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Abstract

Potato crop is considered as a key to food security; however, potato virus Y infection have
been causing seed potato and primary yield loss of up to 80%. Moreover, none of the
commercially available potato cultivars has been reported to present natural resistance against
potato virus Y. Recently, the CRISPR/Cas9 system has been widely used for precise genome
editing and efficient plant mutation research and breeding. This system depends on single
guide RNA to guide the Cas9 protein mediated genome editing. Thus, designing and assessing
of target gene or allele specific single guide RNA is a crucial step in precise genome editing.
Furthermore, commercial potato cultivars are highly heterozygous and encompasses several
single nucleotide polymorphisms. Hence, this study aimed to identify allelic variants of elF4E
gene in Desirée, Kuras, Celandine, and Innovator potato cultivars, and to design and analyse
suitable candidate sgRNAs to perform CRISPR/Cas9 ribonucleoprotein (RNP) based genome
editing to obtain potato virus Y-resistant potatoes. Firstly, using PCR amplification combined
with Sanger sequencing, different allelic variants specific to four cultivars were identified. So
far, 3 allelic coding sequences were identified from Desirée cultivar, and 2, 4, and 5 variants
were detected from Celandine, Kuras and Innovator, respectively. Using the coding sequences
seven different SgRNAs were designed, in-vitro transcribed and assessed by performing in-
vitro cleavage assay. The results indicated that the SpCas9 derived by all seven sgRNAs,
cleaved the three allelic CDS complementary DNA specific to Desirée cultivar. Finally, two
different protoplast isolation tests were performed, resulting in isolation of moderate number
(1 x10* protoplasts / pl, and 2x 10° protoplasts /ul) of protoplasts from Desirée and Kuras
cultivars respectively. Thus, this study concluded that a basic platform was established for
further RNP complex based in-vivo elF4E genome editing, on potato protoplasts to produce

PVY resistant potatoes.

Key words: Plant mutation breeding, CRISPR/Cas9 system, eukaryotic translation initiation
factor (elF4E), Potato virus Y, Protoplasts, RNP complex, in-vitro transcription, and cleavage

assay.
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1. Introduction

1.1 Background of study

The world population is projected to be approximately 9.7 billion by the year 2050, thus
increasing food demand by 70% (Thatcher et al., 2017). Food security has thus become one
of the major topics of concern. However, (Devaux et al., 2021; Haverkort et al., 2009) strongly
states that potato can play vital role in the food security for the increased population due to its
high nutritional content, economic importance, producibility in all climatic regions, and high
production volume.

Currently, potato (Solanum tuberosum L.) is cultivated throughout the world as the
foremost non-cereal crop and fourth most cultivated crop (Lucioli et al., 2022). However,
potatoes are disease prone crops. Since last few decades potato virus Y (PVY) infection has
become one of the leading cause of seed potatoes and primary yield loss, constituting up to
80% of yield loss (Kreuze et al., 2020). The PVY virus is an RNA virus, and the 5’ end of the
viral RNA is covalently linked with virus encoded VPg protein. Viral VPg hijacks the potato
elF4E protein thus binding to the cap of elF4E and introducing PVY infection (Grzela et al.,
2006). Although few wild type potatoes (Phureja) has shown natural resistance against PVY
(Torrance et al., 2020), none of the commercially available potato cultivars presents natural
resistance against PVY (Lucioli et al., 2022).

Plant breeders have been adopting conventional breeding to introduce PVY resistance
in potatoes. However, the most commercial cultivars of potato are autotetraploid and it makes
potato breeding complicated. Hence, due to the varying ploidy levels between commercial and
wild PVY resistant potato, conventional breeding in potato is limited (Muthoni et al., 2015).
This led to the necessity of implementing molecular methods for developing PVY resistant
potatoes. CRISPR/Cas9 is one of such methods of gene editing, that has revolutionized plant
genome modification (Zhang et al., 2021). Several studies have shown that editing elF4E gene
family using CRISPR/Cas9 brings resistance against potyviruses such as PVY (Lucioli et al.,
2022). Hence this study aimed to develop a CRISPR/Cas9 RNP based gene editing platform

for introducing PV resistant potatoes.
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1.2 Potato as a ‘Key to food security’

With the global population projecting to reach around 9.7 billion within 2 and a half decades,
food security for the growing population has become one of the main topics of discussion.
Nevertheless, potato crop can help maintain the food security for the increasing population
(Devaux et al., 2021; Haverkort et al., 2009). Additionally, in most of the developing countries
potato persists to be ‘local for local’ crop due to its production volume and storability
(Haverkort et al., 2009).

Potato is cultivated in almost 20 million hectares of land (Devaux et al., 2021), across
all climatic regions around the globe. Approximately 368 million tons of potatoes are produced
each year globally from 4,000 different varieties (Berdugo-Cely et al., 2021; Zaheer & Akhtar,
2016). Scrutinizing the context of global potato production, Europe is the second largest potato
producer (Goffart et al., 2022) and covers 60% of the global potato market, thus generating
net worth up to 12 billion euros per year (Devaux et al., 2020).

Potato tubers are affluent source of nutrients (Zaheer & Akhtar, 2016), minerals, and
medicinal compounds, while consumed in lower concentrations (Burgos et al., 2020). Hence,
due to its high nutritional value, and health beneficiaries for the consumers and a good source
of income for the producers as a cash crop, it continues to be a farmers beloved crop. Potato
is believed to help maintain the food security for the over growing population (Kreuze et al.,
2020). Based on previous market prices during deranged food demand and supply chains,
potato crop can be anticipated to be resistant against global price volatility (Devaux et al.,
2021). Furthermore, potatoes have relatively shorter maturity period, producibility in almost
all climatic regions, high nutritional contents, and is a good income resource (Devaux et al.,
2020; Haverkort et al., 2009). Thus, potato crops can help withstand all changes regarding
climatic effects and market effects to ensure the sustenance of people across the globe.

However, the increased demand of food supply requires mass production of potatoes.
Additionally, the increased food demand will eventually lead to requirement of enhanced
cultivars; with high nutritional contents, pest resistance and increased yield (Berdugo-Cely et
al., 2021; Govindaraj et al., 2015). Nonetheless, potato is a disease prone crop and during
recent decades the production of seed potatoes and overall yield of potatoes have been severely

affected by several disease outbreaks (Kreuze et al., 2020).
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1.3 Potato Virus Y (PVY) causes 60-80% of yield loss.

Approximately, 50 virus species and one viroid have been reported to infect potato worldwide
(Kreuze et al., 2020). However, currently two viruses; Potato virus Y (PVY) and Potato
Leafroll Virus (PLRV) are reported to be the most damaging and leading cause for high yield
loss (i.e., exceeding 80%). Whereas, PVY has outstripped PLRV recently and has become the
most important virus causing loss of seed potatoes and around 60- 80% primary tuber yield
loss (Kreuze et al., 2020).

PVY belongs to the Potyvirus genus in potyviridae family, affecting solanaceous crops
specifically potato and is widely spread over the globe (Kreuze et al., 2020). Based on
biological properties, seven different strains of PVY (PVY©, PVYS, PVY?, PVYE, PVYN,
PVYN-Wi, and PVYN™) has been reported so far (Lacomme & Jacquot, 2017; Lucioli et al.,
2022). Moreover, studies have shown that these strains have been presenting different levels
of infection in potato. PVY© and PVY° strains has been reported to bring about mild infection
symptoms on leaves such as mosaic lesions as represented in Figure 1.1 a, and halting,
crumpling as presented in Figure 1.1 b. Whereas no visible leaf symptoms were presented by
PVYNand PVYN-Wi strains. PVYNTN strain, on the other hand presented severe potato tuber
necrotic ringspot disease (PTNRD) as shown in Figure 1.1 c, aside from severe leaf symptoms
(Grech-Baran et al., 2018).

Furthermore, PVY has been developing more newer and alarming recombinants.
Additionally, studies have reported that the newer recombinants of PVY have been presenting
more severe and more progressive symptoms on potatoes. Two new recombinants, P\V/YNTN-
HN1 or, PVYNTN-HN2 infected ‘Yukon Gold’ potatoes presented severe leaf deformation and
clear necrotic ringspots in tuber potatoes (Hu et al., 2009, 2011).
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Figure 1.1. Various signs and symptoms of PVY infection in potato plant and tuber potato. (a) mosaic
PVY symptoms on leaves of potato crop. (b) severe halting, and crumpling symptoms in potato leaves.
(c) severe potato tuber necrotic ringspot disease (PTNRD) symptom induced by PVYN™ infection in
tuber potato [Adapted from (Kruger & Waals, 2020)].

Similarly, a study was conducted by Nie et al., (2012), analysing the response of five
different PVY isolates (PVY©-FL, PVYC-RB, PVYNT™N-S|, PVYN-Jg, and PVYN©) from four
strains against 14 different potato cultivars. The results of the study showed that severity of
symptoms was dependent on cultivars and the isolates. However, a conclusion was made that
the cultivars presenting necrotic responses were mostly infected with PVY©-FL, PVY°-RB,
and PVYNTN-S| isolates and led to greater yield loss. Whereas the cultivars infected with
PVYN-Jg and PVYN:C isolates presented mosaic symptoms during early developmental stage
of plants. Nonetheless, up to 46.1% yield loss was reported in cultivars with primary infection
presenting only mosaic symptoms (Nie et al., 2012).

During analysis of the causative agents of PVY infection, sixty different aphid species
have been noted to be responsible in non-persistent transmission of PVY as demonstrated in
Figure 1.2 (Lacomme & Jacquot, 2017; Lucioli et al., 2022). Additionally it rarely occurs by
plant to plant contact (Fuentes et al., 2019). Furthermore, the use of PVY infected seed
potatoes i.e., tubers used to cultivate new plants carries PVY, can also facilitate the
transmission of the disease as presented in Figure 1.2 (Fuentes et al., 2019; Sahi et al., 2016).
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Figure 1.2. Cartoon representing detailed overview of the PVY transmission and induction of infection
in potatoes. [Concept adapted from (Fuentes et al., 2019; Gingras et al., 1999; Lacomme & Jacquot,
2017; Lucioli et al., 2022; Robaglia & Caranta, 2006) and created in Biorender.com]

Further investigation for underlying cause of PVY infection showed that the PV viral
genome comprises of 9.7 kb monopartite positive-sense single-stranded RNA. This viral RNA
encodes 11 various functional proteins. Virus genome-linked protein (VPg- virulence factor)
Is one of these proteins, covalently bound to 5’ terminal of viral genome, and is the responsible
one for infecting potatoes (Lacomme & Jacquot, 2017). The viral VPg (virus genome-linked
protein) plays a decisive role by “hi-jacking” the eukaryotic translation initiation factor
(elF4E) of the host (Figure 1.2) i.e. competing with the host MRNA and taking over the elFAE
(Gingras et al., 1999). Thereby, it uses the host ribosomal complex for its own translation
(Robaglia & Caranta, 2006) thus infecting the potato cells.

Itis illustrious that, PV'Y has been causing tuber infection and huge yield loss, bringing
about severe effects on the potato market. Therefore, it is essential to look after the possible
preventive measures. The commonly applied preventive measure for such transmissions is the
use of insecticides mainly to control aphids (Lucioli et al., 2022). However, insecticides also
have been proven non-effective against PVY along with other viruses. The main reason for
this is that there is higher possibility of aphids transmitting virus to the plant prior to the onset
of action by insecticides. As will be discussed later, conventional breeding has also been
commonly employed over the past century by plant breeders, however conventional breeding
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in potato is limited (Muthoni et al., 2015). Additionally, it was difficult to keep up with the
evolving pathogens (Lucioli et al., 2022).

1.4 elF4E mediates host resistance against PVY in potato

The chemical (insecticidal) treatments proved to be ineffective against viruses and other
intracellular pathogens and hazardous to the environment (Grech-Baran et al., 2018). So due
to all these circumstances host resistance deployment started gaining attention (Torrance et
al., 2020). Hence, the scientists started looking for the resistance genes against PVY in
potatoes. Potato presents two types of host resistance, extreme dominant resistance (ER)
mediated by Ry (Ryadg, Rysto, and Rycbc) genes (Karasev & Gray, 2013; Lucioli et al., 2022)
and hypersensitive dominant resistance (HR), mediated by N (Ny, Nc, and Nz) genes (Lucioli
et al., 2022; Valkonen, 2015).

In addition, plant genes referred to as susceptibility ‘S’ genes, that encodes proviral
factors (usually proteins that are essential for virus in gross infection cycle) can also be
considered for introducing virus resistance. Mutation in these S genes often leads to inability
for viruses to utilize them, thus inhibiting viral infection and acting as a virus resistance gene.
However, this type of mutation in S genes rarely occurs in the nature (Lucioli et al., 2022).
Furthermore, all such genes reported till date have been noted to encode; eukaryotic translation
initiation factors (elFs); elF4E, elF4G and respective isoforms (Wang & Krishnaswamy,
2012).

Moreover, elF4E are 7-methylguanosine triphosphate cap- binders and usually exits in
three different forms; elFAE, elF(iso)4E, and nCBP (new cap-binding protein), in most of the
angiosperms (Browning & Bailey-Serres, 2015; Lucioli et al., 2022; Patrick & Browning,
2012). Nonetheless, potato is heterozygous, tetraploid crop (Nadakuduti et al., 2018).
Translation initiation factor in potato i.e., potato elF4E gene are prevalent in four different
forms, namely, elF4E1 and its paralog elF4E2, elF(iso)4E, and nCBP (Lucioli et al., 2022).
The elFAE mediated resistance against potyvirus was first reported in mutated Arabidopsis
thaliana against tobacco etch virus (TEV), due to deficiency in elF(iso)4E (isoform of elF4E)
(Hashimoto et al., 2016; Lellis et al., 2002). Later on studies reported that this type of
resistance mediated by elF4Es against PVY and few other potyviruses are naturally existent
in several crops such as pepper (Ruffel et al., 2002), tomato (Ruffel et al., 2005), and lettuce
(Hashimoto et al., 2016).
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Additionally, two similar studies Torrance et al., (2009, 2020) reported that, potato
group Phureja clones derived resistance against several strains of PVY such as PVY®, PVY€,
PVYN and PVYNT™N, Additionally, these studies reported that these resistances were being
mediated mostly by Ry genes and extreme dominant resistance (ER) type. However, none of
the commercially available potato cultivars has been reported till date to be presenting natural
resistance against PVY (Lucioli et al., 2022). Thus, it continues to pose a greater threat in the
field of potato cultivation and hence brings about a strong demand for genome editing to

deploy host resistance.

1.5 Plant mutation breeding as a technique for introducing

genetic mutation

Since centuries, geneticists and plant breeders had been relying on conventional breeding for
the purpose of obtaining the desired traits in the crops (Haverkort et al., 2009). Mostly, wild
species of plants are cross bred with other varieties for the core purpose of crop improvement.
However, as mentioned previously, conventional breeding is tedious (Haverkort et al., 2009).
Additionally, the difference in the ploidy levels between the commercial cultivar potatoes and
wild species (source of resistance genes) limits the conventional breeding in potato (Muthoni
et al., 2015). This created strong demand for development and use of molecular methods for
breeding.

During recent decades, three types of mutagenesis, random, and site-directed
mutagenesis (Udage, 2021) have been commonly used for plant mutation breeding. Randomly
induced mutagenesis in the plant genome, mainly uses, physical (fast neutrons, y-radiations)
and chemical such as, ethyl methane sulphonate (EMS) and nitroso methyl urea (NMU)
(Alonso & Ecker, 2006). Physical means induces chromosomal expunction and rearrangement
in the plant cells. Whereas chemical means provokes a wide range of gene alterations, such as
insertions, deletions, and substitution of single base-pair. However, the radiation and chemical
use can have severe effects on the plant growth and often makes it difficult to trace back the
mutation (Alonso & Ecker, 2006; Shikazono et al., 2005). Hence, these traditional plant
mutation breeding in autotetraploid potato are time-consuming as they require series of
crossings (Schaart et al., 2021).

Recently, the demand has been to consolidate new attributes as, drought resistance,

cold resistance, disease resistance, but retaining the yield (Baret, 2017). Thus, scientists have
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been developing genome editing technologies using nucleases such as, meganucleases,
transcription activator-like effector nucleases (TALENS), zinc-finger nuclease (ZFNs), and
clustered regularly interspaced short palindromic repeats (CRISPR)/associated Cas proteins,
which depends on DNA-protein binding (Barman et al., 2020; Gaj et al., 2013). These
nucleases mostly induce DNA double-strand breaks (DSBs) at specific target site within the
genome, thus activating cellular DNA repair machinery. This often results in insertion-
deletion (indels) mutation (Charbonnel et al., 2011; Gorbunova & Levy, 1997; Lloyd et al.,
2012; Schaart et al., 2021). However, TALENSs and ZFNs based editing requires target specific
protein designing for each experiments (Barman et al., 2020; Barrangou & Doudna, 2016)
hence can be time consuming, and impractical. All these issues were finally addressed by a

recently uncovered genome editing technology: CRISPR-Cas system.

1.6 Application of CRISPR-Cas system in Plant mutation
breeding

Plant mutation breeding has been the flourishing technique during recent decades (Udage,
2021). However, the scientific revolutionary era of plant mutation breeding inaugurated
mainly after, (Ishino et al., 1987) first discovered CRISPR sequences in iap gene in
Escherichia coli (E. coli) genome. The CRISPR/Cas system, is a method of genome editing
which induces site-specific mutagenesis either by insertion, deletion, or substitution of the
nucleotides (Knott & Doudna, 2018). CRISPR/Cas system has been playing an unprecedented
role in plant genome editing. It ensures precise genome editing via Cas protein directed to
specific position within the gene by using a guide RNA (Andersson et al., 2018). Hence,
CRISPR-Cas system is a RNA based DNA editing system (Jinek et al., 2012). Unlike TALENSs
AND ZFNs based method, it does not require specific designing of the nucleases for each
experiment (Barman et al., 2020).

