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We dedicate this paper to Dr. Shelley Jansky, who has devoted her entire career to potato genetics and breeding. Dr.
Jansky is credited for developing several key germplasm stocks, including M6 and DMF5163, the progenitor lines
for Jan and mini-Jan. 'Jan' is named from 'Jansky'.
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Summary

Potato (Solanum tuberosum) is the third most important food crop in the world. Although
the potato genome has been fully sequenced, functional genomics research of potato lags relative
to other major food crops due primarily to the lack of a model experimental potato line. Here, we
present a diploid potato line, ‘Jan’, which possesses all essential characteristics for facile
functional genomics studies. Jan has a high level of homozygosity after seven generations of
self-pollination. Jan is vigorous and highly fertile with outstanding tuber traits, high regeneration
rates, and excellent transformation efficiencies. We generated a chromosome-scale genome
assembly for Jan, annotated genes, and identified syntelogs relative to the potato reference
genome assembly DMvo6.1 to facilitate functional genomics. To miniaturize plant architecture,
we developed two “mini-Jan” lines with compact and dwarf plant stature using CRISPR/Cas9-
mediated mutagenesis targeting the Dwarf and Erecta genes related to growth. Mini-Jan mutants
are fully fertile and will permit higher-throughput studies in limited growth chamber and
greenhouse space. Thus, Jan and mini-Jan provide an outstanding model system that can be

leveraged for gene editing and functional genomics research in potato.
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Introduction

Cultivated potato (Solanum tuberosum, 2n = 4x = 48) is the third-most important global
food crop for human consumption (Devaux et al., 2020), with approximately 375 million tons
produced from nearly 18 million hectares in 2022 alone (http://www.fao.org/). French fries and
potato chips are among the most popular snack foods in the world, especially in developed
countries. Unlike most major crops, development of new potato cultivars has been hindered by
characteristics inherent to its biology, especially its highly heterozygous outcrossing
autotetraploid genome, clonal propagation nature, and sensitivity to inbreeding depression due to
high genetic load. Modern potato cultivars developed in the United States after the 1970s showed
similar yield potential as those developed in the 19" century (Douches et al., 1996), despite high
yield being a top breeding goal for most potato breeding programs. Recent genome sequencing
and transcriptomic analysis of several tetraploid potato cultivars have revealed extensive allelic
diversity and numerous dysfunctional or deleterious alleles (Hoopes et al., 2022; Mari et al.,
2024; Sun et al., 2022). These genomic features of tetraploid potato have hindered breeders’
efforts to reduce genetic load underlying the lack of yield increase over 100 years of traditional
breeding.

After a century-long struggle with tetraploid potato, the research community has initiated
a diploid inbred-based system for potato breeding (Bethke et al., 2022; de Vries et al., 2023;
Jansky et al., 2016). The value of diploid potato (2n = 2x = 24), including wild diploid species
and haploids (or “dihaploids”) derived from tetraploid cultivars, has long been recognized. In
fact, the first genetic linkage maps of potato were generated with diploid populations (Bonierbale
et al., 1988; Gebhardt et al., 1989). Identification and cloning of key genes in potato has mostly
relied on genetics and genomics research of diploid potato (Ballvora et al., 2002; Eggers et al.,
2021; Kloosterman et al., 2013; Ma et al., 2021; Song et al., 2003). However, most currently
available diploid potato species or breeding lines share genetic and genomic characteristics that
are not desirable for functional genomics studies, including high heterozygosity and self-
incompatibility. Self-compatible and homozygous accessions of diploid species have been
reported, including Solanum verrucosum (Hosaka et al., 2022) and Solanum chacoense (Jansky
et al., 2014). However, these genotypes are often highly recalcitrant to regeneration and are
rarely used for transgenic research (Duangpan et al., 2013). Although an increasing number of

