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Abstract

Potatoes are beneficial for ensuring global food security and CRISPR-Cas9 gene editing
technology can be used to improve numerous potato traits. This technology employs a single
guide RNA (sgRNA) to direct the genome editing process mediated by the Cas9 endonuclease.
Precise genome editing is achievable through careful planning and evaluation of sgRNA
expression to increase the efficiency of CRISPR-Cas9 gene editing.

This project aimed to design and construct different pChimera cloning vectors harboring StU6
promoter upstream of a sgRNA scaffold using In-Fusion cloning.

Firstly, the StU6 promoter was amplified in potato Désirée and Asterix cultivars and cloned
into an empty vector and E. coli cells were transformed. Then, the plasmid was isolated from
the putative positive colonies, sequenced and distinct allelic variations corresponding to four
promoter sequences were found in potato Désirée and Asterix cultivars.

The phylogenetic analysis of the StU6 promoters distinguished a high degree of sequence
identity in Désirée and Asterix clones, and seven clones from Désirée were chosen for In-
Fusion cloning. DNA fragments of seven StU6 promoters and pChimera were PCR amplified
to retrieve insert and vector fragments, respectively. In-Fusion cloning was performed to clone
the insert fragment into a linearized vector to create the final cloning vector containing
endogenous potato StU6 promoter, and Stellar Competent Cells were transformed. Colony
PCR was performed to verify putative positive colonies, but no amplification was observed.
Overall, suboptimal PCR conditions or the use of a too high insert-to-vector ratio for the In-

Fusion cloning reaction may potentially be the contributing factors to the lack of amplification.

Keywords: In-Fusion cloning, CRISPR-Cas 9 gene editing, StU6 promoter, sgRNA
expression, PCR, RT-qPCR, colony PCR, pChimera, potato, protoplast, Désirée, Asterix,

sanger sequencing, phylogenetic analysis.
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1. Introduction

1.1 Background of Study

The rate at which the world's population is growing is alarming and by 2050, it
is predicted to surpass 10 billion people (Thatcher et al., 2018). As a result, food
demand is projected to increase from +35% to +56% between 2010 and 2050,
and the population at the risk of hunger will increase from -91% to +8% (Van
Dijk et al., 2021).

This concern can be addressed by implementing potatoes as an important
component of a wholesome and balanced diet in combination with other
vegetables and whole-grain foods (Devaux et al.,, 2020). Due to its high
nutritional value, producibility in all climate regions, and high production
volume, potatoes can play a crucial role in ensuring global food security for the

growing population (Haverkort et al., 2009).

1.2 The Role of Potato in Global Food Security

Potato (Solanum tubersom L.) is the world’s fourth major crop following maize,
rice and wheat, and it is often regarded as a staple food in many parts of Europe
and the Americas. The number of edible potato varieties (cultivars) grown
worldwide exceeds 4800 being diverse in genetics, from diploid (2n = 2x = 24)
to pentaploid (2n = 5x = 60) varieties, whereas common potato varieties are
tetraploid (2n = 4x = 48) with a basic chromosome number of 12 (\Watanabe,
2015).

Approximately 19 million hectares of cropland are being used for the cultivation
of potatoes worldwide, with 378 million tons produced per year (Faostat, 2017).

The potato is cultivated as a summer crop in the tropical highlands of Central
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and South America as well as in lowland temperate regions of the world, a winter
crop in lowland subtropical regions, and a spring and autumn crop in the
Mediterranean. In some regions of the world, including the equatorial highlands
of South America and East Africa, as well as certain regions of China and Brazil,

it can be grown all year round (Bradshaw, 2019).

According to the Norwegian Agriculture Industry, 367,400 metric tons of
potatoes were produced in Norway in 2022 with 40% of the total national
production in the Hedmark region (Norway: Production Volume of Potatoes
2022 | Statista, n.d.).

The health benefits of potatoes appear promising due to the abundance of
carbohydrates, resistant starch, quality proteins, vitamins C, B6 and potassium
(Camire et al., 2009). Although potatoes are typically thought of as a source of
carbohydrates, they contain more protein than most cereals, including rice and
wheat, at 10% dry weight (DW) and 2% fresh weight (FW). Although they are a
good source of lysine, their nutritional value is limited by low levels of sulphur

amino acids, methionine and cysteine (Bartova et al., 2015; Friedman, 1996).

Yellow-fleshed potatoes also contain high levels of lutein, zeaxanthin, and other
antioxidants that may help protect against degenerative diseases and age-related
ilInesses (Burgos, Mufioa, et al., 2013), while the purple and red-fleshed cultivars
are an important source of anthocyanin (Burgos, Amoros, et al., 2013). Despite
the low concentrations of iron and zinc in potatoes compared with cereals and
vegetables, their bioavailability is greater due to the higher levels of ascorbic
acid and low levels of phytic acid, which are iron absorption enhancer and
inhibitor, respectively (Fairweather-Tait, 1983).
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1.3 CRISPR-Cas9 Gene Editing Technology

For most life forms, the capacity to resist viral predation is a crucial component
of survival. This includes bacteria, which have evolved in a variety of hostile
environmental conditions despite competition for limited resources and
bacteriophage infection. The capacity of bacteria to adaptably increase their
genetic inventory, dynamically regulate genome homeostasis and impede viruses
with a variety of defence mechanisms accounts for their long-term viability
(Barrangou, 2015).

Clustered regularly interspaced short palindromic repeats (CRISPRs) are nucleic
acid-based adaptive immunity widely found in bacteria and archaea, which were
first discovered in the genome of Escherichia coli in 1987 by Jennifer Doudna
and Emmanuelle Charpentier (Wiedenheft et al., 2012). Repetitive sequences
with a repeat-spacer—repeat pattern were discovered in phylogenetically
divergent bacterial and archaeal genomes and later recognized to be identical to
the DNA fragments of pathogenic bacteriophages that had previously infected
the prokaryote. The idea that CRISPRs offer a genetic memory of infection was
inspired by this observation (Bolotin et al., 2005; Mojica et al., 2005). The
underlying mechanisms of CRISPR were subsequently discovered by Francisco
Mojica, who gave it its name and suggested its numerous applications as a

widespread genome editing tool (Mojica et al., 2005).

Cas9 (CRISPR-associated protein 9) endonuclease plays a crucial part in
prokaryotes' antiviral defence mechanism by performing cuts in double-stranded
DNA. Single guide RNA (sgRNA) is a short RNA sequence that serves as a
template for the endonuclease to recognize CRISPR sequences and cleave
particular DNA strands complementary to the spacer sequence (Mali et al.,
2013).
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CRISPR/Cas9-mediated double-strand break (DSB) repair mechanism is
employed by the cell to repair the break; either by nonhomologous end joining
(NHEJ) or homology-directed DNA repair (HDR) pathways (Tang et al., 2019).
While random deletions and insertions are created by the NHEJ pathway, the
HDR pathway implements precise insertions, base substitutions across DSB sites
or two DSBs, and other modifications by using homologous donor DNA

sequences from sister chromatids or foreign DNA (Tang et al., 2019).

The objective of genome editing experiments is to convert a targeted DNA
sequence into a new, desired DNA sequence that harbours the mutation of
interest depending on the application (Anzalone et al., 2020). These might
include (i) point mutations, or the conversion of DNA base pairs; (ii) deletion;
(iii) insertion; or (iv) a combination of the aforementioned modifications
(including replacement of DNA base pairs). Each of these modifications is
mediated by a distinct class of CRISPR—Cas editing agents (Anzalone et al.,
2020).

In principle, CRISPR-Cas9 can perform DSBs at any locus that is 3 base pairs
(bp) upstream of an NGG protospacer adjacent motif (PAM), where N is any
nucleobase; adenine (A), cytosine (C), guanine (G) or thymine (T). (Liu et al.,
2021). The 20-nt guide sequence of the sgRNA and the existence of a PAM
sequence next to the target region in the genome are believed to be the factors
that closely regulate the targeting specificity of Cas9 (Fu et al., 2013).

However, significant safety concerns are raised by the possibility that the DNA
repair process induced by DSBs might cause unintentional mutations at
homologous off-target loci in addition to causing alterations at target sites (Fu et
al., 2013; Liuetal., 2021). These off-target activities can be significantly reduced
by employing high-fidelity Cas9 variants, selecting a better target sequence, or
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the application of inhibitors that quickly stop endonuclease activity (He et al.,
2019; Rose et al., 2020).

1.4 Genome Editing in Potato

One of the main long-term objectives of plant breeding efforts has been the
improvement of crop’s nutritional value such as essential amino acids
composition (Chakraborty et al., 2000; Goo et al., 2013; Raina & Datta, 1992),
increased plant resistance to pathogens (Kieu et al., 2021), as well as reduction

of the toxic compounds (Sawai et al., 2014).

From a health perspective, the contents of hazardous secondary metabolites in
potato tubers known as steroidal glycoalkaloids (SGAs) should not exceed more
than 20 mg/100 g of the FW. Alpha-chaconine and alpha-solanine are the two
main SGAs found in farmed potato tubers (Solanum tuberosum) (Krits et al.,
2007). Significant reduction in SGA contents in potatoes has been achieved to
ensure food safety and palatability via sterol side chain reductase 2 gene
(StSSR2) knockout that is involved in SGA metabolism (Zheng et al., 2021).

Additionally, acrylamide is a carcinogenic compound produced in potato tubers
from the reduction of glucose and fructose by plant invertases at high
temperatures (Vinci et al., 2012). To decrease the accumulation of reducing
sugars and the synthesis of acrylamide in potato tubers, the genes encoding
vacuolar invertase (VInv) and asparagine synthetase 1 (AS1) were silenced in
potato Atlantic and Deésirée cultivars (Halford et al., 2022; Ly et al., 2023).

Many potato traits can be improved through the implementation of Cas9
endonuclease and sgRNA to cleave DNA complementary to a specified target
area while the cellular repair mechanism offers opportunities for gene editing at
the cleavage site (Jinek et al., 2012). NHEJ is the most common repair outcome,

potentially leading to gene disruptions through indels. Although less common,
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HDR permits precise genetic alterations when an appropriate template is

available.

In order to prevent the integration of foreign DNA into the potato genome, it is
advised from a scientific and regulatory standpoint to use a DNA-free genome
editing technique that delivers CRISPR-Cas9 ribonucleoproteins (RNPs) to
potato protoplasts (Andersson et al., 2018). RNPs have been reported to exhibit
greater specificity and faster onset of action due to their ability to function
without requiring intracellular transcription and translation (Kim et al., 2014).
This method offers a viable substitute for conventional DNA delivery methods
by producing transgene-free targeted genome editing, as well as reducing off-
target mutations (Cho et al., 2013; Liang et al., 2017; Svitashev et al., 2016).

Compared to diploid potato cultivars, tetraploid cultivars provide a substantially
higher yield (Wang et al., 2022). However, it is challenging to maintain the
desirable features of potato clones through mutagenesis because of the high
heterozygosity in the tetraploid potato genome. Although challenging, full allelic
potato gene editing has been achieved by applying endogenous potato StU6

promoter to drive the expression of CRISPR cassette (Johansen et al., 2019).

1.5 U6 Promoter

Promoters are essential regulatory elements found upstream of the transcription
start site (TSS) playing a key role in regulating gene transcription through the
employment of transcription factors (TFs) and RNA polymerases (Kor et al.,
2023). The efficiency of plant gene editing can be significantly improved by the
selection of the appropriate promoter. Therefore, studying the U6 promoter is
crucial since it is the most optimal promoter for the expression of sgRNA for
CRISPR-Cas9 gene editing (Johansen et al., 2019; Kor et al., 2023).
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The relationship between the promoter structure and the selection of RNA
polymerase for transcription has already been investigated in the literature
(Dahlberg & Lund, 1988). While RNA polymerase 11 (pol Il) is involved in the
transcription of most coding U-snRNA (small nuclear ribonucleoprotein) class’s
genes such as U1, U2 and U5, RNA polymerase Ill (pol I1I) transcribes other
non-coding SnRNA genes, including U6 in plants (Waibel & Filipowicz, 1990).

