicum as a model species. New gene
predictions were made to compare the transcripts predicted by Fgenesh and the transcripts
10

predicted by “PGSC Representative Gene Models” (Sharma et al., 2013) (Hirsch et al.,
2014)(Solovyev et al. 2006). The gene predictions by Fgenesh are shown in Appendix 6.4
Both transcript predictions were analysed by TargetP 1.1, which predicts the subcellular
location of eukaryotic proteins (Emanuelsson et al., 2007).

2.3 Peroxidase domain study
To investigate the functionality of the peroxidase located in the Ro-locus, peroxidase
domains of the different transcripts have been studied. Both the transcripts predicted by
Fgenesh and PGSC were translated to amino acid sequences in MEGA 6.0 (Sharma et al.,
2013) (Hirsch et al., 2014)(Tamura et al., 2013)(Solovyev et al. 2006). All amino acid
sequences of the different transcripts were aligned using ClustalW, which is available in the
MEGA 6.0 software(Larkin et al. 2007). After aligning of the amino acid sequences in
ClustalW further improvement on the alignments was done manually. The alignment of all
peroxidase proteins is shown in Appendix 6.6. By aligning the amino acid sequences we were
able to detect the conserved domains of the peroxidases. These domains were compared
with the functional domains described by Dellanoy et al. (2003) and Passardi et al. (2004a).

2.4 Peroxidase localization by tissue-prints
A preliminary test was done to demonstrate the localization of peroxidases in potato tubers.
Both round and elongated tubers from the CxE population, were cut in two parts
longitudinally. To localize peroxidase activity a tissue-print was tried according to the
following protocol. One half of every tuber was pushed on a piece of nitrocellulose
membrane. This nitrocellulose membrane (BioRad 45um thick) was soaked in a 1:1 (v/v)
mixture of luminol/enhancer and stable peroxide buffer coming from the kit “SuperSignal
West Femto Chemiluminescent Substrate” (Thermo Scientific). This soaked membrane was
directly placed under a camera called the G:BOX (Syngene) to take a picture. The lens was
opened for 2 minutes in order to capture enough light emitted by the reaction. Pictures
were analysed using the software Genesnap.

2.5 Primer development for qPCR
Primer design

Table 2: PCR protocol used to test primers on a
developmental series of S. tuberosum RH cDNA

Time
Cycles
qPCR primers were designed for all genes Temperature (°C)
94
5’
having RNA-seq support located in the QTL
94
30”
40x
region using MEGA 6.0 and Primer3Plus 60
30”
30”
software(Tamura et al., 2013)(bioinformatics 72
wur). Both the transcripts predicted by 72
7’
infinite
Fgenesh and transcript obtained from the 10
PGSC Genome browser(Solanum tuberosum
group Phureja) were compared and aligned in MEGA 6.0 per gene(Tamuru et al. 2013).
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Primers were designed in transcript specific regions of the consensus sequence of both
transcripts. 3’UTR of the transcripts were most specific for the transcripts, so most of the
primers are located in the 3’UTR. All non-peroxidase candidate primer sets were aligned
using BLAST against the PGSC Solanum tuberosum group Phureja DM1-3 Transcripts (v3.4)
using the blastn nucleotide search, to test the specificity of the primers in silico (Altschul et
al. 1990)(NCBI, 2015). All peroxidase primer sets were tested for specificity in silico by
aligning the primers, specific for one transcript, with all the other peroxidase transcripts
located in the QTL region using CLustalW software(Larkin et al. 2007).
Primer testing
Testing of the primers was done by PCR on a developmental series of Solanum tuberosum
RH89-039-16 (RH), cDNA. How this cDNA was obtained will be explained in chapter 2.6. An
GeneAmp® PCR-system 2700 (Applied Biosystems) was used following the PCR protocol
shown in Table 2. The reaction mix consisted of 5 ul IQTM SYBR® Green Supermix, 0.2 ul
Primer Forward (10 uM), 0.2 ul Primer Reverse (10 uM), 3.6 ul Milli-Q and 1 ul cDNA (+/- 50
ng/ul).
PCR-products were stained with loading dye and separated by electrophoresis on a 2%
agarose using 0.5 x TBE buffer for 30 minutes at 100V. A 1 kb+ ladder was used as a
reference. Gels were photographed using an OCTOPUS Fll. Images were analysed to identify
the specificity of the primers. When a primer set did not amplify, the whole procedure was
repeated to design a new primer set for that particular transcript. When two different
primer sets did not work, the gene was excluded for qPCR analysis. A list of all primers which
are used can be found in Appendix 6.1
Because of the genomic differences
between RH and progeny of a CxE

Table 3: PCR protocol used to test primers on S.
tuberosum CxE genomic DNA

Time
Cycles
population, the primer sets were also Temperature (°C)
94
3’
tested by PCR on genomic DNA of S.
30”
40x
tuberosum CxE. Previously isolated DNA 94
55
30”
1’
for both round and long tubers was used 72
to test primer sets. The reaction mixtures 10
infinite
consisted of 1ul 10x Dreamtaq PCR buffer,
0.4 ul dNTP’s (5mM), 0.4 ul Primer Forward (10mM), 0.4 ul Primer Reverse (10mM), 0.1 ul
Dreamtaq-polymerase, 6,7 ul Milli-Q and 1 ul DNA (+/- 50 ng/ul). The PCR protocol which
was used is shown in Table 3.

Resulting PCR-products were stained with loading dye and separated by electrophoresis on
a 2% agarose using 0.5 x TBE buffer for 30 minutes at 100V. A 1 kb+ ladder was used as a
reference. Gels were photographed using an OCTOPUS Fll.
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2.6 qPCR on developmental series
To investigate the expression of the genes located in the Ro-locus during the development of
a tuber, qPCR experiments have been performed on a developmental series of Solanum
tuberosum RH. The results of these qPCR experiments have been compared with RNA-seq
data generated by PGSC (2011).
RNA quality test
RNA samples were provided by Marion Oortwijn. This RNA was isolated from Solanum
tuberosum RH tubers and stolons. The tubers/stolons were sampled at three different
stages: stolons, tubers of 1 cm and tubers bigger than 1 cm. Concentration (ng/ul) and
quality (ratios 280/260 and 260/230) of these RNA samples were assessed by measuring 1 ul
of sample using the NanoDrop™ 1000 Spectrophotometer(Thermo Scientific). Samples which
had enough volume were dyed with gelrad and were loaded on a 2% agarose gel using 0.5 x
TBE buffer and separated by gel electrophoresis for 30 minutes at 100V. Trays were cleaned
and filled with fresh 0.5 x TBE buffer in order to reduce the breakdown of RNA. After
electrophoresis the gels were photographed using an OCTOPUS Fll and images were
analysed. RNA samples were classified as intact when two clear bands were visible.
DNase digestion
DNase digestion was performed using the kit “DNase l” (Invitrogen). The final concentrations
of the reaction wells were 50 ng/ul RNA, 1X/ul DNase l Reaction Buffer and 0.1 U/ul DNase l,
Amp Grade in a total reaction volume of 10 ul. These reaction mixtures were incubated for
15 minutes at room temperature. After incubation, DNase l was inactivated with 1 ul of 25
mM EDTA. Reaction mixtures were heated for 10 minutes at 65°C. After DNase digestion
samples were ready for cDNA synthesis.
cDNA synthesis
The iScript™ cDNA Synthesis Kit (Bio-Rad) was used to
synthesize cDNA. 4 ul of 5x iScript reaction mix, 1 ul of
iScript reverse transcriptase and 4 ul of Milli-Q were
directly added to the DNase digestion mixtures. The
new reaction mixtures were incubated in a GeneAmp®
PCR-system 2700 (Applied Biosytems) following the PCR
protocol shown in table 4. Prior to qPCR cDNA was
diluted 10x

Temperature (°C)
25
42
85
4
85
10

Time
5’
30’
5’
5’
5’
Infinite

Table 4: PCR protocol used for
cDNA synthesis

qPCR
The reaction mixtures used for the qPCR consisted of 5 ul IQTM SYBR® Green Supermix, 0.2 ul
Primer Forward (10 uM), 0.2 ul Primer Reverse (10 uM), 3.6 ul Milli-Q and 1 ul cDNA(+/- 50
ng/ul).The PCR protocol which has been used is shown in Table 5. Also melting curves of the
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PCR-products have been performed in order to check the specificity of the primers. The PCR
protocol used for the melting curves is also shown in Table 5. A BioRad CFX 96 has been used
to perform the qPCR.
Results were analysed in Microsoft Excel. As a reference gene NAC has been used, because
Bourke (2014) states NAC is very stable in its expression. Using Ct-values and the The 2–
∆∆CT (Livak) Method, relative expression levels were determined. Statistical significance was
not tested, due to the lack of biological replicates. Melting curves have been analysed in CFX
manager
To compare the expression profiles determined by qPCR with RNA-seq data, FKPM values for
Solanum tuberosum RH stolons, young tubers and tubers mature tubers were extracted from
the Supplementary Table 19B of the paper written by PGSC (2011). These values were
visualised in Microsoft Excel.
Table 5: PCR protocol used for qPCR. In green the PCR protocol is shown which is used
for the melting curves.