diploid breeding lines have been evaluated in recent years (Achakkagari et al., 2022; Alsahlany
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80 etal, 2021; Hosaka and Sanetomo, 2020; Jayakody et al., 2022; Jayakody et al., 2023), the
81  potato research community is still in need of a model line for functional genomics studies. Such
82  aline should be vigorous, self-compatible, with excellent tuber traits, and most importantly, can
83  be readily transformed using Agrobacterium.
84 Here, we describe the development of ‘Jan’, a diploid potato line derived from a hybrid
85  between S. tuberosum Group Phureja clone DM1-3 516 R44 (hereafter referred to as DM) (Pham
86 etal, 2020; The Potato Genome Sequencing Consortium, 2011) and M6, a self-compatible
87  accession of S. chacoense (Jansky et al., 2014; Leisner et al., 2018). Jan was self-pollinated for
88  seven generations and thus, reached a high level of homozygosity. Jan is highly fertile with
89  outstanding tuber traits. More importantly, Jan can be readily regenerated and transformed
90  Agrobacterium. Thus, Jan combines the most desirable traits from both parents, including the
91  vigor and fertility from M6 and the tissue culture and transformation amenability from DM. We
92  generated a chromosome-scale genome assembly of Jan and annotated it for protein coding
93  genes to facilitate gene identification and mutational research. We also developed several “mini-
94  Jan” mutants with compact and dwarf plant statue using CRISPR/Cas9-mediated mutagenesis of
95  two genes related to growth. The mini-Jan lines are fully fertile and will permit increased
96  capacity in growth chamber and greenhouse studies. Thus, Jan and mini-Jan provide a model
97  system for functional genomics and molecular genetics research in potato.
98
99 Results
100  Morphology and fertility of Jan
101 We identified the self-compatible clone DMF5163 as a starting material to develop a
102  model diploid potato line. DMF5163 was derived from a cross between DM and M6 (Endelman
103 and Jansky, 2016) and was selfed for five generations in the greenhouse. DMF5163 was self-
104  pollinated for two additional generations under growth chamber conditions. A single F7
105  individual (DMFJ7), named ‘Jan’, was selected from the growth chamber population largely
106  based on its vigor and fertility. Jan exhibits vigorous growth and produces abundant flowers
107  under standard growth chamber and greenhouse conditions (Figure 1). Jan has a compact plant
108  structure that reaches an average height of 57 cm in the growth chamber (Figure 1a) and is fully
109  mature after 105 days in the greenhouse. Jan tubers are round with a cream skin color and

110  shallow eyes and are relatively uniform in size (Figure 1e). Jan produced an average of 33 tubers
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111  per plant with a yield of 378 g in the greenhouse. Jan is self-compatible and produces abundant
112 viable pollen (Figure S1a). Approximately 90% of the pollen showed normal I-KI staining

113 (Pedersen et al., 2004) (Figure S1b). Jan plants had a 94% fruit-setting rate upon self-pollination
114  with berries generating an average of 65 seeds per fruit (Figure S1c).

115

116  Development of a reference genome of Jan

117 We developed a chromosome-scale genome assembly for Jan, an essential resource for
118  Jan being used as a model functional genomics tool. We generated 1,927,473 sequence reads of
119 10 kb or longer using Oxford Nanopore Technologies (ONT) long read sequencing, totaling 53.1
120  Gb of sequence and representing ~63X genome coverage (Table S1) that were assembled using
121 Flye (Kolmogorov et al., 2019). Error correction of the draft assembly was performed using both
122 ONT long reads and Illumina whole-genome shotgun reads (Table S1). Duplicative and short
123 contigs were filtered out yielding an assembly of 717.2 total Mb from 953 contigs with an N50
124 length of 6.7 Mb. Using DM v6.1 (Pham et al., 2020) as the reference, the contigs were placed
125  onto the 12 chromosomes resulting in final assembly of 717.2 Mb, of which, 708.0 Mb was

126  scaffolded to the 12 potato chromosomes (Table S2). LTR assembly index (LAI) assessment of
127  the assembly revealed a score of 13.28, indicative of a reference quality assembly (10 < LAI <
128  20) (Ou et al., 2018). Benchmarking Universal Single-Copy Orthologs (BUSCO) analysis

129  (Manni et al., 2021) revealed 98.2% complete BUSCOs for the assembly (Table S3), indicative
130  of a high-quality assembly. Analyses of whole-genome shotgun reads indicate the presence of
131  some residual heterozygosity within the Jan genome (Figure S2) (Mapleson et al., 2017;

132 Ranallo-Benavidez et al., 2020).

133 To annotate the Jan genome, we performed de novo repetitive sequence identification,
134  revealing 65.8% repeat content (Table S4), similar to the repetitive sequence content determined
135  previously for M6 (60.7%) (Leisner et al., 2018) and DM (66.8%) (Pham et al., 2020). Using the
136  repeat-masked genome, protein-coding protein sequences were annotated using BRAKER with
137  further refinement of the models using PASA (v2.5.2; (Campbell et al., 2006)) with RNA-

138  sequencing and full-length cDNA sequences (Table S1). A total of 71,186 working gene models
139  were annotated. Of these, 64,288 high confidence gene models were annotated from 35,985 loci;

140  BUSCO analysis revealed 89.5% complete BUSCOs for the annotation (Table S3).
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141 We observed a high rate of syntelog mapping between the high-confidence gene models
142 identified in Jan and its two parents (Figure S3), as well as those of other diploid potatoes,
143 including DM1S1 (Jayakody et al., 2023) and Solanum candolleanum

144 (http://spuddb.uga.edu/S candolleanum v1 0 download.shtml), and the non-potato Solanum

145  species tomato (Solanum lycopersicum) (Hosmani et al., 2019) (Figure S3). In total, 25,943

146  syntelogs were identified between Janv1l.1 and DMv6.1. As DM has served as the reference

147  genome for potato since 2011 and the two parents of Jan differ in numerous traits, the high rate
148  level of synteny identified in genes among Jan, DM, and M6 (Dataset 1) will facilitate effective
149  gene identification and functional genomics assays based on Jan.