The U6 promoter drives the expression of the U6 snRNA gene in plants and
contains a TATA box or Goldberg—Hogness box region located 25-35 bp
upstream of the TSS (Guerineau & Waugh, 1993). This conserved motive is
present in archaea and eukaryotes and distinguished by a recurring pattern of A
and T bases with a consensus of TATAWAW, where W is either A or T (Kanali
etal., 2023).

In eukaryotes, the first stage of transcription initiation occurs at the TATA box
and is known as preinitiation complex formation. The multi-subunit transcription
factor 11 D (TFIID) attaches to the minor groove of the TATA box at its TATA-
binding protein (TBP) subunit, which triggers the formation of the preinitiation
complex, illustrated in Figure 1 (Starr & Hawley, 1991; White, 2011).

/Pol il

U gene
Figure 1 - The promoter structure and basal transcription machinery of RNA

polymerase Il1-transcribed genes demonstrating TATA box region, TBP, TFIID and
RNA polymerase 11 (White, 2011).
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Additionally, most plant promoters contain an Upstream Sequence Element
(USE) 30 bp upstream of the TATA box region, which increases the expression
of a neighbouring gene (Kanai et al., 2023). Both these motives are cis-regulatory
elements (CRES) present in plant promoter sequences and are necessary for the
regulation of gene transcription. Figure 2 presents the USE and TATA box
motives upstream of the TSS (+1) of the U6 SnRNA gene in Arabidopsis thaliana

and Ricinus communis.

USE TATA box

AtU6-1
RcU6~-1 CTGIC
RcU6-2 TTGT
RcU6-3 TTGT
F
I
E
F
F

U6 snRNA

Figure 2 — The USE, TATA box, TSS and U6 snRNA gene in Arabidopsis thaliana
(AtU6-1) and Ricinus communis (RcU61-8) (Kanai et al., 2023).

1.6 In-Fusion Cloning

In-Fusion cloning can be implemented for fast, efficient, and directional cloning

of one or more DNA fragments into any vector at any location. The key
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component of the In-Fusion cloning method is the application of the In-Fusion
enzyme premix, which efficiently and precisely fuses DNA fragments (such as
PCR-generated inserts and linearized vectors) by recognizing 15-bp overlaps at
their ends. Therefore, no restriction digestion, phosphatase treatment, or ligation
Is required. Using specific primers especially designed for the amplification of
the target sequences, these 15-bp overhangs can be generated by a PCR reaction.
The schematic overview of the In-Fusion cloning method from In-Fusion® HD

Cloning Kit User Manual (Takara Bio USA, Inc) is presented in Figure 3.

Amplify your gene of interest =

; ; [=5]
PCR product with 15 bp extensions —
complementary to the vector ends Any
7 vector
A\
In-Fusion enzyme, vector,
and PCR product \\ S?/ ——
Deswed 15 min {liquid) or 30 min (EcoDry
construct single-tube reaction

A\

Figure 3 - In-Fusion cloning method for cloning of amplified insert fragment into a

linearized vector with 15-bp complementary overhangs in a single tube reaction, In-
Fusion® HD Cloning Kit User Manual (Takara Bio USA, Inc).

pChimera vector (2909 bp) is conventionally used for plant gene editing, which
contains AtU6-26 promoter from Arabidopsis thaliana and sgRNA scaffold
sequence, as well as ampicillin resistance gene as a selection marker in its

backbone. The features of this plasmid are demonstrated in Figure 4.
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pChimera_Addgene
2 9090p

Figure 4 — The map of pChimera cloning vector (2909 bp) demonstrating T7 promoter,
AtUG6-26 promoter, sgRNA scaffold, ampicillin resistance (AmpR) gene and AmpR
gene promoter in CLC Main Work Bench.

To construct the desirable cloning vector, the AtU6-26 promoter can be replaced
by a potato promoter (StU6) using In-Fusion cloning. For this purpose, specific
primers can be designed to amplify the StU6 promoter and pChimera vector to

create PCR products with 15-bp complementary overhangs.

1.7 Impact of this Study

An efficient method of converting genetic knowledge into improved crop
varieties is through genome editing. The promising future of potato gene editing
and the numerous applications of CRISPR-Cas9 technology in this field has
grown exponentially during the past decades and requires vigilant experimental

efforts.
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This experiment helps us to choose the proper promoter for the expression of the
sgRNA scaffold in potato protoplast via the design and construction of cloning
vectors that harbour endogenous potato StU6 promoter. After transfection of
potato protoplast with several vectors, RT-gPCR can be used to compare the
transcription level of sgRNA and ultimately to determine the efficacy of each
StU6 promoter for CRISPR-Cas9 gene editing.

1.8 Aim and Obijectives

The overall aim of this study was to design and construct different cloning
vectors containing endogenous potato StU6 promoter using In-Fusion cloning to
drive the expression of sgRNA in potato protoplasts in order to improve the

efficiency of CRISPR Cas9 gene editing.

1.8.1 Specific Objectives

1. PCR Amplification of StU6 promoter from potato gDNA

2. Cloning of the StU6 promoter into Zero Blunt® vector and bacterial

transformation

3. Plasmid isolation and sequencing to verify positive clones

4. Phylogenetic analysis to select individual clones

5. Restriction digest analysis to confirm the identity of pChimera
6. PCR amplification of StU6 promoter and pChimera

7. In-Fusion cloning, bacterial transformation and colony PCR
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2. Material and Methods

2.1 Study Design and Area

A research project's ability to run consistently and effectively is greatly impacted
by the careful design of the experimental procedure. Since an experimental
design is essential to secure the goals and objectives of the project, a schematic

presentation of the experimental design in presented in Figure 5.

StU6 amplification

TromgbNA ST e
’ﬂTP primer 5w 3 5
" u’ dl design 3 s 5
> u/rm\u 5 3 —
ll'm\ﬂ. gel electrophoresis
- recombinant DNA
PCR
e -0 -
: phylogenetic analysis gel extractionrand
purification
bacterial transformation
] Y s - In-Fusion
Bacterial Cell 3 9 .
li’umf’{ Sanger sequencing cloning

Linearized

plasmid isolation

Figure 5. Schematic representation of the experimental design.

This study was carried out in the Biohus laboratory facility of the Inland Norway
University of Applied Sciences, Hamar Campus. To accomplish the goals and

objectives of this investigation, the workflow shown in Figure 6 was followed.
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Sanger Sequencing Plasmid Isolation

Pritner Design PCR Amplification Gel Extraction and In-Fusion Clopin
g of Insert and Vector Purification of Vector i g

Figure 6 — Experimental workflow for design and construction of cloning vectors for

transfection of potato protoplasts using In-Fusion cloning.

2.2 PCR Amplification of the StU6 Promoter

In order to retrieve the StU6 promoter from potato Désirée and Asterix cultivars
gDNA, 4 sets of forward primers were used for the amplification of StU6-1,
StU6-2, StU6-3 and StU6-4, as well as a common reverse primer for all of them,
reported in Table 1 (Johansen et al., 2019).

Table 1 — The forward and reverse primer sequences used for the amplification
of StU6 promoter from potato gDNA.

Promoter Forward Primer (5'-3") Common Reverse Primer (5'-3')
StU6-1 AGCAAGATGCAATGTATCAACTCA GCCATGCTAATCTTCTCTGTATCG
StU6-2 ACCACTTAAACTGAGAACAGTCAA

StU6-3 TTCACTTAGTTCAGTTGCATTATGTC

StU6-4 GATAAATTCTTAAAGTTGAGTAACC
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The PCR reaction was performed according to the user protocol for Phusion
High-Fidelity PCR Master Mix (F531L, Thermo Scientific, USA), and the PCR
components and cycles are reported in Tables A.1 and A.2 in the Appendix,
respectively. 1.5% agarose gel electrophoresis was used to visualize StU6

promoter bands in Désirée and Asterix potato cultivars, presented in Figure 7.

2.3 Cloning of StU6 Promoter and Transformation

After the PCR amplification of Désirée and Asterix StU6 promoters, 1 ul of 4
amplicons (StU6-1, StU6-2, StU6-3 and StU6-4) were cloned into pCR® Blunt
vector according to the manufacturer’s protocol for Zero Blunt® PCR Cloning
kit (Invitrogen, USA). The details of the ligation reaction are presented in Table
A.3 in the Appendix.

Thirty-three pl OneShot Top 10 Chemically Competent Cells (Invitrogen, USA)
were used for StU6-1, StU6-2 and StU6-3, while 50 pl cells were used for StU6-
4. The cells were thawed on ice and transformed using 3 pl of the ligation tubes
according to the producer’s protocol with minor modifications. The heat shock
was performed at 42 °C for 45 seconds and the cells were transferred on ice

immediately.

Two hundred and fifty pl of S.O.C. (super optimal broth with catabolite
repression) medium (2% tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM
KCI, 10 mM MgCl;, 10 mM MgSOQO,, and 20 mM glucose) was added into each
tube and incubated on shaking incubator for 1 hour. Then, the cells were plated
out on LB plates supplemented with Ampicillin to a final concentration of 100
pg/ml to grow overnight at 37 °C.
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2.4 Plasmid Isolation and Quantification

Two putative positive colonies from the transformation reaction of StU6-1,
StU6-2 and StU6-3 and 20 colonies from StU6-4 in both Deésirée and Asterix
cultivars were selected and transferred into sterile plastic culture tubes containing
3 ml of LB broth medium with 100 pug/ml of Ampicillin. The tubes were then
placed into a shaking incubator (225 rpm) for 18 hours at 37 °C.

Plasmid DNA was isolated from 3 ml cultures using PureYield™ Plasmid
Miniprep System (A1222, Promega, USA) according to the manufacturer’s
instructions. Only minor modifications were done where water was used for
pellet resuspension prior to cell lysis and centrifugation was performed at the
maximum speed of 14.8 rpm. After elution, a Qubit 4 Fluorometer was used to

quantify the concentration of plasmid DNA in each sample (reported in Table 5).

2.5 Sanger Sequencing

2 plasmid samples from the Désirée cultivar amplicons were obtained for StU6-
1, StU6-2 and StU6-3, as well as 20 samples for StU6-4. Additionally, 2 plasmid
samples from the Asterix cultivar were obtained for StU6-1, StU6-2 and 20
samples for StU6-4. The samples were analysed by Sanger sequencing (Eurofins

Genomics, Ebersberg, Germany).

The sequencing data associated with StU6-1, StU6-2, StU6-3 and StU6-4 in
Désirée and StU6-1, StU6-2 and StU6-4 in Asterix were trimmed and analysed
using QIAGEN CLC Main Workbench (CLCMWB) (version 7.9.3, QIAGEN
Aarhus AS) and are reported in the Appendix (page 75-78).

A sequence pattern of 5'-GTCCCTTCGGGGA-3' was used to locate the ShRNA
gene and the first G was annotated as TSS. To confirm the presence of potato
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promoter sequence in Désirée and Asterix clones, TATA box and USE conserved

motives were studied in CLCMWB. The TTATAT consensus sequence was used
to identify TATA box regions in the clones, while CCACATCG or CCTCATCG

consensus sequences were used for USE identification.

The StU6 promoter sequences were retrieved from the NCBI nucleotide
sequence database using accession numbers (Z17290.1, Z17292.1, Z17293.1 and
Z17301.1 for StU6-1, StU6-2, StU6-3 and StU6-4, respectively) and are
presented in FASTA format in Table 2.

Table 2 - StU6 promoter sequences retrieved from NCBI nucleotide sequence

database in FASTA format, as well as the accession number and length (bp).

