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Abstract
Background

Pathogen infections that affect potato yield cause severe economic losses every year. Several studies
point the role of apoplastic (cell wall) invertase (CWIN) enzyme in plant defense mechanisms, and that
apoplastic invertase inhibitor (INVINH1) post-translationally regulates CWIN. Nevertheless, the role of
INVINHT needs to be elucidated for several effects in plant transformation parameters and its gene
expression which we sought to explore using CRISPR/Cas9 technology.

Methods and Results

In this study, we sequenced the first exon of INVINHT gene in cv. Desiree and Solanum chacoense M6. We
identified in the first exon two alleles for St/NVINHT gene in cv. Desiree and one allele for ScINVINHT gene
in S. chacoense M6. We designed two single-guided RNAs (sgRNAs) to target INVINHT gene from diploid
S. chacoense M6 and tetraploid S. tuberosum cv. Desiree using CRISPR/Cas9 based technology. In our
earlier study, we have already optimized transformation protocol for M6 and cv. Desiree using
Agrobacterium strains, based on which Agrobacterium strain AGL1 was chosen for CRISPR/Cas9
experiment. Our experimentation showed that heat stress at 37°C could increase the mutagenesis
capability, and CRISPR/Cas9 targeting affected plant transformation parameters. It was found from the
knockout experiment that the indels were present in the calli, and the candidate regenerated plants
showed reduced gene expression level conducted via RT-gPCR.

Conclusion

Our study demonstrated that INVINHT targeting affected the calli induction and regeneration rates, was
effective under heat stress, and reduced its gene expression level. More studies are required to
comprehend the function of INVINH1 enzyme in potato stress response and defense mechanism.

INTRODUCTION

Potato (Solanum tuberosum L.) is the fourth most important food crop globally after maize, rice and
wheat [1-3] and its breeding suffers from its ploidy level, inbreeding depression, poor wild species
adaptation and low rate of recombination and sexual fertility [4]. Cultivated potatoes are tetraploid, highly
heterozygous and have tetrasomic inheritance which makes potato conventional breeding and research
challenging, therefore requiring the use of gene editing accelerated breeding approach [5]. Gene editing
technology such as CRISPR (Clustered regularly interspaced short palindromic repeat)-Cas9 (CRISPR-
associated nuclease 9) system on the other hand is an inexpensive, convenient, suitable for multiplexing
and DNA methylation insensitive method [6, 7]. Using such a useful technology in potato breeding, we
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sought to explore if targeting cell wall (apoplastic) invertase inhibitor (INVINHT) gene using CRISPR/Cas9
technology would affect plant transformation parameters and its gene expression.

Post-translational targeting of cell wall (apoplastic) invertase (CWIN) is performed by INVINH1 enzyme [8,
9]. CWIN has crucial plant functions such as plant physiology, stress-related response, fruit set and seed
filling [10]. CWIN is also modulated on interaction between plants and pathogens, mostly upregulation of
CWIN mRNA when infected by virus, fungus, bacteria, oomycete and nematodes [11]. Overexpression of
CWIN in rice showed increased resistance to fungal and bacterial pathogens [12]; while in pepper,
Xanthomonas campestris pv. Vesicatoria was found to inhibit CWIN [13]. Silencing of INVINHT has been
shown to increase hexose level and seed weight in fruit [8], increased tolerance to chilling [14] and delay
in leaf senescence [8] in tomato, and accelerated seed germination in Arabidopsis[15] as well as
improved soybean seed weight [9, 10]. Elevation of CWIN post-translationally and its components by the
associated inhibitors in Arabidopsis led to lowered fungal/bacterial susceptibility as well as disease
index [10]. A drop in INVINHT mRNA was observed upon Pseudomonas syringae pv. tomato DC3000
infection in Arabidopsis, which declined activity of invertase inhibitor due to plant defense response;
acarbose inhibition of CWIN also showed increased pathogen susceptibility [16]. In diploid and tetraploid
potatoes, 8 different alleles of highly AT-rich INVINHT gene (comprising of two exons separated by an
intron) have been reported. Substitution polymorphisms were mainly seen in exons, whereas high
polymorphism was observed in the single intron [17]. Both INVINH1 and vacuolar invertase inhibitor
(INVINH2) could be required in regulation of invertase activity in cold-stored tuber [18].