The CRISPR repeats (Jansen et al., 2002; Mojica et al., 2005) arrays or loci, are the
major defining factors of CRISPR/Cas system. These arrays are naturally found in archaeal
and bacterial genomes and are fragments of viral genome incorporated during previous
infections (Hille et al., 2018). They consists of 17-84 bases long viral DNA fragments (spacer)
apportioned by short palindromic repeats of 23-50 bases, clustered into intergenic regions
(Gostimskaya, 2022; Popkov et al., 2016). Previous studies showed that CRISPR system in

proximity with CRISPR-associated genes containing helicase and nuclease motifs, forms a
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CRISPR-Cas organization (Bolotin et al., 2005; Mojica et al., 2005; Pourcel et al., 2005). This
organization works as an acquired immune system in prokaryotes to protect against both the
foreign DNA (Gostimskaya, 2022; Marraffini & Sontheimer, 2008) and RNA (Gostimskaya,
2022; Shmakov et al., 2015, 2017).

The CRISPR locus is transcribed to produce CRISPR-associated RNA (crRNA), which
is complementary to specific viral genomic fragment (Deltcheva et al., 2011). This crRNA in
combination with tracrRNA (trans-activating CRISPR RNA) and Cas protein, recognizes the
PAM and protospacer sequences (foreign DNA complementary to crRNA) upon later
infections. Once, the PAM sequence is recognized and complementarity between crRNA and
foreign DNA is confirmed, Cas nuclease or, cascades of Cas protein cleaves or introduces
mutation on that foreign DNA (Gostimskaya, 2022; Mojica et al., 2009). This system helps to
mutate or degrade the viral DNA thus preventing the prokaryotic cells from infection.

Currently, CRISPR/Cas systems are divided into two classes, based on involvement of
Cas proteins. The systems involving a complex of several Cas proteins (protein cascades) are
classified into class 1, while class 2 includes systems with single multidomain proteins (e.g.
Cas9, Casl2, Casl3) (Gostimskaya, 2022; Koonin & Makarova, 2019; Shmakov et al., 2015,
2017). The recent studies have been using class 2 system of CRISPR/Cas as a genome editing
tool. Among class 2 CRISPR proteins, Cas9 recognizes PAM sequence in single strand of
DNA and directs blunt ended DSB, whereas Cas12 protein recognizes PAM on both strands
and induces staggered cleavage on both strands (Fonfara et al., 2016; Hille et al., 2018;
Yamano et al., 2016; Yang et al., 2016; Zetsche et al., 2015). Cas13 protein on the other hand
cleaves single stranded RNA (i.e., sSSRNA) instead of DNA and they are activated by target
sSRNA. Unlike other Cas proteins, Cas13 and Casl2a doesn’t require tracrRNA (Hille et al.,
2018). Among all these Cas proteins of class 2 CRISPR/Cas system, Cas9 nuclease (so called
‘genetic scissors’) in association with CRISPR loci induces directional cleavage of foreign
DNA or, RNA (Bolotin et al., 2005). Thus, most of the studies have been using CRISPR/Cas9
system as a tool for genome editing.

CRISPR-Cas9 based genome engineering uses Cas9 i.e., DNA endonuclease which
has the capacity to cleave both the strands of DNA to introduce DSBs (Barman et al., 2020).
The Cas9 protein is guided to the specific site in a genome by a target specific single guide
RNA (Hahn et al., 2020). The SpCas9 endonuclease along with sgRNA binds and targets the
DNA adjacent to the PAM sequence. The complementarity between 20 nucleotides (spacer
sequence) of sgRNA and target DNA, activates the two domains of SpCas9 i.e., HNH domain

and RuvC domain which then cleaves both the strands of DNA at position 3 base pairs



19

upstream to PAM hence inducing blunt ended double strand break (DSB) (Barman et al.,
2020). The cells have break repair mechanisms, involving homology-directed repair (HDR)
or, non-homologous end joining (NHEJ) repair. NHEJ is an error prone pathway that induces
mainly indels, thus incorporating frame-shift mutation. Whereas, HDR depends mainly on
addition of donor template and has been on focus in gene editing techniques (Barman et al.,
2020).

However, the species edited by HDR with addition of a foreign DNA / fragment into
the genome are considered as genetically modified GMO/ GM species. The cultivation and
commercial use of such species falls under GMO legislations and are subject to risk
assessment and authorisation before cultivation in EU and several countries around the globe
(Eriksson et al., 2018). Nonetheless, various forms of Cas9 protein have been developed
recently for performing DNA-free genome editing. Cas9 nickase (nCas9) introduces DNA
nicks i.e., single strand cleaves. Correspondingly, modified forms of nCas9 have been used in
plant genome editing, for example, single to multiple base substitution within the targeted gene
via base-editors and editing of short fragments of genomic DNA by prime-editors (Anzalone
et al., 2020; Schaart et al., 2021). The most recent technology prime editing has been further
expanding the CRISPR-Cas9 based genome editing in plants (Kantor et al., 2020).

Moreover, CRISPR/Cas system is dependent on RNA guided working mechanism, so
it is essential to design the sgRNAs to specifically target the gene of interest. SgRNA is a
chimeric molecule synthesized by connecting crRNA and tracrRNA together (Gostimskaya,
2022; Jinek et al., 2012). Furthermore, in CRISPR/Cas system based genome editing, the
target specificity is totally dependent upon the 20 nucleotide spacer sequence of the crRNA

(Jansing et al., 2019). Hence, designing of SgRNA spacer sequence is essential for the selection

of precise location of the targets (protospacers) within the gene thus determining the site of
edition (Gerashchenkov et al., 2020). The sgRNA can be designed by using online sgRNA
design tools. There are several design tools that helps design specific SgRNASs corresponding
to the organism specific genomic sequences and perform in-silico analysis (Heigwer &
Boutros, 2021).

As, it is evident that CRISPR/Cas9 system of genome editing mainly depends on two
main components, Cas9 and sgRNA, so the co-expression of Cas9 protein and its guide RNA
is essential. Furthermore, for plant genome editing it is essential to deliver the multiple
expression units into the plant cells (Hahn et al., 2020). For the delivery of CRISPR/Cas

components, basically two different delivery methods are available, DNA-based method and
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DNA-free method. DNA-based delivery method involves use of Agrobacterium- mediated
gene transformation by inserting Cas protein genes and sgRNA encoding gene into Ti plasmid
under various promoters (Zhang et al., 2021). Thus, DNA based method involves various viral
vector based or electroporation based stable (Knott & Doudna, 2018) transformation of the
genes encoding CRISPR/Cas components into plant genome (Zhang et al., 2021). As a foreign
DNA must be incorporated into the plant genome, so the plants modified by this method are
often subjected to GMO legislations before culivation.

DNA-free delivery method on the other hand involves direct delivery of Cas protein
and sgRNA as complex i.e., Ribonucleoprotein (RNP) complex into the plant cell. The
commonly employed method or mode is PEG mediated transfection of protoplast (Knott &
Doudna, 2018). For the process of isolating protoplasts, the plant cell walls are removed using
enzymatic means (Reed & Bargmann, 2021). The removal of cell walls facilitates easy
transfection of CRISPR/Cas components into the plant cell usually by employing polyethylene
glycol (PEG) mediated transfection and usually RNP complex can be directly transformed into
protoplasts (Reed & Bargmann, 2021; Svitashev et al., 2016). Additionally, transformation of
protoplasts with RNP complex is more efficacious and promising approach of genome
alteration to provoke transgene-fee edits. Furthermore, RNP complexes are able to act faster
as they do not require transcription and/or, translation (Andersson et al., 2018).

1.7 Impact of the study

The overall objective of this study is to establish a basic platform for PEG mediated CRISPR
RNP-based genome editing in potato protoplast to develop PVY resistant potato plantlets, as
illustrated in Figure 1.3. Hence, the study aims to characterize different allelic variants in elF4E
gene and to design and assess candidate sgRNAs suitable for CRISPR-Cas9 RNP based-
genome editing and assess protoplasts isolation as one of the critical steps during gene editing.
The study will be following the steps as illustrated in Figure 1.3 and Figure 3.1, however,
protoplast transfection will not be performed in this study due to the time limits for the project.
Nevertheless, the findings from this study are expected to help design and proceed further with
CRISPR/ Cas RNP based in-vivo potato elFAE gene editing, thus contributing production of

PVY resistant potatoes.
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Figure 1.3. Schematic representation of an overall experimental design to obtain PVY resistant potato
plant by using RNP complex based genome editing of potato protoplast. However, the isolated
protoplasts were not transformed with RNP complexes in this study and further studies were not

conducted on isolated protoplasts.
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2. Aims and Objectives

The main aim of this study was to identify allelic variants of the elFAE gene in the potato

cultivars Desirée, Kuras, Celandine, and Innovator potato cultivars, and to design and assess

the candidate sgRNAs to perform CRISPR-Cas9 genome editing to obtain PVY-resistant

potatoes.

2.1 Specific Objectives:

1.

To determine the sequence of the elF4E gene and its corresponding coding sequence
(CDS) for potatoes belonging to Desirée, Kuras, Celandine, and Innovator cultivars.
To design candidate sgRNAs specific to elFAE gene in Desirée, Kuras, Celandine, and
Innovator cultivars.

To analyze the DNA-target cleavage efficiency of synthesized sgRNASs by in-vitro
cleavage assay.

To assess (Nicolia et al., 2021) protocol to isolate protoplasts from Desirée and Kuras

suitable for DNA transfection.

Designing experimental workflow has a great impact on the effective and consistent

operation of a research project. Thus, an experimental design is crucial in securing the aims

and objective. Hence, in order to achieve the goals of this study an overall design was prepared

(Figure 1.3) and an experimental workflow was prepared (Figure 3.1). In addition to

experimental workflow Figure 3.1, protoplast isolation was also performed, aiming for the

assessment of (Nicolia et al., 2021) protocol.
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3. Material and Methods

3.1 Study design and area

The study design of this project work was experimental, and the research project was
conducted in the laboratory facility in biohus of Inland Norway University of Applied
Sciences, Hamar, Norway. To achieve the aims and objectives of this study (2, p-22), this
study was conducted following the experimental design or workflow as illustrated in Figure
3.1.

Total-RNA isolation

Reverse trancription

Blunt end
Cloning

Colony PCR Culturing of

for putative U EWYE Plasmid
positive positive isolation

identification transformants

IVT &
Cleavage
assay

Figure 3.1. Experimental workflow for obtaining sequence information of potato elF4E gene and
MRNA CDS specific to four different cultivars and to design and assess various SgRNAS.

3.2 Plant material and growth parameters

Plantlets of S. tuberosum (Potato), Desirée and Birkeland cultivar, grown in-vitro were
provided by Graminor, Norway. Whereas in-vitro grown plantlets of Celandine, Kuras, and
Innovator cultivar potato were provided by Overhalla Klonavelssenter, Norway. The nodes
were propagated in-vitro, every 3-4 weeks using 50-100 ml of Medium (4.4 g Murashige and
Skoog medium, 30 g sucrose, 8 g of agar in 1 L, 5.8 pH, 0.1% Gibberellic acid 3) and left to
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grow in Growth chamber with 16 hours at 250 YE light intensity, 8 hours at dark, 24°C/ 20°C
temperature and 70% humidity.

3.3 Retrieval of potato elF4E CDS and gene sequence
information from databases

3.3.1 Database mining for potato elF4E gene and CDS

sequences

In pursuance of retrieving the potato specific elF4E gene sequence information, two different
approaches were implemented: keyword search in database, and accession number retrieval
from published literatures. Firstly using “potato eIF4E” and “Solanum tuberosum eIF4E” as
keywords, a thorough search was conducted in NCBI (https://www.ncbi.nlm.nih.gov/) Gene
database and Nucleotide database (see Supplementary Figure 8.1 and Figure 8.2).

Alongside, articles containing accession numbers for previously reported and
published potato elF4E gene and its mMRNA CDS, were searched in NCBI PubMed
(https://pubmed.ncbi.nlm.nih.gov/). However, most of the related articles (Cavatorta et al.,
2011; Duan et al., 2012; Gutierrez Sanchez et al., 2020) were referring mainly to accession
number NM_001288431.1 for the elF4E mRNA CDS sequence, and few allelic mRNA CDS
sequences (accession number, FN666435.1, FN666436.1, JN831440.1, JN831441.1, and
JN831442.1). Furthermore, the sequence information of all the elF4AE mRNA allelic CDS
sequences were retrieved from NCBI Nucleotide database in FASTA format.

To retrieve the potato elF4E specific genomic sequence for designing gene specific
primers, the precise chromosomal location of the gene within the potato genome was
identified. For this purpose, a BLAST search was performed in Phytozome database
(https://phytozome-next.jgi.doe.gov/blast-search) using the FASTA sequence for accession
number NM_001288431.1 on the target: Solanum tuberosum v6.1. Once the genomic location
of elFAE was assured genomic sequence information for potato elF4E
(Soltu.DM.03G000970) flanking 294 bases upstream and 189 bases downstream (92), was
retrieved from Phytozome; Potato genome v6.1 (Stuberosum_686_v6.1.softmasked.fa.gz).


https://www.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/
https://phytozome-next.jgi.doe.gov/blast-search
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3.3.2 ldentification of exon and intron borders of potato elF4E
gene

To identify the intron exon borders of the potato elF4E gene, an RNA-seq exon coverage was
analysed in  (https://www.ncbi.nlm.nih.gov/genome/gdv/browser/gene/?id=102580433)
NCBI Genome Data Viewer. To further confirm the exon-intron location, the elF4E genomic
sequence retrieved from Phytozome was aligned with the potato elF4E mRNA CDS sequences
retrieved from NCBI (accession no.: NM 001288431.1, FN666435.1, FN666436.1,
JN831440.1, JN831441.1, and JN831442.1) in CLC main workbench 7.9.3 (using default

parameters).

3.4 Determining the genomic elF4E sequence of the
Desirée cultivar and the mRNA elF4E sequences of four
different cultivars

3.4.1 Primers designing for PCR amplification of potato elF4E
gene and mRNA CDS

Hence, in order to determine the sequence information by Sanger sequencing it was essential
to design different overlapping primer pairs as mentioned in Table 4.2 (with minimum of ~200
bp overlapping) to cover full length of the elFAE gene as shown in Figure 4.3. The primer pairs
were designed in Primer-3web software version 4.1.0 (https://primer3.ut.ee/) employing
design parameters and salt correction correlation according to (SantaLucia, 1998). The primer
length were set to be 20 nucleotides long, Tm (DNA melting temperature) was set to be
between 50°C - 62°C and GC content falling between range of 45-60% (Alvarez-Fernandez,
2013). The amplicon size range was set to be 500-1500bp as the fragments were to be
sequenced using Sanger sequencing. Furthermore, to analyse the unique genomic
representation, all the 14 individual primers were analysed by running a BLAST search in
Phytozome database (https://phytozome-next.jgi.doe.gov/blast-search) against Solanum
tuberosum v6.1 genome. Finally, the designed primers were synthesized and delivered by

Invitrogen. In total seven different primer pairs were designed (Table 4.2).


https://primer3.ut.ee/
https://phytozome-next.jgi.doe.gov/blast-search
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3.4.2 Genomic DNA isolation from potato leaves

Approximately 50-100 mg leaves from each Desirée and Birkeland cultivar plantlets were
pulverised into fine powder using pre-cooled mortar and pestle with liquid nitrogen, then lysed
by adding 400 ul AP1 buffer from DNeasy Plant Mini Kit (Qiagen, Germany). Further
employing the protocol provided by the company, genomic DNA (gDNA) for both cultivars
were isolated and finally eluted in 50 pl — 70 pl of Buffer AE. The quality of the extracted
gDNA samples was then assured by 0.8% TAE agarose gel whereas, quantity and purity were

evaluated by using NanoDrop Spectrophotometer (Thermo Scientific, USA).
3.4.3 Total RNA extraction from potato leaves

Fresh leaves from plantlets belonging to four different cultivars (Desirée, Kuras, Celandine,
and Innovator) were cleaved and pulverised into fine powder using pre-cooled mortar and
pestle with liquid nitrogen. Then maximum of 100 mg of tissue powder was lysed by adding
450 pl RLT buffer containing 10 ul B-mercaptoethanol (B-ME) per ml of Buffer RLT, from
RNeasy® Plant Mini Kit (Qiagen, Germany) and employing the protocol provided by the
company, total RNA was eluted in 30 pl — 50 pl of RNAse-free water. The isolated RNA
samples were then analysed in 1.5% TAE agarose gel and purity was assured using NanoDrop

Spectrophotometer (Thermo Scientific, USA).

3.4.4 Reverse transcription of total RNA to cDNA

Approximately 2 pg of isolated total RNA was taken and the gDNA content in the sample was
digested by using 1 pl ezDNase enzyme from SuperScript™ [V First-Strand Synthesis System
Cat. num.: 18091050 (Invitrogen, Lithuania), and incubating at 37°C for 2 min following the
company’s manual. The ezDNase enzyme was inactivated by adding 10 mM DTT to the
sample and incubating for 5 minutes at 55°C. The gDNA free RNA was reverse transcribed to
obtain complementary DNA (cDNA), by using 50 pl Oligo d(T) primer and employing
SuperScript™ [V First-Strand Synthesis System Cat. num.: 18091050 (Invitrogen, Lithuania)
including SuperScript™ [V Reverse Transcriptase reaction, by following the protocol

provided by the manufacturer.
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3.4.5 PCR amplification of the genomic DNA and cDNA

Total 2 pl (34.2 ng/pl and 40.2 ng/ul for Desirée and Birkeland cultivar) of isolated gDNA
was used as template in total 50 pl PCR reactions to amplify the gDNA fragments by
employing Phusion Hot Start Il High Fidelity- DNA polymerase (Thermoscientific, Lithuania)
following the manufacturer’s manual (Pub. No. MANO0012397). Seven different reactions
were set for gDNA fragments amplification employing seven different primer pairs (Table 4.2).
(For Master Mix preparation see Supplementary Table 8.1) The program setup for PCR was
set as mentioned in Table 3.1. Later for amplification of the template gDNA using primer pair
seven i.e., St_elF4E-7F, St_elF4E-7R (master mix prepared as per Supplementary Table 8.2),
the annealing temperatures were set to be 60°C, 64°C, and 65°C, i.e., gradient PCR (see
Supplementary Table 8.3) was performed to optimise the PCR product generation. After, the
completion of reactions, 11 pl of each PCR reactions were separated for analysis, and the

remaining reactions were stored at -20°C.

Table 3.1. PCR program used for the PCR amplification of the genomic DNA fragments.