Promoter

Accession
Number

Length
(bp)

FASTA Sequence

StUé6-1

717290.1

421

>717290.1 S.tuberosum DNA for U6 small nuclear RNA promoter region
AAATGGTACAAGTTGAATATGGGGGCAAATCTGGACTCTAGGCTT
AGTTGGGCTCTATGTGCATATAAAAGCAAGAGCAAAAACCTGTAG
CTAGGTCCAGGCCCATGCCTTTGGTAAAACTCAATGTGCTAATTCT
CCCTCATCGTCTGCAGAGAGAAGCCTCGCTGTGTTTATATAATTGA
ACAGTAACATGCATGCTT

StU6-2

Z17292.1

433

>717292.1 S.tuberosum DNA for U6 small nuclear RNA promoter region
GATCCAGGCCCATGCAGTTGAAAAATACTCAACTAGAAAGCTATTT
TCCTCACATCGGCTAAAGAAAGCTTCTTTGTTTTATTTATATTGCGT
AACATTAACATCTATAATT

StU6-3

Z17293.1

372

>717293.1 S.tuberosum DNA for U6 small nuclear RNA promoter region
GATCCAGGCCCGCAAAAGAAACCCAACAAGCAAATTATCCCTCAT
CGAATGCATAAAGCTTCTTTGTCTAGTTTATATGGCGGAATATTAAC
ATGTGTGCTT

StU6-4

Z17301.1

318
321
374

>717301.1 S.tuberosum gene for U6 small nuclear RNA
AAACAAGCGCAAAAAGGAGTCCAGGCCCGTGTTAGCGTGAAGAC
TCAACCAGCGATTTCTCCCTCATCGGTTGCACAGAAAAGCTGTGTG
TTGTTTATATGGCGAAACCTAACAGTCTGACTTGTCCCTTCGGGGA
CATCCGATAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCT
GCGCAAGGATGACACGCACAAATCGAGAAATGGTCCAAATTTTTTT
TTGCCATTTTTTCCGAGCTCCATTTTCAAATTTTTTGGGGGTTTTGA
AGTCGCCTA
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Additionally, the promoter sequence of the Arabidopsis thaliana U6-1 snRNA
gene was retrieved from NCBI using the accession number (X52527.1) and is

presented in Table 3.

Table 3 - The accession number, length (bp) and FASTA sequence associated
with the Arabidopsis thaliana U6-1 snRNA gene from NCBI.

U6-1 snRNA gene

Name Accession | Length | FASTA Sequence
Number (bp)
. . . >X52527.1 Arabidopsis thaliana U6-1 snRNA gene
Arabldop'SZS thallana X52527' 1 795 AGAAATCTCAAAATTCCGGCAGAACAATTTTGAATCTCGATCCGTAGAAACGAG

ACGGTCATTGTTTTAGTTCCACCACGATTATATTTGAAATTTACGCTGAGTGTG
AGTGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGAAAAAATTCAATAATA
TAAATGGGCTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCTAAAATAGGCCCAT
TTAAGCTATTAACAATCTTCAAAAGTACCACATCGCTTAGGTAAAGAAAGCAGC
TGAGTTTATATATGGTTAGAGACGAAGTAGTGATTGTCCCTTCGGGGACATCCG
ATAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACA
CGCATAAATCGAGAAATGGTCCAAATTTTTTTTGGCAAAAATTTTCAGATTTTT
TCTTCATCTGTAGATTTCTGGGTTTTTTTTTCCGTTTCGGTGAATCATAAGTGA
AGTTTTGGATGCAAATCTGCGCGAAAAAAGTTGGACCTGCAATGAGCTTATTTA
GATAGCTAAGACAAAGTGATTGGTCCGTTGTTTCAGTTCTGATTGTCAGAGAGT
TTGTTTCGAGACGGCGACACCAATGCGTTTTGTTAACCAGATTTCGGGTAAGAA
ATGTATCGAGAGTTTGTTTCGAGACGGCTACATCATTTTCTTATGAAGGGTGAA
ATTAGATAGACCAAAGATTGAAACACAACATTTCTTTCACAAAAATATAATAAA

CTTGATAGCATTTAGGATCAGCTACTCTCACTAATCAGT

Each clone was furthered searched in NCBI using BLASTn RefSeq Genome
Database (refseq_genome) associated with Solanum tuberosum (taxied 4113).
The best hits with sequence 1D, score, e-value, identity and gaps in Désirée and
Asterix clones are presented in the Appendix in Tables A.13 and A.14,

respectively.

Additionally, the sequences from 26 Désirée and 24 Asterix clones were further
aligned in CLCMWB and the clones with 100% identity were excluded (data not
reported). Based on this similarity assessment, the Asterix clones were further
aligned with Désirée clones and excluded from the cloning experiment since they
were 100% identical to the Désirée clones (data not reported).
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Furthermore, seven representative StU6 clones from Desiree (StU6-1 D1, StU6-
2 D1, StU6-2 D2, StU6-3 D1, StU6-4 D1, StU6-4 D6, StU6-4 D14) were aligned
with the Arabidopsis thaliana U6-1 snRNA gene (X52527.1) and StU6 promoter
sequences from NCBI (Z17290.1, Z17292.1, Z17293.1 and Z17301.1) in
CLCMWSB (Figure 8).

2.6 Phylogenetic Analysis

Seven representative clones from Désirée (StU6-1 D1, StU6-2 D1, StU6-2 D2,
StU6-3 D1, StU6-4 D1, StU6-4 D6, StU6-4 D14) and 5 from Asterix (StU6-1
Al, StU6-1 A2, StU6-2 A2, StU6-4 Al, StU6-4 A2) were used for the

phylogenetic analysis.

The promoter sequences retrieved from NCBI (Z17290.1, Z217292.1, Z17293.1
and Z17301.1) were then aligned with the representative Désirée and Asterix
clones in CLCMWB to study their similarities and a phylogenetic tree was
constructed based on the Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) method (reported in the results, Figure 9).

2.7 Restriction Digest Analysis of the Cloning Vector

pChimera (Plasmid #61476) was ordered from AddGene and a NanoDrop
spectrophotometer (Thermo Scientific, USA) was used for quality and quantity
evaluation using 2 ul of plasmid DNA (reported in Table 8).

To validate the identity of pChimera in the tube, a restriction digest analysis was
performed using Pvull restriction enzymes (New England Biolabs). According

to the protocol available on the New England Biolabs website for Pvull
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restriction digest analysis enzyme, 5.2 ul of the plasmid (0.19 pg/ul) was digested
by Pvull enzyme and NEBuffer r3.1 (New England Biolabs). The reaction details
are presented in the Appendix in Table A.4.

After 15 minutes of incubation at 37 °C, 4 ul of the sample was diluted in 6 ul of
Nuclease-free water. Then, 2 ul of 6X Gel Loading Dye Purple (New England
Biolabs) was added and the bands were visualized by 1% TAE agarose gel

electrophoresis (reported in the results, Figure 10).

2.8 Primer Design for the Amplification of Insert and Vector

The online Takara Bio primer design tool was used to design primers specific for
the amplification of insert (StU6-1 D1, StU6-2 D1, StU6-2 D2, StU6-3 D1,
StU6-4 D1, StU6-4 D6, StU6-4 D14) and vector (pChimera) for InFusion
cloning. The forward and reverse primer sequences for each PCR reaction are

presented in Table 4.
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Table 4 - The forward and reverse primer sequences for the PCR amplification
of insert fragments (StU6-1 D1, StU6-2 D1, StU6-2 D2, StU6-3 D1, StU6-4 D1,
StU6-4 D6, StU6-4 D14) and vector (pChimera).

Template | Direction | Primer Name | Sequence (5'-3")
StU6-1 D1 | Forward 1D13Ins1F CCAGAGCTCCCTAGGAGTTTAACATAT
TTACAAATTGACA
Reverse 1D14Ins1R CTTCTCGAAGACCCCCAAGCATACAT
GTTACTGTTCA
StU6-2 D1 | Forward 2D13Ins1F CCAGAGCTCCCTAGGTACTACTTGCG
CGTGCAT
Reverse 2D14Ins1R CTTCTCGAAGACCCCCAATTATAGATG
TTAATGTTACGCA
StU6-2 D2 | Forward 2D23Ins1F CCAGAGCTCCCTAGGTGAAAAAATAA
TACTAAATTTTTGA
Reverse 2D24Ins1R CTTCTCGAAGACCCCCAATTATAGATG
TTAATGTTACGC
StU6-3 D1 | Forward 3D13Ins1F CCAGAGCTCCCTAGGTCAGTTAATAC
AGAAAGAAAAAATC
Reverse 3D14Ins1R CTTCTCGAAGACCCCCAAGCATACAT
GTTAATATTCCG
StU6-4 D1 | Forward 4D13Ins1F CCAGAGCTCCCTAGGTGTCTTTATACA
CCCCTACCTAG
Reverse 4D14Ins1R CTTCTCGAAGACCCCCGAGCTAAACT
GTTAGGTTTCGC
StU6-4 D6 | Forward 4D63Ins1F CCAGAGCTCCCTAGGTTATGTCTTTAT
ACAACCCTACC
Reverse 4D64Ins1R CTTCTCGAAGACCCCCAAGTCAGACT
GTTAGGTTTCG
StU6-4 D14 | Forward 4D143Ins1F CCAGAGCTCCCTAGGATAGGTAAATTC
TGAAATATGAGGT
Reverse 4D144Ins1R CTTCTCGAAGACCCCCGAACTGGACT
GTTAGGTTTCGC
pChimera Forward AllDallalIDVF GGGGTCTTCGAGAAGACCTG
Reverse AllDallallDVR CCTAGGGAGCTCTGGACAAGAC

The components used for the PCR reaction, as well as the PCR cycles are
reported in the Appendix in Tables A5 A.6 and A.7. 1.5 % agarose gel
electrophoresis was performed to visualize the PCR products (reported in the
results, Figures 11 and 12).
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A NanoDrop spectrophotometer (Thermo Scientific, USA) was used to evaluate
the concentration of insert fragments using 1 pl of the PCR reaction and 1 ul of
the elution buffer for blanking the instrument from NucleoSpin® and PCR clean-
up kit (Macherey-Nagel™, Takara Bio, USA, Inc.) (Table 9).

2.9 Gel Extraction and Purification of Vector

In order to extract and purify the vector, fresh 0.8% agarose gel was excised
around the vector borders from lanes 2 and 4 (Figure 13). Two gel slices
containing 50 and 25 ng/ul linearized pChimera were retrieved and purified using
the NucleoSpin® Gel and PCR Clean-up (Macherey-Nagel™, Takara Bio, USA,
Inc.) protocol with minor modifications. Incubation with NTI solution was
performed at 50 °C for 8 minutes and elution buffer was pre-heated at 70 °C for

5 minutes to increase efficiency.

Elution was performed using 30 ul of the elution buffer to purify the plasmid
DNA from samples 1 and 2 and labelled as primary elution. After incubation at
RT for 5 minutes, the NucleoSpin® Gel and PCR Clean-up collection tubes were
placed into new Eppendorf tubes and secondary elution was achieved for each
sample using 30 ul of the elution buffer. After another 5-minute incubation at
RT, 1.5 pl of the primary and secondary elution from each sample were mixed

to bring to the total volume of 3 ul and labelled as an aliquot mixture,

After elution, a NanoDrop spectrophotometer (Thermo Scientific, USA) was
used to evaluate the quantity and purity of the extracted DNA fragment in each
tube (reported in the results, Table 10). For this purpose, 1 ul of the linearized
plasmid DNA was used for NanoDrop quantification and 1 ul of the elution

buffer from the purification step was used for blanking the instrument.
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Gel electrophoresis was further performed using 1% agarose gel to verify the
presence of vector in the primary and secondary elution solution, as well as the

aliguot mixture from both samples (Figure 14).

2.10 In-Fusion Cloning

The cloning reaction was performed according to the In-Fusion® HD Cloning
Kit user manual using 1 and 2 ul of insert (StU6-1 D1) and vector, respectively.
A negative control reaction was also included using 1 ul of PCR H0O instead of

insert. The reaction details are presented in Table A.8 in the Appendix.