Temperature (°C)
95
95
60
95
65

Time
3’
15”
1”
10”
5”

Cycles
39x

ΔT+0.5°C/Cycle

60x

2.7 qPCR on round and long tubers
To get more information about the differences in expression of the genes located in the Rolocus, qPCR experiments have been performed. Prior to the qPCR experiments RNA had to
be isolated and cDNA had to be synthesized.
RNA isolations
Two different protocols were used to isolate RNA, RNA samples which had the highest
quality on gel were used for cDNA synthesis and qPCR. In both RNA isolation 4 round and 4
long tubers were sampled. The tubers which were sampled, were dormant tubers which
originated from a cross between C x E. For both RNA extractions three tubers per genotype
were pooled and four biological replicates per tuber shape class were used.
RNA isolation (Z6-extraction), RNA quality test (spectrophotometer), DNase digestion and
RNA cleanup
For the first RNA isolation, a Z6-extraction buffer (8 m guanidinium-HCl, 20 mM MES, 20 mM
EDTA, 50 mM β-mercaptoethanol, pH 7.5; Logemann et al. 1987 ) was used in combination
with the “RNeasy Minikit”(Qiagen). Plant tissue was frozen using liquid nitrogen and grinded
14

using pestle and mortar. The samples were then thawed using the Z6-extraction buffer and
placed on ice. The samples were centrifuged at 15 000 g for 20 min at 4°C. The cleared
supernatant was transferred to new Eppendorf tubes. From this cleared supernatant nucleic
acids were precipitated by mixing with 0.1 vol 3 m sodium acetate pH 5 (DEPC-treated) and
0.8 vol isopropanol. After the precipitation, samples were incubated on ice for 5 minutes
and centrifuged at 15 000 g for 20 min at 4°C. The supernatant was poured off and the pellet
was washed with 80% EtOH. When the pellets were dry again, these pellets were treated
with the RNeasy Mini kit as if they were normal cells. The protocol which goes along with
this RNeasy Mini kit (Qiagen) can be found in Appendix 6.2
Quality and concentration of the RNA samples (1 ul) were measured using a NanoDrop™
1000 Spectrophotometer (Thermo Scientific), however quality parameters (ratios 280/260
and 260/230) were too low for further use of this RNA. RNA had to be treated with DNase
and cleaned up for further use. DNase digestion was again performed using “DNase l”
(Invitrogen) kit. This protocol is already described in chapter 2.6. After DNase digestion, RNA
was cleaned up using the “RNeasy Minikit” (Qiagen) in combination with the protocol “RNA
cleanup” which is provided in Appendix 6.3 Again Quality and concentration of the RNA
samples (1 ul) were measured using a NanoDrop™ 1000 Spectrophotometer (Thermo
Scientific).
RNA isolation (Oñate-Sánchez et al. 2008), RNA quality test (spectrophotometer) and DNase
digestion
The second RNA isolation protocol was developed by Oñate-Sánchez et al. (2008). Plant
tissue was frozen using liquid nitrogen and grinded using pestle and mortal. Grounded tissue
was transferred to cooled Eppendorf tubes and 550 ul extraction buffer (0.4M LiCl, 0.2 M
Tris pH:8, 25 mM EDTA, 1% SDS) and 550 ul chloroform were added. The samples were
vortexed for 10 seconds and kept on ice. After vortexing, samples were centrifuged for 3
minutes at full speed. Supernatants were transferred to new Eppendorf tubes and 500 ul of
water-saturated acidic phenol was added. Samples were vortexed thoroughly and 200 ul
choroform was added. Again the samples were centrifuged for 3 minutes at maximum
speed. Supernatant was transferred to new Eppendorf tubes again and 1/3 volume of 8m
LiCl was added, The samples were mixed by turning and precipitated for 1 hour at -20°C.
After precipitation, the supernatant was poured off and 500 ul RNase free water was added.
To precipitate carbohydrates, 7 ul 3M NaAc pH:5.2 and 250 ul ethanol were added. After
mixing the samples by turning, the samples were centrifuged at maximum speed for 10
minutes at 4°C. Again the supernatant was transferred to new Eppendorf tubes. 43 ul 3 M
NaAc pH:5.2 and 750 ul ethanol were added to this supernatant and the samples were
mixed. Nucleic acids were precipitated by incubating the samples at -20°C for 1 hour. After
precipitation, samples were centrifuged at maximum speed for 20 min at 4°C. Supernatant
was poured off and the pellet was washed with 70% EtOH. Samples were vacuum dried for
15 minutes and pellets were re-suspended in 20 ul RNase free water. Quality and
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concentration of the RNA samples (1 ul) were measured using a NanoDrop™ 1000
Spectrophotometer (Thermo Scientific). Quality parameters (ratios 280/260 and 260/230)
and concentrations were within the workable range. DNase digestion was again performed
as is described in chapter 2.6, using the “DNase l” (Invitrogen) kit.
RNA quality test by gel electrophoresis
All dyed RNA samples from both RNA isolations were loaded on a 2% agarose gel using TBE x
0.5 buffer and separated by gel electrophoresis for 30 minutes at 100V. Trays were cleaned
and filled with fresh 0.5 x TBE buffer in order to reduce the breakdown of RNA. After
electrophoresis the gels were photographed using an OCTOPUS Fll and images were
analysed. The three samples with the highest quality in every tuber shape class were used
for cDNA synthesis.
cDNA synthesis
iScript™ cDNA Synthesis Kit (Bio-Rad) was used to synthesize cDNA. 500 ng RNA was used to
synthesize cDNA. The final concentration of the reaction wells was: 25 ng/ul RNA, 4 ul of 5x
iScript reaction mix, 1 ul of iScript reverse transcriptase in a total volume of 20 ul. The
reaction mixtures were incubated in a GeneAmp® PCR-system 2700 (Applied Biosystems)
following the PCR protocol shown in Table 4. Prior to qPCR cDNA was diluted 10x
qPCR
The reaction mixtures used for the qPCR consisted of 5 ul IQTM SYBR® Green Supermix, 0.2 ul
Primer Forward (10 uM), 0.2 ul Primer Reverse (10 uM), 2.6 ul Milli-Q and 2 ul cDNA(+/- 50
ng).The PCR protocol which has been used is shown in table 5 Also melting curves of the
PCR-products have been performed in order to check the specificity of the primers. The PCR
protocol used for the melting curves is also shown in Table 5. A BioRad CFX 96 has been used
to perform the qPCR.
Results were analysed in Microsoft Excel. As a reference gene NAC has been used, because
Bourke (2014) states NAC is very stable in its expression. Using Ct-values and the The 2–
∆∆CT (Livak) Method, relative expression levels were determined. Statistical significance was
tested using a Student’s t-test. Melting curves have been analysed in CFX manager