150

151  Representation of the parental genomes in Jan

152 We used the chromosome-scale genome assemblies of DM and M6 to determine which
153  parental alleles are represented in Jan. Sequence alignment of Jan against the genomes of

154 DMvé6.1 (Pham et al., 2020) and M6v5.0 (https://spuddb.uga.edu/M6_v5 0 download.shtml) in

155  pairwise fashion revealed large sections of collinearity (Figure S4). One notable observation is
156  the inheritance of the entire centromeric and pericentromeric regions from DM on chromosomes
157 1,4, 9 (aside from an apparent inversion near the centromere), 10, and 11, and from M6 on

158  chromosomes 3 and 7 (Figure S4). The inheritance of these regions of the remaining

159  chromosomes is less clear.

160 To identify blocks of genomic sequence inherited from each parent in Jan, k-mers from
161  the genome assembly of each parent were anchored to the Jan assembly and k-mer conservation
162  between Jan and each parent was calculated in 100 kb windows (Aylward et al., 2023) (Figure
163 S5). Windows with k-mer conservation differences greater than 15% were assigned to the parent
164  with the higher conservation; windows with 15% or less k-mer conservation difference (i.e., high
165  sequence conservation between DM and M6), were assigned as ambiguous inheritance. In total,
166  of the 708 Mb scaffolded to the twelve chromosomes, Jan inherited 44.4% of its genomic

167  sequence from DM and 31.6% from M6; 24.0% were ambiguous due to high sequence homology
168  between the two parental genomes (Figure 2).

169

170  Putative parental genes relevant to the distinct phenotypes of Jan
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171 The annotated genes of Jan were classified as DM or M6 alleles based on the k-mer

172 conservation classification. Of the 35,700 genes placed onto the twelve chromosomes, 15,056
173 (42.2%) and 13,436 (37.6%) genes were inherited from DM and M6, respectively. The

174  remaining 7,208 (20.2%) were ambiguous. Interestingly, genes inherited from each parent were
175  differentially enriched in specific biological processes and molecular functions in Gene Ontology
176 ~ (GO) term analysis. Genes inherited from DM were enriched for “catabolic process”,

177  “manganese ion binding”, and “structural constituent of chromatin; while those from M6 were
178  enriched in “response to hormone”, “organic acid transport”, “recognition of pollen”, and

179  “anatomical structure development” (Table S5).

180 Jan is vigorous and highly fertile, resembling M6. In contrast, DM is a very weak plant
181  and male sterile. To explore the genetic basis of these distinct parental traits, we investigated the
182  significant enrichment of inherited genes and their expression in six developmentally important
183  tissues: young (immature) leaves, flower buds, open (mature) flowers, stolons, small tubers, and
184  roots. Of the 47 genes inherited from M6 and annotated under “recognition of pollen”

185  (GO:0048544, p-value 1.3e-08) category, there are 42 receptor-like kinases (RLKs), including 20
186  lectin RLKs (Lec-RLKSs). Previous studies have showed the important roles of Lec-RLKSs in

187  determining male fertility by regulating pollen exine assembly and pollen aperture development
188  in both Arabidopsis thaliana and rice (Peng et al., 2020; Wan et al., 2008). A total of 18 of these
189  RLKs (six of which are Lec-RLKs) exhibit moderate expression (5-40 transcripts per million

190  (TPM) in floral tissues, suggesting a potential contribution in Jan’s fertility. Furthermore, four
191  phospholipase A2 family genes annotated under “organic acid transport” (GO:0015849, p-value
192 6.0e-04) are included in the 27 significant genes inherited from M6, and three of them are

193  moderately to highly expressed in floral tissues (13-85 TPM) (Dataset 2). It has been

194  demonstrated in 4. thaliana that phospholipases are essential for proper pollen development,

195  since RNA interference (RNA1) knockdowns of these genes result in pollen lethality (Kim et al.,
196  2011).

197 Both M6 and Jan are highly vigorous. Interestingly, we identified several M6-derived
198  genes related to plant growth hormone signaling and response. The 46 significant genes inherited
199  from M6 and annotated under the “response to hormone” (GO:0009725, p-value 3.5¢-05)

200  category include 38 auxin response factor and/or SAUR-like auxin-responsive protein family

201  genes, 18 of which are found in tandem or are organized as gene clusters on four different
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202  chromosomes. Of these, 25 of the 38 genes are moderately to highly expressed (5-209 TPM) in
203  at least one analyzed tissue, and more often in multiple tissues. Also included in this group are
204  five major latex protein (MLP)-like genes. MLP-like genes are known to promote vegetative
205  growth through response to cis-cinnamic acid (Guo et al., 2011). One of these genes

206  (Soltu.Jan v1.1.09G030670.1) exhibits a very high expression (80-1313 TPM) in all tissues
207  analyzed. Particularly intriguing are the 94 significant genes inherited from M6 and annotated
208  under the “anatomical structure development” (GO:0048856, p-value 5.9¢-03) category. This
209  includes eight plant-specific YABBY transcription factor (TF) family genes, six of which are
210  moderately to highly expressed (6-185 TPM) and display preferential expression in above

211  ground tissues (young leaf, flower bud, open flower). YABBY TFs are known to play an