Stage 01
Step 01: 98°C x 10 sec

Stage 02
Step 01: 98°C x 20sec

(PCR Program) Step 02: 60°C x 20 sec 35 cycles

Step 03: 72°C x 20 sec

Stage 03
Step 01: 72°C x 7 mins
Hold at 4°C

Correspondingly for PCR amplification of cDNA, 2 pl for Desirée, Kuras, Celandine
and Innovator cultivar) of reverse transcribed cDNA samples were used as templates in total
50 pl PCR reactions. The cDNA fragments were amplified using first forward primer and
seventh reverse primer (i.e., St_elF4E-1F and St_elF4E-7R), by employing Phusion Hot Start
I High Fidelity- DNA polymerase (Thermoscientific, Lithuania) following the manufacturer’s
manual (Pub. No. MANO0012397).

Later the purity of PCR products (amplified gDNA, and cDNA fragments) were
analysed by NanoDrop Spectrophotometer (Thermo Scientific, USA), and by 1.5 % (1X TAE
buffer) agarose gel electrophoresis at 90V for 30- 40 mins. For this purpose, 10 ul of each
PCR reactions were transferred to separate tubes, 2 pl of 6X loading buffer (New England
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Biolab) was added to each tube. The PCR products were visualized using SYBR safe
(Invitrogen, USA) staining and analysed on reference with 1kb ladder (New England Biolab).
Afterwards, the gels were placed in G: box (SYNGENE, USA) and photographs were taken.

3.4.6 Cloning PCR amplified elF4E gene fragments and cDNA

into pCR® Blunt vector and transformation in Top 10 cells

After PCR amplification, 0.5 - 2ul of blunt PCR products i.e., the seven different PCR
amplified DNA fragments belonging to Desirée cultivar and, the PCR amplified cDNA
amplicons belonging to Desiree, Kuras, Celandine, and Innovator cultivar were cloned into
pCR® Blunt vector (see Supplementary Table 8.4), based on the protocol of Zero Blunt® PCR
Cloning kit (Invitrogen, USA). Afterwards, the vials of OneShot Top 10 chemically competent
cells were thawed on ice, divided into two tubes: 25 ul each. Then, 25 pl of OneShot Top 10
chemically competent cells (Invitrogen, USA) were transformed by using 2 ul of ligation
reaction, as per instructed in the company’s protocol and the cells were cultured overnight on
LB plates with 50 pg/ml Kanamycin.

Afterwards, 14 well-isolated colonies for all the Desirée specific gDNA fragments
transformation reactions (seven reactions), 19 colonies for Desirée and Innovator specific
cDNA transformation reactions, while for Celandine, and Kuras specific cDNA
transformation reactions, 15 colonies were picked, and the putative positive colonies were
identified. For this, colony PCR was performed by using Hot firepol® DNA polymerase, 5
U/ul (Solis BioDyne, Estonia) and insert fragment specific primer pairs (using the same
primers as used for amplification). (For Master Mix preparation and PCR conditions, see
Supplementary Table 8.5 and Table 8.6). After completion of PCR, the reactions were analysed
using 1% TAE agarose gel to analyse the putative positive colonies.

Ten positive colonies per transformation reactions were picked into sterile plastic
culture tubes containing 3 ml of LB broth containing 50 pg/ml Kanamycin and incubated at
37°C with agitation (225 rpm) for 16-18 hours. Afterwards, the plasmid DNA were isolated
by using the PureYield Plasmid Miniprep System (Promega, USA), following the
manufacturer’s instructions, and eluted out using 30 pl of PCR water. After elution, the
plasmid DNA concentration and purity were measured using NanoDrop Spectrophotometer
(Thermo Scientific, USA). To further validate the presence of the intended insert fragments,
~ 400 ng of plasmid DNA was restriction digested by either, Sma | enzyme (New England

Biolab) in presence of rCutSmart™ buffer (New England Biolab) and 1 hour incubation at RT
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or, by 1x EcoRI enzyme in presence of EcoRI buffer (New England Biolab) incubating at
37°C for one hour (see reaction details on Supplementary Table 8.7 and Table 8.8). The

reactions were then analysed by 1% TAE agarose gel electrophoresis.

3.4.7 Sanger Sequencing

All isolated plasmid samples (i.e., 10 plasmid samples per amplicons) were first diluted to 80
ng/pl and 12 pl of each plasmid samples sent to Microsynth Seqlab GmbH, Germany for
Sanger sequencing. After the sequence information were received, trimming, and assembling
of the sequences was performed in Sequencher™ 5.4.6- Build 46289 software then alignment
of different contigs and consensus was performed in CLC Main Workbench 7.9.3 (see

Supplementary Figure 8.5, Figure 8.6, Figure 8.7 and Figure 8.8).

3.5 Designing of single guide RNAs and analysing their

efficacy

3.5.1 Designing several sgRNAs for gene editing

In order to design single guide RNAs (sgRNAs), two different tools were implemented,
CRISPOR  (http://crispor.tefor.net/) and  CRISPRdirect  (https://crispr.dbcls.jp/)
(Gerashchenkov et al., 2020). Using Desirée cultivar specific three different allelic elFAE
cDNA sequences, seven different sgRNAs (20 nucleotide spacer sequences) were designed
(i.e., five spacer sequences from CRISPOR tool and two spacer sequences from CRISPRdirect
tool) and retrieved (Table 4.6).

3.5.2 High copy plasmid isolation for IVT cleavage assay

Alongside the sgRNA designing, the three different plasmids i.e., PCR z.b._De-elF4E-1, PCR
z.b._De-elF4E-2, and PCR z.b._De-elF4E-5, (PCR z.b. represents PCR zero blunt vector)
containing Desirée cultivar specific three different allelic cDNA sequences as insert
(Supplementary Figure 8.3), to be assessed during the in-vitro cleavage assay were isolated to
obtain higher concentration of plasmids. Thus, to obtain high copy of plasmids, the starter 100
ml pre-culture was centrifuged at 6000 x g, 4°C for 15 minutes. QTAGEN® Plasmid Maxi Kit
(Qiagen, Germany) was employed following the company’s protocol. However, changes were

made regarding the centrifugation speeds, i.e., instead of centrifugation at 20,000 x g, 4°C,


http://crispor.tefor.net/
https://crispr.dbcls.jp/
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just 15,000 x g, 4°C. Also, the filter columns to isolate plasmid DNA were used from
QIAGEN® Plasmid Plus Maxi Kit (25) (Qiagen, Germany).

3.5.3 sgRNA synthesis and purification

The designed spacer sequences for sgRNAs (from section 3.5.1, and spacer sequences in result
Table 4.6) were used to design seven different IVT- forward primers (TaKaRa, Germany) as
listed in Table 3.2 to PCR amplify DNA templates containing sgRNA encoding sequences as
per instructed in manufacturer’s manual. The forward primers were synthesized and provided
by Invitrogen. The seven different forward primers were then availed to PCR amplify sgRNA
templates and later in-vitro transcribed to synthesize higher amount of sgRNA using Guide-
it™ sgRNA In Vitro Transcription kit (TaKaRa, Germany) following the manufacturer’s
instructions. The resulting sgRNAs were purified using Guide-it™ IVT RNA Clean-Up Kit
(TaKaRa, Germany) following company’s manual. After purification of all the sgRNAs,
purity and quantity were evaluated by applying 1 pl of solution in NanoDrop

Spectrophotometer (Thermo Scientific, USA).

Table 3.2. IVT- forward primers designed to PCR amplify the DNA templates containing sgRNA
encoding sequences for the in-vitro synthesis of seven different sgRNAs.

Oligo sequence (5’ to 3') Mandatory Field Oligo name
CCTCTAATACGACTCACTATAGYJAATGATACGGCGTCGTATTTGTTTAAGA  StDel_IVT_T7_elF
GCTATGC 4E
CCTCTAATACGACTCACTATAGJAGTCGTTAGTGTCCGGTCTAGTTTAAGA  StDe2_IVT_T7_elF
GCTATGC 4E
CCTCTAATACGACTCACTATAggCAGCAGCGTATATAGCCAGCGTTTAAGA  StDe3_IVT_T7_elF
GCTATGC 4E
CCTCTAATACGACTCACTATAgGTCGTTAGTGTCCGGTCTAAGTTTAAGAG  StDe4_IVT_T7_elF
CTATGC 4E
CCTCTAATACGACTCACTATAgGTGGAGCAGTCGTTAGTGTCGTTTAAGAG  StDe5_IVT_T7_elF
CTATGC 4E
CCTCTAATACGACTCACTATAGGTTTCTAGATCATAGCGATTGTTTAAGAG  StDe6_IVT_T7_elF
CTATGC 4E

CCTCTAATACGACTCACTATAQYJTGGAGCAGTCGTTAGTGTCCGTTTAAGA  StDe7_IVT_T7_elF
GCTATGC 4E
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3.5.4 Analysing the efficacy of sgRNAs by in-vitro cleavage
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Figure 3.2. Cartoon illustrating the working mechanism of the in-vitro cleavage assay for this study.
On top, the positioning of the protospacer sequences complementary to different SgRNA spacer
sequences are represented within the 4228 bp long circular plasmids (PCR z.b._De-elF4E-1/2/5 as
represented in Supplementary Figure 8.3). On lower half, the resulting DNA fragments after cleavage
by various CRISPR-Cas9- RNP complexes (SpCas9 + in-vitro transcribed sgRNAs 1-7) and further
restriction digestion by Hinc Il enzyme.

Table 3.3. Preparation of reaction mixture for performing in-vitro cleavage assay to analyse the
efficiency of different RNP complexes (SpCas9 + sgRNAs 1-7).

Components Stock conc.  Final conc. VVolume/20 pl rxn.
SpCas9 1uM ~30 nM 0-1
sgRNA (1-7) 1uM ~30 nM 0-1
NEB r 3.1 Buffer 10X 1X 2
H20 - - q.s. to 16 pl
Template DNA 50 ng/ ul 200 ng/ 30 pl 4

Total 20 ul
Hinc |1 2

To analyse the efficiency of the in-vitro transcribed sgRNAS, in-vitro cleavage assay was
performed. For this purpose, 1:1 molar ration i.e., 1uM sgRNA and 1uM SpCas9 protein
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(MO0386T from New England Biolab), was added in 2 pl of NEB r 3.1 buffer (New England
Biolab), and volume was made up to 16 pl with nuclease free water (Table 3.3). The reaction
mixture was incubated for 10 min at 25°C then, approximately 200 ng of target plasmid (i.e.,
4 pl of 50 ng/ ul plasmid stocks) was added into the reaction to make total volume of 20 pl
and was incubated for 1 hour at 37°C. The Cas9 protein was heat in-activated at 65°C for 5
minutes as per instructed by manufacturer. Afterwards, the reaction was cooled down, briefly
centrifuged to collect and 2 pl of Hinc Il enzyme was added to digest the plasmid thus
producing two distinctly different sized fragments (Figure 3.2) for ease of analysis. Finally, the
20 pl of the reactions were analysed by 1.5% TAE agarose gel electrophoresis at 90 volt for
60 minutes. The gel was analysed using G: BOX (SYNGENE, USA).

3.5.5 Protoplast isolation, Transfection, and Regeneration

Two different tests of protoplast isolation from Desirée and Kuras leaves was performed
following the (Nicolia et al., 2021) protocol with few modifications, to analyse the efficiency
of the protocol. The major modification was medium C (Enzyme Solution) was prepared
without addition of vitamin 3 i.e., vitamin D3 solution (due to unavailability) also, instead of
PVP-10, PVP-40 was used. Hence, the sliced leave tissues from medium B were washed with
10 ml of plasmolysis solution, then 20 ml of plasmolysis solution was added to the dish,
covered with aluminium foil, and incubated at room temperature for 30 min. Afterwards, the
plasmolysis solution was removed and 25 ml of enzymatic digestion solution (i.e., medium C-
without vitamin 3) was added then sealed, and wrapped in aluminium foil, and incubated
overnight (about 14 hours) at 25°C without shaking (see Figure 3.3).

Afterwards, the petri dish was incubated for 30 min at RT with very gentle shaking (25
RPM), then the green solution containing protoplasts was gently sieved through two sterile
filters of 100 and 70 pum were mounted together, then remaining protoplasts were washed from
the filters using 10 ml of wash solution. The sieved protoplast suspension was transferred to
sterile 15 ml centrifuge tubes (8 ml per tube), and the tubes were topped up to 15 ml with
additional wash solution. The suspension was then centrifuged at 50xg for 5 min. Supernatant
was discarded and protoplasts were gently resuspended in 2 ml of wash solution. 6 ml of
resuspended protoplasts was layered on the top of 6 ml sucrose solution with a sterile Pasteur
pipette, with slight disruption of the interface. The tubes were subsequently centrifuged at
50xg for 15 min, a thick dark band of protoplasts appeared at the interface of the two solutions.

The band of protoplast was carefully extracted out on 2 ml transformation buffer 1 (Figure 3.3).
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Figure 3.3. Schematic representation of the working mechanism of protoplast isolation from potato
leaves following Nicolia protocol. [concept adopted from (Nicolia et al., 2021) and created in

Biorender.com]

Finally, a pilot test of protoplast transfection was performed according to (Nicolia et
al., 2021), using three plasmids expressing Cas9 and RFP (Red fluorescent protein) provided
from Dr. Carl Spetz from NIBIO to evaluate the transfectability of isolated protoplast (Figure
3.3) and later regeneration. However, Medium E was prepared and used without addition of
vitamin 3. The alginate gels were prepared and incubated in 10 mL of Medium E (without

vitamin 3) at 25°C. However, the results regarding the transfection are not presented as results

in this study.
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4. Results

4.1 Retrieval of potato elF4E CDS and gene sequence

information from databases

4.1.1 Fourteen nucleotide hits of potato elF4E gene & CDS

belongs to 3 different cultivars

The potato elF4E gene sequence information was retrieved by employing two different
approaches: keyword search in NCBI database, and accession number retrieval from published
literatures. The search criteria used were “(("Solanum tuberosum"[Organism] OR potato[All
Fields]) AND elF4E[AIl Fields]) AND alive[prop]” and (("Solanum tuberosum"[Organism]
OR Solanum tuberosum[All Fields]) AND elF4E[All Fields]) AND alive[prop]. This keyword
search on NCBI Gene and Nucleotide database rendered in total 14 different nucleotide hits
belonging to potato elF4E, and the nonredundant sequences are listed in Table 4.1. Sequence
information retrieved from NCBI were noted to be corresponding to three different cultivars:
Russet Burbank, Zhukovskiy ranniy, and Solyntus. Additionally, literature search resulted

with accession numbers specific to potato elF4E allelic mMRNA CDS sequences (Table 4.1).

Table 4.1. Various accession numbers belonging to nonredundant sequences specific to potato elF4E
gene & CDS. These accession numbers were retrieved by keyword search against the NCBI Gene and
Nucleotide database or, from published literatures.

Method ) Alleles
Accession no. Sequence Reference
used
NW_006239139.1 Genomic (Cavatorta et al., 2011,
Keyword _ .
" NW_006239211.1 Genomic Duan et al., 2012; Gutierrez
searc
NM_001288431.1 mRNA CDS Sanchez et al., 2020)
FN666435.1 CDS allele a )
(alaoikela et al., 2011)
) FN666436.1 CDS allele b
Literature
JN831440.1 CDS elF4E-1
search
JN831441.1 CDS elF4E-2 (Cavatorta et al., 2011)

JN831442.1 CDS elF4E-3
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Using the FASTA sequence for potato elF4E mRNA cds (accession number
NM_001288431.1), a BLAST search was performed in Phytozome on the target: Solanum
tuberosum v6.1-potato genome, to substantiate the precise chromosomal location of elF4E in
the potato genome. Once the gene position was identified at chromosome number- 3, the
elFAE gene sequence (i.e., S. tuberosum v6.1|Soltu.DM.03G000970) was retrieved in FASTA
format with 294 bases flanking upstream and 189 bases flanking downstream (Supplementary
documents A, p-92). Finally, all the mRNA CDS sequences from Table 4.1 were aligned in
CLC and this alignment indicated presence of 22 SNPs between the sequences of 696 bp
lengths (alignment in Supplementary Figure 8.15).

4.1.2 Potato elF4E gene encompasses 5 exons & 4 introns.

To identify the intron-exon borders of the potato elF4E gene, an RNA-seq exon coverage
analysis was performed in NCBI (Figure 4.1). As clearly suggested, potato elF4E gene
encompasses five exons and four introns. The exon-intron location was further confirmed by
aligning all the CDS sequences (Table 4.1) to the genomic sequence (i.e., sequence retrieved
from Phytozome) of potato elFAE (alignment result in Figure 4.2).

831 K 831,500 832 32,500 833 K 833,500 834 K 834,500 83 K 835,500 838

Genes, NCBI Solanum tuberosum Annotation Release 101, 2016-01.. L0
H EIF4!
hn patzese3 | M —— > DES > 5012753601
[TTEETET pvponzecy s e | e
(5000 Wwgeney e = P O .
E
— X-5
- - Ex-4

wwery  EX-1 Ex-2 Ex3 % pistesi7tt R
RNA-seq exon coverage, aggregate (filtered), NCBI Solanum tuberosum Annotation Release 101 - log base 2 scaled 00

Figure 4.1. RNA-seq exon coverage analysis in NCBI to identify the exon- intron distribution along
the potato elF4E gene. Ex-(1-5) represents the exonic regions and the regions between two exons
represents the intronic regions.
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Figure 4.2. Alignment of mMRNA cds sequences with the potato elF4E gene sequence in CLC main
workbench 7.9.3, to further validate the precise distribution of exonic and intronic regions within the
potato elF4E gene. Letter E represents Exons and letter | represents Introns.

The exon-intron border analysis showed that the actual length of the reported potato
elF4E gene was 3924 bp where the lengths of the five different exons were as, 286 bp, 167
bp, 128 bp, 65 bp, and 50 bp from E1- E5 respectively.