2.8 Peroxidase Activity Measurements
To investigate the differences in apoplastic peroxidase activity between round and long
tubers, peroxidase activity measurements have been performed. These peroxidase activity
measurements have been performed on apoplastic protein extractions of dormant tubers of
progeny of a CxE population. Proteins were boiled down to test whether observed activity
was caused by enzymes. Enzyme activity of an enzyme specific to the symplast of cells was
measured to monitor potential symplastic contamination of the apoplastic protein
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extractions. In order to localize apoplastic peroxidase activity tubers were cut in 4 different
parts and peroxidase activity was measured separately for the for different parts.
Apoplastic protein extraction
First syringes were placed in centrifuge tubes.
Dormant tubers resulting from a CxE cross
were cut transversally and were placed in the
syringes. Three tubers per genotype were
pooled and three biological replicates per
tuber shape class were used. The syringes had
a filter placed at the bottom in order to let
fluid pass. Both a syringe and the filter are
shown in figure 3. The plant tissue in the
syringe was washed by filling the syringes with
water and let the water pass through the
filter. This washing step was repeated 2 times
with the same water. After washing, the
syringes were filled with 0.01 M Mes buffer
(pH 5.5) containing 0.2 M KCL. This buffer was
vacuum infiltrated for 15 minutes in the tissue.
After vacuum infiltration, excess buffer was Figure 2: Syringes(A.) and the filters(B.). Part
was used to submerge plant tissue, in case
flown away trough the filter and last bits of C.
tissue started to float.
excess buffer were removed syringe with
paper. Syringes were placed in clean centrifuge tubes and centrifuged for 20 minutes at
1000g at 4°C. The protein concentrations of the resulting fluids were measured using
NanoDrop™ 1000 Spectrophotometer (Thermo Scientific) and protein concentrations were
normalized to 0.15 mg/ml.
Enzyme activity test (boiling)
In order to prove peroxidase activity and the fact that it was caused by enzymes, 20 ul of
both a long and a round protein extraction was incubated at 98°C. The boiled extracts and
untreated extracts were dripped on a piece of nitrocellulose membrane (BioRad 45um thick).
This piece of nitrocellulose membrane was soaked in 1:1 (v/v) mixture of luminol/enhancer
and stable peroxide buffer coming from the “SuperSignal West Femto Chemiluminescent
Substrate” kit (Thermo Scientific) This soaked membrane was directly photographed by a
G:BOX (Syngene). Lens was opened for 2 minutes in order to capture enough light emitted
by the reaction. Pictures were analysed using the software Genesnap.
Symplastic contamination of apoplastic protein extractions
In order to test whether the apoplastic protein extractions were contaminated with
symplastic material, the activity of the symplastic enzyme Glucose-6-phosphate
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dehydrogenase (G6PD) was tested. Absorbance at a wavelength of 340 nm was measured
using a BioRad Model 680 XR microplate reader at 30°C. Measurements were taken every 6
seconds during 6 minutes. Reaction mixtures consisted of 10 ul protein extract (0.15 mg/ml)
and 190 ul substrate buffer (1mM Glucose-6-phosphate, 0.2mM NADP+ and 1 mM MgCl2 in
0.1 M Tricine-NaOH ;pH 8.0) (Takahama, 1993) Also a positive control was incorporated by
using 10 ul of G6PD (1 unit/ml). Raw data was analysed using Microsoft Excel.
Peroxidase activity measurements
Peroxidase activity was measured using 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (AzBTS-(NH4)2) which was bought at Sigma-Aldrich (A9941) as a
substrate. Substrate buffer was prepared by dissolving 1 tablet of AzBTS-(NH4)2 in 100 ml
0.05 M phosphate-citrate buffer, pH 5.0. 25 ul of 30% H 2O2 was added to the solution prior
to the reactions and measurements took place. Absorbance at a wavelength of 405 nm was
measured using a BioRad Model 680 XR microplate reader at 30°C. Measurements were
taken every 6 seconds during 6 minutes. Reaction mixtures consisted of 10 ul protein
extract (0.15 mg/ml) and 190 ul substrate buffer. Raw data was analysed using Microsoft
Excel. Statistical significance was tested using a Student’s t-test.
The protein extractions and the peroxidase activity measurements were also done on a long
and a round dormant CxE tuber. Of these tubers peroxidase extractions and peroxidase
activity was done on the pith, the sides (pooled), distal part and proximal (stolon side) part
separately.

2.9 In vitro tuber induction
To investigate whether in vitro tubers could act as a
way to study tuber shape, first information had to
be gathered about the possibility to induce tuber
formation in vitro for CE-clones. Also the
development of the tubers had to be simultaneous
to be able to compare different genotypes sampled
at a certain time point. The different genotypes had
to show the same differences in tuber shape as are
observed in the greenhouse.

Table 6: CE-clones and their
phenotypes for shape and earliness.
Plants were available from the in
vitro core collection(Plant Breeding).

CE
clone

Shape

Earliness

Genotype
(Earliness)

27

5

8.25

Vv

165

5

8.83

Vv

250

4.8

8.33

Vv

141

1.2

9

Vv

To induce tuber formation in vitro, the plants shown
196
1
9 Vv
in Table 6 were grown on KI minimal medium
233
1
7.5 Vv
containing 8% sucrose, cytokinin BA (10 mg/L) and
agar. 5 explants per genotype were made by cutting
above and below an axillary bud. In this way the explant contained a axillary bud and a leaf.
Plates containing the medium and the explants were incubated in the dark at 24°C.
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Respectively 13 days, 21 days and 27 days after cutting of the explants pictures were taken.
Plants used in this experiment were comparable in their earliness of tuber formation.
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3. Results
3.1 Searching for unannotated peroxidases
In Figure 4 the results are shown of the peroxidase transcript BLAST to the whole 280 kb
long QTL. The transcripts of the different peroxidases located in the 280 kb long QTL map
back to several places in this QTL. Mainly other annotated peroxidases were target to have
BLAST hits for transcripts of other annotated peroxidases located in the same region. Also
other regions show BLAST hits from several peroxidase transcripts. All regions containing
BLAST hits outside annotated peroxidase genes were studied with both Fgenesh and the
NCBI conserved domain finder. The locations which are captured by the red boxes are
regions which have genes predicted by Fgenesh and these predicted genes also contain
conserved peroxidase domains. Gene predictions, intron/exon structures and exact
locations can be found in Appendix 6.5 The regions captured by the red boxes are
considered as newly found peroxidase genes. In this study they will be named as peroxidase
A, B, C, D and E

Figure 3: BLAST hits of the different peroxidase transcripts located in the Ro-locus mapped back to the Rolocus. Newly found unannotated peroxidases are captured by the red boxes and named as is written below
the red boxes. The green box captures BLAST hits mapping back to 2 different places within 1 annotated
gene.

Another remarkable founding is the fact of peroxidase transcripts having BLAST hits to two
different locations within the annotated gene PGSC0003DMG400020795 (captured by the
green box). By studying this region again with both Fgenesh and the NCBI conserved domain
finder, two functional genes containing conserved peroxidase domains are predicted. Gene
predictions, intron/exon structures and exact locations can be found in Appendix 6.4 Newly
found peroxidase genes and the two genes predicted from the annotated gene
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PGSC0003DMG400020795(795A and 795B) are
considered as existing genes and studied like all
other annotated genes.

3.2 In silico localization of the peroxidases
The subcellular location of above described protein
sequences, obtained with FGENESH or by using
PGSC predicted proteins, was predicted using
SignalP (Table 7). In order to get more information
were peroxidases located in the Ro-locus were
located and were peroxidase-activity should be
measured.

Table 7: Subcellular
Locations of the
different peroxidase
transcripts. The
names of the
transcripts refer to
the last 3 digits of
their annotated
gene names shown
in table 1, followed
by the prediction
program which is
used(FG: Fgenesh;
msu: PGSC
Representative Gene
Models) In the
second column the
subcellular location
of the transcripts is
shown (S:
Secretory; C:
Chloroplast; _: Any
other location) The
third column
contains the
reliability of the
prediction (1: diff >
0.8; 2: 0.800 > diff
> 0.600; 3: 0.600 >
diff > 0.400; 4:
0.400 > diff > 0.200;
5: 5 : 0.200 > diff).

Name

Loc

679msu

S

1

679FG

S

1

680msu

S

1

680FG

S

1

681msu

_

2

681FG

_

2

800msu

_

5

800FG

S

1

799msu

_

4

799FG

S

1

798msu

_

5

798FG

_

3

795msu

C

5

795AFG

S

1

795BFG

S

1

801msu

C

4

Almost all transcripts are predicted to be secreted
801FG
S
A
S
with a low RC value. A low RC value means that the
B
S
prediction is reliable. Some transcripts are
C
S
predicted to be located to the chloroplast or to
D
S
“any other location”, however these predictions go
E
S
along with high RC values. A high RC value means
that the prediction is not reliable. In fact all
peroxidase transcripts which have reliable predictions go along with a protein localization to
the secretory pathway. Only both transcript predictions of PGSC0003DMG400006681 are
predicted to be located to “any other location with a relatively low RC value.