In this study, we targeted /INVINHT gene using CRISPR/Cas9 system in S. chacoense M6 and potato cv.
Desiree and explored the plant transformation parameters and the gene expression levels in the resulting
plants. Diploid potato S. chacoense M6 (Reg. No. GP-1, BS 228) is homozygous, generated by seven
generation of selfing [19, 20], has its whole genome sequenced [4], and optimized transformation protocol
[21]. Tetraploid potato cv. Desiree [22] (Twell and Ooms, 1988) has a well-known transformation protocol
[23-25]. We sequenced a part of the first exon of INVINH1, on the basis of which we designed two
sgRNAs to target the first exon of St/INVINHTgene in cv. Desiree and Sc/INVINHTgene in S. chacoense M6.

Materials and Methods
Plant material

MS medium [26] (Duchefa Biochemie, Cat. No. M0222.0050) was used to propagate cv. Desiree and S.
chacoense M6 at 24 + 2 °C in the growth chamber (100 pmol m~2 s~ fluorescent light, photoperiod of
16/8 h light/dark). Cell and Molecular Sciences, James Hutton Institute, Dundee, UK provided S.
chacoense M6, while cv. Desiree was obtained from Nigde Omer Halisdemir University, Nigde, Turkiye, for
the experimentation. Every three to four weeks, subculture was performed, and explants used were leaves,
internodes and microtubers [27]. Microtuber production was done from cv. Desiree and S. chacoense M6
as described in [28], with variation in thidiazuron (Duchefa Biochemie, CAS No. 51707-55-2)
concentrations: 0,0.1,0.5and 1 mg L™ performed in triplicates.
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Sequencing of the first exon of INVINH1 gene and allelic polymorphism determination

To unravel the alleles of StINVINHT and ScINVINHT, DNA extraction was performed using CTAB (cetyl
trimethylammonium bromide) method, amplified using the primers NFE-F 5'-
CCACATTTAGTTCTTAATTTCCCAA-3' and NFE-R 5-GAAAAGGCACAATTCTTCAAAGG-3' [17] via
proofreading polymerase, followed by gel-excision, purification, A-tailing and cloning to pPGEM®-T Easy or
pTZ57R/T. For INVINHT sequencing, E. coli strains Top10 and JM109 were used. Several clones were
sent for sequencing at Nitta Laboratuvar Uriinleri ithalat ihracat Ltd., Ankara, Turkiye for Sanger
sequencing. CLC Main Workbench 8 (Qiagen) was used to align the clone sequences and allelic diversity
was analyzed.

Scoring of gRNA spacer sequence, design and cloning to
CRISPR vector

Various online tools were used to score gRNA spacer sequences:
https://crispr.med.harvard.edu/sgRNAScorer, http://broadinstitute.org/rnai/public/analysis-tools/sgrna-
design and http://cistrome.org/SSC. The two best scored gRNAT and gRNA2 were picked and separately
cloned to pGNK-LeCas9-AtU6PgRNA CRISPR vector. The spacer sequence targeted the first exon and one
of the gRNAs also targeted the functional domain analyzed by ExPASy-PROSITE
(https://prosite.expasy.org/) of the INVINH1 protein. For cloning of gRNA1 and gRNA2, XL10-Gold
Ultracompetent Cells (Agilent) were used.

Control experiment

Triplicate experiments were performed for internode explants on callus inducing media CIM-2 as
described in [21, 27] (with and without kanamycin) as follows: 1) with and without Agrobacterium AGL1
(empty) infection, 2) AGL1 infection that harbored an empty pGNK-LeCas9-AtU6p-sgRNA (without gRNA).
Callus induction and regeneration frequency were calculated [21, 27, 29].

Total number of calli

Callus induction rate (%) = Total mumber of explant x 100% (1)

Total number of regenerated shoots
Total number of calli incubated

Regeneration frequency (%) = x 100% (2)

Gene editing experiment

Agrobacterium strain AGL1 separately harboring gRNA1 and gRNA2 were used for gene editing
experimentation. AGL1 that harbored gRNAT1 in the CRISPR vector was called A1 construct and AGL1
harboring gRNA2 in the CRISPR vector was called A2 construct. Two different CIM were prepared: CIM-2
for cv. Desiree and CIM-3 for S. chacoense M6 as described in [21, 27]. The explants were placed on MS
liquid, wounded, infected using A1 construct and A2 construct separately, co-cultivated for 2 d. After 2 d,

the explants were either incubated on CIM-2 or CIM-3 in plant growth chamber, or intermittently heat-
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stressed at 37°C for 1-2 d under dark. Shoot regeneration media (SIM) was prepared as described in [21].
For rooting, root generating media (RGM) was prepared, RGM1 [1 mg L™ IBA (indole-3-butyric acid), 0.2
mg L™ " GA; (Gibberellic acid), 25 mg L™ ' kanamycin sulfate and 40 mg L™ " sulcid] and RGM-2 [1 mg L™
IAA (indole-3-acetic acid), 0.2 mg L™ ' GA; kanamycin sulfate (25 mg L™ '] and 40 mg L™ sulcid).