212 important in determination of abaxial cell fates in leaves and flowers (Siegfried et al., 1999).
213 Like DM and unlike M6, Jan can be regenerated in tissue culture efficiently and is readily
214 transformable. Of the 266 significant genes inherited from DM and annotated under the

215  “catabolic process” (GO:0009056, p-value 8.3e-06) category, two are arginine decarboxylase
216  (ADC) genes. Arginine decarboxylation by ADC enzymes initiates the biosynthesis of the

217  polyamine putrescine (Martin-Tanguy, 2001), and plays an important role in callus induction.
218  Previous studies showed a positive correlation between ADC activity (presumably leading to
219  increased putrescine content) and callus growth (Burtin et al., 1989; Hao et al., 2005).

220  Furthermore, an increase in putrescine was shown to contribute to higher shoot regeneration
221  frequencies in tissue culture (Bais et al., 2000; Fazilati and Forghani, 2015). Both identified
222 ADC genes exhibit moderate to very high expression (29-538 TPM) in all tissues analyzed in
223 Jan, with some of the higher expression values detected in roots of tissue culture plantlets (164,
224 176 TPM). Therefore, the high expression of DM-inherited ADC genes could lead to an

225  increased supply of putrescine and successful regeneration observed in Jan.

226 We identified a globally expressed gene (6-11 TPM) encoding a SWIB complex BAF60b
227  domain-containing protein (Soltu.Jan v1.1.01G050000.1), one of the 50 significant genes

228  inherited from DM and annotated under “manganese ion binding” (GO:0030145, p-value 8.9¢-
229  12) category. RNAi knockdown of the A. thaliana SWIB complex ortholog CHCI resulted in
230  reduced callus formation in tissue culture and consequently reduced Agrobacterium-mediated
231  transformation rates (Crane and Gelvin, 2007). In addition, of the 29 significant genes inherited

232 from DM and annotated under “‘structural constituent of chromatin” (GO:0030527, p-value 5.3e-
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233 04) category are 22 moderately to very highly expressed (5-2390 TPM) histone superfamily

234  protein genes, including three histone H2A genes. Previous studies revealed a crucial role of
235  H2A and other histone-associated proteins in the establishment of Agrobacterium-mediated

236  transformation efficiency in 4. thaliana (Yi et al., 2006; Yi et al., 2002; Zhu et al., 2003).

237  Insertion of a T-DNA in the 3’ UTR of an H2A gene resulted in severely reduced transformation
238  rates, while overexpressing of this H2A gene doubled the transformation rates (Mysore et al.,
239 2000). It should be noted that Jan also inherits six histone H2A genes from M6; however, the
240  H2A genes inherited from DM displayed overall higher expression (115-357 TPM) in the roots
241  of tissue culture plantlets compared to the H2A genes inherited from M6 (10-235 TPM). These
242 results support more substantial contributions from the DM-inherited genes to Jan’s tissue

243 culture regeneration phenotypes.

244

245  Regeneration and transformation of Jan

246 An efficient regeneration and transformation system is essential for functional plant

247  genomics research. To establish a robust genetic transformation system, we first evaluated the
248  regeneration efficiency of Jan using a similar method previously developed for DM (Paz and
249  Veilleux, 1999). We cultured internode explants derived from 4-week-old tissue culture plantlets
250  on pre-culture medium for three days. Internodes were then transferred to regeneration medium
251  for approximately one month. We determined the regeneration rate, defined as the percentage of
252  explants that developed shoots. Jan showed an average regeneration efficiency of 89.7% from
253 three independent experiments (Table 1), supporting Jan’s inheritance of its regeneration

254  efficiency from DM.

255 CRISPR/Cas9-based gene editing experiments were used to determine the transformation
256  and gene editing efficiency of Jan. To this end, we targeted a uridine diphosphate

257  glucosyltransferase gene (Soltu.Jan-1.1.05G025420.1) for mutagenesis. We designed a single
258  guide RNA (gRNA 6) to target this gene. The gRNA was driven by the Arabidopsis U6

259  promoter, while the Cas9 gene was expressed under the Cestrum Yellow Leaf Curling Virus
260 (CmYLCV) promoter (Stavolone et al., 2003) (Figure 3a). Starting with 151 explants, we

261  achieved a transformation efficiency of 15.9% (the number of transgene positive events divided
262 by the total number of explants), with 24 out of the 116 regenerated plants (20.7%) confirmed to
263  be transgenic by PCR detection of the kanamycin resistance gene (Table 2). A total of 17 of the
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264 24 transgenic plants (70.8%) showed editing through Sanger sequencing followed by Inference
265  of CRISPR Edits (ICE) analysis, with 14 having editing scores greater than 10% (Conant et al.,
266  2022).