3.3 Peroxidase Domain Study
The functionality of the peroxidases located in the Ro-locus was studied by aligning all
peroxidase proteins and search for the conserved peroxidase domains as described by
Dellanoy et al. (2003) and Passardi et al. (2004a). Alignments of all peroxidase proteins
located in the Ro-locus is shown in Appendix 6.6. In Table 8 the results of this study are
shown. Only the transcripts from the genes B, D, E, PGSC0003DMG400020801 and the
Fgenesh prediction of gene PGSC0003DMG400020800 seem to have all four conserved
peroxidase domains or peroxidase domains with some minor changes.
For most genes both the Fgenesh predictions and the predictions PGSC prediction contain
the same domains, except for the genes PGSC0003DMG400020800 and
PGSC0003DMG400020795. The Fgenesh prediction of PGSC0003DMG400020800 contains
the domain FHDC where the other gene prediction of this gene does not contain this
domain. For PGSC0003DMG400020795 Fgenesh splits the gene in two separate genes
containing the domains FHDC, GGHT and GQIR, whereas the prediction made by “PGSC
Representative Gene Models” only predicts one transcript containing only the FHDC domain.
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RC

1
1
1
1
1
1

So domains are present in the genomic sequence, however these domains are not included
by some gene prediction programmes.
Table 8: Conserved peroxidase
domains present in the different
peroxidase transcripts. The names of
the transcripts refer to the last 3
digits of their annotated gene names
shown in Table 1, followed by the
prediction program which is used(FG:
Fgenesh; msu: PGSC prediction) In
column 2 to 4 the different conserved
peroxidase domains as described by
Dellanoy et al. (2003) and Passardi
et al. (2004a) are shown. The fourth
column contains some remarks on
the reference sequence.

Name
679FG
679msu
680FG
680MSU
681FG
681MSU
795AFG
795BFG
795MSU
798FG
798MSU
799FG
799MSU
800FG
800MSU
801FG
801MSU
AFG
BFG
CFG
DFG
EFG

FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC
FHDC

VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD
VSCAD

GAHT
GGHT
GGHT
GGHT
GGHT
GGHT
GGHT
GAHT
GAHT
GAHT
GAHT
GAHT
GAHT
GGHT
GGHT
GGHT
GSHT
GSHT
GSHT

GEIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR
GQIR

Remarks sequence

gap
gap
Mist TSS
Mist TSS

2 split

edge of scaffold

3.4 Peroxidase localization by tissue-prints
The localization of peroxidase activity in dormant tubers from CxE progeny has been studied
by tissue-printing. In Figure 5 the results of the tissue-prints are shown. From these results
it is hard to make clear where in the tissue specific peroxidases are active. Almost the whole
tissue-print emits high intensity’s of light. It is even hard to distinguish the tuber shape of
the long and the round potato.

Figure 4: Results of the tuber tissue-prints. On the left side of the figure light emission
caused by peroxidases catalysing the reaction between H2O2 and luminol of a long
genotype and on the right side of a round genotype
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Figure 6: Results of the PCR on Solanum tuberosum RH cDNA. The names above the wells’ refer to the cDNA samples (S: Stolon; T=1: Tubers of 1 cm; T>1:
tubers bigger than 1 cm) followed by the last 3 digits of the annotated gene names shown in table 1. Gels A., B. and C. are the product of one PCR. The same
applies to the gels D., E. and F. NAC has been used as a positive control.
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3.5 Primer development
Primers used for qPCR have been tested by normal PCR. PCRs were performed on cDNA of a
developmental series of Solanum tuberosum RH and on progeny of a CxE population. The
results of the PCRs on RH are shown in Figure 6
For both the genes
PGSC0003DMG400006680 and PGSC0003DMG400006681 two different primer sets were
designed, however never a band was observed for these genes. For all other genes specific
bands were observed of the expected sizes. PCR-product sizes which go along with the
different primer combinations can be found in Appendix 6.1. Really low PCR-product signals
are observed for the genes on gel D., E. and F of figure 6 However, PCR-products for these
genes can be observed for all genes except for the genes PGSC0003DMG400006680,
PGSC0003DMG400006681 and PGSC0003DMG400006679. Specificity of the primers
designed for PGSC0003DMG400006679 is confirmed on gel G. of figure 6.
The only gene which is missing, is the newly found peroxidase A. This gene showed 99.99%
similarity with the annotated gene PGSC0003DMG400006681, so no specific primers for this
gene could be designed. In Figure 7 a part of the alignment of the transcript of gene A and
PGSC0003DMG400006681 is shown. After working with the in silico data and after primer
design some major remarks concerning the sequence were found which are shown in table 8
A gap in the reference sequence is observed close to the gene PGSC0003DMG400006680,
PGSC0003DMG400006681 is missing its transcription start-site, PGSC0003DMG400020795is
split up in two different genes by Fgenesh and the newly found peroxidase A is located on
the edge of a scaffold DMS100.

Figure 7: Small part of the alignment of the transcripts of peroxidase A and PGSC0003DMG400006681. Transcripts
had 99.99% similarity. The transcript of PGSC0003DMG400006681 is missing the first part of the protein
compared to the transcript of A and there is one SNP in the end of the transcript.

In Figure 8 the results of the PCR on Solanum tuberosum CxE genomic DNA is shown. In this
PCR primer sets are less specific compared to the PCR’s on Solanum tuberosum RH cDNA. For
the
genes
PGSC0003DMG400006679,
PGSC0003DMG400020798,
PGSC0003DMG400020799, PGSC0003DMG400020800 and PGSC0003DMG400020801
specific PCR products are found of the same size. All these genes also show some unspecific
bands or smears. For the gene PGSC0003DMG400020795A no PCR products are observed.
The genes C, D, E, PGSC0003DMG400006678, PGSC0003DMG400020799 and
PGSC0003DMG400040954 show PCR-products only in the round background. The PCRproduct of PGSC0003DMG400020795B shows a small difference in length between the long
and the round background. Only the PCR-products of C and PGSC0003DMG400020797 are
specific in the round background.

24

Figure 8: Results of the PCR on genomic DNA isolated from Solanum tuberosum CxE.
Names refer to the first 3 digits of the annotated genes shown in table 1 followed by the
genotype (Ro-locus) of the tuber. R refers to a tuber having 2 different round alleles and
L refers to a tuber having two long alleles.

3.6 qPCR on developmental series
qPCR results
To get more information about the expression of the genes located in the Ro-locus, qPCRs
have been performed on a developmental series of Solanum tuberosum RH. In Figure 9 the
results of the qPCR on the developmental series are shown. No biological replicates were
available, so statistical significance is not tested. The error bars shown in the figure reflect
the variance between technical replicates. In this developmental range two different
expression patterns are observed for the genes. The first pattern is a pattern were an
expression decrease is observed for tubers of 1 cm. This pattern is observed for the genes
PGSC0003DMG400020799,
PGSC0003DMG400020801,
PGSC0003DMG400020797,
PGSC0003DMG400040954, C and E. The second pattern which is observed is a gradual
increase of expression during tuber development. This pattern is observed for the genes
PGSC0003DMG400020795A, PGSC0003DMG400020795B, PGSC0003DMG400020800 and
PGSC0003DMG400006678. For the genes B and C it is hard to conclude anything about the
expression patterns during development because variance between technical replicates was
too high to have reliable results. In Appendix 6.7 the results of the melting-curves are
shown. All genes shown in Figure 9 show just one melting-temperature, which only varies in
a range of 0.5°C between different samples tested with the same primer set. This implies
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PCR-products are specific. Aberrant melting-curves have been observed for B, which could
be the cause for the large differences between technical replicates.

Figure 9: Expression study on a developmental range of Solanum tuberosum RH.
Titles of the graphs correspond to the last 3 digits of the annotated gene names
shown in table 1. Relative gene expression was measured in stolons (S), tubers of 1
cm(T=1) and tubers larger than 1 cm(T>1). Error bars represent the standard error
of the mean of the 3 technical replicates which are used.