Molecular analysis of calli and T plants

DNA was extracted from calli and regenerated plants using GeneJET Plant Genomic DNA Purification
Mini Kit (Thermo Scientific, Cat. No. K0792). Selection of transgenic calli and plants was performed using
nptil primers (nptlFF: 5-TTGCTCCTGCCGAGAAAG-3' and npt/FR: 5-GAAGGCGATAGAAGGCGA-3’). For
sequencing purpose, PCR was done with proofreading polymerase (EasyPfu DNA polymerase, TRANS,
Cat. No. AP211) via NFE-F and NFE-R or InIint-R (5-TAAGATAAACATAACTCCTTATTCA-3') primers. Gel
extraction was done using EasyPure® Quick Gel Extraction Kit (TRANS, Cat. No. EG101-01), A-tailed and
cloned using QIAGEN PCR Cloning Kit (Cat. No. 231122). Some samples were directly sequenced from
the PCR product. Direct sequencing and cloned vector sequencing was performed using Sanger
sequencing at Sentebiolab, Ankara, Turkiye. Sequence analysis of calli as well as regenerated shoots was
done using the online tool http://multalin.toulouse.inra.fr/multalin/ and software CLC Main Workbench 8.

Gene expression analysis of regenerated plants

After growing the rooted regenerated plants in the soil, RNA was isolated from each independent putative
plants and wild-type control and treated with DNase | (Thermo Scientific, Cat. No. EN0521). Thermo
Scientific RevertAid First Strand cDNA Synthesis Kit (#K1612) was used for first strand cDNA synthesis
with 1 pL Oligo (dT)+g primer and a total RNA of 0.5 pg from control and putative samples. Dilution of
first strand equal concentrations of cDNA in 1:10 ratio was performed for template in RT-qPCR with the
use of iTaqg™Universal SYBR GreenSupermix (BIO-RAD, Cat. No. 172-5121). InvInhRT-F (5™
GTGTGTGAAAACTTTGTC-3) and InvInhRT-R (5-GAAAAGGCACAATTCTTC-3’) primers were used with 2.5
uL of diluted cDNA. The program reaction was as follows: 95°C for 15 min, followed by 40 cycles at 95°C
for10s,51°Cfor 15s, 72°C for 20 s by using Qiagen Rotor-Gene Q. Melting curve analysis (incubation at
99°C to 70°C with a transition rate of 1°C min~ ') was performed to determine if PCR generated only
single product. For the purpose of normalization, 78S rRNA was used as a reference gene to quantify
gene expression [30]. Threshold values were generated using Rotor-Gene QRT-PCR instrument (QIAGEN)
software in analysis of target gene expression. Data calculation was done using RT-gPCR standard
deviations, and gene expression level was calculated using 2 24C; proportional calculation method [31,
21].

RESULTS

Allelic determination of INVINH1 gene and spacer sequence design

Sequencing of 17 different clones from cv. Desiree showed two alleles of StINVINHT gene, while only one

allele in 10 different clones from S. chacoense M6 for ScINVINH1 gene. Allelic variation was analyzed
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using Qiagen CLC Main Workbench 8 analysis. From the scoring analysis, “"GACAAAAGAAGTGAAACAGC”
with PAM sequence AGG was chosen as gRNA1 and antisense spacer “GGATCTTTCCAAGCTTGAGG”
with PAM AGG was chosen as gRNA2—both of which start with “G” nucleotide at their 5’ ends. gRNA1
that targeted 1st exon of INVINHT also targeted phosphorylation sites of INVINH1 enzyme.

Microtuberization for explant generation in plant transformation

Adding thidiazuron was found to generate more microtubers, specially at 0.5 mg L™ for cv. Desiree (26
microtubers) and S. chacoense M6 (31) against the control (9 for cv. Desiree and 0 for S. chacoense M6).
This was followed by 1 mg L™ thidiazuron that yielded 26 microtubers in cv. Desiree and 27 in S.
chacoense M6, and finally 0.1 mg L™ thidiazuron (23 microtubers in cv. Desiree and 24 in S. chacoense
M6) (Fig. 1).