4.2 Determining the elF4E genomic sequence of the
Desirée cultivar and the elF4E cDNA sequences of four

different cultivars

4.2.1 Designing seven different overlapping primer pairs to
PCR amplify the potato elF4E gene and CDS

The gene sequence from Phytozome database accession number Soltu.DM.03G000970 with
294 bases upstream and 189 bases downstream flanking sequence was used to design
overlapping primer pairs for PCR amplification of the coding and genomic sequences of potato
elF4E, using online software, Primer 3. Seven different overlapping primer pairs were
designed (Table 4.2), covering almost the entire elFAE gene, (Figure 4.3). As can be seen in
Figure 4.3, the expected gDNA amplicon sizes would range from 600 bp to 1167 bp. Finally,
one primer set, set: St_elF4E_1F and St_elF4E_7R was used to amplify the entire CDS of the
elFAE CDS.
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Table 4.2. Seven different overlapping primer pairs (1-7) for PCR amplification of potato elF4E gene
fragments. Tm represents the melting temperature of the primers in °C, GC% represents percentage of
bases guanine (G) and cytosine (C) in the primer sequence. The expected amplicon sizes are provided
in base-pairs (bp). Each individual primer was blasted in Phytozome to analyse their unique
representation in the whole genome of potato (Phytozome remark). Length represents number of

nucleotides in the primer sequence whereas amplicon size is represented in bp.

Primer  Oligo name Length Tm GC%  Sequence (5" to 3") Amplicon  Phytozome

Pairs (N) size (bp) remark

1 St elFAE_1F 20 595 55 CAGCTGAGAAGTTGAAGGCC 600 Unique
St elFAE_1IR 20 575 50 TTGCTCTGCTGGCTCAAAAG

2 St elF4E_2F 20 59.27 55 GGCGTCGTATTTGGGGAAAG 990 Unique
St elFAE_2R 20 59.46 60 GTCCTCCTACCACCAAGAGC

3 St_elF4E_3F 20 59.04 50 TTTTGAGCCAGCAGAGCAAG 1151 Unique
St elF4E_3R 20 59.1 50 AGGTACACGCATCCATGACA

4 St elF4E_4F 20 575 50 TGACCGGTGAAGTTCTAGGA 857 Unique
St elFAE_4R 20 595 55 TTTCCACGTCCCTCCATTGG

5 St elF4AE_5F 20 575 50 TGTCTGTCATGGATGCGTGT 1167 Unique
St elF4AE_5R 20 595 55 CGTGTTGGGAGGAGCTGAAA

6 St_elF4E_6F 20 59.04 50 GTGGACCAAGAATGCTGCAA 1058 Unique
St elF4AE_6R 20 59.01 50 TAGCCATGGTTCTCGGGTTT

7 St elFAE_7F 20 60.18 55 TCCTCCCAACACGTCTCAGA 1082 Unique
St elFAE_7R 20 59.96 55 AGTGCCTACCAACTTTCCGG
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Figure 4.3. Distribution of seven different overlapping primer pairs along the potato elF4E genomic
locus. Light green boxes above the gene represents the seven different amplicons as output from PCR
upon amplification using the seven different primer pairs (Table 4.2). The numbers in the boxes
represents the sizes (in bp) of the expected PCR products.

4.2.2 PCR amplification of the gene and cDNA fragments

Using the seven different primer pairs, the gDNA prepared from two different cultivars
(Desirée and Birkeland) was used as templates for PCR amplification. Additionally, using the
St _elFAE_1F and St_elF4E_7R primers, cDNA prepared from Desirée and Innovator cultivar
were used as templates for PCR amplification. All PCR reactions were analysed by agarose
gel electrophoresis (Figure 4.4 and Figure 4.5). Correspondingly, reverse transcribed cDNA
fragments prepared from Kuras and Celandine cultivars were also PCR amplified (data not

shown).
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Figure 4.4. Agarose gel electrophoresis of PCR amplified elFAE genomic fragments of Desirée and
Birkeland cultivar. M = molecular weight marker (1 kb DNA ladders). D(1-7), seven different
amplicon fragments of elFAE gene from Desirée cultivar. B(1-7), seven different amplicon fragments
of elF4E gene from Birkeland cultivar. C(1-7), no template controls, containing the primer pairs (1-7)
specific PCR reactions. The numbers represent the 7 different amplicons from primer set provided in
Table 4.2.

All the PCR reactions, seemed to contain the amplified DNA fragments of expected
sizes in the agarose gel (Figure 4.4 and Table 4.2), suggesting the presence of elF4E amplicons
of the expected sizes. No DNA amplification was detected in the control reactions (C1-7),
suggesting that the PCR amplifications were template specific and that there was no
contamination between the samples. The DNA fragment amplified from the Birkeland cultivar
using primer set 2(i.e., B2) was of slightly smaller size than the corresponding fragments
amplified using gDNA extracted from the Desirée cultivar (Figure 4.4 B, lane 2). This clearly
suggested the presence of an indel in the gene sequence. Furthermore, PCR amplification using
primer set 7 for the Desirée cultivar (Figure 4.4 D, lane 5) resulted in very low amounts of
amplified product, compared to all the other reactions. Hence, to optimise the PCR product
generation of the template Desiree gDNA using primer pair seven (i.e., St_elF4E-7F,
St_elF4E-7R), gradient PCR was performed. The annealing temperatures were set to be 60°C,
64°C, and 65°C (Supplementary Table 8.2 and Table 8.3). This resulted in generation of higher
amount of PCR products (Supplementary Figure 8.4).
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Figure 4.5. PCR amplified fragments of potato elF4AE mRNA CDS cDNA. M = molecular weight
marker (1 kb DNA ladders); NC = negative control (no template control). Image (A); samples 1 and 2:
PCR amplified cDNA fragments of elFAE CDS from Desirée cultivar potato, sample 3: PCR amplified
cDNA fragments from Innovator cultivar, Image (B); samples 1 and 2: PCR amplified cDNA
fragments from Innovator cultivar.

For cDNA amplification, all the PCR reactions except for the control reactions (NC)
showed amplicons of the expected sizes, i.e., approximately 700 bp (Figure 4.5), suggesting
specific template amplification. However, PCR amplification using cDNA from the Innovator
cultivar resulted in very low amounts of PCR product (Figure 4.5 A, lane 3). This PCR was
repeated where the initial denaturation time at 98 °C was adjusted to 20 sec, then both
denaturation time and annealing time were adjusted to 30 sec instead of 20 sec each. This
resulted in the amplification of high amount of the PCR product of the expected size (data not

shown).

4.2.3 Cloning of PCR amplicons to prepare for sequencing

The PCR amplified gDNA (D1-D7) and cDNA fragments (Figure 4.4 and Figure 4.5) were
cloned and used to transform E. coli. To identify putative positive clones, colony PCR was
performed using the same primers as used for amplification and the resulting PCR reactions
were analysed on 1% agarose gel (Figure 4.6 and Figure 4.7). In total 14 well-separated colonies
for each of the gDNA transformation reactions (i.e., 7 reactions, D1-D7) were tested.
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Figure 4.6. Agarose gel electrophoresis of putative positive clones identified by colony PCR. Images
A-G represents colony PCR reactions to analyse the presence cloned PCR fragments (genomic
fragments) amplified with primer set 1-7, respectively. M: 1 kb or, 100bp DNA ladders; 1-14, colony
PCR reactions for 14 different colonies (i.e., reactions showing DNA fragments are putative positive);
PC, positive control (i.e., specific amplicon in diluted concentration); NC, no template control reaction.
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Table 4.3. Percentage analysis of putative positive clones identified by colony PCR using seven
different primer sets (Table 4.2). A total of 14 E. coli colonies were analysed to identify the colonies
harbouring plasmid with PCR amplified, Desirée elF4E genomic amplicons (Figure 4.4) as insert.

Images Transformation rxn  Primer sets used Colonies Positive clones (%0)
A D1 St elF4E_1F/ 1R 14 100
B D2 St_elF4E_2F/ 2R 14 100
C D3 St_elF4E_3F/ 3R 14 100
D D4 St _elFAE_4F/ 4R 14 100
E D5 St_elF4E_5F/5R 14 71
F D6 St_elF4E_6F/ 6R 14 100
G D7 St elFAE_T7F/ 7R 14 100

The PCR positive clones were analysed for all the seven different transformation
reactions. Of this, 6 out of 7 reactions gave 100% positive clones, however for one
transformation reaction i.e., D5 (Figure 4.6 E) the percentage of positive clones was 71%
(Figure 4.6, and Table 4.3). Additionally, samples 6, 7, and 8 for transformation reaction -7 i.e.,
D7 (Figure 4.6 G, panel 1, lane 7-9) showed relatively low amount of DNA fragments. On the
other hand, the negative controls (NC) for reactions 1, 4, and 6 (Figure 4.6 A, D, and F, panel
2, lane 9, respectively) also seemed to contain low amount of DNA fragments of the same size
range as that of positive control fragments (reaction specific amplicons), suggesting the
presence of clones in the reaction (i.e., contamination in the negative control reactions).
Furthermore, in addition to the DNA fragment of the expected size, another lower-sized DNA
fragment was also amplified in most of the reactions for transformation reaction 5 i.e., reaction
D5 (Figure 4.6 E), the nature of which was not clear, but probably a result of unspecific

amplification.
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Correspondingly, for Desirée and Innovator specific cDNA transformation reactions,
19 well-separated colonies were analysed, while for Celandine, and Kuras specific cDNA

transformation reactions, 15 colonies were analysed.
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Figure 4.7. Putative positive clones identified by colony PCR. Images A- D represents colony PCR
reactions to analyse presence of elF4E cDNA from Desirée, Innovator, Celandine and Kuras cultivar
as insert in the E. coli harbouring plasmid. M: 1 kb or, 100 bp (for image A and righthand side corner
of image C) DNA ladders; 1-14, colony PCR reactions for 14 different colonies (i.e., reactions showing
DNA fragments are putative positive); PC, positive control (i.e., specific amplicon in diluted
concentration); NC, no template control.
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Table 4.4. Percentage analysis of putative positive clones identified by colony PCR using primer sets
(St_elF4E_1F and St_elF4E_7R, i.e., St_elF4E_1F/7R). A total of 19 E. coli colonies were analysed
for Desirée-cDNA and Innovator-cDNA transformation reactions and 15 colonies for Celandine-
cDNA and Kuras-cDNA transformation reactions were analysed to identify the colonies harbouring
plasmid with PCR amplified, cultivar specific cDNA amplicons as insert.

Image code Transformation rxn Primer set used Colonies Positive clones (%0)

A Des_elF4E- cDNA St elF4E_1F/7R 19 100
B In_elFAE-cDNA St elF4E_2F/7R 19 100
C Ce elFAE-cDNA St elFAE_3F/7R 15 100
D Ku_elF4E-cDNA St elFAE_4F/7R 15 100

The PCR positive clones were analysed for all four different transformation reactions,
specific to four different cultivars, Desirée, Innovator, Celandine, and Kuras. All the colony
PCR reactions for all four transformation reactions, showed presence of DNA fragments of
expected size, i.e., around 700 bp. It was clearly indicative that all four transformation
reactions gave 100% positive clones (Figure 4.7, and Table 4.4). However, the negative control
reactions (NC) for Innovator (Figure 4.7 B) also showed high amount of DNA fragments in the
same size range as expected products, whereas that for Celandine showed low amount of DNA
fragments in same size range, both indicating contamination in the negative control reactions
(presence of cDNA clones). Furthermore, PCR reactions 5 for Celandine and PCR reactions
4, 8, and 15 for Kuras (Figure 4.7 images: C, panel 1, lane 6 and D, panel 1, lane 5, 9 and panel

2, lane 8 respectively) showed relatively low amount of DNA fragments.

4.2.4 ldentification of elF4E genomic sequence for Desirée cv.

and mRNA sequences for four different cultivars

Ten positive clones per amplicon were cultured overnight and the plasmids were isolated. The
presence of Desirée gDNA (not performed for cONA) fragment insert was further assured by
performing restriction digestion analysis (results presented in Supplementary Figure 8.12 -
Figure 8.14). A total of ten plasmid samples per transformation reaction were later sequenced
by Sanger sequencing. Raw sequence data from Sanger were cleaned and trimmed. All the

sequences corresponding to seven amplicons for gDNA were assembled to generate elF4E
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consensus sequence. Correspondingly, all the cDNA sequences corresponding to each
cultivars were assembled and analysed separately to generate consensus sequences (see
Supplementary Figure 8.5 - Figure 8.8). Finally, the total length of sequences retrieved were
noted (Table 4.5). Clustering of the CDS sequences resulted in 3 representatives for Desirée
cultivar, 2 representatives for Celandine, 4 for Kuras whereas 5 representatives were noted for
Innovator, thus indicating multiple allelic variants. Additionally, each individual consensus
sequences were aligned with the corresponding reference sequences to analyse the actual gene
length or length of MRNA CDS and the number of polymorphisms within the consensus

sequences were noted for each cultivar.

Table 4.5. Determination of number of polymorphisms in cultivar specific sequence analysis. The 10
sequences retrieved from Sanger sequencing were aligned and the total length covered by the
sequencing along with polymorphisms within these sequences were noted. Further, the actual length
of MRNA encoding gene sequence and protein coding (CDS) were also noted.

Cultivar  Sequence Covered Gene/ CDS Polymorphism  Indels Base

length (bp) length (bp) substitution
Desirée Genomic 3956 3936 114 5 109
Desirée CDS 716 696 14 - 14
Kuras CDS 716 696 16 - 16
Celandine CDS 716 696 5 - 5

Innovator CDS 716 696 15 - 15
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Polymorphism analysis in cultivar specific sequence.

Innovator CDS 15
696 bp

Celandine CDS 5
696 bp

Kures CDS 16
696 bp

Desirée CDS 14
696 bp

Desirée genomic - 109
3936 bp
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Figure 4.8. Graphical representation of the polymorphism (indels and base substitution) in cultivar
specific sequence analysis. The sequences determined from Sanger sequencing were assembled and
inclusive consensus was generated. The polymorphisms were identified, and the counts were noted in
Table 4.5 and a graph was prepared using the data. The blue box represents number of indels, while
the light green boxes represent base substitution (SNPs).

The assembling and aligning of all the elF4E genomic sequences generated a
consensus of 3956 bp length. Whereas a total of 716 bp long elF4E cDNA consensus
sequences were generated for Desirée, Innovator, Celandine, and Kuras cultivars. The
genomic consensus was aligned with pre-reported elF4E genomic sequence (Phytozome; S.
tuberosum v6.1|Soltu.DM.03G000970) and the actual length of the coding genomic sequence
was noted to be 3936 bp (sequence details on Supplementary documents C 7, p-95). Similarly,
the cDNA consensus sequences were aligned with pre-reported elF4E CDS sequence
(NM_001288431.1), and the length of mMRNA CDS (protein coding sequence) were noted to
be 696 bp.

Furthermore, it was noted that the genomic sequence contained 114 different
polymorphisms out of which, five were indels located to intronic sequences of the gene, while
109 were base substitutions (or, SNPs). Out of 109 SNPs, 14 SNPs were in the exonic regions
whereas the other 95 SNPs were distributed in the intronic regions of the gene (Table 4.5 and
Figure 4.8). Additionally, a total of 14, 16, 5, and 15 SNPs were noted in mRNA CDS
sequences resulting in 3, 2, 4 and 5 different allelic variants for Desirée, Celandine, Kuras,

and Innovator cultivars respectively (see Appendix, Supplementary documents- C, p- 96-101).
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4.3 Designing, in-vitro transcription and assessing efficacy
of SgRNAs

4.3.1 Designing and in-vitro transcribing seven different
SgRNAs

Two different online sgRNA design tools, CRISPOR & CRISPRdirect were used to design
sgRNAs using the different CDS sequences identified during this study (Supplementary
documents C- 95). Seven different sRNA spacer sequences with off-target activities were

obtained and postulated as potential candidates (Table 4.6).

Table 4.6. sgRNA spacer sequences designed for gene editing of potato elF4E gene in Desirée cultivar.
The sizes of each spacer sequences were set to be 20 nucleotide long.

S.No. sgRNA spacer sequences Size  PAM Off-targets Tool used
1 AATGATACGGCGTCGTATTT 20 GGG 4 CRISPOR
2 AGTCGTTAGTGTCCGGTCTA 20 AGG 1 CRISPOR
3 CAGCAGCGTATATAGCCAGC 20 TGG 4 CRISPOR
4 GTCGTTAGTGTCCGGTCTAA 20 GGG 4 CRISPOR
5 GTGGAGCAGTCGTTAGTGTC 20 CGG 3 CRISPOR
6 GTTTCTAGATCATAGCGATT 20 CGG 3 CRISPRdirect
7 TGGAGCAGTCGTTAGTGTCC 20 GGG - CRISPRdirect

Using these seven different sgRNA spacer sequences seven IV T- forward primers were
designed to PCR amplify DNA templates containing sgRNA encoding sequences. The forward
primers were synthesized and provided by Invitrogen, which were then used to PCR amplify
SgRNA templates. These templates were in-vitro transcribed and purified to synthesize higher
amount of sgRNA. The purity and quantity (Table 4.7) were evaluated by NanoDrop.
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Table 4.7. Quantity and purity analysis of in-vitro transcribed and purified sgRNAs using Nanodrop
spectrophotometer. Concentration of sgRNAs were analysed in ng/ ul, and total sgRNA vyield was
calculated in g, whereas the purity of sgRNAs were analysed by observing 260/230 values.

SgRNAs Conc. (ng/pl)  Yield (o) 260/280 260/230
1 429 8.58 2.28 2.60
2 603.8 12.07 2.24 1.94
3 806 16.12 2.16 2.25
4 375.8 7.5 2.29 2.26
5 728 14.56 2.25 2.53
6 126 2.52 2.22 2.25
7 457 9.14 2.28 2.19

It was evident from Table 4.7 that sgRNA number 3, 5, and 2 were synthesized in higher
amounts followed closely by sgRNAs 1, 7, and 4 with decent amount of sgRNAs being
synthesized, whereas sgRNA-6 was produced in very low amount. However, the amount
synthesized would be enough to perform further reactions and the purity value was almost
within the expected range (2 - 2.2) so, the process was not repeated. All the sgRNAs seemed
to be almost within the expected purity range, except for sgRNAs 1, 5, and 2 were little off
the limit, indicating possible contamination.