RNA-seq data
To compare the expression profiles determined by qPCR with RNA-seq data, FKPM values for
Solanum tuberosum RH stolons, young tubers and tubers mature tubers were studied
(PGSC, 2011) .In Figure 10 the FPKM-values of the all annotated genes located in the Rolocus which have RNA-seq support is shown. Again the tissues stolons, tubers of 1 cm and
tubers bigger than 1 cm are used for the analysis. In these data 4 expression patterns can be
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observed. The first pattern is an gradual increase of expression during development. This
expression pattern is observed for the genes PGSC0003DMG400006678,
PGSC0003DMG400020798, PGSC0003DMG400006681, PGSC0003DMG400006679 and
PGSC0003DMG400006680. The second pattern which is observed is a gradual decrease of
expression during development. This pattern is observed for the genes
PGSC0003DMG400020797, PGSC0003DMG400020795 and PGSC0003DMG400020801. The
third expression pattern which is observed is a pattern where an expression dip in tubers of
1 cm is observed. This pattern is observed for the genes PGSC0003DMG400020799 and
PGSC0003DMG400020800. The last expression pattern which is observed is observed for
gene PGSC0003DMG400040954. No expression is observed for this gene in all the tested
tissues.
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Figure 10: FKPM values of the different genes having RNA-seq support located in the Ro-locus. The titles of
the graphs refer to the last three digits of the annotated gene names shown in table 1. FPKM-values are
shown for stolons(S), young tubers (T=1)and mature tubers(T>1)(PGSC, 2011)
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3.7 qPCR on round and long tubers
RNA-isolations
Two different RNA-isolations were used to isolate RNA for cDNA synthesis. In Figure 11 the
results of both RNA isolations are shown. The three samples with the highest quality per
tuber shape class are used for cDNA synthesis. From the RNA-isolation shown in Figure 10A
sample R2, R3 and R4 are used for cDNA synthesis. From the RNA-isolation shown in Figure
10B sample L1, L2 and L3 are used for cDNA synthesis

Figure 11: Results of the two different RNA-isolations. are shown. In A. the
results of the RNA-isolations using the Z6 extraction buffer are shown. In B. the
results of the RNA-isolations using the method developed by Oñate-Sánchez et
al. (2008)

qPCR results
Results of the qPCR on long and round dormant tubers resulting from a CxE cross is shown in
Figure 12 Only four genes are shown in this figure because hardly any expression was
observed for the other genes located in the Ro-locus. However, when expression was
observed, it was always observed in the round background. In fact, the same rule applies to
the genes shown in Figure 12. Always a higher expression is observed in the round
background compared to the long background. Only for the gene PGSC0003DMG400006678
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Figure 5: Expression study of the genes located in the Ro-locus in both
genotypes bearing long (L) and round tubers (R). Titles of the graphs
correspond to the last 3 digits of the annotated gene names shown in
table 1. Error bars represent the standard error of the mean between
biological replicates. Differences were tested using a Student’s t-test. (*)
denotes significant (p<0.05) and (**) denotes highly significant (p<0.01).

a significant difference is observed (P<0.01). However, all other genes show the same trend.
In Appendix 6.8 the results of the melting-curves are shown. The genes
PGSC0003DMG400006678, Peroxidase C and PGSC0003DMG400020797 show just one
melting-curve, does not vary between different technical replicates tested with the same.
This implies PCR-products are specific. For Peroxidase B unspecific melting-curves are
observed. This could be caused by unspecificity of the primers or by the formation of primer
dimer. When some expression was observed for the genes not shown in Figure 12, the
melting temperatures of the PCR-products as result of a particular primer set were the same.

3.8 Peroxidase Activity Measurements
Enzyme activity test (boiling)
To test whether peroxidases could be extracted via the apoplastic protein extraction
described in chapter 2.8, reactions with luminol were performed. Protein extracts were
boiled down to check whether the light emission was caused due to the presence of
proteins. In Figure 13A the results of this experiment are shown. Clear red spots were
observed for both the extractions of the a long and a round potato. This indicates peroxidase
activity. When protein extracts were boiled down these red spots disappeared. As is shown
in Figure 13B also the light emission caused by the reaction is not observed anymore after
boiling the protein extracts down. Proteins (peroxidases) were considered as the cause for
the chemical reaction.

Figure 13: Results of the boiling down of apoplastic protein extractions.(L=long tuber
protein extract, R=round tuber protein extract, LB=long tuber protein extract boiled
and RB=round tuber protein extract boiled) In A. a picture by a normal camera is
shown. In B. a picture by the G:Box is shown.
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Symplastic contamination of apoplastic protein extractions

Absorbance at 340 nm

The results of the experiments to test symplastic contamination of the apoplastic protein
extractions are shown in Figure 14. An increase of absorbance is observed at 340 nm for the
positive control which indicates activity of the enzyme G6PD. For all other samples any
increase in absorbance at 340 nm was not observed. So no activity of G6PD has been
observed in the apoplastic protein extractions. Apoplastic protein extractions are considered
clean enough from contamination with symplastic material to make conclusions about the
apoplast itself.
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Figure 14: Results of the G6PD activity measurements. L1 to R4 represent the
different genotypes used for the peroxidase extractions. C represents a positive
control.

Peroxidase activity measurements
To study the differences in apoplastic peroxidase activity in dormant tubers from CxE
progeny, peroxidase activity measurements were performed on apoplastic protein
extractions. In Figure 15 the results of the peroxidase activity measurements are shown. The
average of the four round genotypes is higher compared to the average of the four long
genotypes. Quite a large variation in apoplastic peroxidase activity between the round
genotypes and between the long genotypes is observed. As a result of the large variation
between genotypes in a tuber class relative large standard errors are observed. No
significant differences were found in this experiment (p=0.17).
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Figure 15: Apoplastic peroxidase activity of both genotypes bearing long (L) and round
tubers (R). Error bars represent the standard error of the mean between biological
replicates. Differences were tested using a Student’s t-test. No significant differences
have been found (p=0.17).

Activity (mM/mg/min)

To get more information about the localization of apoplastic peroxidase activity in dormant
tubers of CxE progeny, peroxidase activity of apoplastic protein extractions from four
different parts of the tuber were measured. In Figure 16 the results of the apoplastic
peroxidase activity of different parts of a dormant potato tubers are shown. Again the round
tuber shows the trend to have a higher apoplastic peroxidase activity compared to the long
tuber. Proximal and distal part of the tubers show for both genotypes the highest peroxidase
activity.
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0

Figure 16: Apoplastic peroxidase activity of different parts of a
dormant potato tuber. R states a genotype with a round phenotype for
tuber shape and L states a genotype with a long phenotype for tuber
shape. No biological replicates were available.
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3.9 In vitro tuber induction
To investigate whether in vitro tubers could act as a way to study tuber shape, several CEclones were treated under tuber inducing conditions like high sugars, availability of Ck and
abundancy of light. The development of the potato explants cut from the plants shown in
Table 6 is shown in Figure 17. After 13 days of treatment with the tuber inducing conditions
all genotypes were already producing stolons. The genotype CE27 already produced small
tubers on axillary buds of the stolons. Also genotype CE233 started to show development of
tubers on the stolon tips, however these tubers were rather small.
After 21 days of treatment even more genotypes started to show tuber development. The
genotype C196 had formed little tubers on the stolon tips. The tubers of the genotypes CE27
and CE233 were grown bigger. Genotype CE141 shows a really branchy phenotype. Axillary
buds of the stolons formed even more stolons.
After 27 days of treatment also CE250 was bearing small tubers at the axillary buds of the
stolons. The genotypes CE141 and CE165 did not have developed tubers at all. Despite the
plants had the same genotype for earliness in tuber formation, tubers did not develop at the
same time in vitro. It was also not (yet) possible to phenotype the tuber shape of the in vitro
developed tubers of different genotypes.
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Figure 17: In vitro tuber development of different genotypes. A. CE165; B. CE196; C. CE250; D. CE233; E. CE141 and F. CE27. Characteristics of the
genotypes can be found in Table 6.