267

268  Development of mini-Jan®

269 A miniaturized morphotype would permit a higher density of plants to be grown in a

270  limited growth space and improve the capacity to perform functional genomics. Thus, we

271  intended to develop a dwarf mutant of Jan, named “mini-Jan”. In tomato, mutation of the Dwarf
272 or D gene resulted in the miniaturization of the Micro-Tom cultivar (Marti et al., 2006). In order
273 to minituraize Jan, we targeted the D gene ortholog in Jan (Soltu.Jan v1.1.02G031560.1) in Jan.
274  In Micro-Tom, a single base mutation (A to T) of the 3' AG splicing site of intron 8 in the D

275  gene (Figure 3b) causes mis-splicing and truncation of the resulting protein (Marti et al., 2006).
276  We attempted to recreate this mutation in Jan by using two different single 20-bp gRNAs

277  spanning intron 8 and exon 9 of the StD gene. The cleavage site of gRNA i8 was positioned at
278  the 3' AG splicing site and the resulting mutations of the AG site in Jan should mimic the

279  mutation associated with Micro-Tom (Figure 3b). gRNA e9 was targeted to exon 9 to generate
280  proteins that would potentially be truncated within the last exon (Figure 3b). We generated 49
281  TO plants with targeted mutations. We achieved a transformation efficiency of 10.2% in

282  experiments using the gRNA i8 construct; 27 of the 32 regenerated events (84.4%) were

283  confirmed to be transgenic (Table 2). Among the transgenic plants, 52.4% displayed biallelic
284  mutations. For the gRNA €9 construct, 41 out of 66 regenerated plants (62.1%) were transgenic,
285  resulting in an overall transformation efficiency of 14.3% (Table 2). Within this group, 46.4%
286  were biallelic mutants. Combining the results from both experiments, the average transformation
287  efficiency was 12.3% (Table 2), with an average biallelic or homozygous mutation rate of

288  55.4%.

289 We selected four representative edited lines (i8-2, 29-2, i8-1, €9-1) (Figure 4a) for in-
290  depth analysis.

291 (1) 18-2: both StD alleles were mutated, with a 7 bp and 2 bp deletion in intron 8,

292  respectively (Figure 4c¢). The 2 bp deletion did not affect the AG slicing site, and produces a
293  normal transcript, which was detected in analysis of transcripts sequenced from i8-2 (Figure 4c).

294  In contrast, the second allele with a 7 bp deletion lost the AG site, which resulted in two different

-10 -
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295  types of short transcripts due to premature stop codons. The short transcripts encode two

296  truncated proteins losing 24 and 25 amino acids (aa), respectively (Figure 4c), resembling the
297  mutations described in Micro-Tom (Marti et al., 2006). The morphology of i8-2 plants are highly
298  similar to Jan (Figure 4a), likely due to the presence of normal SzD transcripts in this mutant.
299 (2) €9-2: both StD alleles were mutated, with a 1 bp deletion and 1 bp insertion within
300 exon 9, respectively (Figure 4d). Both mutated alleles resulted in a shortened transcript caused
301 by a premature stop codon. The two short cDNAs encode two truncated proteins that lose 21 aa
302  and 25 aa, respectively (Figure 4d). The €9-2 plants show a reduced height, and a more

303  condensed form compared to Jan. Leaves from €9-2 plants are slightly wrinkled and show a

304  darker pigmentation compared to Jan (Figure 4a).

305 (3) 18-1: both StD alleles were mutated, with 3 bp deletion and 1 bp insertion within

306 intron 8, respectively. These mutations resulted in the AG splicing site being lost or mutated in
307  both alleles (Figure 4e). Two different resulting transcripts were detected from i8-1. Both

308 transcripts can be derived from either one of the two mutated alleles. The two transcripts encode
309  two truncated proteins that lose 24 aa and 25 aa, respectively (Figure 4e). i8-1 plants show a
310  semi-dwarf phenotype with leaves exhibiting a darker tone than Jan, although not as pronounced
311  asi9-2. The leaves also showed a subtle crinkled appearance. The stem of i8-1 was moderately
312 thicker than Jan. The stem of i8-1 was moderately thicker than Jan, characteristic of a dwarfed
313 phenotype. The i8-1 plants have a reduced height and a bushier growth habit (Figure 4a).

314  Inflorescences were drastically shorter, lacking any noticeable elongation. Both flowers and

315  fruits of i8-1 are reduced in size compared to Jan. These characteristics suggest that i8-1 most
316  closely resembles the Micro-Tom phenotype among the Jan mutants analyzed. Tissue culture
317  seedlings of i8-1 showed pronounced short internodes and dwarf phenotypes (Figure 5a). The
318  i8-2 mutant was named as mini-Jan®.