Control experiment results

Control experiment was performed to measure the extent of damage to the plant explants, calli induction
and regeneration brought by selection pressure, Agrobacterium and CRISPR vector. In absence of both
kanamycin and Agrobacterium, it was found that S. chacoense M6 showed 88.46% calli induction and cv.
Desiree showed 100% calli induction (Fig. 3a). For those grown in CIM with kanamycin, there was no
callus induction. Four different conditions were also used: 1st infection (empty AGL1 cells without
kanamycin), 2nd infection (empty AGL1 cells with kanamycin), 3rd infection (AGL1 cells harboring empty
CRISPR vector without kanamycin), 4th infection (AGL1 cells harboring the control vector with
kanamycin).

In the case of cv. Desireg, 1st infection condition gave the most calli induction (86.67%), followed by 3rd
(63.33%), 4th (61.9%) and 2nd (12.5%). For S. chacoense M6, 1st infection condition gave the highest
calli induction (72.5%), followed by 3rd (65.6%), 4th (38.09%) and 2nd (4.17%). Nevertheless, it was found
that S. chacoense M6 had lower calli induction than cv. Desiree in all conditions except for 3rd infection
condition (Fig. 3b).

Without bacteria and without kanamycin, regeneration was the highest for cv. Desiree (54.54%), and the
least in S. chacoense M6 (26.08%). No regeneration was observed for cv. Desiree with empty AGL1 cells
and without kanamycin, while for S. chacoense M6 it was 31.03%. Regeneration frequency was 31.57%
for cv. Desiree infected with CRISPR vector harbored AGL1 cells without kanamycin selection, while with
kanamycin selection it was 30.77%. For S. chacoense M6 infected with CRISPR vector harbored AGL1
cells and without kanamycin selection, regeneration was 14.28%, while with kanamycin selection it was
0%.

Gene editing using A1 and A2 constructs

The gene editing experiment with A1 construct (AGL1 harboring CRISPR vector with gRNA1) and A2

construct (AGL1 harboring CRISPR vector with gRNA2) was conducted in cv. Desiree and named DA1 and
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DA2, respectively. For S. chacoense M6 infected using A1 and A2 constructs were named M6A1 and
M6A2, respectively. For M6A1, internode explants showed the highest calli induction (88.63%), followed
by leaf (72.09%) and microtuber (23.33%) explants. For M6A2, again internodes showed highest calli
induction (50.88%), followed by leaf (49.22%) and microtuber (25%) explants. DA2 also showed a similar
trend: the highest calli in internode (77.74%), leaf (77.69%) and followed by microtuber (33.33%); however,
not in DA1: the highest in leaf (48.08%), followed by internode (37.85%) and microtuber (16.67%)
explants. Overall, internode explants could be considered the best among all explants, constructs and
varieties used, except for DA1 (Fig. 4a).

It was found that the regenerants for M6A1 leaf, internode and microtuber calli were 0, 10 and 18,
respectively. This gave the regeneration frequencies of 0%, 2.14% and 128.57% for leaf, internode and
microtuber explants, respectively. For M6A2, regenerant number was 0, 5 and 4 for leaf, internode and
microtuber calli, respectively (regeneration frequencies of 0%, 26.67% and 26.67%, respectively), while for
DAT it was 9, 6 and 1 for leaf, internode and microtuber calli, respectively (3.6%, 2.99% and 10%,
respectively), and for DA2 it was 0, 3 and 1 for leaf, internode and microtuber calli, respectively (0% ,0.72%
and 5%, respectively). Overall, it can be seen that microtubers gave the highest regeneration frequency
among all the explants, constructs and varieties used, while leaf gave no regeneration at all in M6A1,
M6A2 and DAZ2, and the least frequency in DA1 with 3.6% (Fig. 4b).

PCR screening and sequencing of calli and regenerants

Calli that showed positive PCR results for npt// screening were sent for sequencing. Only the heat-stressed
calli, co-cultivated at 28°C for 2 d and intermittently heat-stressed at 37°C, showed mutation. The
amplicons cloned to pDrive cloning vector were sent for Sanger sequencing which showed indel mutation
in three of the clones, deletion of “C” in M6A2 calli, insertion of “A” in DA1 calli and insertion of “A” and “C”
in DA2 (Fig. 6).