To have an overview of how these sgRNAs would target the elFAE gene in-vivo (inside
the plant cell), each spacer sequences were searched and located on the genomic sequence,
and a basic representation of this overview is provided in Figure 4.9. However, during this
analysis, SgRNA spacer 3 was noted to be targeting in the exon-exon junction region between
exon two and three. Out of 20, 14 Nucleotides were targeting 14 bases from exon-2 whereas
six remaining bases were targeting six initial bases from exon-three as illustrated in Figure 4.9,

indicating it cannot be used for the elF4E gene editing.
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sgRNA-4: GTCGTTAGTGTCCGGTCTAAGGG (2288-2310)

. gRNA-3
sgRNA-L: AATGATACGGCGTCGTATTTGGG (124-146) R gRNA-7: TGGAGCAGTCGTTAGTGTCCGGG (2281-2303)
N /M

I 3936 bp \ ] I
sgRNA-2: RNAS: sgRNA-6:
. Exon AGTCGTTAGTGTCCGGTCTAAGG :fT G GA GC AGTCGTTAGTGTCCGE GTTTCTAGATCATAGCGATTCGG

: 3763-3785
(2287-2309) (2280-2302) ( g

=== Intron

Figure 4.9. Schematic representation of possible resemblance of the target positions for seven different
sgRNAs (Table 4.4) in the elF4E genomic locus of the Desirée plant. The location of target sites is
presented by engineered sgRNAs along with their sequences and the PAM motifs are indicated in red.
Green boxes represent exon 1-5.

4.3.2 Assessing efficacy of sgRNAs by in-vitro cleavage assay

To determine the specificity and efficacy of the in-vitro transcribed and purified sgRNAs, in-
vitro cleavage assay was performed. For this assay three different plasmids containing three
different Desirée cultivar specific allelic cDNA sequences (St_Des-elF4E-CDS_1, St Des-
elF4E-CDS_2, St_Des-elF4E-CDS_5) were used. The circular plasmids of 4228 bp sizes
(Supplementary Figure 8.3) were in-vitro cleaved by RNP complexes (i.e., Cas9 protein + in-
vitro transcribed sgRNAS) and then digested by Hinc Il enzyme to generate two different sized
DNA fragments (Figure 3.2) and the reactions were analysed by agarose gel electrophoresis

(Figure 4.10).
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Figure 4.10. Schematic representation of agarose gels harbouring the different DNA fragments from
in vitro cleavage assay. Images A & B; cleavage reactions for PCR z.b._De-elF4E-1 plasmids, images
C & D; reactions for PCR z.b._De-elF4E-2 plasmids, whereas E &F; reactions for PCR z.b._De-elFAE-
5 plasmids. M refers to 1 kb DNA ladder as DNA marker; NC refers to negative control (i.e., circular
plasmid — Cas9 — sgRNA + Hinc I1), T(1-7) refers to treatment reactions (i.e., circular plasmid + Cas9
+ SgRNA 1-7 + Hinc I1), whereas TC refers to treatment control (i.e., plasmid + Cas9 — sgRNA + Hinc
I1) and, C(1-7) refers to sgRNA specific control reactions (i.e., plasmid — Cas9 + sgRNA 1-7 + Hinc

).

All the treatment reactions (T1-T7) i.e., cleavage reactions, presented two DNA
fragments within the expected size (Figure 4.10 A, C, and E), suggesting that the circular
plasmid DNA used in the reactions were cleaved at two different positions. Furthermore, all
the control reactions, i.e., negative controls (NC- no Cas9 and sgRNA control), treatment
controls (TC- added Cas9 but no sgRNA), and C(1-7: no Cas9 but added sgRNA) reactions
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showed a single DNA fragment at around 4200 bp size, clearly indicating that all three of the
circular plasmids were cleaved and linearized approximately to the expected size i.e., 4228 bp
(Figure 4.10). Hence, it was confirmed that the cleavage in the treatment reactions were Cas9
specific i.e., SgRNAs together with the recombinant Cas9 protein (RNP complexes) were able
to cleave their target regions in cDNA specific to Desirée elF4E. However, relatively low
amount of DNA fragments was obtained from treatment reactions, T1 and T7 for PCR
z.b._De-elF4E-1 plasmid (Figure 4.10 A, lane 3 and 9), indicating inefficient cleavage by the
Cas9 protein guided by sgRNA 1 and 7.

4.4 Protoplasts were isolated from the potato leaves

Protoplasts were isolated from mesophyll from Desirée and Kures cultivars according to
(Nicolia et al., 2021) protocol with few modifications. Two trials were conducted. The first
trial employed protoplast isolation from; 24 leaves from 6 weeks old potato plantlets collected
and immediately processed from Desirée cultivar, and 24 leaves (mostly tiny leaves) from 6
weeks old Kuras plantlets collected one hour before processing (Figure 4.11). Thus, 1.0 X 10*
protoplasts/ ml were isolated from Desirée cultivar. However, no viable protoplasts were

obtained from Kuras cultivar.

: : i,/

Figure 4.11. Pilot test for isolation and purification of potato protoplasts Desirée and Kuras cultivar by
employing (Nicolia et al., 2021) protocol. (A) 24 leaves collected from 6-weeks-old Desirée
plantlets. (B &C) Freshly isolated, washed, and purified protoplasts from Desirée leaves. Whereas no
protoplasts were obtained from Kuras leaves (hence, figure not shown).
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Table 4.8. Analysis of protoplasts isolated from two different cultivars, during two different tests. The
number of leaves used were noted and protoplast count was also noted.

Test Cultivars Leaves no. Plantage Protoplast count/ml

Desirée ~20 6 weeks 1.0 X 10
First
Kuras ~ 20 6 weeks 0
Desirée ~ 40 ~8 weeks 1.0 X 10*
Second
Kuras ~ 40 ~8 weeks 2.0 X 10°

The second trial for protoplast isolation was conducted using 40 moderate sized leaves from
almost 8 weeks old Desirée and Kuras plantlets. The layering of Desirée protoplast sample on
top of sucrose solution was performed using Pasteur’s pipette in a faster pace, whereas that
for Kuras cultivar protoplast was performed slowly using cut tip pipette. This resulted in
isolation of 1.0 X 10 protoplasts/ ml from Desirée cultivar, whereas 2.0 X 10° protoplasts/ ml
from Kuras cultivar (Figure 4.12 and Table 4.8).

Figure 4.12. Isolation and purification of potato protoplasts by employing (Nicolia et al., 2021)
protocol. (A and D): Leaves from 8-weeks-old Desirée and Kuras plantlets respectively. (B and E):
Phase separation step for Desirée and Kuras specific protoplasts respectively with the viable protoplast
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ring in the interface. (C and F): Freshly isolated and washed protoplasts from Desirée and Kuras
cultivar respectively.

Finally, a transfectability analysis of the viable protoplasts was performed by
transformation of the isolated viable protoplasts (Figure 4.12) with the plasmid expressing Cas9
protein and RFP reporter. PEG mediated transfection of protoplast was employed in this study.

However, the result of this analysis is not presented in this study.
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5. Discussion

Since few decade, plant breeders have been developing and widely utilizing various gene
technologies in plant research and breeding (Eriksson et al., 2018). The recent breeding
method for plants is plant mutation breeding (Udage, 2021), using techniques for targeted
genome editing. One of the most efficient technique is CRISPR/Cas system (Eriksson et al.,
2018) of gene editing which helps create targeted mutagenesis in the genome, thus altering the
gene expression. Conventional CRISPR/Cas9 system relies on a target specific SRNA which
directs the SpCas9 protein to the specific target site to introduce DSB in the DNA(Barman et
al., 2020; Hahn et al., 2020). This DSB is then repaired by cell mostly using NHEJ method
which introduces mutagenesis in the genome (Barman et al., 2020).

This experiment-based study has thus focused on establishing various candidate
sgRNAs for precise and efficacious potato elF4E genome editing in potato protoplast. The
designed and in-vitro transcribed sgRNAs together with SpCas9 protein, are intended to
introduce DSB in the DNA. A total of seven different combinations of SpCas9 and sgRNAS
were assessed by in-vitro cleavage assay. These assays showed that all the RNP complexes
assessed in-vitro presented target specific cleavage of the DNA inserts. This confirmed that
these RNP complexes can perform a double stranded DNA break (DSB), thus presenting a
promising usability of these complexes for in-vivo genome editing in plants.

The reasons for choosing Desirée, Birkeland, Kures, Innovator, and Celandine
cultivars for study is that Desirée is the most used potato variety in molecular and
physiological studies. Whereas the other cultivars are commercially important cultivars
around Scandinavian countries and are susceptible to PVY infection.

5.1 Retrieval of potato elF4E gene and CDS sequence
information from databases

Plant genome editing in polyploid crops requires editing of specific genomic sequence as it
can affect the time required for editing as it aids in omitting necessity of crossing and screening
(Jansing et al., 2019). Hence, retrieval of elF4E gene sequence specific to target cultivars used
in this study was crucial. Various databases are established to ease the storage and retrieval of
the genomic sequence information. NCBI is the largest online resource for biological
information and data from 34 specific databases, including nucleic acid sequence database and

the database for published life science journals (Sayers et al., 2021). Thus, during the earlier
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phase of this study, thorough searches were conducted in NCBI database, to retrieve the pre-
reported elF4E gene and CDS sequence information belonging to the five different cultivars
(i.e., cv. Desirée, Birkeland, Kuras, Celandine, and Innovator) specific elF4E gene and its
mRNA CDS.

The NCBI database searches showed just 14 nucleotide hits belonging to potato elF4E
gene specific to three different cultivars: Russet Burbank, Zhukovskiy ranniy, and Solyntus.
Furthermore, it was also noted that potato elF4E gene family consists of four different forms:
elF4EL, elF4E2, elF(iso)4E, and nCBP. This was further confirmed by Lucioli et al.,(2022),
where they have even provided information about chromosomal locations of these genes.

Furthermore, accession number search for such pre-reported sequences was also
performed by reviewing various studies from NCBI PubMed database. This search resulted in
retrieval of accession numbers belonging to various elF4E allelic mMRNA CDS sequences.
However, the target cultivars specific gene sequence information could not be located. The
reason for this could be that the cultivars of interest are mostly commercial cultivars which
are usually not subjected for studies, instead using of model plant is preferred.

Hence, to determine the target cultivar specific elFAE sequences, the potato specific
elFAE sequence information was retrieved for designing the primers for amplification of the
gene or mRNA. This would also facilitate further in the analysis of polymorphisms, and in
target cultivar specific gene editing, which will be discussed later. To identify and retrieve the
potato elFAE sequence, FASTA sequence for accession number NM_001288431.1 belonging
to potato elF4AE mRNA complete CDS was retrieved and used. The reason behind choosing
this sequence was that it was emphasized in NCBI as the elF4AE mRNA reference sequence.
Additionally, it was the only sequence information with (NM_) prefix as per evident from the
NCBI searches and accession number searches. NM_ prefix is only given to the curated
MRNA sequences. Furthermore, Phytozome is a comprehensive database for analysing and
comparing of data corresponding to plant genome and gene family (Goodstein et al., 2012).
So, the retrieved sequence was blasted against the target: Solanum tuberosum v6.1-potato in
Phytozome database. The blast search helped identify exact location of the gene in the
chromosome number 3 and the potato elF4E gene sequence was retrieved with flanking
sequences upstream and downstream. This is essential to design overlapping primer sets to

ensure the coverage of almost entire genome sequence.
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5.2 Primers designing and PCR amplification

PCR is a sensitive enzymatic reaction that helps in amplification of even low amount of target
gene fragment, facilitating the nucleic acid analysis process. Nonetheless, its efficacy is fully
dependent on the efficacy of the primers used in the reaction (Kumar & Chordia, 2015). Hence,
designing of target specific and efficient primers can have a positive effect on PCR. So far,
keeping the exon-intron boundaries into consideration, seven different primer sets (Table 4.2)
were designed to cover almost the entire elF4E gene sequence during the PCR amplification
of fragments, by employing online Primer3 software. Primer3 software was used as it is an
open online source for designing primers for application in molecular field. Additionally,
Primer3 software uses thermodynamic models to predict the melting temperature, reduces
primer dimers formation and improves primer specificity (Untergasser et al., 2012). Each
designed primer was further in-silico validated by blasting against the target: S. tuberosum
v6.1 in Phytozome database to analyse their unique representation in potato genome. The
reason behind this representation analysis is to assure that the primes designed are specific to
the target gene.

The PCR amplification of the gDNA and cDNA were performed using Phusion Hot
Start Il HF DNA polymerase and specific primer pairs. The reason for choosing this
polymerase for PCR amplification was that Phusion polymerases has 3" to 5" exonuclease
(proofreading) activity together with 5" to 3" polymerase activity. It means that these enzymes
have proofreading activity which helps to ensure that the dNTPs incorporated during each
PCR amplification step are template specific. This is essential for the reactions or, amplicons
to be sequenced to ensure the sequence information extracted is unbiased. Additionally, the
goal was to perform blunt end cloning, a type of PCR cloning method. So, it was essential to
get blunt ended PCR amplicons, which can be formed by Phusion DNA polymerase.

The PCR amplification reactions were analysed on agarose gels. The result from this
analysis showed that all the PCR reactions contained the amplicons of expected size, and the
amplification was template specific. However, very low amount of DNA amplicons was
obtained from PCR amplification of template gDNA from Desirée cultivar, using primer set
7. The reason for this could be due to the inadequate time for dissociation and extension,
suboptimal annealing temperature. Hence, 4 ul (~140 ng) of template gDNA was added to
reaction, the gradient PCR program was performed (according to Supplementary Table 8.2 and

Table 8.3). Finally, high amount of expected sized DNA amplicons were obtained. The reason
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of choosing gradient PCR was that it helps to optimize the PCR amplification mainly by

optimizing the primer annealing condition.

5.3 Importance of blunt-end cloning and colony PCR

The blunt-ended gDNA and cDNA amplicons were then cloned into PCR® zero-blunt vector
and the E. coli were transformed. The reason behind using this vector was that the Phusion
DNA polymerases generates blunt ended PCR products or amplicons. Correspondingly, the
vector used is a linearized vector with blunt ends. Hence, this could omit the time-consuming
process of digesting of both the vector and insert fragments before ligation. In addition, PCR
zero blunt vector also contains kanamycin selective marker, facilitating selective growth of
the bacteria that harbours the ligated plasmids.

The bacterial colonies containing the target DNA amplicons (putative positive clones)
were identified by performing colony PCR. The reason for this was, colony PCR helps to
identify the presence of the targeted DNA amplicon in bacteria grown in presence of selective
media after transformation (Bergkessel & Guthrie, 2013). This is essential as the transformed
bacteria could be harbouring the empty vector and still forming colony. As the target was to
sequence the DNA amplicons, it was mandatory to analyse the samples before isolating the
plasmids and sequencing them. The results from this analysis suggested that almost all the
transformation reactions were putative positive. However, few negative controls seemed to
contain DNA amplicons. Looking back at the process of culturing the transformed E. coli, the
transformation reaction was spread over the entire LB- kanamycin surface in the plate. So,
while picking up negative control from area without visible colonies, there is still possibility
that few of the putative positive cells could have been picked. Finally, ten positive clones per
transformation reaction were picked, plasmids were isolated, and Sanger sequenced.

5.4 Sanger sequencing of genomic elF4E and its mMRNA
sequence for four different potato cultivars

As the elFAE sequences specific to the target cultivars were not noted in the databases, the
initial step was to determine the cultivar specific elFAE sequence. Since the target cultivar
potatoes are tetraploid, they contain higher number of SNPs and indels within and between
the cultivars. Hence thorough analysis and assurance of the specific allelic sequences is
essential to design the target specific SgRNAs for CRISPR/Cas9 based gene editing (Carlsen
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et al., 2022). Correspondingly, Lucioli et al., (2022) also mentions that commercial potato
cultivars have heterozygous genome, so it is crucial to analyse the polymorphism between the
alleles and cultivars to avoid unintended effects of gene editing.

Thus, the elF4E gene or mRNA CDS sequences were determined for four different
cultivars of potato (Desirée, Kures, Celandine, and Innovator) by Sanger sequencing method.
The reason for using Sanger sequencing method was that it is most reliable method, relatively
cost effective and efficient for DNA fragments sequencing. It also has capacity to analyse long
reads in comparison to next-generation sequencing techniques. The sequences extracted were
assembled, and the polymorphisms were analysed. Moreover, 114 polymorphisms were
observed within Desirée genomic sequence, five of them being indels which were located
within the intron regions of the gene. Correspondingly, the CDS sequences belonging to
different cultivars also presented multiple polymorphisms all being SNPs. So far, four
different allelic variants were detected from Kuras, three from Desirée cultivar, whereas two
from Celandine and five from Innovator (sequence information on Appendix, C p- 96- 101).

All these cultivars of potato are tetraploid crops and have four different alleles of a
specific gene. The reason behind recovery of just three and two allelic sequences could be that
only these alleles were being highly expressed during RNA isolation and they could have
competed out the other alleles during RT-PCR amplification. Furthermore, the reason for
detection of five allelic variants from Innovator could be due to epigenetic changes (mutation
due to environmental effect) or, some somatic variation in the selected tissue culture.
Supporting this point, Xu et al., (2011) mentioned that the heterozygous diploid potato clone
used in their study reported that the possible effect of the somatic variation and inbreeding
depression could introduce mutation thus introducing gene presence/absence variants.
Moreover, these sequence information could be very useful for the further studies of these
cultivars, like analysing type of mutation and the possible resulting protein study and altering
functions. This information could help later for allele or cultivar specific gene targeting for
precise and efficient gene editing.

5.5 Designing and in-vitro transcription of SgRNAs

CRISPR/Cas genome editing is powerful tool, which requires three main components for gene
editing, Cas protein, SgRNA and PAM sequence. The sgRNA designing is essential to select
the precise location of the targets (protospacers) within the gene thus determining the site of

edition (Gerashchenkov et al., 2020). For designing the sgRNAs, all 27 online tools as per
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mentioned in Table 2 in Gerashchenkov et al., (2020) were analysed, out of 27 tools listed,
only nineteen tools were accessible. Furthermore, just seven tools out of them were noted to
contain sequence data for potato genome. However, three tools namely, CRISPOR,
CRISPRdirect, and Breaking Cas, were found to be most convenient tools. However, Breaking
Cas did not provide specific off-target information. So, just CRISPOR and CRISPRdirect tools
were used to design five and two sgRNAs respectively.