Fifty ul of Stellar Competent Cells were transformed by heat shock at 42 °C for
45 seconds using 2.5 ul of the In-Fusion and negative control reactions, and
grown on a prewarmed S.0.C. medium (37 °C) in a shaking incubator at 37 °C
for 1 hour. Agar plates containing LB medium and 100 mg/ml ampicillin were
used to spread 5, 100 and 200 nl of the In-Fusion reaction, as well as the negative
control. For the 5 ul plates, an additional amount of prewarmed S.0.C. medium
was added to facilitate spreading. The plates were then transferred to an incubator

to grow at 37 °C overnight.

The next day the bacterial growth was inspected (presented in Figure 15) and 17
putative positive colonies from 5 ul StU6-1 D1 plate were selected for colony
PCR using HOT FIREPol® DNA polymerase. An area of the plate with no colony
formation was also included as NTC for the PCR reaction. The reaction details
and PCR cycles associated with colony PCR are presented in the Appendix in
Tables A.9 and A.10, respectively. 5 ul of the PCR reaction was used to visualize

bands by 1.5% agarose gel electrophoresis illustrated in Figure 16.
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3. Results

3.1 PCR Amplification of the StU6 Promoter

PCR amplification of the StU6 promoter from Désirée and Asterix cultivars
generated a single fragment amplicon for StU6-1 (421 bp), StU6-2 (433 bp),
StU6-3 (372 bp) and 3 fragments for StU6-4 (318, 321 and 374 bp) on 1.5%

agarose gel electrophoresis (Figure 7).

Figure 7 - PCR amplification of StU6 promoter in Désirée and Asterix potato cultivars.
Lane 1: 100 bp DNA ladder, lane 2: StU6-1 in Désirée (421 bp), lane 3, StU6-1 in Asterix
(421 bp), lane 4: NTC for StU6-1, lane 5: StU6-2 in Désirée (433 bp), lane 6: StU6-1 in
Asterix (433 bp), lane 7: NTC for StU6-2, lane 8: StU6-3 in Désirée (372 bp), lane 9, StU6-3
in Asterix (372 bp), lane 10: NTC for StU6-3, lane 11: StU6-4 in Désirée (3 bands of 318,
321 and 374 bp), lane 12: StU6-4 in Asterix (3 bands of 318, 321 and 374 bp), lane 13: NTC
for StU6-4.

3.2 Quantification of Plasmid DNA Containing StU6
Promoter

The concentration of plasmid DNA (ng/ul) in Désirée and Asterix clones

evaluated by Qubit are reported in Table 5.
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Table 5 - The concentration of plasmid DNA (ng/ul) evaluated by Qubit

harbouring StU6 promoter in Désirée and Asterix clones.

Désirée Asterix
Promoter | Clone | Concentration | Promoter | Clone | Concentration
(ng/pl) (ng/pl)
StU6-1 | DI 221 StU6-1 | Al 212
D2 278 A2 439
StU6-2 | DI 394 StU6-2 | Al 386
D2 682 A2 435
StU6-3 | DI 391 - - -
D2 785 - -
StU6-4 | DI 323 StUu6-4 | Al 323
D2 540 A2 312
D3 337 A3 438
D4 369 A4 266
D5 397 A5 264
D6 315 A6 609
D7 239 A7 316
D8 307 A8 565
D9 448 A9 194
D10 299 Al0 389
DI11 222 All 202
D12 348 Al2 471
D13 342 Al3 243
D14 456 Al4 347
D15 362 AlS 284
D16 534 Al6 523
D17 284 Al7 230
D18 342 Al8 358
D19 372 Al9 334
D20 316 A20 315
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3.3 Sequence Analysis

The trimmed sequencing data associated with the StU6 promoter sequence in
Désiree and Asterix are provided in the Appendix. The length of the promoter
(bp), TSS location (bp), as well as the location and sequence associated with the
TATA box and USE in Désirée and Asterix clones are presented in Tables 6 and

7, respectively.

Table 6 - The promoter length (bp), TSS location (bp), TATA box and USE

location and sequence in Désirée clones.

Cultivar] Promoter| Clone| Length | TSS | TATA | TATABoOX USE USE
(bp) (bp) | Box Sequence Position | Sequence
Position (bp)
(bp)

Désirée | StU6-1 | D1 476 422 | 392-400 | TTATATAAT | 359-366 | CCTCATCG
D2 476 422 | 392-400 | TTATATAAT | 359-366 | CCTCATCG

StU6-2 D1 461 407 | 277-382 | TTATAT 344-351 | CCACATCG
D2 489 435 | 405-410 | TTATAT 372-379 | CCACATCG

Stue-3 | D1 427 373 | 343-348 | TTATAT 310-317 | CCTCATCG
D2 427 373 | 343-348 | TTATAT 310-317 | CCTCATCG

Stué-4 | D1 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG
D2 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D3 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D4 429 375 | 346-351 | TTATAT 313-320 | CCTCATCG

D5 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D6 373 319 | 290-295 | TTATAT 257-264 | CCTCATCG

D7 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D8 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D9 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D10 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D11 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D12 | 373 319 | 290-295 | TTATAT 257-264 | CCTCATCG

D13 | 429 375 | 346-351 | TTATAT 313-320 | CCTCATCG

D14 | 429 375 | 346-351 | TTATAT 313-320 | CCTCATCG

D15 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D16 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D17 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D18 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D19 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG

D20 | 376 322 | 293-298 | TTATAT 260-267 | CCTCATCG
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Table 7 - The promoter length (bp), TSS location (bp), TATA box and USE

location and sequence in Asterix clones.

Cultivar] Promoter] Clone| Length | TSS | TATA | TATABox USE USE
(bp) (bp) | Box Sequence Position | Sequence
Position (bp)
(bp)

Asterix | StU6-1 | Al 475 421 | 391-399| TTATATAAT | 358-365 | CCTCATCG
A2 476 422 | 392-400| TTATATAAT | 359-366 | CCTCATCG

Stue-2 | Al 438 434 | 404-409| TTATAT 371-378 | CCACATCG
A2 488 434 | 404-409| TTATAT 371-378 | CCACATCG

Stue-4 | Al 376 322 | 293-298| TTATAT 260-267 | CCTCATCG
A2 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

A4 | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

A5 429 375 | 364-351| TTATAT 313-320 | CCTCATCG

A6 429 375 | 364-351| TTATAT 313-320 | CCTCATCG

A8 429 375 | 364-351| TTATAT 313-320 | CCTCATCG

A9 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

A10 | 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

All | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

Al12 | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

Al3 | 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

Al4 | 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

Al5 | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

Al6 | 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

Al7 | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

Al8 | 376 322 | 293-298| TTATAT 260-267 | CCTCATCG

Al9 | 429 375 | 346-351| TTATAT 313-320 | CCTCATCG

A20 | 429 373 | 346-351| TTATAT 313-320 | CCTCATCG

Additionally, the distance of the TATA box and USE from each other and TSS
associated with Desirée and Asterix clones are reported in the Appendix in
Tables A.11 and A.12, respectively. In all StU6-1 clones, the TATA box and
USE were located 21 and 55 bp upstream of the TSS, respectively. For StU6-2
and StU6-3 clones (in only Désirée), the TATA box and USE region were
identified 24 and 55 bp upstream of the TSS, while for StU6-4, they were located
at a 24 and 54 bp distance. The distance of the TATA box and USE region in all

four promoters was similar (25 bp) for all clones.
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These conserved motives were also observed in the Arabidopsis thaliana U6-1
SnRNA gene (X52527.1) sequence upstream of the TSS and are demonstrated in
Figure 8. TATA box and USE regions were located 23 and 54 bp upstream of
the TSS with a 24 bp distance between the two. Additionally, in Z17290.1,
Z17292.1 and Z17293.1 sequences, the TATA box and USE regions were 24 and
55 bp upstream of the TSS, respectively. However, this distance was shorter for
Z17301.1 (23 and 54 bp for the TATA box and USE, respectively). In all the four
promoters, USE was located 25 bp upstream on the TATA box (Figure 8).
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Figure 8 - The sequence alignment of the seven representative StU6 and Arabidopsis
thaliana U6-1 snRNA gene (AtU6-1) and StU6 promoters (Z17290.1, Z17292.1,
Z17293.1 and Z17301.1) from NCBI in CLCMWB demonstrating USE (red arrows),
TATA box (green arrows) and TSS (red oblongs) elements.

3.4 Phylogenetic Analysis

The multiple sequence alignments of StU6 promoter sequences as the query in
NCBI’s genome database showed 100% identity in Désirée StU6-3 D1 and D2,
as well as StU6-4 D1, D2, D3, D5, D7, D8, D9, D10, D11, D15, D16, D17, D18
and D19 (Appendix, Tables A.13). In Asterix, StU6-2 Al and A2, StU6-4 Al,
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A9, Al10, Al13, Al4, A16 and A18 clones shared 100 % sequence identity,
presented in the Appendix, Table A.14. However, the alignment score and

number of gaps were different.

The phylogenetic tree based on the UPGMA algorithm revealed the presence of
four different clusters each corresponding to one of the StU6 promoter sequences
shown in Figure 9. The first cluster demonstrated a high degree of conservation
between StU6-1 D1, StU6-1 Al, StU6-1 A2 and Z17290 sequences, while the
second cluster showed similarity among StU6-2 D1, StU6-2 D2, StU6-2 A2 and
Z17292. StU6-3 D1 and Z17293 formed a third cluster, whereas StU6-4 D1,
StU6-4 D6, StU6-4 D14, StU6-4 Al, StU6-4 A2 and Z17301 formed the fourth

cluster.
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Figure 9 - The phylogenetic tree of 12 representative clones from Désirée and Asterix
cultivars and 4 StU6 promoters (217290, Z17292, Z17293 and Z17301) demonstrating
four distinct clusters based on the UPGMA method.




38

3.5 Quantification and Restriction Digest Analysis of

pChimera

A NanoDrop spectrophotometer (Thermo Scientific, USA) was used for the

evaluation of plasmid concentration. The plasmid DNA concentration, as well as

260/280 and 260/230 ratios are presented in Table 8.

Table 8 — The evaluation of pChimera, demonstrating the plasmid concentration,
260/280 and 260/230 ratios by NanoDrop spectrophotometry.

Sample

Concentration (ng/pl)

260/280

260/230

pChimera gDNA

265.9

1.85

2.11

2 fragments of approximately 570, 2300 bp were observed on 1.5% agarose gel

as a result of treatment by Pvull restriction enzyme, shown in Figure 10.

Figure 10 — pChimera restriction digest analysis using Pvull enzyme. Lane 1: 1 kb DNA
ladder, lane 2: Pvull restriction digest reaction (2 fragments of 776 and 2133 bp shown by

red arrows), lane 3: Uncut plasmid as positive control (1 fragment of approximately 2900
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3.6 PCR Amplification of Insert and Vector

The PCR fragments associated with StU6 promoter (insert) and pChimera

(vector) are presented in Figures 11 and 12, respectively.

U

L

-—
—
—
—

DNA Ladder
StU6-1 D1 '
NTC
swe2p1 -
NTC

StU6-2 D2 '
NTC

StU6-3 D1 '
NTC

DNA Ladder
StU6-4 D1
StU6-4 D6
StU6-4 D14
DNA Ladder

DNA Ladder

Figure 11 - PCR amplification of insert. Lane 1, 10, 11 and 18: 1 kp DNA ladder, lane 2:
StU6-1 D1, lane 3: NTC for StU6-1 D1, lane 4: StU6-2 D1, lane 5: NTC for StU6-2 D1, lane
6: StU6-2 D2, lane 7: NTC for StU6-2 D2, lane 8: StU6-3 D1, lane 9: NTC for StU6-3 D1,
lane 12: StU6-4 D1, lane 13: NTC for StU6-4 D1, lane 14: StU6-4 D6, lane 15: NTC for
StU6-4 D6, lane 16: StU6-4 D14, lane 17: NTC for StU6-4 D14.
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Figure 12 - PCR amplification of vector. Lane 1 and 4: 1 kb DNA ladder, lane 2: High
intensity band of pChimera (2520 bp), lane 3: NTC.
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A NanoDrop spectrophotometer (Thermo Scientific, USA) was used for the
evaluation of insert fragments after the PCR reaction. DNA concentration
(ng/ul), 260/280 and 260/230 ratios, as well as yield (ng) are presented in Table
9. The yield (ng) was calculated according to the below formula to determine the

accurate amount of insert needed for the In-Fusion cloning reaction.