PCR screening done to detect transgenic regenerants resulted in positive samples from M6A1
regenerants: A11, A13, A19, A20, A21 and A22. However, even though A14 was found to be negative on
PCR screening, one of the Sc/INVINHT alleles showed an extra peak, a base substitution. For M6A2,
samples B8 and B9 were positive, For DA1, C1 was negative, however survived kanamycin selection,
hence C1 was sent for molecular analysis. In DA1 regenerants, C2, C3, C4, C6 and C7 were positive, and
for DA2, D1, D2 and D3 were positive. On sequencing the positive regenerants, several peak overlaps were
noticed, as compared to the wild-type.

Real time PCR data

These putative plants found from sequencing were then potted in soil (Fig. 7a) and analyzed for INVINH1
gene expression using real-time PCR. Regenerated plants C8, C9, C10 and C12 had reduced gene
expression of St/INVINH1 as compared to wild-type cv. Desiree, except D3 regenerant. Regenerant A22 had
reduced gene expression of ScINVINHT as compared to the wild-type S. chacoense M6 (Fig. 7b).

Page 7/17



DISCUSSION

Potato is an imperative food crop possessing high nutritional value [1, 32], and an ever-increasing
population makes potato more crucial to fight hunger and poverty [32—-34]. However, potato is challenged
by biotic and abiotic stress tolerances [35, 36], and the genetic makeup of potato makes its conventional
breeding challenging, calling for the need of genome editing [5]. It has been known that CWIN enzymes
play a role in immune and defense responses during plant-pathogen interactions [10] and are targeted
post-translationally by INVINH1 enzyme [8, 9, 17], suggesting that INVINH1 might possibly regulate plant
defense mechanism. Silencing INVINHT has also been associated with improvement in seed weight, seed
germination, fruit hexose level, chilling tolerance, and delay in leaf senescence [8, 9, 10, 14, 15]. Moreover,
potato has several isoforms of CWIN genes [18], which makes CRISPR/Cas9 targeting INVINH1 a viable
option.

Our study indicated that there are two alleles in StINVINHT gene for cv. Desiree and homozygous
ScINVINH1 gene for S. chacoense M6. Similar allelic sequences were also reported by [17]. The control
experiments also clearly indicated that the wild-type potato explants are sensitive to kanamycin. On
infection with empty AGL1 cells, there was a slight decrease in calli induction, and a further decrease
when infected with AGL1 cells harboring empty pGNK-LeCas9-AtU6p-sgRNA vector. This indicated that
AGL1 cells affected calli induction and furthermore when the CRISPR vector is harbored by AGL1.
Moreover, as compared to the explants treated with empty AGL1 cells, frequent sulcid treatment to kill the
growth of Agrobacterium was required when infected with AGL1 cells harboring either CRISPR vector or
gRNA cloned CRISPR vector. This might indicate that CRISPR vector might have some role in
Agrobacteirum overgrowth. This overgrowth of Agrobacterium was problematic, especially in cv. Desiree,
as it affected calli development and regeneration, further exacerbated by the frequent sulcid treatment.
Cell mutation due to selection pressure may also cause Agrobacterium overgrowth, and this could be
addressed by using mutant strain of Agrobacterium with sucrose sensitivity, such as GV2260-SacB/R
[37].

It was clear from the experiment that the highest calli was produced by internode explants for both
construct types in S. chacoense M6 and cv. Desiree (except for DA1); microtuber was found to be the best
explant for regeneration from the calli generated, even though the calli generation from microtuber
explant was found to be the least. The highest regeneration frequency in cv. Desiree and S. chacoense M6
incubated without bacterial infection and kanamycin pressure denoted that explants from both are
capable of regenerating. It was also observed that the regeneration frequency for internode explant
infected with AGL1 harboring empty CRISPR vector was much above in contrast to the ones infected with
AGL1 harboring gRNA clone CRISPR vectors, indicating gRNA effect on regeneration.

The heat-stressed calli showed mutation probably because Cas9 enzymes perform optimally at higher
temperatures [38]. It was also shown by [38] that the heat stress temperature of 37°C was beneficial to
improve mutation frequency generated by CRISPR in Arabidopsisthan those grown at 22°C. Heat stress
effect at 37°C was also demonstrated in citrus [38]. It has also been found that the mutagenesis
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frequency improved from 50%-63% in transgenic rice lines on heat stress treatment [39]. As the positive
transgenic regenerated plants sent for direct sequencing showed overlapping peaks, which was difficult
to analyze if it were either substitution, heterozygous or chimeric mutations considering that there was
overrepresentation of wild-type sequence. As there is also the cloning option, it would require a great
investment of time, tedious cloning and large number of sequencing. Hence, in this study, the putative
plants that happened to show peak overlaps were transferred to potted soil and analyzed using RT-gPCR.
Our study showed a decrease in INVINHT gene expression in C8, C9, C10, C12 (cv. Desiree) and A22 (S.
chacoense M6) indicating that the INVINHT gene expression level of these plants may have been affected
as a result of the targeted mutagenesis. As the gRNA1 targeting site is in proximity to the start codon, and
also targets phosphorylation sites, this might have resulted in the gene expression differences between
D3 and the other regenerants.