The allelic CDS sequences from Desirée, Celandine, and Kuras cultivar were used to
design the candidate sgRNAs. Seven different sRNAs were then in-vitro transcribed and
purified. The result analysis from (Table 4.7) showed that out of seven, six SgRNAs were
synthesized in high amount, whereas SgRNA number 6 was in relatively low amount. The
reason for this could be due to the suboptimal amplification conditions, or even loss during
purification. Moreover, the reason behind using the elF4E mRNA CDS sequence for
designing sgRNAs was that the cDNA was the complete sequence. Additionally, the aim was
to design the sgRNA in the exotic region of the cDNA. This could help further target the
exonic sequences in the gene in-vivo. However, the analysis of the target positions for these
SgRNAs in the elF4E genomic locus of the Desirée plant (Figure 4.9) showed that sgRNA
number 3 was designed to target in the exon-exon junction. This means that out of 20
nucleotides, 14 targets at the end of exon-2 whereas remaining 6 nucleotides targets starting 6
bases of the exon-3 of Desirée elF4E gene. Hence, SgRNA number 3 cannot be fully trusted

for in vivo gene editing, as the in-vivo target is gDNA and not cDNA.

5.6 In-vitro analysis of efficacy of the sgRNAs

The purified sgRNAs were then analysed for their efficacy, using in-vitro cleavage
assay. Karmakar et al., (2021) mentioned in their study that, efficiency of the Cas9 protein to
cleave the target DNA strongly depends on engineered sgRNASs guiding it. Even though the
online tools for designing sgRNA predicts numerous candidate SgRNAs for a specific target
site, only few sgRNAs shows efficient cleavage (Karmakar et al., 2021). Thus, in-vitro
cleavage assay helps to analyse the specificity and efficacy of the designed sgRNAS in-vitro
before using it for in-vivo gene edition in the plant cells. Additionally, Sagarbarria & Caraan,
(2023) mentioned that designing of sgRNA for plant genome editing is quite challenging as
many of the in-silico sSgRNA design tools use guidelines based on animal experiments. So, it

is mandatory to analyse the designed sgRNAs in-vitro before in-vivo gene editing.
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In this study, using seven different SpCas9 — sgRNA (RNP) complexes, three different
plasmids containing allelic cDNA specific to Desirée were cleaved in-vitro. The assay results
clearly indicated that all the RNP complexes were able to cleave their target regions in all
allelic cDNA specific to Desirée elF4E. However, RNP complexes 1 and 7 (Cas9 protein
guided by sgRNA 1 and 7) were noted to be less efficient while cleaving De-elF4E-1 allele of
Desirée elF4E (Figure 4.10 A). The reason for the low efficiency of sgRNA 1 is not clear as
the spacer sequence and PAM sequence are noted to be specific. Whereas the possible reason
behind low cleavage efficiency by sgRNA 7 against De-elF4E-1 allele could be, due to the
change in the third nucleotide of PAM sequence, i.e., the target PAM sequence for SgRNA 7
IS ‘GGG’ whereas De-elF4E-1 allele contains ‘GGT’ instead. The SpCas9-sgRNA complex
identifies and binds to the ‘NGG’ PAM sequence, thus unwinding the two strands of DNA to
check complementarity for performing DSB. Hence, this change in the PAM sequence could
have affected the binding of the SpCas9 with the target, finally hindering efficient cleavage of
the target DNA.

Additionally, the annotation analysis on the three different insert sequences in the
plasmids used, indicated that sgRNA 1, 3, and 5 are specific to all three inserts. Whereas the
sgRNA 2 and 4 are specific to De-elF4E-1 and have single base change within the seed
sequence in both De-elF4E-2 and De-elF4E-5 alleles. Correspondingly, sgRNA 6 and 7 are
specific to alleles De-elF4E-2 and De-elF4E-5, and sgRNA 6 has two bases change in De-
elFAE-1.

The result from this study clearly suggests that the sgRNAs designed and synthesized
during the study are efficient and have potential to cleave the Desirée specific elF4E gene in-
vitro. Thus, it can be indicative that the RNP complexes analysed could possibly display DSBs
in the elF4E gene in-vivo. However, due to the timeline of the study, further in-vivo analysis
or genome editing was not conducted. Nonetheless, the finding from this study can contribute
to a numerous further studies.

Moreover, the findings from this study are totally based on the in-vitro assay. Although
it indicated that these SgRNAs or, RNPs have potential to cleave the Desirée specific elF4E
gene in-vitro, it cannot be ensured that they will show the same efficacy level in-vivo. A study
by Sagarbarria & Caraan, (2023) performed both in-vitro and in vivo assay of four different
sgRNAs designed to target the eggplant polyphenol oxidase genes. Their result indicated that
even though few of the sgRNAs efficiently cleaved the gene in vitro, they could not produce
edits in vivo. The possible reasons for such difference could be that the genes usually exist in

their secondary structure inside the plant cell. This suggests that even though the sgRNAs with
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high in-vitro cleavage efficacy may not be reliable in in vivo gene editing. So, a quick in-vivo
assay could probably help to analyse if these sgRNAs could possibly derive an in-vivo

cleavage by guiding a Cas9 protein to the specific target.

5.7 Protoplast were isolated from the potato leaves.

Protoplast has recently been serving as a vital system for performing various genomic and
cell-based studies in plant molecular biology and plant genome-editing. It facilitates the
delivery of genome -editing tools directly inside the plant cells, thus helping efficient genome
editing (Patil et al., 2022). Furthermore, protoplasts-based transfection is often considered to
be advantageous in minimizing the risk of stable integration of the recombinant DNA (Nicolia
etal., 2021).

In this study, two different protoplast isolation tests were performed from the leave
tissues from Desirée and Kuras plantlets. The first study involved use of 24 leaves from 6-
week-old plantlets for the protoplast isolation. Whereas the second study involved use of 40
leaves from around 8-week-old plantlets. The first protoplast isolation test resulted in 1 x 10*
protoplasts / pl (Table 4.8) from Desirée cultivar, whereas no protoplasts were obtained from
Kuras cultivar. The strong reason for not getting protoplast from Kuras could be that the Kuras
leaves were picked one hour before processing. Furthermore, these leaves were not placed on
any media or water, so this could have led to death of the cells thus affecting isolation of any
viable protoplasts.
Additionally, the Nicolia et al., (2021) protocol was not followed strictly which might have
contributed to the lower yield of protoplast. The changes were: preparation of Medium C and
Medium E without addition of Vitamin 3 (vitamin D3) solution, and substitution of PVP10
with PVP40 due to the unavailability of vitamin D3 and PVP10 respectively. This could have
affected the yield of the protoplast; however, further investigations are required to prove this.
The second test resulted in production of 1 x 10* protoplasts / pl from Desirée leaves as in
prior test, whereas 2 x10° protoplasts / pl were obtained from Kuras leaves. During the
addition of resuspended Desirée protoplasts solution on top of sucrose solution, Nicolia et al.,
(2021) protocol recommends slow layering on top by using a sterile Pasteur pipette or a
micropipette with a cut tip. However, the resuspended protoplasts were added in faster pace
so, sudden disruption on the interface was noted. This could have been the reason for the low

yield from Desirée leaves as plenty of protoplasts were noted to have sedimented on the bottom
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after centrifugation instead of forming a band in the interface, indicating they are not viable
(probable cause could be due to cell disruption during the layering).

The overall finding was that the second test produced relatively higher number of
protoplasts. This could be due to isolation was performed using almost double count of leaves
than in first test and more mature leaves were used. Overall, though vitamin D3 was not added
into the medium C, the counts of viable protoplast for Kuras were high and moderate number
of viable protoplasts were obtained from Desirée. This clearly indicated that vitamin D3 is not
quite essential during protoplast isolation, however further optimization and study is crucial
to prove this finding.

Isolation of large number of viable protoplasts plays a vital role in efficient genome
editing (Coy et al., 2022). Thus, isolation of high counts of viable protoplasts is crucial. The
main reason behind this is that out of millions of protoplasts only few takes up the genome
editing components. Furthermore, keeping the transformed protoplasts viable until
development into calli has also been a challenge for scientists and breeders.

Finally, the protoplasts isolated during the second test were transfected with the
plasmids expressing Cas9, RFP. This study aimed in evaluation of the transfectability of
isolated protoplast and later regeneration. However, due to time limit of the project, further

evaluations were not conducted regarding this area.
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6. Conclusion

Firstly, the elF4E genomic and coding sequence information for four different potato cultivars
were determined. The genomic sequence of Desirée specific elF4E gene was noted to contain
109 SNPs and five indels corresponding to different alleles. Correspondingly, elF4E mRNA
CDS sequences of Desirée, Kures, Celandine and Innovator showed 14, 16, 5 and 15 SNPs
respectively. This clearly indicated the presence of multiple polymorphisms within and
between these cultivars of potatoes. The findings suggested that it is essential to design cultivar
or allele specific sgRNAs for genome editing in various cultivars.

Secondly, three different plasmids containing Desirée elF4E cDNA fragments were
in-vitro cleaved by 7 different CRISPR-RNPs to analyze the efficacy of the designed sgRNAs.
The findings from the cleavage assay indicated that most of the CRISPR-RNPs designed and
assessed were efficiently in-vitro cleaving the elF4E cDNA. Hence, a similar kind of gene
cleavage inside the potato protoplast is expected to finally introduce DSB within the target
region.

Finally, for the RNP delivery, a PEG mediated transformation of protoplasts-based
method was chosen. So, the protoplasts were isolated from the potato leaves following (Nicolia
et al., 2021) protocol. The findings from the result suggest that vitamin D3 is not so vital for
protoplast isolation. Additionally, the age of the plantlets used also has some effect on the
counts of protoplasts isolated. However, sufficient studies are needed to confirm these findings
and the isolated protoplasts in this study were not transformed with CRISPR RNPs.

Thus, the main conclusion of this study was that a basic platform was established for
further RNP complex based in-vivo elF4E genome editing, on the Desirée cultivar potato. The
sequence information generated during the study could facilitate in the allele specific study
and to have further insight into the genomic information of the commercial cultivars used in
study and genome editing studies. Also, further study can be conducted where these SRNAs
can be assessed together with multiple other Cas9 proteins for obtaining desired editing like
base editing or simple gene knockout. Another area to investigate would be using of several
delivery methods to deliver these sgRNAs and Cas9 protein into the cells and analyse if it
affects the mutation efficiency. Correspondingly, sgRNAs could be designed and cultivar
specific edition can be performed using the sequence information for the other commercial

cultivars.
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8. Appendix

|. List of Supplementary tables:

Table 8.1. Preparation of Master mix (MM) for PCR amplification of the gDNA or reverse transcribed
cDNA.

Initial conc.  Component/ Tubes  Final conc. Volm. (u) Volm. (ul)
(1rxn) (3.5 rxn)

- PCR- H20 - 31.5 110.25

5x Phusion HF buffer 1x 10 35

10 mM dNTPs 0.2mM 1 3.5

10 uM Forward Primer 0.5 uM 2.5 8.75

10 uM Reverse Primer 0.5 uM 2.5 8.75
Phusion HS Il HF- 1U/mL 0.5 1.75

2 U/mL DNA pol.
Total volume 48 ul 168 ul

- Experimental setups: Three setup reactions (x 7 reactions using seven different
primer sets) for; template Desiree DNA (2 ul), template Birkeland DNA (2 pl) and
one reaction for negative control reaction (no template DNA; PCR- water, 2 pl).

- Four reactions for cDNA as later experiments were performed using cDNA Desirée,

Kuras, Celandine, and Innovator cultivar.

Furthermore, as the quantity of elF4E gene fragments amplified by primer pair-7
(St_elF4E-7F, St_elF4E-7R) was not quite sufficient as just a very low amount of amplified
DNA was acquired as can be clear from (Figure 4.4), it had huge impact in cloning of the
fragments into the PCR zero blunt vector. Hence, the PCR amplification for this fragment was
repeated by using 4 pl (i.e., 34.2 ng/ul) of template DNA as mentioned in Table 8.2 and using
gradient PCR program as per the Table 8.3.
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Table 8.2. Preparation of Master mix (MM) for PCR amplification of the template gDNA from Desiree,
using primer set-7 (St_elF4E-7F, St_elF4E-7R).

Initial conc.  Component/ Tubes  Final conc. Volm. (ul) Volm. (ul)
(1rxn) (3.5 rxn)
- PCR- H20 - 29.5 110.25
5% Phusion HF buffer 1x 10 35
10 mM dNTPs 0.2mM 1 3.5
10 pM Forward Primer- 7 0.5uM 2.5 8.75
10 pM Reverse Primer-7 0.5uM 2.5 8.75
Phusion HS 1l HF- 1 U/ mL 0.5 1.75
2 U/mL DNA pol.
Template DNA 4
Total volume 50 pl 168ul

Table 8.3. Gradient PCR program used for the PCR amplification of the genomic DNA fragment using

the seventh forward and reverse primers as per (Table 8.2).

(Gradient PCR)

Stage
01

Stage
02

Stage
03

Step 01: 98°C x 30 sec

Step 01: 98°C x 20sec

Step 02: 60°C/64°C/65°C x 20 sec

Step 03: 72°C x 30 sec

Step 01: 72°C x 7 mins

Hold at 4°C

35 cycles

This PCR amplification showed significant effect on the yield of the PCR amplicons.

High amount of PCR products of expected size was observed (Supplementary Figure 8.4). This

further facilitated effective cloning and transformation reactions.
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Table 8.4. Preparation of ligation reaction of PCR amplified fragments into PCR zero blunt vector
based on the protocol of Zero Blunt® PCR Cloning Kkit.

Ligation reaction

Components Initial conc. Volume
PCR product 0.5-1 ul
T4 DNA ligase Buffer 5 X 2 ul
PCR zero blunt vector 1pl
PCR grade water to 9 ul
Express Link T4 DNA ligase 5u/ul 1pl
Total 10 ul

Table 8.5. Preparation of Master mix (MM) for performing colony PCR to identify putative positive
clones containing the plasmid with intended insert (DNA of interest). Insert specific primer set were
used for each transformation reactions.

Initial conc. Component/ Tubes  Final conc.  Volm. (ul) Volm. (ul)
(1rxn) (16 X)

- PCR- H20 - 15.1 241.6
10x Buffer B1 1x 2 32
25mM MgCl; 1.5mM 1.2 19.2
10 mM dNTPs 0.2 uM 0.4 6.4
10 uM Forward Primer 0.2 uM 0.4 6.4
10 uM Reverse Primer 0.2 uM 0.4 6.4
2 U/mL Hot firepol- DNA pol. 1 U/ mL 0.5 8

Total volume 20 pl 320 pul
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Table 8.6. PCR program used for performing the colony PCR amplification using insert
specific primer sets for PCR amplification.

Stage 01
Step 01: 98°C x 10 min

Stage 02
Step 01: 98°C x 10sec

(PCR program) Step 02: 58°C x 30 sec 30 cycles

Step 03: 72°C x 40 sec

Stage 03
Step 01: 72°C x 5 mins
Hold at 10°C

Table 8.7. Preparation of reaction mixture for performing Restriction digestion assay using Smal
enzyme.

Components Volume (ul)
Plasmid DNA 2 (~400 ng)
rCutSmart Buffer 1
Smal enzyme 1
H20 g.s.to 10

Total 10 pl
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Table 8.8. Preparation of reaction mixture for performing Restriction digestion assay using EcoRl
enzyme.

Components Volume (ul)
Plasmid DNA 2 (~400 ng)
EcoRI Buffer 1
EcoRI enzyme 1

H20 g.s.to 10

Total 10 pul
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lI. List of Supplementary figures:

[ Nucleotide ~ | potato elF4E | ]
Create alert  Advanced

Summary = 20 per page ~ Sort by Default order - Send to: -
GENE Was this helpful? il .
EIF4E — eukaryotic translation initiation factor 4E

Solanum tuberosum (potato)
Also known as: P4Ea, elF4E-A, elF4Ea
Gene ID: 102580433

RefSeq transcripts (1) RefSeq proteins (1) PubMed (3)
Genome Data Viewer BLAST Download
RefSeq Sequences +

[ Items: 1 to 20 of 108]

Figure 8.1. NCBI Nucleotide database search using “potato eIF4E” as keyword. This search was
performed to retrieve S. tuberosum (potato) specific elF4E gene or mRNA sequence information. It
resulted in total 108 nucleotide hits out of which just 14 were noted to be specific to potato.

[ MNucleotide ~ | Solanum Tuberosum elF4E | ]
Treale alert | Advanced

Summary ~ 20 per page - Sort by Default order - Send to: -
as this help wlle -

EIF4E — eukaryotic translation initiation factor 4E

Solanum tuberosum (potato)

Also known as: P4Ea, elF4E-A, elF4Ea

ID: 102580433
RefSeq transcripts (1 RefSeq proteins (1) PubMed (3)
Genome Data Viewer BLAST Download

RefSeq Sequences -+

[ Items: 1 to 20 of 41 ]

Figure 8.2. NCBI Nucleotide database search using “Solanum tuberosum eIF4E” as keyword. This

search was performed to retrieve S. tuberosum specific elF4E gene sequence information. It resulted
in total 41 nucleotide hits.
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Figure 8.3. Schematic representation of in-silico maps of three different plasmids used in in-vitro
cleavage assay. (A) PCR z.b._De-elF4E-1, (B) PCR z.b._De-elF4E-2, and (C) PCR z.b._De-elF4E-5
all-inclusive of three different PCR amplified and Sanger sequence verified, allelic cDNA sequences
(St_Des-elF4E-cds_1, St Des-elF4E-cds 2, St _Des-elF4E-cds_5) inserted into PCR® zero-blunt
vector. [designed in CLC Main workbench 7.9.3] (sequence details in Supplementary documents-D,
p-101)

Figure 8.4. Agarose gel electrophoresis of PCR amplified elF4E genomic fragments of Desirée cultivar
using primer pair seven (i.e., St_elF4E-7F, St_elF4E-7R). To optimise the PCR product generation,
gradient PCR was performed (Table 8.3) with the annealing temperatures set to be 60°C, 64°C, and
65°C. 1kb: 1kb DNA marker, C: no template control.
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Figure 8.5. Assembling of the sequences corresponding to different gDNA amplicons from Desirée
cultivar to generate consensus sequence in CLC Main Workbench 7.9.3.
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Figure 8.6. Assembling of the sequences corresponding to cDNA amplicons from Innovator cultivar
to generate consensus sequence and analyse polymorphism in CLC Main Workbench 7.9.3.
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Figure 8.7. Celandine cultivar specific cDNA sequences assembly, to generate consensus sequence and
analyse polymorphism.
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Figure 8.8. Consensus generation by assembling Kuras cultivar specific cDNA sequences.
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ID: 543653

Description
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tuberosum (potato)]

eukaryotic translation initiation factor 4E type 2
[Leptinotarsa decemlineata (Colorado potato
beetle)]
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[Solanum tuberosum (potato)]

polyprotein [Potato virus A]

mediator of RNA polymerase |l transcription subunit
12-like [Leptinotarsa decemlineata (Colorado potato
beetle)]

Record to support submission of GeneRIFs for a
gene not in Gene (American tobacco; common
tobacco; tobacco). [Nicotiana tabacum (common
tobacco)]

translation initiation factor elF4E1 [Solanum
lycopersicum (tomato)]

Location

NW_006239139.1

8 4..8 8

NW_019290080.1
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Figure 8.9. The result showing hits obtained from NCBI Gene database upon search using “potato
elF4E” as keyword. This search was performed to retrieve potato specific elFAE gene sequence
information, which are clearly marked in light green boxes (two hits), with their respective gene
accession numbers highlighted inside red boxes to their right.