319 (4) €9-1: both StD alleles lost 1 bp within exon 9, leading to the loss of 25 amino acids
320  (Figure 4f). €9-1 plants display a strong brassinosteroid deficiency symptoms described in other
321  plant species, including tomato (Bishop et al., 1999) (Figure 4a). €9-1 leaves were a notably
322  darker green with a texture reminiscent of crumpled paper. Compared to Jan, €9-1 leaves were
323  shorter in length and took on a more rounded shape. €9-1 plants were significantly dwarfed, with
324  arobust stem diameter (Figure 4a). €9-1 plants were completely sterile, thus, are not useful for

325  any further application.
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326

327  Development of mini-Jan®

328 We also explored the potential of modifying the plant architecture of Jan by mutating the
329  ERECTA (ER) gene (StER, Soltu.Jan v1.1.08G009340.1). ER is known to control internode

330  length in A. thaliana (Torii et al., 1996). Mutation of this gene in tomato, SIER, resulted in a

331  compact and dwarf phenotype (Kwon et al., 2020). In order to target StER in Jan, we designed a
332 20-bp gRNA targeting exon 3 of StER (Figure 6a). We generated nine TO plants with targeted
333 edits in StER and five of these plants carried biallelic or homozygous mutations. We selected two
334  of them for further analysis:

335 (1) er-1: both StER alleles were mutated in er-1, with 7 bp and 22 bp deletion,

336  respectively. Both mutated alleles result in a shortened transcript caused by a premature stop
337  codon. The two short transcripts would result in two truncated proteins that lose 886 aa and 891
338  aa, respectively (Figure 6b).

339 (2) er-2: a homozygous mutant, both StER alleles showed a 1-bp insertion, which encode
340  atruncated protein that loses 885 aa (Figure 6b). The er-2 mutant is named as mini-Jan®.

341 Both er-1 and er-2 plants displayed a similar phenotype characterized by being shorter
342 and more compact than the wild-type Jan (Figure 6, c-d). Both mutants exhibited much tighter
343  clustering of flowers, with shorter inflorescences compared to wild type (Figure 6d). Both

344  mutants also show reduced apical development, contributing to their more flattened architecture.
345  The tissue culture seedlings of both er-1 and er-2 were especially pronounced for its short

346  internode and dwarf phenotypes compared to the wild-type (Figure Sb). Interestingly, the StER
347  mutants appear to have greater lateral growth, each possessing a thick central stem. This thick
348  central stem is prominent in the mutants, with side branches comprising more than 90% of the
349  plant, in contrast to the wild-type, which has many independent shoots and a less distinguishable

350  central stem.

351
352 Discussion
353 For some plant species, such as 4. thaliana, transformation-mediated functional

354  genomics studies can be performed universally for any genotype or accession. However, for a
355 number of crop species, a model genotype or cultivar is required to be efficient for

356  transformation-based research. For example, maize (Zea mays) was initially known to be
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357  recalcitrant to regeneration and transformation and most maize inbreds or hybrids are difficult to
358  be transformed. Yet Hi-II (high type II callus production) maize has become the most

359  extensively used maize line for transformation due to its exceptional ability to induce a high

360 frequency of type Il somatic embryogenic callus (Armstrong, 1999; Armstrong and Green,

361  1985). Unlike the more common and less regenerative type I callus, type II callus is friable and
362  embryogenic (Yadava et al., 2017). The Hi-II line is a hybrid derived from two maize inbred
363  lines, inbred A188 known for its favorable tissue culture characteristics (Lin et al., 2021) and
364  inbred B73 for its superior agronomic qualities (Schnable et al., 2009). This combination has
365 rendered the Hi-II line highly responsive in tissue culture and robust in field performance (Vega
366  etal., 2008). Similarly, most varieties of common wheat (7riticum aestivum) are not amenable
367  for transformation. Wheat laboratories have relied on a highly transformable variety “Bobwhite”
368  (or its sister lines) for transgenic research (Pellegrineschi et al., 2002). In potato, although most
369 tetraploid cultivars are amenable for transformation, tetraploid genotypes are not ideal for

370  CRISPR/Cas-mediated gene editing.

371 The potato research community has long been searching for a model line for functional
372 genomics studies. The DM potato line was chosen for genome sequencing largely due to its

373  complete homozygosity (Pham et al., 2020; The Potato Genome Sequencing Consortium, 2011;
374  Yang et al., 2023). Unfortunately, DM is weak, male sterile, and associated with poor tuber traits
375  including the “jelly end” (tuber end rot) defect (Endelman and Jansky, 2016). Vigorous, highly
376  fertile diploid potato lines with excellent tuber traits are available, such as RH (Zhou et al.,

377  2020). However, most of the diploid lines are highly heterozygous and self-incompatible.

378  Although self-incompatible diploid lines can be converted to self-compatible by knocking out the
379  S-RNase gene (Enciso-Rodriguez et al., 2019; Ye et al., 2018), selfed progenies from

380  heterozygous diploids generally suffer from severe inbreeding depression. We demonstrate here
381  that Jan has all the required characteristics as a model for functional genomics. Jan combines the
382  most valuable traits from both parents: vigor, self-compatibility, and fertility from M6 and

383  regeneration and transformation capability from DM. Jan shows good tuber traits under

384  greenhouse condition. Jan tubers do not have the jelly end defect associated with DM and are
385  considerably larger than those from M6. In addition, the compact and dwarf plant statue of mini-