4. Discussion
4.1 Functional annotation of the candidate region
From earlier research it is known that peroxidases tend to cluster in the genome (Welinder
et al. 2002). Such repetitive regions in the genome are often very hard to assemble after
genome sequencing. This problem is caused by the fact that sequenced fragments are often
relatively short (200 bp to 700 bp). These reads are too short to capture the repetitive
elements in its entirety. In this way many reads consist of only small parts of the repetitive
elements, which can be mapped back to several places on the genome. Assembly of repeat
regions is often of a lower quality compared to other parts of the genome. After assembly,
sequence of repeat regions is often characterized by gaps.
The problem described above is causing some troubles in the assembly of the reference
genome and is also observed in the different in silico experiments which have been
performed in this study. Many gaps in the sequence have been observed in the Ro-locus. The
annotated gene PGSC0003DMG400006681 was missing its transcription start site. On the
other hand the unannotated peroxidase A had a 99.99% sequence similarity with
PGSC0003DMG400006681. Surprisingly, the unannotated peroxidase gene A does have a
transcription start site. It should be noted that unannotated peroxidase A was located on the
edge of scaffold DMS100. The presence of both peroxidase A and PGSC0003DMG400006681
and the location of peroxidase A could indicate a wrong assembly of the genome.
Transcription of both the transcript of PGSC0003DMG400006681 and the transcript of
peroxidase A is not observed in the developmental range of Solanum tuberosum RH.
For the functionality of the peroxidases four different conserved domains are described in
literature (Dellanoy et al., 2003)(Passardi et al. 2004a). The only genes which contained all
four domains were B, D, E, PGSC0003DMG400020801 and the Fgenesh prediction of gene
PGSC0003DMG400020800. The rest of the peroxidases. All other peroxidases missed 1 or
more of the conserved domains. For these genes the functionality of the protein can be
altered or even lost, which can result in pseudogenes. Surprisingly, for most genes lacking
peroxidase domains expression is observed in the developmental series of RH. Of course,
missing of such important peroxidase domains can also be caused by errors in the assembly
of the reference sequence. It also depends which gene prediction software is used because
for example the Fgenesh prediction of the gene PGSC0003DMG400020800 contains all four
domains, where the prediction by “PGSC Representative Gene Models” is missing the
domain characterized by the sequence “FHDC”. Also Fgenesh predicts two separate genes
for PGSC0003DMG400020795 where “PGSC Representative Gene Models” only predicts one
gene.
The reference sequence of the Ro-locus is still of a relatively low quality compared to other
parts of the genome. In fact, it is still not clear how many functional peroxidases there are
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really located in the Ro-locus. In this study all peroxidases which showed a PCR-product on
gel after a PCR on the developmental series of Solanum tuberosum RH cDNA were also
tested in the two different qPCRs. The genes which did not show a PCR-product in the
primer test on the developmental series still could be functional peroxidases. These genes
could for example be expressed in other tissues or during other stages of tuber
development.

4.2 In silico prediction of the subcellular location of the peroxidase proteins
In order to extract the peroxidases Ro-locus from the correct subcellular locations, we first
had to know were these proteins were located at subcellular level. From the predictions
shown in Table 1 we can conclude that all peroxidase proteins will be located to the
secretory pathway. Only the gene predictions which are located to the secretory pathway go
along with a high reliability of the prediction. The secretory pathway means that proteins
will most likely be located to the apoplast of the cells. From literature it is known that
peroxidases can act on the stiffness of cell walls(Passardi et al., 2004). Cell walls are located
in the apoplast of the cells. Peroxidases located in the Ro-locus are considered as Class lll
Peroxidases, because they are predicted to be secreted most likely to the apoplast of the
cells. Therefore, enzyme extractions done for peroxidase activity measurements will
specifically target the apoplast.

4.3 Peroxidase localization in tubers by tissue-prints
Unfortunately, it is not visible where peroxidases activity is localized in a tuber. Both the
stamps of a round and the stamps of the long tubers emit to much light to see any pattern.
This quantity of light could possibly be caused by symplastic peroxidases which leaked out of
the ruptured cells on the cut surface. Also the amount of substrate added or the opening
time of the lens could be the cause of the high light intensions on the pictures.
It was hard to make a nice tissue-print of the whole cut-surface because tubers were only
cut in two parts. Some parts of the cut-surface did not touch the nitrocellulose membrane
because the tuber-half was not flexible enough. This problem can possibly be solved by
cutting thin flexible sections of a potato tuber and use these for the tissue-prints. When
somewhere in the future a confirmation of the involvement of peroxidases in determination
of tuber shape is reached, it is really important for the understanding of these mechanisms
were peroxidases activity is localized in the tubers.
In order to get more knowledge about the localization of peroxidase activity in potato
tubers, it is important to improve the method of tissue-printing. A protocol as is described by
Liu et al. (2014) could be used. In this protocol H2O2 is stained of which the concentrations
are regulated by peroxidases. This protocol can also be amended with another substrate like
luminol or o-dianisidine/H2O2 to visualize peroxidase activity directly (Dunand et al. 2007).
DAB has to be replaced by one of these substrates.
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4.4 Primer development
In order to perform qPCRs, primers were designed and tested by PCR on a developmental
series of Solanum tuberosum RH. The genes annotated PGSC0003DMG400006680 and
PGSC0003DMG400006681 did not show a PCR-product after a PCR on the developmental
series. However, for the newly found peroxidases B, C, D and E transcription PCR-products
were observed after the PCR on the developmental series. Which is an indication of the
presence of these unannotated genes in the Ro-locus. PCR-products have not been
sequenced, so it is still possible that the products are a mix of different peroxidases located
elsewhere on the genome. The chance that the primers targeted several peroxidases is
rather small, because the primers were designed in the 3’-UTR of the transcripts. UTR is
known to be less prone to selection because changes in these parts of the transcript do not
result in amino acid changes. So the highest variation between transcripts of the highly
repetitive cluster of peroxidases can be found in the UTR.
Another PCR has been done on genomic Solanum tuberosum CxE DNA to prove the primers
would also work for this race. Only the primer sets of the genes PGSC0003DMG400020797
and C could be validated in the round background. None of the other primer sets could be
validated by this PCR, because almost all PCR’s show unspecific bands or did not have any
PCR-product. This could be caused by the lower annealing temperature (55°C instead of
60°C) which has been used for this PCR. By lowering the annealing temperature the
specificity of the primers decreased and in this way primers could be able to target other
peroxidases on the genome. Also genomic DNA was used which already was stored at 4°C for
approximately two years (2013), so some degradation of the DNA could have taken place
during that storage time. Unfortunately, no other genomic DNA nor cDNA was available of
Solanum tuberosum CxE. Primer sets confirmed by the PCR’s on Solanum tubersum RH cDNA
were used for the expression experiments.
Melting-curves are specific for the different genes which showed expression in the
developmental range of RH. Also almost all genes which showed expression in the dormant
tubers of CxE progeny showed specific melting-curves, except for peroxidase B. This could be
caused by unspecific amplification in cDNA of dormant CxE tubers. However, this aberrant
melting curves could also be caused by primer-dimer. When no expression of the gene is
present in the tissue, primer-dimer could be amplified. Of course also a mistake in the
procedure of qPCR could cause troubles with the amplification of the particular transcript.