Search results

Items: 3

(7] Showing Current items.

Name/Gene ID

O EIF4E
ID: 102580433

O
LOC102605001
ID: 102605001

O PVAgp1
ID: 949207

Description

eukaryotic translation initiation factor 4E
[Solanum tuberosum (potato)]

eukaryotic translation initiation factor 4E-
1-like [Solanum tuberosum (potato)]

polyprotein [Potato virus A]

Location

NW_006239139.1
(831274..835815)

NW_006239211.1
(118797..129321, complement)

NC_004039.1 (162..9341)
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A, elF4Ea
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Figure 8.10. The search result representing hits obtained from NCBI Gene database search using
“Solanum tuberosum eIF4E” as keyword. A total of three different hits were captured, where first two
hits with accession numbers NW_006239139.1 and NW_006239211.1 were specific to the S.
tuberosum elF4E gene sequence.
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* Genomic context A2

Location:  chromosome: Un See EIF4E in Genome Data Viewer

Exon count: 5

Annotation release Status Assembly Chr Location
101 current  SolTub_3.0 (GCF_000226075.1) Unplaced Scaffold NW_006239139.1 (831274..835815)
NW_006239139.1
(810450 p [s46766 )
LOC102593051 LOC192593711 LOC197062266
10102533362 ELF4E mmp

LOC102594034

Figure 8.11. NCBI Gene database search showing information for accession number
NW_006239139.1. The genomic context information obtained from the NCBI Gene database for the
elFAE gene sequence (accession no: NW_006239139.1) clearly mentions that the sequence
information is an unplaced scaffold as in-boxed in the figure.

M D11 D12 D13 D14 D15 D16 D17 D18 D19 D10 M

4 kb —— — — —— — — — — —
‘s 3 kb
2 kb

M D21 D22 D23 D24 D25 D26 D27 D28 D29 D20 M

it s ) s i

S 3kb

Figure 8.12. Agarose gel electrophoresis of restriction digested plasmids by using Sma | enzyme. M:
1 kb DNA marker. D represents Desirée and 1/ 2 represents the plasmid number according to insert
fragment amplified by primer set 1/ 2.

Restriction digestion assays (supplementary Table 8.7 and Table 8.8) were performed to
further confirm the presence of Desirée genomic fragments as insert in the plasmids before
sending it for sequencing. The result showed that all the plasmid samples for D1 showed
fragment of expected size, suggesting presence of intended insert in the plasmid. However,
samples D21 and D22 (Figure 8.12, panel 2, lane 2 and 3) were doubtful of containing inserts
amplified by primer set-2. So, the plasmids from another two positive clones were isolated

and sent for sequencing together with rest of the samples.
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M D31 D32 D33 D34 D35 D36 D37 D38 D39 D30 M

M D61 D62 D63 D64 D65 D66 D67 D68 D69 D60 M

Bkb!—--—-—-—-———--_ﬁh'

1kb: - S s - -

Figure 8.13. Agarose gel electrophoresis of restriction digested plasmids by using EcoRI enzyme. M:
1 kb DNA marker. D represents Desirée and 3/ 6 represents the plasmid number according to insert
fragment amplified by primer set 3/ 6.

The result from this analysis showed that almost all samples showed two different
fragments of expected size, thus suggesting presence of the insert of expected size. However,
sample D30 (Figure 8.13, panel 1, lane 11) showed a single DNA fragment suggesting absence

of insert. Thus, another colony was picked, plasmids were isolated and sent for sequencing.

1kb D71 D72 D73 D74 D75 D76 D77 D78 D79 D70 1kb

E s g e S5 e
3000 bp - -
— -

L (1

1000 bp e

500 bp

Figure 8.14. Agarose gel electrophoresis of restriction digested plasmids by using EcoRI enzyme.
Agarose gel electrophoresis of restriction digested plasmids by using EcoRI enzyme. 1 kb: 1 kb DNA
marker. D7: Desirée sample containing gDNA fragment 7.
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Figure 8.15. Alignment of all the mRNA CDS sequences from Table 4.1. This alignment was done to
analyse the total SNPs available within these sequences and to analyse sequence similarities.



92

List of supplementary documents

. S. tuberosum v6.1|Soltu.DM.03G000970 FASTA sequence

retrieved from Phytozome database with 294 bases flanking

upstream and 189 bases flanking downstream.

>S.tuberosumvé.1|Soltu.DM.03G000970|chr03:879683..883607forwardupstream=294

|downstream=189 (5 exons highlighted in light green)

ATTTGTAATTATGTTATGACAAACAAACAAATTAATATAACTGTTCATGTGACATTGTTGGTATATC
GTTAGTTTAATTGTTAATTTTTGAAAAATAAAACTTACATATTTTGAACATGCATGATTATTTGATTT
TCGAAATACGAACAGTGCTGCCTAAGTTAGGTATTTACTACATTAGTACTTCCACAATTTAAGTATT
ACACTATGGTCCAAAAGGTCCTTATAAATACCATTTTTCCTAGTAAAGTAAAAAAAAAAAAAAAGT

ACTCCACAGTCCACAGAGCAGCAAAAATEEEAGEAGCTCARATECAGAGAACGACGTCGTTTCATE
CAGCTGAGAAGTTGAAGGCCGCCGATGGAGGAGGAGGGGAGGT AGACGATGAACTTGAAGAAGGT
GAAATTGTTGAAGAATCAAATGATACGGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCA
TTGGAGCATTCATGGACTTTTTGGTTTGATAGCCCTATTGCTAAATCTCBACAAACTGCTTGGGGAA
GCTCACTICEARATGICTACACTTTCTCCACTGTTGAAGATITITGEGEGTAATTTTTTTTTTCTTTCA

AATTGGTGATAGTGTAGTGTAAGAGGAAACAGGGGGAGTGGATCGCAAGGTGTGGAATCGAATCCT
CGTGAAAGTTTAGATAGTCAATTAATTGAGCTACTGAGATTCCCCGGATTTTTTAAAAAAAAGAATT
GGGGATAGAGGAAGGGGAAATGGGGGAGATAATTATAAGGTTAAACCGTCGTTAACAAGGTGAAA
GTTTAGATAGTTAATCAATTGAGCTACTAAGATGGTACGATTTTCGTAAGCTCAAATTGGAAAATAA
AAAAATTAGATTATTACTAAGGAGCTGAGAAATTCAGAAATGAGTTAGCTTTTGAGCCAGCAGAGC
AAGTTAAGTTGAGATTTCATTGATTTTAGCTTGTTTTTGTTGTTGGTTGTGTTCTTTGCTTGTGAATTA
TGGGGTTTTATTATAATGTTCCAAAAAATTTGTTGGTGTTGTAGGAATTTTTTGATTTAGGGTTTTGA
ATGTGTTCTGATTATCTGTCTTCATATAGGTGATATTGAGGTAAAAAAAGGTGTCTTCATTGGTTTTT
CTCTCATAATTGTTAGATTTTCTTCTTGTACATTTTGCATTTTTAGTTAACTTGCCAAGGTGTTTAGTT
AATGCACGACGTGCAGTCTTACTATGGAATGCTGAATTGGTTTGAGCTTTAGTTTATGCAAGCTGTA
TTAGTAATTGCACATTGCTTTGTCCTTTTTCAGTTAGCACTTTCTAAAAAAATGGAATTATCTCTCGG
TTACTTGCCAATTTTAAGTTTAGTTCATGGATCAGATTCAGTGAATAGATATATGCTCTTGGTGGTAG
GAGGACAAGGATAGATAAAGTAATCTCGGTGTAAAGGAGACGAAGTGCAGAATGAATGGAAGTTG
AGACATTTTGGAGGATGGGGTAAAGAATGACCGGTGAAGTTCTAGGAAAGAAAAAGTTAACCTTGT
TGAAAAGTCATATTTCTCTTCCTTGCACAATCTTGTGTAGGAATGTCTTTAATTGGGTTATGTCGTCG
GATAGTTTATATTGCTTCAAATTTAAGAACTTCTTTCATATTTGTCAAATGCTCATATTTACAACTAA
GGATATTTTGAGCTAATAAGGTAGTTGATAATGTGTTGGTCTTAGTTTTCTCTCCAAAGCAAGATAA
TATAGTTACTATTTTCAAGTACAACTACTTTTTCTTTAATTTACATATAAGAGCAGGTCCTGTACTTC
ATAGCTGTGATACCTCTATGTGCATTTGTCTTAATGTACCAAGCTGACTATTCACTTTTAAAAATAAA
GAGAGATGTGAAATTATTTCTTAATTAGGCTAAAATATGCTCATCTTCCCTGTAGATTGATGAGACT
AAACTTGGCTGCAGGCCAGTATTTTCGATCTCACGCATAGACCTTTTTATTAAGTCCTATGATTTGAG
TAACTAGGTGGTAATGGTGTGAATTTGATGTCTGTCATGGATGCGTGTACCTTGTTTGGTGAGCTCTT
TATTGGTCTAATTACTCAAGGCACATAAGTTATCGTACAACTTGGACTATGACATGCCTGTTTGATA
TTCCACATCATGGATTAGGTCTTTTAAATGCTATTATCCTTTTGGCTCATGATGAAATCTTGAACCAT
GTCGCTTATTCTGCAAACAGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGCTG
ACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGGGAC
GTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGGTATGCCGAAGATAT

TTCCATCCAGCTCTTAATGATAGGTCACTCTAGTAATGTTATTTTCCCCTTTGATATAATTTCACCTCT

TGTTTTCTTATATGGGATTACTGTAGETGCTCECTATCATTCCACATCAATTTCATCATGCAGATCA

TGCARATCARACAGCTCAGGTAATTTGCTTTTTATTTTTGGTTTCAACGGCCACGTTTGTCATTTTCG
TGGATCAAGTGGACAGACATTTTTCGTTGTGTACATACTGTAGTGCTGATGTTTATTCAAGATATGCT
ATGAAATACATTGTACCATTGAGGATATTGGAAGTTAAGAAGGCAAGTCATCAGATATATAGCATG
GTTTCACTATTTTTATCTACATTCTAGGTAAGAGGATATCTCAAACATTGATACACTGTGTATTTGTC
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TAACTTTATAGCTTTTGGTAGTGAATTACTAACATAAGAAAACAATACAGCTGGAAGCTAAAAAGA
AATATTCTTGTGGATGAAGGGAAGTGTTAATTTGTCTGCAATAATATGTTAATTTTTTTGATTGCTAT
ATAATATGCTAACTTAATTGTTGGGGTGGTGTTAATATGTATGGAGCACTTTATGATAAACTCATCT
GTATGTTTAATAGAAAGGCAAAGCGTTGAAGTAGGGAGGTGTGCCATACATCAAAGAAGGCTTATT
AACCGACATTAGTAATAGACATAGGTTATTGTTTTCAGCTCCTCCCAACACGTCTCAGACGTTTTGT
AGAACTGGCATTGGTATCTTTAGTACCCAATCATATAATTGCATAATCTAGACTATGATTATTGCTTG
GTTGGCAACTCAGGTATGTGAAGCTTAAATAAAGTGAACTTACATATGAAAAGGATACTATTTTGAT
GTTATTTTCTGGGGAACTGTGGATATTGTTGTCAAATTGCTTGCTACATTCCTGCTTGATATGTCATT
ACTTAGTATTTATTGTTGGGAGATTCTGGTATCATTCCAAGATCCATAGACGATTTGAGAAGTCTTA
AAATTCTTTTATTCCAAGGTTAATTCATTTGGTGTAGTCATCCGGTATCCAATAACCCCCCCCCCCTC
CCCCCCCCGACTAATCCAGATTCATGCCAGTCCATTAAAATAGGAATTGCTCGGTTATGAGAAATTT
CTCCATTAGGGCTCAAACCCGAGAACCATGGCTAAGGGCGGAGGGATCCCCTTGGTGGTCTCAAGG
GTTAAGTATTATTATCATTTCATGTTCATATGATTGTAACATTTAGATATCCTTGCGAAGTGTAATAT
TGTTTTGTCTCGTCATTTGTTTTATGCTTCATATAAATTCCCTTTTCTTTCGCCCCTGTCTCTTCGTTTC
TTTTTATCCAGTGTACTTCATTCTGCTAGAATTATATAGTCGTCGGTGTTCCTTTCTGTGCTTCATTGA
TGATATTGAATCCTTTCAGCTGTTTACCGGTTGATTACTTTTATGTTAGTGCTTAGCTTTTTGTTTTTA
TATCTTTGCAACTGTACTTACCATCTTCCTGAAACTTCTCTTTACAGGITAGCATTGGTAAGCAATGG
AAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGTATGAAATCTTGGTTATCGTAC
GCCTTGAATTCAGTTTCTCTTCAATTAGCAAGACTCACAAGGAATCATCTTCTTTTGCAGGACGATG
CAAAGAGGCTCGACAGAAATGCCAAGAATCGTTACACAGTATAGTTCTTGATGCAATGTGGGATTG
CAAGAAACACAATTCGTACCGGAAAGTTGGTAGGCACTGATTTAGTTTCTCATTTGATAAGCTTCTG
GTTTGACTAACTCGTGTATTGATGTTTGCACTTTCTAATCGCGGAAAACTGTTTGGTTTGAATTCATG
CCTCTACAATTCGCGTGTTCTGCGTTACTTCC

. Potato elF4E mRNA CDS sequences retrieved from NCBI

database.

FASTA sequence for potato elF4E mRNA cds (accession number NM_001288431.1).

ATGGCAACAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACCGTATAG

FASTA sequence, accession number: FN666435.1.

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
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AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACCGTATGA

FASTA sequence, accession number: FN666436.1.

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGACAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATTACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACTAGCTGGCTATATACGCCGCTGGCAAT
GATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGG
AGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATCGGTAAGCA
ATGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTC
GACAGAAATGCCAAGAATCGTTACACCGTATGA

FASTA sequence, accession number: JN831440.1.

ATGGCAACAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAATG
ATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCACGATGATGCAAAGAGGCTCG
ACAGAAGTGCCAAGAATCGTTACACCGTATAG

FASTA sequence, accession number: JN831441.1.

ATGGCAACAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACCGTATAG
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6. FASTA sequence, accession number: JN831442.1.

ATGGCAACAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACCGTATAG

C. Sequences determined by Sanger Sequencing

7. Desirée_elF4E- gDNA _consensus sequence-inclusively (mMRNA coding genomic
sequence trimmed out) with added 40 first bases according to the alignment with the
reference genomic elF4E sequence from Phytozome (S. tuberosum
v6.1|Soltu.DM.03G000970).