Our study examined the sequencing data of putative lines from direct sequencing only without cloning
the alleles. A study obtained genetically chimeric plants [40] and has reported reduced SBE1 protein in
their study, which may explain the reduced gene expression in our study. There was a decline in poplar
chimeric mutation with “second round of regeneration” which resulted in homozygous mutants [41];
similar work can be done in the future. Veillet et al. (2019) [42] has also generated lines which could be
potentially chimerical event [42]. In potato genome editing via CRISPR-SaCas9 and cytosine base editors
(SaCBE), similar type of sequencing trace data as obtained in our study can be observed [43].

CONCLUSION

In this study, we reported two alleles of StINVINHT gene in cv. Desiree and homozygosity in case of
ScINVINHT gene in in S. chacoense M6. The study showed that the CRISPR vector and gRNA may affect
calli induction and regeneration and the heat stress treatment can lead to chances of successful
mutagenesis. Furthermore, Sanger sequencing of calli showed presence of mutagenesis, and the putative
regenerants showed decreased INVINH1T gene expression. Further studies are needed at the protein level,
and to unravel the role of INVINH1 enzyme in plant defense and/or stress response.
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A1 construct: AGL-1 cells harboring gRNA1 in CRISPR/Cas9 construct; A2 construct: AGL-1 cells
harboring gRNA2 in CRISPR/Cas9 construct; CIM: callus inducing media; CRISPR: clustered regularly
interspaced short palindromic repeat/Cas9: CRISPR-associated nuclease 9; CTAB: cetyl
trimethylammonium bromide; cv.: cultivar; CWIN: apoplastic (cell wall) invertase; d: days; DA1: cv. Desiree
infected with A1 construct; DA2: cv. Desiree infected with A2 construct; GAg: Gibberellic acid; gRNA: guide
RNA; IAA: indole-3-acetic; IBA: indole-3-butyric acid; INVINH1: apoplastic invertase inhibitor; INVINH2:
vacuolar invertase inhibitor; M6A1: S. chacoense M6 infected with A1 construct; M6A2: S. chacoense M6
infected with A2 construct; nptll neomycin phosphotransferase Il; PCR: polymerase chain reaction; RGM:
root generating media; RT-qPCR: Reverse transcriptase quantitative PCR; sgRNA: single-guided RNA; SIM:
shoot regeneration media.
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Figure 1

Number of microtubers in cv. Desiree and S. chacoense M6 under different concentrations of thidiazuron

M6
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Control experiments in internode explants: calli induction on CIM- A line: AGL1-@(empty) and B line: AGL1
with empty CRISPR vector (1: without kanamycin, 2: with kanamycin) (a), and calli developed from
explants under microscope (b)
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Figure 3

Control experiments in internode explants. Bar graph showing calli induction rate (%) without bacteria
and without kanamycin (a), and bar graph showing calli induction rate (percentage) for control
experiments (b)
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Figure 4

Line graph depicting callus induction (%) for various explants using A1 and A2 constructs in S.
chacoense M6 and cv. Desiree (a), and line graph depicting regeneration frequency (%) in different
explants infected with A1 and A2 constructs for S. chacoense M6 and cv. Desiree (b)
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Figure 5

Regeneration from calli of leaf explant (a), and candidate regenerants cultured in RGM: rooting on media
supplemented with IBA (roots pointed by red arrows), and no rooting on IAA supplementation ‘f’ (b)
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Cloned gene fragment of transformed calli were sent for sequencing and aligned to gRNA1 or gRNA2
(CLC Main Workbench 8, Qiagen). Sanger sequencing was performed by Sentebiolab, Ankara, Turkiye.
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Figure 7

Transfer of the putative and wildtype potato plants to the pots (a), and relative gene expression analysis
(INVINH1T gene) of putative transgenics compared against the wildtypes using real-time PCR based
method (b)
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