Yield (ng) = Concentration (ng/ul) x Volume (ul)

Table 9 - The quantification of insert fragments by NanoDrop
spectrophotometry, demonstrating the DNA concentration (ng/ul), 260/280 and
260/230 ratios, and yield (ug).

Sample Volume | Concentration | 260/280 | 260/230 Yield

(uD) (ng/pl) (ng)
StU6-1 DI 25 498.02 1.51 0.83 12.45
StU6-2 D1 25 354.85 1.39 0.65 8.87
StU6-2 D2 25 478.43 1.47 0.67 11.96
StU6-3 D1 25 525.36 1.52 0.85 13.13
StU6-4 D1 25 392.27 1.46 0.73 9.80
StU6-4 D6 25 370.57 1.46 0.71 9.26
StU6-4 D14 25 550.88 1.59 0.89 13.77

3.7 Gel Extraction and Purification of Vector

Figure 13 illustrates high-intensity bands associated with linearized pChimera
(25 and 50 ng/ul) after PCR amplification on 0.8% agarose gel.
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Figure 13 - Linearized vector on 0.8% agarose gel. Lane 1: 1 kb DNA Ladder, lane 2: 50
ng/ul pChimera (2520 bp), lane 3: 25 ng/ul pChimera (2520 bp), lane 5: NTC.

The quantity and purity of the extracted vector after the elution step were
evaluated by NanoDrop spectrophotometer (Thermo Scientific, USA) and are
presented in Table 10. The yield was highest in the primary elution of sample 1
(843.3 ng) and lowest in the aliquot mixture of sample 1 primary and secondary
elution (49.62 ng).
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Table 10 — The quantification of linearized pChimera vector by NanoDrop
spectrophotometry, demonstrating the plasmid concentration (ng/ul), 260/280
and 260/230 ratios, and yield (ng) in primary and secondary elution, as well as

the aliquot mixture of primary and secondary elution in sample 1 and 2.

Linearized Volume | Concentration | 260/280 | 260/230 | Yield
pChimera (nb) (ng/pl) (ng)
Sample 1 - Primary 30 28.11 2.11 1.55 843.3
Elution

Sample 2 - Primary 30 2142 2.25 1.84 642.6
Elution

Sample | - 30 15.48 2.17 0.19 464.4
Secondary Elution

Sample 2 - 30 6.73 3.01 0.38 201.9
Secondary Elution

Sample 1 — Aliquot 3 19.54 2.33 0.40 49.62
Mixture

Sample 2 — Aliquot 3 17.02 2.44 0.80 51.06
Mixture

Figure 14 demonstrates the presence of vector in the elution solution by 1%
agarose gel electrophoresis. A 2520 bp band was observed in all the lanes
associated with the purified vector. The intensity of the bands corresponded to
the DNA concentration and was highest in the primary elution, followed by the

aliquot mixture and secondary elution.
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Figure 14 - Verification of the presence of linearized pChimera vector (2520 bp) in the
primary and secondary elution buffer, as well as aliquot mixture. Lane 1 and 8: 1 kb
DNA Ladder, lane 2: pChimera in primary elution from sample 1, lane 3: pChimera in
primary elution from sample 2, lane 4: pChimera in secondary elution from sample 1, lane 5:
pChimera in secondary elution from sample 2, lane 6: pChimera in the aliquot mixture from

sample 1, lane 7: pChimera in the aliquot mixture from sample 2.

3.8 In-Fusion Cloning

The colony formation of the StU6-1 D1 promoter and the negative control in 5,
100 and 200 pl plates are presented in Figure 15. In all the plates, the number of
bacterial colonies was almost double in StU6-1 D1 promoter plates compared to
the negative controls. Moreover, the number of colonies corresponded to the

volume of cells in both StU6-1 D1 and negative control plates.
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Figure 15 - Colony formation on LB agar with ampicillin. a) 5 ul StU6-1 D1, b) 100 pl
StU6-1 D1, ¢) 200 pl StU6-1 D1, d) 5 ul negative control, e) 100 ul negative control, f) 200

ul negative control.

Figure 16 presents the colony PCR of 17 putative positive colonies from 5 pul
StU6-1 D1 plates, as well as negative control. No amplification was observed in

either lane.

Figure 16 - Colony PCR of putative positive colonies from 5 pl StU6-1 D1 plates. Lane 1
and 15: 100 bp DNA ladder, lane 2-19: StU6-1 D1 template DNA, lane 20: NTC.
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4. Discussion

4.1 PCR Amplification of the StU6 Promoter

The PCR amplification of the StU6 promoter generated one amplicon for StU6-
1, StU6-2 and StU6-3 (421, 433 and 372 bp, respectively) in Désirée and Asterix
cultivars, while 3 amplicons were observed for StU6-4 (318, 321 and 374 bp) in
both cultivars (shown in Figure 7). This size polymorphism can be explained by
the complex allelic variations in tetraploid potatoes and was previously reported
in the literature, where Johansen et. al. used 4 different primer sets for the
amplification of the StU6 promoter (Z17290, Z17292, Z17293, Z17301) in
potato Désirée and Wotan cultivars to address this polymorphism (Johansen et
al., 2019).

4.2 Cloning of the StU6 Promoter, Bacterial Transformation,
and Plasmid Isolation
For StU6-4, a higher amount of OneShot Top 10 Chemically Competent Cells
was used for the cloning into Zero Blunt® vector (50 pl) and 20 putative positive
colonies were isolated, as opposed to the other reactions where 33 pl of cells
were used for transformation and 2 colonies were isolated. This has been done
to increase the chance of identifying allelic variations reported previously in
StU6-4, where 3 different variants of this promoter were retrieved from Désirée

and Wotan cultivars (Johansen et al., 2019).

After bacterial transformation, we were able to retrieve 2 plasmid samples from
the StU6-3 clones in Désirée, but not any from Asterix. Since the same growth
conditions were used for all clones, variability in bacterial culture growth
conditions cannot provide a satisfactory explanation for this disparity. Instead,

this can be due to low plasmid yield in Asterix StU6-3 Al and A2 clones as a
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result of incomplete lysis of bacterial cells, inefficient binding of plasmid DNA
to the purification matrix, or degradation of plasmid DNA during the isolation

process.

The concentration of the plasmid DNA containing StU6 promoter ranged from
194 to 785 ng/ul in Désirée and Asterix clones indicating good yield and an
efficient method of plasmid isolation using PureYield™ Plasmid Miniprep
System (A1222, Promega, USA).

4.3 Sequence Analysis

In all Désirée and Asterix clones, TATA box and USE conserved motives were
identified upstream of the TSS associated with StU6 promoter sequences at
NCBI showing a high degree of sequence identity. The length of the promoter
sequence was similar in StU6-1 and StU6-3 clones from Désirée (476 and 427
bp, respectively), but different in StU6-2 (461 and 489) and StU6-4 clones (373,
376 and 429 bp) shown in Table 6. This variation in promoter length was also
present among StU6-1 (475 and 476 bp) and StU6-4 (376 and 429 bp) Asterix
clones, but not for StU6-2 (488 bp), reported in Table 7.

These length differences are associated with indels (insertions and deletions) in
single nucleotides in polyploid potato cultivars that can affect paralogous and
homologous loci. While homologous alleles share a common ancestry, retain
similar sequences and perform related functions, paralogous alleles are within
the same species that arose from gene duplication events. These duplicated genes
can be found either on separate chromosomes (segmental duplication) or on the
same chromosome (tandem duplication) (Fitch, 1970; Holland, 1999; Patterson,
1988).
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Paralogous genes can also exhibit functional divergence, which results in the
acquisition of new activities or the specialization of already-existing ones,
despite sharing similar sequences and performing comparable functions. This
can lead to the expansion of gene families and the generation of genetic diversity

within a species (Li et al., 2019).

Additionally, the location of the TSS, TATA box and USE varied among the
clones. Figure 17 presents the forward and reverse primers, USE, TATA box and
TSS (+1) associated with the Désirée StU6-4 D1 clone in the CLCMWB as an

example.

StU6 F4
40 &
I I
StU6_4 D1 TTCACTTAGTTCAGTTGCATTATGTCTTTATACACCCCTACCTAGATGATTAAGTTTTACTTTAGTTGGTGTG

80 100 120 140

1 ] ] ]
StU6_4_D1 AAATGGATAAATTCTAAAATATGAGGTGTGGAATGAAGGATTGTCATCAATTAGTTGGCCCCAACCAAGTAAA

80 180 200
I I I
StU6_4 D1 ATAAGAAGGCCGGCCCATTACAATTAAGTCGTCACACAAGTGGGCTTCATTGAAACAAGCGCAAAAACGAGTC
USE
220 240 o 280
I I I
StU6_4_ D1 CAGGCCTGTGTTAGCGTGAAGACTCAACCAGCGATTTCTCCCTCATCGCTTACAGAGAAAAGCTGTGTGTGGT
TATA Box Region +1 StUS Rv
300 320 340 2
| I I
StU6_4 D1 TTATATCGCGAAACCTAACAGTTTAGCTCGTCCCTTCGGGGACATCCGATAAAATTGGAACGATACAGAGAAG

StUB Rv

StU6_4 D1 ATTAGCATGGC

Figure 17 — The forward and reverse primers (StU6 F4 and StU6 Ry, respectively),
USE, TATA box and TSS (+1) in Désirée StU6-4 D1 in CLCMWB.

The distance of the TATA box and USE regions from the TSS are reported in
the Appendix in Tables A.11 and A.12 for Désirée and Asterix clones,
respectively. In all the 48 clones studied from Désirée and Asterix, the TATA
box was located 25 bp downstream of the USE. The distance of the TATA box



48

region from the TSS varied from 21-24 bp, while this gap was 54-55 bp for USE.
These results were similar in the Arabidopsis thaliana U6-1 snRNA gene and

StU6 promoter sequences from NCBI (Figure 8).

Inastudy by Kanai et. al in castor (Ricinus communis), the same interval between
the USE and TATA box region (25 bp) was reported, but in their study, the
TATA box was located 28 bp upstream of the TSS demonstrated in Figure 2
(Kanai et al., 2023).

The consensus TATA box sequence shows high similarity but different lengths
among the clones in our study. While the TTATAT sequence was found in most
clones, the TTATATAAT sequence was observed in StU6-1 Désirée and Asterix
clones. Furthermore, the consensus USE sequence of CCTCATCG was
identified for StU6-1, StU6-3 and StU6-4 clones, while StU6-2 Desirée and

Asterix clones had T to A base transversion mutation.

This point mutation occurs on the DNA strand when a single or two-ring purine
(A or G) is changed to a single-ring pyrimidine (T or C), or vice versa. Although
transversion might occur spontaneously during cellular exogenous oxidative
stress, ionizing radiation or certain alkylating chemicals may catalyse this

conversion (Friedberg et al., 2005; Kino & Sugiyama, 2001).

The conserved TATA box and USE sequences have been previously investigated
in other plant promoters, suggesting an important functional role of these
elements in plant gene expression (Kanai et al., 2023). Therefore, we studied the
location and sequence of the TATA box and USE motives to confirm the

presence of the promoter in Désirée and Asterix clones.
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4.4 Phylogenetic Analysis

The phylogenetic analysis of the StU6 promoter was performed using the
UPGMA algorithm and revealed a high degree of similarity between Désirée and
Asterix clones. However, the differences in the promoter sequence and length of
the four promoters lead to the formation of four distinguished clusters on the
phylogenetic tree shown in Figure 9. Each of these clusters corresponded to one
of the StU6 promoters and served as a confirmation for the promoter identity in

Désirée and Asterix clones.