4.5 qPCR on developmental series
Two different groups of transcription patterns are observed during the development of a
Solanum tuberosum RH tuber. The first transcription pattern is characterized by an
expression dip for the tubers of 1 cm. This first transcription pattern has its expression peak
in the tubers bigger than 1 cm. The second transcription is characterized by an gradual
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increase of expression during development. In both classes of transcription peroxidases can
be found. This differential expression of peroxidases during development of a tuber could
indicate that the expression of just one gene or a couple of genes is responsible for the
shape of a tuber. Due to the differential expression of peroxidases a collective increase or
decrease in expression of peroxidases seems to be sorted out. However, no biological
replicates are used in this experiment and no divergence in round and long genotypes has
been made in this experiment.
By comparing both the expression profiles which are generated by qPCR and the expression
profiles which are generated by the FKPM-values clear differences can be observed. The
genes PGSC0003DMG400020795 and PGSC0003DMG400020801 show a gradual decrease of
expression for the FKPM expression data whereas both genes show totally different
expression pattern in the qPCR experiments. PGSC0003DMG400020795 is showing a gradual
increase during development and PGSC0003DMG400020801 is showing a pattern with an
expression dip in tubers of 1 cm. Another interesting point is the fact that no expression is
observed for PGSC0003DMG400040954 in the FPKM expression data, whereas clearly
expression is observed in the qPCR data for this gene. The expression patterns of
PGSC0003DMG400020797 do also not match when comparing both expression data sets.
For
the
genes
PGSC0003DMG400020799,
PGSC0003DMG400020800
and
PGSC0003DMG400006678 the expression profiles of both the FPKM and the qPCR data sets
somehow show the same expression patterns. For the genes PGSC0003DMG400020798,
PGSC0003DMG400006681, PGSC0003DMG400006679, PGSC0003DMG400006680, B, C, D
and E no comparison could be made, because in one of both data sets information for that
particular gene is missing.
Many differences in trends are observed for the expression patterns of the different genes in
the Ro-locus in the two different expression data-sets. These differences could originate
from several different possibility’s. The qPCR data set is based on a RNA-extraction of one
single genotype. The only thing what is known about this genotype is the fact that it was
isolated for Solanum tuberosum RH. So no biological replicates are included in this qPCR
experiment. Differences in expression trends could also be caused by differences in
genotype within Solanum tuberosum RH or caused by differences in sampling time. Also the
differences could be caused by small differences in developmental stage of the tubers
between the two different data-sets. The data-set generated by PGSC (2011) was also
produced for another purpose than describing the expression differences of a gene within a
developmental range. The data-set generated by PGSC (2011) was generated to annotate as
many genes as possible and that is why so many different tissues and treatments are
included.
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4.6 qPCR on round and long tubers
Two different RNA-extractions have been used to extract RNA from the different long and
round genotypes. In the RNA-extraction using the Z6-extraction buffer(Logemann et al.
1987), tissue of the long genotypes was grinded first. Only the quality of the RNA-extractions
of the round genotypes was high enough to synthesize cDNA. In the RNA-extraction as
described by Oñate-Sánchez et al. (2008), tissue of the round genotypes was grinded first.
From this extraction only the quality of the long genotypes was high enough for cDNA
synthesis. After all tissues were grinded, the rest of the protocol was proceeded, therefore
samples which were grinded first were able to thaw before proceeding with the rest of the
protocol. This is most probably the cause of the degradation of the samples which were
grinded first in both RNA-extractions.
Grinding of the tissue took quite a long time in both RNA-extractions, because frozen tubertissue is very hard to grind with pestle and mortar. In the future, it is better to grind tuber
tissue by wrapping tuber tissue in aluminium foil, freezing it in liquid nitrogen and smash it
with a hammer. In this way grinding of the tissue would take less time. It is also better to
directly add the first buffer of the protocol to the grinded tissue and to place it directly on
ice. For future extractions of tuber RNA, it is also better to use the protocol described by
Oñate-Sánchez et al. (2008). Quality parameters (ratios 280/260 and 260/230) were directly
good enough for cDNA synthesis. The protocol using the Z6-buffer resulted in RNA-samples
with poor values for the quality ratios 280/260 and 260/230. This RNA first had to be cleaned
up before further use.
For only a few genes expression results could be generated by qPCR on the dormant
Solanum tuberosum CxE tubers. Most probably this is caused by a differential expression of
the genes located in the Ro-locus during development. Some genes are only expressed early
in development. Expression of these genes can’t be measured anymore in later stages of
development.
For every gene, the trend seems to be a higher expression in the round genotypes compared
to the long genotypes. For gene PGSC0003DMG400006678 this difference is even highly
significant. When expression was observed in the other genes located in the Ro-locus this
was most of the times observed in the round genotypes. This could indicate a general
enhancement of gene expression over the whole region. The most logical explanation for a
general enhancement of gene expression over the whole region would be an artefact in the
procedure of qPCR in this case. Hardly any expression data is available about the peroxidase
genes located in the Ro-locus. The expression data which is available about the peroxidases
is unreliable because of the high variance between biological replicates. However, such a
general enhancement of gene expression over the whole region can also have another
cause.
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For example, such an general enhancement of gene expression could be caused by
epigenetics. A region can be methylated which effects the expression of the genes in this
region. When epigenetics are the cause of such an expression difference, revertants should
have been observed. This means that a long genotype becomes a round genotype or vice
versa. However, these revertants have never been observed in CxE populations.
Another possible explanation could be the presence of an enhancer which effects the
expression of the whole region. By “looping” of the DNA such enhancers could affect further
located promoters on the DNA (De Laat et al. 2008)(Bulger and Groudine, 2011). Mendes et
al. (2013) has studied this phenomena for the gene VERDANDI (VDD) in Arabidopsis thaliana.
The interaction between enhancer and promotor of the gene VDD is on a short range .
However, Mendes et al. (2013) is stating that most of the loop formations that have been
intensively studied are related to long-range DNA looping. Whether such enhancer-protein
interactions could also exist in a 280 kb long region of Solanum tuberosum is not known.
Before more research is done to these possibilities of general enhancements of gene
expression, first more information about the expression of the genes located in the Ro-locus
has to be gathered.

4.7 Peroxidase Activity Measurements
In the dormant tubers resulting from a C x E cross a higher apoplastic peroxidase activity in
the round tubers compared to long tubers seems to be the trend. Unfortunately, no
significant difference has been found in this study. By repeating the apoplastic peroxidase
activity experiments with a larger number of replicates, it is maybe possible to find a
significant difference. Of course, many more peroxidase which are located on other places
on the genome are located to the apoplast at a subcellular level. Peroxidase activity
measured in the apoplast is therefore not only caused by the peroxidase genes located in
the Ro-locus.
Normally, expression of certain genes and the presence of certain proteins is correlated. In
the dormant Solanum tuberosum CxE tubers this correlation is not found between the
expression of peroxidases in the qPCR experiments and the peroxidase activity experiments.
The lack of this correlation could be caused by the abundancy of peroxidase proteins in the
apoplast transcribed on other places on the genome. In this way expression of the
peroxidases located in the Ro-locus can be low and apoplastic peroxidase activity can be
high. Another explanation can be the fact that peroxidases are relatively stable proteins
(Modal et al. 1993)(Modi et al. 1990)( Chattopadhyay and Mazumdar, 2000) . In this way
expression of certain genes can be low, but the proteins are still present at their subcellular
location.
It is important to perform the peroxidase activity measurements at the same time to get
reliable results. Both H2O2 and the substrate AzBTS are relatively unstable. Both

39

concentrations of H2O2 are affecting the kinetics of the peroxidase enzymes. When for
example round and long tubers are measured on a different time-point, concentrations of
the substrates can be altered. It is also important to perform the peroxidase extraction of
the samples at the same time. Over time, proteins will degrade. In this way it is possible that
differences due to breakdown of proteins will interfere with your actual activity
measurements.
Clear differences in peroxidase activity are observed between different parts of the tuber.
However, only one tuber of both tuber shape class is tested. No statistical test have been
done on this data due to the unavailability of biological replicates. In order to get a better
understanding about the differences in peroxidase activity in the different parts of a tuber,
biological replicates have to be measured for both tuber shape classes. Also the way tubers
will be cut has to be taken into account because of the shape differences, for example the
distal part of a long tuber is longer compared to the distal part of a round tuber. A better
way to divide the tubers in the four different parts is to cut the tuber in two halves
longitudinally and cut above and below the pith which can be seen in the halves. In this way
a clear deviation of the tubers is obtained.