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GSAGGAGGAGGRGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAY
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCMCTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGGTAATTTTTTTTTTCTTTCAAATTGGTGMTAGTGTAGTGTAAGAGG
AAACAGGGGGAGTGGATCGCAAGGTGTGGAAWCGAATCCTCSTGAAAGTTTAGATAGTCAATTAAT
TGAGCTACTGAGATTCCCCGGATTTTTWWWAAAAAWAAATTGGGGATAGAGGAARGGGAAATGG
GGGAGAGAATTATAAGGTTAAACCGTCGTTAACAARGTGARAGTTTAGGTAGTTAATCAATTGAGC
TWCTRAGATTSTTTGGGTACGATTTTCGTAAGCTCAAATTGGAAAATAAAAAATTAGATTATTACTA
AGGAGCTGAGAAATTCAGAAATGAGTTAGCTTTTGAGCCAGCAGAGCAAGTTAAGTTGAGATTTCA
TTGATTTTAGCTTGTTTTTGTTGTTGGTTGTGTTCTTTGCTTGTGGAWTATGGGGTTTTATTATAATGT
TCCAAAAAAWTTGTTGGTGTTGTAGGAATTTTTTGATTTAGGGTTTTGAATGTGTTCTGATTATCTGT
CTTCATATAGGTGATATTGAGGTAAAAAAAGGTATCTTCATTGGTTTTTCTCTCATAATTGTTAGATT
TTCTTCTTGTACATTTTGCATTTTTRGTTAACTTGCYAAGRTGTTTAGTTAATGCACRAYGYGCAGTC
TTACTATGGAATGCTGAATYGGTTTGAGCTTTAGTTTATGCARGCTGTATTAGTAATTGCACATTGCT
TTGTCYTTTTTCAGTTAGCWCTTKCTAAAAAAMYKGAATTTTGATCTCYCAGTTAYTTGCCAATTTT
AAGTTTAKTTCATGGATYGGATTCARTGAATAGATATATGCTCTTTGGTGKTWGGAGGACAAGGAT
AGRTAAAKTAATCTYGGTGTAAAGGAGASGAAGTGCARAAWATGAATGGAAGTTGAGACATTTTG
GAGGATGGGGTRAAGAATGACCGGTGAAGTTCTAGGAAAGAAAAAGTTAACCTTGTTGAAAAGTCA
TATTTCTCTTCCTTGCACAATCTTGTGTAGGAATGTCTTTAATTGGGTTATATCGTCGGATAGTTTAT
AYTRCTTCAAATTTAAGAACCTYTTWCATRTTTGTSAAATGCTCATATTTACAACTAAGGATATTTTG
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AGCTAATAAGGTAGTTGATAATGCKTTGGTCTTAGTTTTCTCTCCWAAGCAAGATAATATAGTTACT
ATTTTCAAGTACAACTACTTCTGTTTCTTTAATTTACATATAAGAGCAGGYCCTGTACTTCATAGCTG
TGATAYCTCTATGTGCATTTGTCTTAATKTACYRAGCTGACTATTCACTTTTAMAARTAAAGACAGA
TGTGWWWYTATTTCTTAATTAGGCTWAAATATGCTCATCTYCCCTGTAGATTGATGAGACTAAACT
TRGCTGCAGGCCAGTATTTTCRATCTCACGCATAGACCTTTTTATTAAGTCCTATGATTTGAGYMACT
AGGTGGTAATGGTGTGAATTTGATGTCTGTCATGGATGYRTGTACCTTGTTTGGTGARYTCTTTATTG
GTCTAATTACTCAAGGCACTTAAGTTATYGTACAACTTGKACTATGACATGCCTGTTTGATATTCCA
CAYCATGGATTAGGTCTTTTAAATGCTATTATCCTTTTGGCTCATGATGAAATCTTGAACCATGTCRC
TTATTCTGCAARCAGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGCAGACTTT
CATTGTTTTAAGCATARAATTGAGCCAAAGTGGGAAGATCCTGTATGTRCCAATGGAGGGACGTGG
AAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGGTATGCCRAAGATATTTCC
ATCCAGCTCTTAATGATAGGTCACTCTAGTAATGTTATTTTCCCCTTTGATATAATTTCAMCTCTTGT
TTTCTTATATGGGATTACTGTAGCTGCTGGCWATGATTGGACATCAATTYGATCATGGAGATGAAAT
TTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGGAGAAAAAATAGCTTTGTGGACCAAGAATGCTGC
AAATGAAACAGCTCAGGTAATTTKCTTTTTATTTTTGGTTTCAACGGCYRCGTTTGTCATTTTCGTGG
ATCAAGTGGACAGACATTTTTCGTTGTGTACATACTGTAGTGCTGATGTTTATTCAAGATATGCTATG
AAATACATTGTACCATTGAGGATATTGGAAGTTAAGAAGGSAAGTCATCAGATATATAGCATGGTTT
CACTATTTTTATYTACATTCTAGGTAAGAGGATATCTYAAACRTTGATACACTGTGTATTTGTCTAAC
TTTATAGCTTTTGRTAGTGAATWACYWWCATRAGAAAACAATACAGCTGGAAGCTAAAAARAAAT
ATTCTTGTGGATGAAGGGAAGTGTTAATTTGTCTGCAATAATATGTTAATTTTTTTKATTGCTATATA
ATATGCTAACTTAATYRTTGGGGTGGTGTTAATATGTATGGAGCACTTTATGATAAACTCATCTGTA
TGTTTAATAGAAAGGCAAAGCGTTGAAGTAGGGAGGTGTGCCATACATCAAAGAAGGCTTATTAAC
CGACRTTAGTAATAGACATAGGTTATTGWWTTCAKSTCCTCCCAACACGTCTCAGACGTTTTGTAGA
ACTGGCATTGGTATCTTTAGTACCCAATCATATAATTGCATAATCTAGACTATGATTATTGCTTGGTT
GGCAACTCAGGTATGTGAAGCTTAAATAAAGTGAACTTACATATGAAAAGGATACTATTTTGATGTT
ATTTTCTGGGGAACAGTGGATATTGTTGTCAAATTGCTTGCTACATTCCTGCTTGATATGTCATGTCA
TTACTTATTATTTATTGTTGGGAGATTCTGGTATCATTCCAAGATCCATAGACGATTTGAGAAGTCTT
AAAATTCTTTTATTCCAAGGTTAATTCATTTGGTGTAGTCATCCGGTATCCAATAACCCCCCCCCCCC
CCGACTAATCCAGATTCATGCCAGTCCATTAAAATAGGAATTGCTCGGTTATGAGAAATTTCTCCAT
TAGGGCTCAAACCCGAGAACCATGGCTAAGGGCGGAGGGATCCCCTTGGTGGTCTCAAGGGTTAAG
TATTATTATCATTTCATGTTCATATGATTGTAACATTTAGATATCCTTGCGAAGTGTAATATTGTTTT
GTCTCGTCATTTGTTTTATGCTTCATATAAATTCCCTTTTCTTTCGCCCCTGTCTCTTCGTTTCTTTTTA
TCCAGTGTACTTCATTCTGCTAGAATTATATAGTGGTCGGTGTTCCTTTCTGAGCTTCATTGATGATA
TTGAATCCTTTCAGCTGTTTACCGGTTGATTACTTTTATGTTAGTGCTTAGCTTTTTGTTTTTATATCT
TTGCAACTGTACTTACCATCTTCCTGAAACTTCTCTTTACAGGTTAGCATTGGTAAGCAATGGAAGC
AGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGTATGAAATCTTGGTTATCGTACGCCT
TGAATTCAGTTTCTCTTCAATTAGCACGACTCACAAGGAATCATCTTCTTTTGCAGGACGATGCAAA
GAGGCTCGACAGAAATGCCAAGAATCGTTACACAGTATAG

Desirée _elF4E- mMRNA-CDS-1 consensus sequence- (St_Des-elFAE-CDS-1,

trimmed CDS, after alignment with reference mRNA sequence NM_001288431.1).

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
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10.

GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAATG
ATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCACGATGATGCAAAGAGGCTCG
ACAGAAGTGCCAAGAATCGTTACACAGTATAG

Desirée _ mMRNA-CDS-2 consensus sequence (St_Des-elF4E-CDS-2, trimmed CDS,

after alignment with reference mRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCG
ACAGAAATGCCAAGAATCGTTACACAGTATAG

Desirée _mMRNA-CDS-5 consensus sequence (St_Des-elF4E-CDS-5, trimmed CDS,

after alignment with reference mRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCCCTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTACCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCG
ACAGAAATGCCAAGAATCGTTACACAGTATAG
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11.

12.

13.

Celandine_mRNA-CDS-1 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACAGTATAG

Celandine_ mRNA-CDS-2 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCCCTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTACCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCG
ACAGAAGTGCCAAGAATCGTTACACAGTATAG

Kuras_ mRNA-CDS-k1 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAATG
ATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAATGTCCGGTCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAATAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATTATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCG
ACAGAAATGCCAAGAATCGTTACACAGTATAG
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14.

15.

16.

Kuras_ mRNA-CDS-k2 consensus sequence (trimmed CDS, after alignment with

reference mMRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAATG
ATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCACGATGATGCAAAGAGGCTCG
ACAGAAGTGCCAAGAATCGTTACACAGTATAG

Kuras_ mRNA-CDS- k3 consensus sequence (trimmed CDS, after alignment with

reference mMRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAATG
ATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGA
GAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAA
TGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCACGATGATGCAAAGAGGCTCG
ACAGAAGTGCCAAGAATCGTTACACAGTATAG

Kuras_ mRNA-CDS- k6 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACAGTATAG
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17.

18.

19.

Innovator_ mMRNA-CDS- 11 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAAT
GATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGG
AGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATCGGTAAGCA
ATGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTC
GACAGAAATGCCAAGAATCGTTACACAGTATAG

Innovator_ mMRNA-CDS- 12 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAAT
GATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGG
AGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCA
ATGGAAGCAGTTTCTAGATTATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTC
GACAGAAATGCCAAGAATCGTTACACAGTATAG

Innovator_ mMRNA-CDS- 14 consensus sequence (trimmed CDS, after alignment with

reference MRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GGAGGAGGAGGGGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAT
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAGAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATTATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAATGCCAAGAATCGTTACACAGTATAG



101

20.

21.

Innovator_ mRNA-CDS- 17 consensus sequence (trimmed CDS, after alignment with

reference mMRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GGAGGAGGAGGGGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAT
GGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAGAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCAAT
GATTGGACATCAATTCGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGGCTAAGGG
AGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCA
ATGGAAGCAGTTTCTAGATTATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTC
GACAGAAATGCCAAGAATCGTTACACAGTATAG

Innovator_ mMRNA-CDS- 19 consensus sequence (trimmed CDS, after alignment with

reference mMRNA sequence)

ATGGCAGCAGCTGAAATGGAGAGAACGACGTCGTTTGATGCAGCTGAGAAGTTGAAGGCCGCCGAT
GCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAGAATCAAATGATAC
GGCGTCGTATTTGGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCATGGACTTTTTGGTTT
GATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAATGTCTACACTTTCT
CCACTGTTGAAGAGTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGTTGGTTATGGGAGC
AGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATGTGCCAATGGAGG
GACGTGGAAAATGAGTTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATACGCTGCTGGCTATG
ATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTCCGGTCTAAGGGAG
AAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGCATTGGTAAGCAAT
GGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATGCAAAGAGGCTCGA
CAGAAGTGCCAAGAATCGTTACACAGTATAG

. Sequences for in-silico maps (Figure 8.3) of plasmids used for in-

vitro cleavage assay.

Plasmid PCR z.b._De-elF4E-1 (nucleotides in green color is insert sequence)

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTG
CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCA
GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
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GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTC
TGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAGCACGTGTCAGTCCTGCTCCTCGGCCACGAAG
TGCACGCAGTTGCCGGCCGGGTCGCGCAGGGCGAACTCCCGCCCCCACGGCTGCTCGCCGATCTCG
GTCATGGCCGGCCCGGAGGCGTCCCGGAAGTTCGTGGACACGACCTCCGACCACTCGGCGTACAGC
TCGTCCAGGCCGCGCACCCACACCCAGGCCAGGGTGTTGTCCGGCACCACCTGGTCCTGGACCGCG
CTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGCGAAGTCGTCCTCCACGAAGTCCCGGGAG
AACCCGAGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCGCGGTGAGCACCGGAACG
GCACTGGTCAACTTGGCCATGGTGGCCCTCCTCACGTGCTATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATT
TCCCCGAAAAGTGCCACCTGATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCA
TCAGGAAATTGTAAGCGTTAATAATTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCT
GCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTT
CAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGT
CGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCA
CGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCC
CCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTC
GATGCGATGTTTCGCTTGGTGGTCCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCAT
TGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGG
CACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGG
AACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGAC
AGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGA
GCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCT
GCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGAGCTTGATCC
CCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTA
CCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTGTCCATAAAACCGCCCAGTCTAGCTATC
GCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCC
CAGTAGCTGACATTCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACGTGAAAAGGATCT
AGGTGAAGATCCTTTTTGATAATCTCATGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGC
GTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGGAGACCGGCACA
CTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAGTTCAC
GGGAGACTTTATCTGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCCGGCGTGT
CAATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTTATAGGTGTAAACCTT
AAACTGCCGTACGTATAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTA
CGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG
TCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCT
CTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCAGGCAGCTGAGAAGTT
GAAGGCCGCCGATGCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAG
AATCAAATGATACGGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCAT
GGACTTTTTGGTTTGATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAA
TGTCTACACTTTCTCCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGT
TGGTTATGGGAGCAGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATG
TGCCAATGGAGGGACGTGGAAAATGAATTTTTTGAAGGGTAAATCTGATACCAGCTGGCTATATAC
GCTGCTGGCAATGATTGGACATCAATTCGATCACGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTC
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CGGTCTAAGGGAGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGC
ATTGGTAAGCAATGGAAGCAGTTTCTAGATTACAGCGATTCGGTTGGCTTCATATTTCACGATGATG
CAAAGAGGCTCGACAGAAGTGCCAAGAATCGTTACACAGTATAGTTCTTGATGCAATGTGGGAATG
CAAGAAACACAATTCGTACCGGAAAGTTGGTAGGCACTCCTGAATTCCAGCACACTGGCGGCCGTT
ACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAGCTTGAGTATTCTAACGCGTCACCTAAAT
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACA
ACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAA
TTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT

Plasmid PCR z.b._De-elF4E-2 (nucleotides in green color is insert sequence)

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTG
CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCA
GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTC
TGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAGCACGTGTCAGTCCTGCTCCTCGGCCACGAAG
TGCACGCAGTTGCCGGCCGGGTCGCGCAGGGCGAACTCCCGCCCCCACGGCTGCTCGCCGATCTCG
GTCATGGCCGGCCCGGAGGCGTCCCGGAAGTTCGTGGACACGACCTCCGACCACTCGGCGTACAGC
TCGTCCAGGCCGCGCACCCACACCCAGGCCAGGGTGTTGTCCGGCACCACCTGGTCCTGGACCGCG
CTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGCGAAGTCGTCCTCCACGAAGTCCCGGGAG
AACCCGAGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCGCGGTGAGCACCGGAACG
GCACTGGTCAACTTGGCCATGGTGGCCCTCCTCACGTGCTATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATT
TCCCCGAAAAGTGCCACCTGATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCA
TCAGGAAATTGTAAGCGTTAATAATTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCT
GCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTT
CAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGT
CGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCA
CGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCC
CCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTC
GATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCAT
TGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGG
CACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGG
AACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGAC
AGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGA
GCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCT
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GCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGAGCTTGATCC
CCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTA
CCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTGTCCATAAAACCGCCCAGTCTAGCTATC
GCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCC
CAGTAGCTGACATTCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACGTGAAAAGGATCT
AGGTGAAGATCCTTTTTGATAATCTCATGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGC
GTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGGAGACCGGCACA
CTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAGTTCAC
GGGAGACTTTATCTGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCCGGCGTGT
CAATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTTATAGGTGTAAACCTT
AAACTGCCGTACGTATAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTA
CGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG
TCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCT
CTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCAGGCAGCTGAGAAGTT
GAAGGCCGCCGATGCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAG
AATCAAATGATACGGCGTCGTATTTAGGGAAAGAAATCACAGTGAAACATCCATTGGAGCATTCAT
GGACTTTTTGGTTTGATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCACTTCGAAA
TGTCTACACTTTCTCCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGT
TGGTTATGGGAGCAGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATG
TGCCAATGGAGGGACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATAC
GCTGCTGGCTATGATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTC
CGGGCTAAGGGAGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGC
ATTGGTAAGCAATGGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATG
CAAAGAGGCTCGACAGAAATGCCAAGAATCGTTACACAGTATAGTTCTTGATGCAATGTGAGAATG
CAAAAAACACAATTCGTACCGGAAAGTTGGTAGGCACTCCTGAATTCCAGCACACTGGCGGCCGTT
ACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAGCTTGAGTATTCTAACGCGTCACCTAAAT
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACA
ACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAA
TTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT

Plasmid sequence: PCR z.b._De-elF4E-5 (nucleotides in green color is the insert

sequence)

CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCA
CTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAA
AAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCC
CCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGG
ATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTG
CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCA
GCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG
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CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTC
TGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAGCACGTGTCAGTCCTGCTCCTCGGCCACGAAG
TGCACGCAGTTGCCGGCCGGGTCGCGCAGGGCGAACTCCCGCCCCCACGGCTGCTCGCCGATCTCG
GTCATGGCCGGCCCGGAGGCGTCCCGGAAGTTCGTGGACACGACCTCCGACCACTCGGCGTACAGC
TCGTCCAGGCCGCGCACCCACACCCAGGCCAGGGTGTTGTCCGGCACCACCTGGTCCTGGACCGCG
CTGATGAACAGGGTCACGTCGTCCCGGACCACACCGGCGAAGTCGTCCTCCACGAAGTCCCGGGAG
AACCCGAGCCGGTCGGTCCAGAACTCGACCGCTCCGGCGACGTCGCGCGCGGTGAGCACCGGAACG
GCACTGGTCAACTTGGCCATGGTGGCCCTCCTCACGTGCTATTATTGAAGCATTTATCAGGGTTATT
GTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATT
TCCCCGAAAAGTGCCACCTGATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCA
TCAGGAAATTGTAAGCGTTAATAATTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCT
GCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTT
CAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGT
CGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCA
CGACGAGATCCTCGCCGTCGGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCC
CCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTC
GATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCAT
TGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGG
CACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGG
AACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTCATTCAGGGCACCGGAC
AGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGA
GCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCT
GCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGAGCTTGATCC
CCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTA
CCAGAGGGCGCCCCAGCTGGCAATTCCGGTTCGCTTGCTGTCCATAAAACCGCCCAGTCTAGCTATC
GCCATGTAAGCCCACTGCAAGCTACCTGCTTTCTCTTTGCGCTTGCGTTTTCCCTTGTCCAGATAGCC
CAGTAGCTGACATTCATCCGGGGTCAGCACCGTTTCTGCGGACTGGCTTTCTACGTGAAAAGGATCT
AGGTGAAGATCCTTTTTGATAATCTCATGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGC
GTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGGAGACCGGCACA
CTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAGTTCAC
GGGAGACTTTATCTGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCCGGCGTGT
CAATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTTATAGGTGTAAACCTT
AAACTGCCGTACGTATAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTA
CGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAG
TCACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCT
CTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCAGGCAGCTGAGAAGTT
GAAGGCCGCCGATGCAGGAGGAGGAGAGGTAGACGATGAACTTGAAGAAGGTGAAATTGTTGAAG
AATCAAATGATACGGCGTCGTATTTAGGGAAAGAAATCACAGTGAAGCATCCATTGGAGCATTCAT
GGACTTTTTGGTTTGATAGCCCTATTGCTAAATCTCGACAAACTGCTTGGGGAAGCTCCCTTCGAAA
TGTCTACACTTTCTCCACTGTTGAAGATTTTTGGGGTGCTTACAATAATATCCATCACCCAAGCAAGT
TGGTTATGGGAGCAGACTTTCATTGTTTTAAGCATAAAATTGAGCCAAAGTGGGAAGATCCTGTATG
TACCAATGGAGGGACGTGGAAAATGAGTTTTTCGAAGGGTAAATCTGATACCAGCTGGCTATATAC
GCTGCTGGCTATGATTGGACATCAATTTGATCATGGAGATGAAATTTGTGGAGCAGTCGTTAGTGTC
CGGGCTAAGGGAGAAAAAATAGCTTTGTGGACCAAGAATGCTGCAAATGAAACAGCTCAGGTTAGC
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ATTGGTAAGCAATGGAAGCAGTTTCTAGATCATAGCGATTCGGTTGGCTTCATATTTCATGACGATG
CAAAGAGGCTCGACAGAAATGCCAAGAATCGTTACACAGTATAGTTCTTGATGCAATGTGAGAATG
CAAAAAACACAATTCGTACCGGAAAGTTGGTAGGCACTCCTGAATTCCAGCACACTGGCGGCCGTT
ACTAGTGGATCCGAGCTCGGTACCAAGCTTGATGCATAGCTTGAGTATTCTAACGCGTCACCTAAAT
AGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACA
ACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAA
TTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT
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