386  Jan will allow to grow more plants in limited greenhouse or growth chamber space.
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387 A high or acceptable transformation efficiency is arguably the most important trait as a
388  model for functional genomics. Jan showed a transformation efficiency of 10.2, 14.3, and 15.9%
389 in three independent CRISPR/Cas9 experiments. The weighted average of these transformation
390 efficiencies is 13.1%, which is comparable to the transformation efficiencies of other potato

391  varieties. For example, when performing Agrobacterium-mediated transformation of stem

392  internode explants of cultivars Lady Olympia, Granola, Agria, Désirée, and Innovator had

393  transformation efficiencies of 22%, 20%, 18.6%, 15%, and 10%, respectively (Bakhsh, 2020).
394  Another example is AGB with a transformation efficiency of 11.5% and M6 having a

395  transformation efficiency of 10% (Yasmeen et al., 2023). Comparing these varieties by ploidy
396  level shows that tetraploids tend to have greater transformation efficiencies than diploids. This is
397  further exemplified by diploid lines 3C (11.6%) and 10J (6.7%) having lower transformation
398 efficiencies than tetraploid varieties (Nadolska-Orczyk et al., 2007). This phenomenon can be
399  explained by treating T-DNA integration as a reaction and considering nuclear DNA as a

400  substrate. Tetraploid varieties having approximately twice the amount of nuclear DNA than

401  diploid varieties providing a plausible explanation for why tetraploids have higher

402  transformation efficiencies.

403 It should be noted that the transformation efficiency of Jan can be improved in the future
404  as our transformation procedure has not been optimized specifically for Jan. Nevertheless, the
405  current transformation rate has already made Jan and mini-Jan a highly efficient system for gene
406  editing due to its high-level homozygosity and two alleles for each gene. The technical challenge
407  for editing all four alleles in tetraploid potato has been reported in several recent publications
408  (Huang et al., 2023; Zhu et al., 2024). We were able to identify multiple biallelic or homozygous
409  StER editing lines from merely nine transgenic Jan lines. We have achieved a similar editing rate
410  of several other potato genes using Jan (unpublished) and were able to obtain biallelic or

411  homozygous CRISPR/Cas lines in 4-6 months for the CRISPR projects. Consequenctly, gene
412  editing experiments with Jan can be done as efficiently as in tomato. Thus, Jan and mini-Jan

413  provide a highly efficient model system for gene editing and other transformation-mediated

414  functional genomics studies.

415

416 Experimental procedures

417  Plant materials and growth conditions
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418 The self-compatible diploid potato clone DMF5163 was derived from a cross between S.
419  tuberosum Group Phureja DM 1-3 516 R44 (DM1-3) and S. chacoense (M6) (Endelman and
420  Jansky, 2016). This clone has been self-pollinated for seven generations. Jan was propagated in
421  vitro using nodal cuttings in tissue culture, grown on Murashige and Skoog (MS) medium (MS
422  basal salts plus vitamins, 30 g/L sucrose, 4 g/L Gelrite, pH 5.8) (Murashige and Skoog, 1962).
423 The plants were cultivated in culture tubes within growth chambers set to a 16-hour light/8-hour
424  dark photoperiod at 22°C, with an average light intensity of 200 umol m?s".

425 Three-week-old plants were transplanted into a walk-in growth chamber with conditions
426  of 16 hours of light at 22°C and 8 hours of darkness at 18°C, and a light intensity of 300 umol
427  m?s ' until flowering. Post-flowering, the plants were moved to a greenhouse for tuber collection.
428  The greenhouse conditions were maintained at 16 hours of light at 24°C and 8 hours of darkness
429  at 16°C, with a light intensity of 600 pumol m?s™', combining natural light with supplemental

430  lighting from high-pressure sodium lamps.

431

432 Pollen viability evaluation by 12-KI staining

433 Pollen was collected from a single flower of Jan and bulked. A 20 pL aliquot of 12-KI
434 solution was mixed with the pollen and placed on a glass slide, then covered with a coverslip.
435  Images of the pollen were captured using a QImaging Retiga EXi Fast 1394 CCD camera

436  (Teledyne Photometrics, Tucson, AZ, USA) attached to an Olympus BX51 epifluorescence

437  microscope. A field of view representative of the entire slide was used for analysis. Pollen grains

438  that were stained yellow, round, and turgid were considered viable.

439
440  Genome sequencing and assembly
441 Jan was grown in a growth chamber under 16h light at 22°C (8h dark at 18°C) and

442  immature leaf tissue was harvested and flash-frozen in liquid nitrogen. High-molecular-weight
443  genomic DNA was isolated via a crude Carlson lysis buffer extraction method and then cleaned
444  with a Genomic-tip 500/G column (Qiagen, Hilden, Germany) to elute (Vaillancourt and Buell,
445  2019). Genomic DNA was size-selected using the Short Read Eliminator kit v1.0 (Circulomics,
446  Pacific BioSciences, Menlo Park, CA); RNA was removed via digestion with RNase A (Qiagen)
447  and subsequent re-purification of genomic DNA from the RNase A-digested solution. ONT