4.8 In vitro tuber induction
For most genotypes we managed to induce tuberization in vitro. Only 2 genotypes had not
yet formed tubers. Unfortunately, the different genotypes did not set tubers
simultaneously, despite their identical genotype for earliness of tuber formation. For the
development of for example a developmental range it is really important to sample plants at
an equal developmental stage. When these developmental stages are reached at the same
time in several different genotypes, sampling becomes much easier. It isn’t necessary
anymore to measure the tubers and relate the size of a tuber to the of the developmental
stage of a tuber. It seems like it depends strongly on the genotype of a plant when it starts to
tuberize and whether it starts to tuberize.
After the explants were treated for 27 days under tuber inducing conditions, it was still not
visible whether tubers were round or long. This could be concerning for the use of in vitro
tubers for the different measurements, because experiments where round and long tubers
are separated are not possible anymore. Maybe after some more days differences between
round and long genotypes could been made. In vitro plants lack secondary tuber growth and
whole plant dynamics. Tubers shape could be determined during secondary growth or
determined by signals from other parts of the plant (Xu et al. 1998)(Kloosterman et al.,
2005). In that case differences in phenotypes would not be observed at all in vitro. The same
genotypes which have been used for the in vitro experiments were also used in vivo. In vivo
phenotypes did not correlate with the phenotypes as described in Table 6. Maybe plants
have been switched in the in vitro core collection. Unfortunately, no hard conclusions can be
drawn concerning the possibility to study tuber shape in vitro.
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4.9 Conclusions and Recommendations
This research provides some interesting clues about a possible involvement of peroxidases
influencing tuber shape. A higher apoplastic peroxidase activity in the round genotypes
compared to the long genotypes is the trend which is observed in this study. Unfortunately,
no significant differences have been observed in apoplastic peroxidase activity between
round and long dormant tubers of CxE progeny.
Also a trend of higher expression of all the genes located in the Ro-locus is observed,
however this could also be caused by some kind of artefact in the procedure. Dormant
tubers were used for these expression analysis, where it was better to use active developing
tubers in terms of gene expression. Genes of the other categories aspartate
aminotransferase, non-specific-lipid-transfer protein and genes of unknown function could
not be excluded as candidate genes by the expression studies nor the peroxidase activity
measurements.
By studying the reference sequence of the Ro-locus many gaps in the sequence were
observed. Also 5 unannotated peroxidase genes were found in the Ro-locus. One of these
unannotated peroxidase genes had 99.99% similarity with the annotated gene
PGSC0003DMG400006681 and was located on the edge of scaffold DMS100. The gene
PGSC0003DMG400020795 was split up in two separate genes by a gene prediction using
Fgenesh. Many peroxidase genes located in the Ro-locus are missing conserved peroxidase
domains in their sequence. All these observations are indicating problems with the assembly
of the reference sequence of the Ro-locus. It is still not known how many functional
peroxidases are located in the Ro-locus.
In vitro tuber formation has been induced in this study, however no differences in tuber
shape have been observed. The same genotypes which were grown in vitro were also grown
in vivo. In vivo differences in tuber shape differences were not observed as was expected. It
is not known whether in vitro tubers are suitable to study differences in tuber shape.
To characterize the gene or the group of genes it is necessary to do further research. A good
way to study which gene(s) is influencing tuber shape is to produce over-expression lines of
the four different groups of genes located in the Ro-locus. This can be done by transforming
both a round and a long genotype with four different constructs respectively a peroxidase,
the aspartate aminotransferase, the gene of unknown function and the non-specific-lipidtransfer protein. A tuber-specific promoter can be built in the construct to specifically overexpress the genes in the tubers. By studying the phenotypes of the over-expression lines and
comparing these with the untransformed genotypes, it might be possible to characterize the
gene influencing tuber shape. Also a developmental series of these over-expression lines can
be set up, which can be studied with all experiments described in this study. In this way also
over-expression and (in case of peroxidase) higher activity can be related to the phenotypes.
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6. Appendices
6.1 Primer list
Gene
PGSC0003DMG400006679
PGSC0003DMG400006679
PGSC0003DMG400006680
PGSC0003DMG400006680
PGSC0003DMG400006681
PGSC0003DMG400006681
PGSC0003DMG400020795
PGSC0003DMG400020795
PGSC0003DMG400020795
PGSC0003DMG400020795
PGSC0003DMG400020798
PGSC0003DMG400020798
PGSC0003DMG400020799
PGSC0003DMG400020799
PGSC0003DMG400020800
PGSC0003DMG400020800
PGSC0003DMG400020801
PGSC0003DMG400020801
PGSC0003DMG400040954
PGSC0003DMG400040954
B
B
C
C
D
D
E
E
PGSC0003DMG400006678
PGSC0003DMG400006678
PGSC0003DMG400006680
PGSC0003DMG400006680
PGSC0003DMG400006681
PGSC0003DMG400020797
PGSC0003DMG400020797
B
B
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Primer Name Sequence
Chromosome Start
End
Length of fragment
JC_679_Rev tgcctcttaaccacagtcca
10 49022380 49022399
174
JC_679_For tcatgtggcgagtgaacaaag
10 49022534 49022554
JC_680_Rev ctgatcagtagacgacgaaaacaa
10 49040627 49040650
79
JC_680_For atcttacaacgaaatagtgcgac
10 49040684 49040706
JC_681_Rev AAACATTATCTTGATTCACTGAC
10 49064429 49064451
163
JC_681_For GGTGAACTAAtgaaatcaagtgtg
10 49064569 49064592
JC_795A_Rev CCTTGCTTCTTGAAGTTGTTG
10 49247717 49247736
145
JC_795A_For TCTGTAGTTGCATTAGGTGGACC
10 49247840 49247931
JC_795B_Rev GGTCCACCTAACTCCGACTTG
10 49253762 49253931
86
JC_795B_For TGACAGTGAAAAGACTGCGATAC
10 49253975 49253997
JC_798_Rev ccacacaactctcagttcacaat
10 49172288 49172310
179
JC_798_For attgacaggaaatgaaggctaga
10 49172445 49172467
JC_799_Rev ctatttatcggaacaactcggaag
10 49151372 49151395
192
JC_799_For tcaagaatttggttatttgcaa
10 49151543 49151564
JC_800_Rev ccagcagcgcgtacTTAGTT
10 49084179 49084198
100
JC_800_For GCTAAGTCTATGATTAAGATGGGC
10 49084256 49084279
JC_801_Rev caatcaaattcttcaagatcaaca
10 49259883 49259906
121
JC_801_For TTTGCCGAGTCTATGATTAAGAT
10 49259785 49259807
JC_954_Rev acgccactatgaccgaaaaa
10 49171777 49171796
118
JC_954_For tcgacgcataaaattggtgt
10 49171678 49171697
JC_B_Rev
caccattctgatgaaatacaacac
10 49218387 49218410
124
JC_B_For
gaagtgctaatgatgttgatgaaat
10 49218487 49218511
JC_C_Rev
gtaacgacaactcaagcaattacc
10 49209575 49209598
125
JC_C_For
GCTACGATTACTTTTTCATGATTG
10 49209657 49209680
JC_D_Rev
CAATTATTTCATCAGCACTTCTTCT
10 49114314 49114338
103
JC_D_For
TGATTAAGATGGGTGATATCAAGC
10 49114395 49114418
JC_E_Rev
attgacgtatagtggacgcata
10 49178993 49179014
147
JC_E_For
ACCGAACCACACCTCCAAA
10 49179122 49179140
JC_678_Rev TACATCCTACCGAACAGCCTC
10 48982429 48982449
147
JC_678_For GGCAAGTGCAATCCATGAAG
10 48982302 48982321
JC_680_1_Rev tcaatccataTCATGTTGCCTCTA
10 49040776 49040799
116
JC_680_1_For CCAACGAGCAAAATAATGATACTC
10 49040869 49043146
JC_681_1_Rev GCACAATTAACTTAACCAAGGCTA
10 49064495 49064518 97(i.c.w. JC_801_For)
JC_797_F
TGCTGAGGAGCTGAGAGGTT
10 49199342 49199361
110
JC_797_R
ATAGAGTAATTGTGCATACACATGAA
10 49199251 49199276
JC_B_1_F
GCTGAGTCTATGATTAAGATGGGTG
10 49199163 49199188
111
JC_B_1_R
atttcatcaacatcattagcacttc
10 49218487 49218511

6.2 RNeasy Mini Kit Quick-Start Protocol
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6.3 RNA cleanup protocol
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6.4 Fgenesh prediction of annotated genes
PGSC0003DMG400006678

50

51

PGSC0003DMG400006679

52

PGSC0003DMG400006680

53

PGSC0003DMG400006681

54

PGSC0003DMG400020800

55

PGSC0003DMG400020799

56

PGSC0003DMG400040954

57

PGSC0003DMG400020798

58

PGSC0003DMG400020797

59

PGSC0003DMG400020795A (178-1378) and PGSC0003DMG400020795B (5950-7287)

60

61

PGSC0003DMG400020801

62

6.5 Fgenesh predictions of unannotated peroxidase genes
A.

63

B.

64

65

C.

66

D.

67

E.
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6.6 Alignment of the peroxidase proteins
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6.7 Melting-Curves of the qPCR-products (Solanum tuberosum RH)

Appendix Figure 1: Melting-curves of the PCR-products as result of the qPCR on Solanum tuberosum RH cDNA.
A: NAC, B: 795A, C: 795B, D: 799, E: 800, F: 801, G: Peroxidase C, H. Peroxidase D, I: Peroxidase E, J: 678,
K: 797, L: 954 and M: B
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6.8 Melting-Curves of the qPCR-products (Solanum tuberosum CxE)

Appendix Figure 2: Melting-curves of the PCR-products as result of the qPCR on Solanum
tuberosum CxE dormant tubers cDNA. A: Peroxidase B, B: Peroxidase C, C: 678 and
D: 797

71