The phylogenetic tree demonstrates the differences and similarities between
different organisms during evolution (Sharma et al., 2018). One of the commonly
used methods of phylogenetic analysis is the UPGMA algorithm, which is based
on clustering the two nearest clusters, and then computing the joint pair's distance
by taking the average (Bhambri & Gupta, 2012). This method is relatively fast
and sensitive and performs well when the variation of branch length's coefficient
is low (Higgins & Sharp, 1989; Tateno et al., 1982).

However, this algorithm directly scales the branch lengths and clusters them
based on genetic distances. Therefore, it is most appropriate for datasets that
evolved at reasonably stable rates (Liesebach & Sinkd, 2008). Moreover, this
method is sensitive to input order and inaccurate tree construction can result from
its assumption of a constant rate of evolution, which is not necessarily the case,
particularly for datasets where there are notable changes in the rates of evolution

among lineages (Podani, 1997).

Overall, while UPGMA has its advantages in terms of simplicity and speed, its
limitation lies in handling complex evolutionary scenarios. Moreover, its
sensitivity to data input makes it less suitable for certain phylogenetic analyses

compared to more sophisticated methods.
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4.5 Quantification and Restriction Digest Analysis of
pChimera
The resonance structures of pyrimidine and purine bases present in the structure
of nucleic acids are responsible for absorption peaks in the UV spectrum's 260
280 nm (Wilfinger et al., 1997). Therefore, the purity of DNA fragments can be
determined by comparing the absorbance maxima (260 nm) to the absorbance at
280 nm. It is commonly acknowledged that a 260/280 ratio of approximately 1.8
indicates good-quality DNA and a lower ratio can arise from the presence of

residual phenol, guanidine, or other reagents present in the tube (Brian, 2015).

A secondary indicator of nucleic acid purity is the 260/230 values, which are
frequently greater than the corresponding 260/280 values. Expected 260/230
values for DNA are typically between 2.0 - 2.2 and a lower ratio indicates the
presence of contaminants that absorb light at 230 nm, such as proteins, phenols,
guanidine, EDTA, Tris buffer and carbohydrates (Brian, 2015).

In this regard, the high purity of pChimera plasmid was elucidated by a 260/280
ratio of 1.85 and a 260/230 ratio of 2.11, respectively (Table 8). Furthermore, the
identity of pChimera was confirmed by the visualization of 776 and 2133 bp
fragments on agarose gel after treatment with Pvull restriction enzyme, which

performs two cuts on the plasmid backbone at 222 and 998 bp locations.

However, a low-intensity band of 2909 kb was also observed which shows the
restriction digest experiment was not 100% efficient and a small proportion of

the plasmids were not cut (Lane 2, Figure 10).

Several bands can be produced by uncut circular plasmid DNA on gel
electrophoresis, which correlates to distinct plasmid forms, such as the
supercoiled and the nicked (relaxed circular) form (Swanson, n.d.). The
supercoiled form is the most compact form of the plasmid, which moves fastest

through the gel, appearing as the lowest band, while the nicked form occurs when
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one strand of the plasmid is nicked, relaxing the supercoiling. It migrates more

slowly than the supercoiled form, appearing as a higher band.

Although we expected not to see any bands in lane 3 for the uncut pChimera as
a positive control (Figure 10), we observed a 2909 bp band, which was likely
associated with the nicked form of the relaxed circular plasmid DNA. A faint
band of approximately 3000 bp was also observed in the same lane associated

with the supercoiled form of plasmid DNA.

4.6 Insert and Vector Amplification

The presence of a single fragment amplicon on gel electrophoresis after PCR
reaction indicated the presence of insert and vector demonstrated in Figures 11
and 12. However, a 100 bp DNA ladder was not available in the laboratory to
determine the fragment size and a 1 kb DNA ladder was used instead. Since we
used specific primers for the amplification of the insert, the single band observed

on the gel was believed to be the insert.

The concentration of the seven StU6 promoters after PCR amplification ranged
from 354.85 to 550.88 ng/ul with low 260/280 and 260/230 ratios (1.39 - 1.59
and 0.65 — 0.89, respectively) and are shown in Table 9. These high values can
be explained by the presence of PCR reagents in the tube that was directly used

for NanoDrop quantification.

The insert yield was considerably high ranging from 8.87 ug at the lowest and
13.77 ug at the highest for StU6-2 D1 and StU6-4 D14, respectively. Since
specific primers were used for the amplification of each promoter, the size

differences among them cannot provide a good explanation for this difference.
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However, it can be explained by the efficiency of the PCR reaction to generate

more amplicons for the latter.

4.7 Vector Purification and Quantification

An important feature of pChimera vector is the presence of an AtU6 promoter
(389 bp) adjacent to the sgRNA scaffold shown in Figure 4, which makes it
applicable for use in many CRISPR-Cas9 gene editing experiments (Shimatani
etal., 2017, 2019).

In this study, the AtU6 promoter sequence was replaced by endogenous potato
StU6 promoter by PCR. For this purpose, specific primers were designed to
amplify pChimera excluding the AtU6 promoter sequence, with 15-bp overhangs
complementary to the insert sequence. However, both the original vector and the
PCR amplified pChimera contain an ampicillin resistance gene as a selection
marker and grow on ampicillin plates, which made it necessary for an additional

purification step to separate them.

Therefore, aliguots of the PCR reaction were first visualized on 0.8% agarose gel
recommended by the kit manual (NucleoSpin® Gel and PCR Clean-up,
Macherey-Nagel™, Takara Bio, USA, Inc.) and the corresponding bands
containing the linearized vector were sliced and further subjected to purification
(Figure 13). This allowed for a precise separation of the linearized vector from

the original vector present in the tube reaction.

The concentration of the purified vector was higher in the primary elution (28.11
and 21.42 ng/ul for samples 1 and 2, respectively) compared to the secondary
elution (15.48 and 6.73 ng/ul for samples 1 and 2, respectively) reported in Table
10. The purity of the vector was high in all the samples ranging from 2.11 to 3.01
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associated with sample 1 primary elution and sample 2 secondary elution,

respectively.

The yield was the highest in the primary elution of sample 1 (843.3 ng) followed
by sample 2 primary elution (642.6 ng). Therefore, the first was used for the In-
Fusion cloning reaction to secure enough vector DNA for the cloning reaction.
The single band fragment observed in gel electrophoresis after the elution further

served as confirmation for the presence of vector (Figure 14).

4.8 In-Fusion Cloning

Bacterial colony formation on antibiotic agar after In-Fusion cloning is a
commonly used method for the selection and isolation of putative-positive
bacterial cells. pChimera vector contains an ampicillin resistance gene, which

allows transformed cells to survive in the presence of this antibiotic.

However, it was not a clear confirmation that the cloning reaction was successful
since no positive control reaction was included. A positive control sample for the
colony PCR was not possible since we lacked the primer pair for the pChimera
vector backbone that flanks the insertion site. For this purpose, a colony of the
pChimera-containing strain on a selection plate would have been required to rule

out setup issues with the PCR reaction.

Furthermore, no bands were observed from the colony PCR of the putative
positive colonies which could be due to either a failed cloning reaction or
technical issues during the colony PCR (Figure 15). Generally, the use of a
suboptimal insert-to-vector ratio, ineffective primer design or low-quality DNA
templates can be the reasons for In-Fusion reaction failure. Improper

concentrations of insert DNA can lead to inefficient or incomplete incorporation
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of the insert into the vector. This can increase the likelihood of self-ligation of
the vector fragments with blunt ends due to nuclease activity in the reaction,
leading to the formation of background colonies containing unmodified vectors.
These transformed cells do not have the insert but are still able to grow on
ampicillin plates since the vector contains an ampicillin resistance gene in its

backbone.

The ratio of insert and vector used for the cloning reaction was 8:1 (498 and 56.2
ng/ul, respectively). However, the evaluation of the insert concentration directly
from the PCR reaction was not reliable because the reaction mixture contained
other contaminants leading to the overestimation of DNA concentration. The
presence of dNTPs can potentially result in a false increase in DNA
concentration because they absorb light at the wavelengths typically used in
spectrophotometry (260 nm). Additionally, secondary structures within the DNA
sample, such as hairpins or primer dimers, might potentially affect the accuracy

of DNA concentration measurements by NanoDrop.

While evaluating DNA concentration directly from a PCR reaction can provide
a quick estimate of DNA vyield, it is generally recommended to purify the PCR
product before quantification to remove contaminants and ensure accurate

measurements.

Moreover, the quality and purity of the DNA fragments are crucial for successful
cloning and impurities can hinder the cloning reaction. For the In-Fusion cloning
reaction, we used the insert fragment directly from the PCR tube that also
contained Phusion HF buffer (containing MgCl,) and dNTPs, which in high

concentrations might interfere with In-Fusion enzyme activity.

Additionally, low transformation efficiency can lead to a failure to obtain
colonies on selective agar plates even if the cloning reaction itself is successful.

This can be due to factors such as improper handling of competent cells,
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inefficient uptake of DNA by the cells, or poor growth conditions post-
transformation. However, this was not the case in our study since the transformed
cells grew on ampicillin agar in both StU6-1 D1 and negative control reactions.
Moreover, the number of transformed cells was almost twice from the StU6-1
D1 cloning reaction compared to the negative control which could reflect

Inaccurate pipetting.

Ultimately, the mutations created by error by DNA polymerase during the PCR
reaction can affect the outcome of the cloning reaction. This can create
incompatible insert and vector ends that might prevent efficient ligation.
However, it was unlikely in our experiment because we used high-fidelity
Phusion Hot Start 11 DNA Polymerase with a low error rate (4.4 x 107 in Phusion
HF buffer).

Technical errors during colony PCR can arise from ineffective annealing of the
primers to the template DNA. Since the same primer set employed for the
amplification of StU6-1 D1 was used at this step (1D13Ins1F and 1D14Ins1R,
reported in Table 4) and generated PCR products earlier (shown in Figure 11),
the mismatch between the primers and the target DNA is highly unlikely to

explain unsuccessful amplification.

While the implementation of inadequate bacterial colonies can result in low PCR
amplification efficiency, excessive amounts can prevent amplification.
However, since we used 17 individual colonies as the template for colony PCR
and neither of them generated bands, a suboptimal number of bacterial cells used

for colony PCR was also unlikely to explain no band amplification.

In total, the use of a too high insert: vector ratio for the In-Fusion cloning reaction
or suboptimal PCR conditions can be a potential explanation for why were did
not get any band amplification. For future research, it is suggested that the

cloning reaction be repeated using an adjusted amount of insert and vector (2:1
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or 3:1 according to the user manual). However, it is necessary to first purify insert
fragments from the PCR reagents in order to achieve a clear estimation of insert
concentration. After confirmation by colony PCR, plasmid isolation from
positive colonies should be performed to purify the vector for protoplast
transfection. Additionally, restriction digestion analysis of the final construct and

sequencing can be utilized for the final verification of the construct.
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5. Conclusion

CRISPR-Cas9 technology can potentially be used as a tool for improving many
potato traits through precision genome editing. This technology involves using a
CRISPR-associated endonuclease, Cas9, in conjunction with a single guide RNA
(sgRNA) complementary to a specified target area to perform double-stranded

cleavage on DNA strands.

In the CRISPR-Cas9 system, the sgRNA scaffold is usually engineered as a
single RNA molecule that combines the targeting sequence with the tracrRNA
scaffold. The sgRNA molecule can be synthesized in vitro or generated using
expression plasmids in cells. Once formed, the sgRNA-Cas9 complex binds to
the target DNA sequence through base-pairing between the targeting sequence
and the complementary DNA sequence. The Cas9 protein then induces a DSB
at the target site, which can be repaired by cellular DNA repair mechanisms to
introduce specific genetic modifications, such as insertions, deletions, or

substitutions.

The StU6 promoter is a crucial regulatory component located upstream of the
TSS and plays an important role in the transcription of the snRNA gene.
Therefore, determining the efficiency of endogenous potato StU6 promoter for

gene expression is essential to improve CRISPR-Cas gene editing output.

This project aimed to create constructs utilizing a U6 promoter that has been PCR
amplified from potato (solanum tuberosum) Désirée and Asterix cultivars and to
clone them into a plasmid vector (pChimera) upstream of a non-coding sgRNA
scaffold sequence. pChimera is conventionally used for plant gene editing and
already contains the AtU6 promoter from Arabidopsis thaliana upstream of the
sgRNA scaffold. Removal of the AtU6 promoter sequence from pChimera by
PCR facilitates the cloning of each of the StU6 promoters by In-Fusion cloning.

In-Fusion cloning was used to make the cloning vector using PCR-amplified
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StU6 promoter and linearized pChimera (excluding AtU6 promoter sequence) as
insert and vector, respectively. The selection and isolation of putative positive
bacterial cells is often accomplished by observing the growth of bacterial
colonies on ampicillin agar subsequent to In-Fusion cloning. The ampicillin
resistance gene included in the pChimera backbone enables transformed cells to

endure the presence of ampicillin.

Nevertheless, the absence of a positive control reaction made it difficult to
conclude with certainty that the cloning reaction was successful. In addition, no
bands were seen from the colony PCR of the presumed positive colonies, which

could indicate a cloning reaction failure or PCR technical difficulties.

Therefore, it is strongly suggested that the In-Fusion cloning reaction be repeated
using an adjusted ratio of insert to vector. Additionally, it is advised to purify
insert fragments from the PCR reaction and quantify DNA concentration prior to

the cloning reaction.

The future objective of this project is to study the expression of sgRNA by RT-
PCR to determine which homologous StU6 promoter from potato will provide
the strongest level of transcription. However, additional restriction digestion
analysis and sanger sequencing of the final construct are needed to ensure that

we have the desired construct for protoplast transfection.
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Appendix

Table A.1 - The components for the PCR amplification of the StU6 promoter

from potato Désirée and Asterix genomic DNA.

Components Stock Final 1 rx (ul)
Concentration Concentration
Phusion HF Buffer 5X 1X 10
dNTPs 10 mM 200 uM 1
Forward Primer 10 uM 1uM 2.5
Reverse Primer 10 uM 1uM 2.5
Template DNA 10 ng/pL 10 ng/pL 2
Phusion Hot Start | DNA Polymerase | 2 U/uL 0.02 U/uL 0.5
Nuclease-Free H,O 31.5
Final Volume 50 pl

Table A.2 - PCR cycles for the amplification of the StU6 promoter from potato

Désiree and Asterix genomic DNA.

Stages | Cycles Temperature Time Number of Cycles

1 Initial denaturation | 98 °C 30 seconds 1
Denaturation 98 °C 10 seconds

2 Annealing 55°C 20 seconds 35
Extension 72 °C 10 seconds

3 . . 72 °C 5 minutes 1
Final Extension R

4°C oo

Table A.3 - The components and volumes associated with the ligation reaction

of PCR amplified StU6 fragments into PCR Zero Blunt vector according to the

Zero Blunt® PCR Cloning kit protocol.

Components

Volume (ul)

Blunt PCR Product

1

pCR Zero Blunt Vector

5X Express Link T4 DNA Ligase Buffer (5 U/ul)

Express Link T4 DNA Ligase (5 U/ul)

PCR Grade Water

N[N |[—

Total Volume

10 pl
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Table A.4 - The reaction mixture for the restriction digestion of pChimera.

Components Volume (ul)
gDNA (0.19 ng/ul) 5.2

10X NEBuffer r3.1 5

Pvull Restriction Enzyme 1
Nuclease-Free H2O 38.8
Total volume 50 pl

Table A.5 - The components for the PCR amplification of insert and vector.

Components Stock Final 1 rx (ul)
Concentration Concentration
Phusion HF Buffer 5X 1X 10
dNTPs 10 mM 200 uM 1
Forward Primer 10 uM 1uM 2.5
Reverse Primer 10 uM 1uM 2.5
Template DNA 1
Phusion Hot Start | DNA Polymerase | 2 U/uL 0.02 U/uL 0.5
Nuclease-Free H,O 32.5
Final Volume 50 pl
Table A.6 - PCR cycles and conditions for the amplification of insert.
Stages | Cycles Temperature Time Number of Cycles
1 Initial denaturation | 98 °C 30 seconds 1
Denaturation 98 °C 10 seconds
2 Annealing 55°C 20 seconds 35
Extension 72 °C 10 seconds
3 Final Extension 7200(: > minutes !
4°C ®©

Table A.7 - PCR cycles and conditions for the amplification of vector.

Stages | Cycles Temperature Time Number of Cycles
1 Initial denaturation | 98 °C 30 seconds 1
Denaturation 98 °C 10 seconds
2 Annealing 55°C 20 seconds 35
Extension 72 °C 45 seconds
3 Final Extension 7200(: > minutes !
4°C 0
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Table A.8 — The components for the In-Fusion cloning reaction.

Components Cloning Reaction Negative Control
Insert 1 ul -

Linearized Vector 2 ul 2 ul

5X In-Fusion HD Enzyme Premix | 2 pl 2 ul

Deionized Water Sul 6 ul

Total volume 10 pl 10 pl

Table A.9 - The reaction details associated with colony PCR of putative positive

colonies.

Components Stock Final 1 rx ()
Concentration Concentration

Buffer B1 10 X 1 X 1
MgCl, 100 mM 2 mM 0.2
Forward Primer 10 uM 0.2 uM 0.2
Reverse Primer 10 uM 0.2 uM 0.2
dNTPs 10 mM 0.2 mM 0.2
HOT FIREPol® DNA polymerase 5 U/l 0.02 U/l 0.04
Nuclease-Free H O 8.16
Final Volume 10 pl

Table A.10 - The PCR cycles associated with colony PCR of putative positive

colonies.
Stages | Cycles Temperature Time Number of Cycles

1 Initial denaturation | 95 °C 12 minutes 1
Denaturation 95°C 10 seconds

2 Annealing 55°C 20 seconds 35
Extension 72 °C 10 seconds

3 . . 72 °C 5 minutes 1
Final Extension o

10 °C 0
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Table A.11 — The distance of the TATA box and USE from TSS, as well as the

distance of the TATA box and USE from each other in Désirée clones.

Cultivar Promoter Clones TATA Box | USE USE Distance from
Distance Distance | TATA Box
from TSS from TSS

Désirée StU6-1 D1 21 55 25

D2 21 55 25
StU6-2 D1 24 55 25
D2 24 55 25
StU6-3 D1 24 55 25
D2 24 55 25
StU6-4 D1 23 54 25
D2 23 54 25
D3 23 54 25
D4 23 54 25
D5 23 54 25
D6 23 54 25
D7 23 54 25
D8 23 54 25
D9 23 54 25
D10 23 54 25
D11 23 54 25
D12 23 54 25
D13 23 54 25
D14 23 54 25
D15 23 54 25
D16 23 54 25
D17 23 54 25
D18 23 54 25
D19 23 54 25
D20 23 54 25
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Table A.12 — The distance of the TATA box and USE from TSS, as well as the

distance of the TATA box and USE from each other in Asterix clones.

Cultivar Promoter Clones TATA Box USE USE Distance
Distance Distance | from TATA Box
from TSS from TSS

Asterix Stue-1 Al 21 55 25

A2 21 55 25
StU6-2 Al 24 55 25
A2 24 55 25
StU6-4 Al 23 54 25
A2 23 54 25
A4 23 54 25
A5 23 54 25
A6 23 54 25
A8 23 54 25
A9 23 54 25
Al10 23 54 25
All 23 54 25
Al2 23 54 25
Al3 23 54 25
Al4 23 54 25
Al5 23 54 25
Al6 23 54 25
Al7 23 54 25
Al8 23 54 25
A19 23 54 25
A20 23 54 25
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Table A.13 — Multiple sequence alignment of Désirée clones in NCBI’s Genome

Database (refseq_genome) in Solanum tuberosum.

Promoter | Clone | Best Hit Score | Expect | Identity | Gaps
StU6-1 D1 Solanum tuberosum cultivar DM 1-3 | 771 0.0 458/476 | 9/476
D2 516 R44 unplaced genomic scaffold, | bits ' (96%) (1%)

SolTub 3.0 scf00381 (417)

Sequence ID: NW_006239304.1
StU6-2 D1 Solanum tuberosum cultivar DM 1-3 | 682 0.0 453/488 | 27/488

516 R44 unplaced genomic scaffold, | bits (93%) (5%)
SolTub_3.0 scf00300 (369)
Sequence ID: NW_006239221.1

D2 Solanum tuberosum cultivar DM 1-3 | 863 0.0 482/489 | 1/489
516 R44 unplaced genomic scaffold, | bits (99%) (0%)
SolTub_3.0 scf00300 (467)
Sequence ID: NW _006239221.1

StU6-3 D1 Solanum tuberosum cultivar DM 1-3 | 789 0.0 427/427 | 0/427

D2 516 R44 unplaced genomic scaffold, | bits (100%) | (0%)
SolTub_3.0 scf00047 (427)
Sequence ID: NW_006238973.1

StU6-4 D1 Solanum tuberosum cultivar DM 1-3 | 695 0.0 376/376 | 0/376

D2 516 R44 unplaced genomic scaffold, | bits (100%) | (0%)

D3 SolTub_3.0 scf00105 (376)

D5 Sequence ID: NW_006239031.1

D7

D8

D9

D10

D11

D15

Di16

D17

D4 Solanum tuberosum cultivar DM 1-3 | 398 4e-109 | 239/251 | 0/251

D13 516 R44 unplaced genomic scaffold, | bits (95%) (0%)

D14 SolTub_3.0 scf00105 (215)

D20 Sequence ID: NW_006239031.1
D6 Solanum tuberosum cultivar DM 1-3 | 520 7e-146 | 346/377 | 5/377

D12 516 R44 unplaced genomic scaffold, | bits (92%) (1%)
SolTub 3.0 scf00105 (281)
Sequence ID: NW 006239031.1

D18 Solanum tuberosum cultivar DM 1-3 | 689 0.0 373/373 | 0/373
516 R44 unplaced genomic scaffold, | bits (100%) | (0%)
SolTub_3.0 scf00105 (373)
Sequence ID: NW_006239031.1

D19 Solanum tuberosum cultivar DM 1-3 | 693 0.0 375/375 | 0/375
516 R44 unplaced genomic scaffold, | bits (100%) | (0%)
SolTub 3.0 scf00105 (375)

Sequence ID: NW_006239031.1



https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239304.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39XAUASG013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239221.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39XYJF8T016
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239221.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39Y5RXBM013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006238973.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39YDYFBX016
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39YURT4J013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39Z5W996013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=39ZDA0MH013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A19UZT9016
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A1D84JK016
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Table A.14 — Multiple sequence alignment of Asterix clones in NCBI’s Genome

Database (refseq_genome) in Solanum tuberosum.

Promoter | Clone | Best Hit Score | Expect | Identity | Gaps

StU6-1 Al Solanum tuberosum cultivar DM 1-3 | 784 0.0 458/473 | 8/473
516 R44 unplaced genomic scaffold, | bits (97%) (1%)
SolTub_3.0 scf00381 (424)

Sequence ID: NW_006239304.1
A2 Solanum tuberosum cultivar DM 1-3 | 776 0.0 459/476 | 9/476
516 R44 unplaced genomic scaffold, | bits (96%) (1%)
SolTub 3.0 scf00381 (420)
Sequence ID: NW_006239304.1
StuU6-2 Al Solanum tuberosum cultivar DM 1-3 | 902 0.0 488/488 | 0/488

A2 516 R44 unplaced genomic scaffold, | bits (100%) | (0%)
SolTub_3.0 scf00300 (488)
Sequence ID: NW_006239221.1
StU6-4 Al Solanum tuberosum cultivar DM 1-3 | 688 0.0 372/372 | 0/372
516 R44 unplaced genomic scaffold, | bits (100%) | (0%)
SolTub_3.0 scf00105 (372)

Sequence ID: NW_006239031.1
A2 Solanum tuberosum cultivar DM 1-3 | 398 4e-109 | 239/251 | 0/251

A4 516 R44 unplaced genomic scaffold, | bits (95%) (0%)

A5 SolTub 3.0 scf00105 (215)

A6 Sequence ID: NW_006239031.1

A8

Al2

Al5

Al7

Al19

A9 Solanum tuberosum cultivar DM 1-3 | 695 0.0 376/376 | 0/376

Al0 516 R44 unplaced genomic scaffold, | bits (100%) | (0%)

Al3 SolTub 3.0 scf00105 (376)

Al4 Sequence ID: NW_006239031.1

Al6

Al8

All Solanum tuberosum cultivar DM 1-3 | 459 2e-127 | 250/251 | 0/251
516 R44 unplaced genomic scaffold, | bits (99%) (0%)
SolTub 3.0 scf00105 (248)

Sequence ID: NW_006239031.1
A20 Solanum tuberosum cultivar DM 1-3 | 392 2e-107 | 238/251 | 0/251
516 R44 unplaced genomic scaffold, | bits (95%) (0%)
SolTub_3.0 scf00105 (212)
Sequence ID: NW_006239031.1



https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239304.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A1SDSCJ013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239304.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A1V91K6016
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239221.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A1XWEYU016
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A23SSWN013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A26P1VH013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A2RPJ3P013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A2YG0J9013
https://www.ncbi.nlm.nih.gov/nucleotide/NW_006239031.1?report=genbank&log$=nuclalign&blast_rank=1&RID=3A3VG0CG013
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Sequencing Data:

The trimmed sequence and length (bp) associated with StU6-1, StU6-2, StU6-3

and StU6-4 in S. tuberosum Désirée and Asterix cultivars are presented below.

Désirée:

StU6-1 — D1, D2 (428 bp)

TATGCATGATCCATTTGGTTTATCACCTTGTTTCTAAGTGATTTTTTAATTTTTTTGTGTAAAATTTC
AACGGTTAAACCGAATGGTCGTTTTATAACAGTTTAACATATTTACAAATTGACAACCGTTAAGTC
GAATCAATAGACTTCAAAACCAAACAAACCGATACGGGCACTAATTTCAATAACCAAATGGTACA
AGTTGAATATGGGGGCAAATCTGGACTCTAGGCTTAGTTGGGCTCTATGTGCATGAATGAACATA
AAAGCAAGAGCAAAAACCTGTAGCTAGGTCCAGTCCCATGCCTTTGGAAAAACTCAATGTGCTAA
TTCTCCCTCATCGTCTGCAGAGAGAAGCTTCGCTGTGTTTATATAATTGAACAGTAACATGTATGC
TTGTCCCTTCGGGGACATCCGATAAAATTGGAA

StU6-2 — D1 (413 bp)

TTCCAATTTTATCAGATGTCCCCGAAGGGACAATTATAGATGTTAATGTTACGCAATATAAACAA
AACAAAGAAGCTTTCTCCAGCCGATGTGGGGAAAATAGCTTTCTAATTGAGTATTTTTCAACTACA
TGGGCCTGGACTTAACATTAATGGGCCGACCTTCTTAGTAGAACACACATTGGATTGGTGATCCAT
TGATTTGGCGAAAAACAAGAATAAAATTATCGGAAAAATTTCATAAGTAGTGAGATTAGTCTTCA

TTTTTGTTTGTTTTTTTCAAAATTTAGTATTATTTTTTCATATACATTGTATGCACGCGCAAGTAGT
ATCAATGTATATACACTGATAGCATAAACACAAAAAACTTCGTCTTTTTCGTTGACAACTTAAGTT
TTCCCTCAATGCTATCTA

StU6-2 — D2 (441 bp)

TTCCAATTTTATCGGATGTCCCCGAAGGGACAATTATAGATGTTAATGTTACGCAATATAAACAA
AACAAAGAATCTTTCTTCAGCCGATGTGGGGAAAATAGCTTTCTAGTTGAGTATTTTTCAACTACA
TGGGCCTGGATCTGAATGGAACCCAATTGGGCCTGGACTTAACATTAATGGGCCGACCTTCTTAG
TAGAACACACATTGGATTGGTGATCCATCGATTTGGCGAAAAACAAGAATAAAATTATCGGAAAA
TTTTCATAAGTAGTGAGATTAGTCTTCATTTTTGTTTGTTTTTTTCAAAAATTTAGTATTATTTTTTC
ATATACATTGTATGCACGCGCAAGTAGTATCAATATATATACACTGATAGCATAAACACAAAAAA
CTTCGTCTTTTTCGTTGACAACTTAAGTTTTCCCTCAATGCTATCTA
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StU6-3 — D1, D2 (378 bp)

TTCCAATTTTATCGGATGTCCCCGAAGGGACAAGCATACATGTTAATATTCCGCGATATAAACTAG
ACAAAGAAGCTTTATGCATTCGATGAGGGATAATTTGCTTGTTGGGTTTCTTTTGCGGGCCTGGAT
CTTCCATCTGAATGGGCCGGCCCTATCTTATTTCTCTTGCTTCATGGACTTCGATGGAAAAACACA
AAGTAGAACCATGATTTATGAATTATAGGTAATGAGTTATTGGTTTAACTGCTTTTAATAACGGTA
TTGGTACTTTTATTTTATTGGGGTATCGGTTCTATGTTTTGGATTTTTTCTTTCTGTATTAACTGATA
ACTGATAGTAAATTAGTAAGTTATAATTAGAGTTAATATCTCAAAA

StUe-4 — D1, D2, D3, D5, D7, D8, D9, D10, D11, D15, D16, D17, D18, D19,

D20 (326 bp)

TTTATACACCCCTACCTAGATGATTAAGTTTTACTTTAGTTGGTGTGAAATGGATAAATTCTAAAA
TATGAGGTGTGGAATGAAGGATTGTCATCAATTAGTTGGCCCCAACCAAGTAAAATAAGAAGGCC
GGCCCATTACAATTAAGTCGTCACACAAGTGGGCTTCATTGAAACAAGCGCAAAAACGAGTCCAG
GCCTGTGTTAGCGTGAAGACTCAACCAGCGATTTCTCCCTCATCGCTTACAGAGAAAAGCTGTGT
GTGGTTTATATCGCGAAACCTAACAGTTTAGCTCGTCCCTTCGGGGACATCCGATAAAATTGGAA

StU6-4 — D4, D13, D14 (379 bp)

TTTATACAACCCTACCTCGATGCTTAAGTTTTACTTTAGTTGGTGTGAAATGGATAAATTCTAAAA
TATGAGGTCTTGTCGGTATGGAATCTACCCTTTTGGAGTGAAGGATCGTGATCAGTTAGTTTGAGT
AAATACTCAAGAAGGCAAGAAGCTGGCCCCAACCAAGTAAAATAAGAAGGCCGGCCCATTACAA
TTAAGTCGTCACACAAGTGGGCTTCATTGAAACAAGCGCAAAAACGAGTCCAGGCCCGTGTTAGC
GTAAAGATTCAACCAGCGATTACTCCCTCATCGGTTACAGAGAAATGCTGTGTGTTGTTTATATGG
CGAAACCTAACAGTCCAGTTCGTCCCTTCGGGGACATCCGATAAAATTGGAA

StU6-4 — D6, D12 (323 bp)

TTTATACAACCCTACCTCGATGCTTAAGTTTTACTTTAGTTGGTGTGAAATGGATAAATTCTAAAA
TATGAGGTCTTGTCGGTATGGAATCTACCCTTTTGGGCCCAACCAAGTAAAATAAGAAGGCCGGC
CCATTACAATTAAGTCATCACACAAGTGGGCTTCATTGAAACAAGCGCAAAAAGGAGTCCAGGCC
CGTGTTAGCGTGAAGACTCAACCAGCGATTTCTCCCTCATCGGTTGCACAGAAAAGCTGTGTGTTG
TTTATATGGCGAAACCTAACAGTCTGACTTGTCCCTTCGGGGACATCCGATAAAATTGGAA
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Asterix:

StU6B-1 — Al, A2 (476 bp)

AGCAAGATGCAATGTATCAACTCATATGCATGATCCATTTGGTTTATCACCTTGTTTCTAAGTGAT
TTTTAATTTTTTTGTGTAAAATTTCAACGGTTAAACCGAATGGTCGTTTTATAACAGTTTAGCATAT
TTACAAATTGACAACCGTTAAGTCAAATCAATAGACTTCAAAACCAAACAGACCGATACGGGCAC
TAATTTCAATAACCAAATGGTACAAGTTGAATATGGGGGCAAATCTGGACTCTAGGCTTAGTTGG
GCTCTATGTGCATGAATGAACATATAAGCAAGAGCAAAAACCTGTAGCTAGGTCCAGGCCCATGC
CTTTGGAAAAACTCAATGTGCTAATTCTCCCTCATCGTCTGCAGAGAGAAGCTTCGCTGTGTTTAT
ATAATTGAACAGTAACATGTATGCTTGTCCCTTCGGGGACATCCGATAAAATTGGAACGATACAG
AGAAGATTAGCATGCC

StU6-2 — A1, A2 (488 bp)

ACCACTTAAACTGAGAACAGTCAATAGATAGCATTGAGGGAAAACTTAAGTTGTCAACGAAAAA
GACGAAGTTTTTTGTGTTTATGCTATCAGTGTATATACATTGATACTACTTGCGCGTGCATACAAT
GTATATGAAAAAATATTACTAAATTTTGAAAAAAACAAACAAAAATGAAGACTAATCTCACTACT
TATGAAAATTTTCCGATAATTTTATTCTTGTTTTTCGCCAAATCGATGGATCACCAATCCAATGTGT
GTTCTACTAAGAAGGTCGGCCCATTAATATTAAGTCCAGGCCCAATTGGGTTCCATTCAGATCCAG
GCCCATGCAGTTGAAAAATACTCAACTAGAAAGCTATTTTCCCCACATCGGCTGAAGAAAGCTTC
TTTGTTTTATTTATATTGCGTAACATTAACATCTATAATTGTCCCTTCGGGGACATCCGATAAAATT
GGAACGATACAGAGAAGATTAGCATGGC

StU6-4 — AL, A9, A10, A13, Al4, A16, A18 (376 bp)

CAGGCTTAGTTCAGTTGCATTATGTCTTTATACACCCCTACCTAGATGATTAAGTTTTACTTTAGTT
GGTGTGAAATGGATAAATTCTAAAATATGAGGTGTGGAATGAAGGATTGTCATCAATTAGTTGGC
CCCAACCAAGTAAAATAAGAAGGCCGGCCCATTACAATTAAGTCGTCACACAAGTGGGCTTCATT
GAAACAAGCGCAAAAACGAGTCCAGGCCTGTGTTAGCGTGAAGACTCAACCAGCGATTTCTCCCT
CATCGCTTACAGAGAAAAGCTGTGTGTGGTTTATATCGCGAAACCTAACAGTTTAGCTCGTCCCTT
CGGGGACATCCGATAAAATTGGAACGATACAGAGAAGATTAGCATGGC

StU6B-4 — A2, A4, A5, A6, A8, All, A12, A15, Al7, A19, A20 (429 bp)

TTCACTTAGTTCAGTTGCATTATGTCTTTATACAACTCTACCTCGATGATTAAGTTTTACTTTAGTT
GGTGTGAAATAGGTAAATTCTGAAATATGAGGTCTTGTCGGTATGGAACCTACCTTTTTGGAGTG
AAGGATCGTGATCAGTTAGTTTGAGTAAATACTCAAGAAGGCAAGAAGCTGGCCCCAACCAAGT
AAAATAAGAAGGCCGGCCCATTACAATTAAGTCGTCACACAAGTGGGCTTCATTGAAACAAGCGC
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AAAAACGAGTCCAGGCCCGTGTTAGCGTAAAGATTCAACCAGCGATTACTCCCTCATCGGTTACA
GAGAAATGCTGTGTGTTGTTTATATGGCGAAACCTAACAGTCCAGTTCGTCCCTTCGGGGACATCC
GATAAAATTGGAACGATACAGAGAAGATTAGCATGGC