448  sequencing libraries were prepared using the ONT SQK-LSK 110 kit, loaded on R9.4.1 FLO-
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449  MINI106D flow cells, and sequenced by MinlON Mk1B; the most recent ONT software available
450  at the run dates of the sequencing libraries was used. The ONT whole-genome sequencing

451  libraries were base-called using Guppy (v4.0.15, https://nanoporetech.com/community) using the

452  high-accuracy model (dna_19.4.1 450bps_hac), generating 65.5 Gb of sequencing data (Table
453  S1). Reads shorter than 10 kb were filtered out using seqtk (v1.4-r130-dirty;
454  https://github.com/lh3/seqtk), resulting in a final read set consisting of 1,927,473 reads

455  amounting to 53.1 Gb (~62.9x coverage). These reads were assembled using Flye (v.2.9.3-
456  bl797; https://github.com/mikolmogorov/Flye) (Kolmogorov et al., 2019) with the parameters ‘-

457  -nano-raw’ and ‘--genome-size 0.8g’. Two iterations of error correction and polishing were

458  performed with Racon (v1.5.0; https://github.com/Ibcb-sci/racon) with the ‘-u’ parameter set;

459  prior to each iteration of Racon, alignments of the final reads were generated in SAM format

460  with Minimap2 (v2.26-r1175; https://github.com/Ih3/minimap?2) (Li, 2018) with the parameter ‘-

461  ax map-ont’. The assembly was then polished by two rounds of Medaka (v1.11.3,
462  https://github.com/nanoporetech/medaka) using the ‘t941 min_hac_g507’ model, followed by
463  two rounds of NextPolish (v1.4.1, https://github.com/Nextomics/NextPolish) (Hu et al., 2020)

464  using 55.7 Gb Ilumina paired-end whole-genome shotgun reads (Table S1). Putative duplication
465  within the assembly, indicated by evidence of residual heterozygosity from Illumina WGS
466  sequencing data, as profiled by GenomeScope2.0 (https://github.com/tbenavil/genomescope?2.0),

467  was removed with purge dups (v.1.2.6, https://github.com/dfguan/purge dups) (Guan et al.,

468  2020) using default parameters and contigs shorter than 30 kb were filtered out with seqtk,

469  producing a 717.2 Mb contig-level assembly consisting of 953 contigs with a contig N50 of 6.7
470  Mb (Table S2). The contigs were scaffolded with a reference-guided approach using RagTag
471  ‘scaffold’ (v2.1.0, https://github.com/malonge/RagTag) (Alonge et al., 2022) with the parameters

472  -10.5’ and ‘-u’, and using the DM v6.1 genome assembly (Pham et al., 2020) as the reference,
473  producing a 717.2 Mb chromosome-scale assembly composed of 84 total scaffolds with a

474  scaffold N50 of 60.7 Mb (Table S2). Presence/absence of WGS k-mers in the Janv1.1 genome
475  assembly was measured with K-mer Analysis Toolkit (KAT) (v2.4.2;

476  https://github.com/TGAC/KAT) (Mapleson et al., 2017). Benchmarking Universal Single-Copy
477  Orthologs (BUSCO) analysis (v5.4.3, https://busco.ezlab.org) (Manni et al., 2021; Simao et al.,

478  2015) of the Jan assembly was performed using the embryophyta odb10 lineage dataset and was

- 16 -


https://doi.org/10.1101/2024.12.10.627817
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.10.627817; this version posted December 12, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

479  run using Metaeuk (v7.bba0d80, https://github.com/soedinglab/metacuk) (Karin et al., 2020) as

480  the gene predictor in eukaryotic genome mode (Table S3).

481

482  Genome annotation

483 A custom repeat library was generated from the contig-level assembly using

484  RepeatModeler (v2.0.5; https://github.com/Dfam-consortium/RepeatModeler) (Flynn et al.,

485  2020). The resulting repeat library was used to soft-mask the Jan genome assembly using

486  RepeatMasker (v4.1.5; https://www.repeatmasker.org/RepeatMasker) (Tarailo-Graovac and

487  Chen, 2009) with the following parameters: ‘-e ncbi -no_is -xsmall -gff (Table S4).

488 Empirical evidence for gene annotation included RNA-seq and full-length cDNA

489  sequences. Jan was grown under 16h light at 22°C (8h dark at 18°C): young (immature) leaves
490  and flower buds were collected from 6-week-old plants in the walk-in growth chamber; open
491  (mature) flowers (6 weeks old), stolons, and young tubers (9 weeks old) were harvested from
492  plants in the greenhouse; and roots were collected from 3-week-old tissue culture plantlets in the
493  in-house growth chamber; all tissues were harvested by flash freezing in liquid nitrogen. RNA
494  was extracted using the RNeasy Plant Mini Kit (Qiagen); on-column digestion with DNase I was
495  performed. Stranded mRNA sequencing libraries were prepared using the KAPA mRNA

496  HyperPrep Kit (Roche, Basel, Switzerland) and were sequenced on an S4 flow cell in paired-end
497  mode on an Illumina NovaSeq 6000 (Illumina, San Diego, CA, USA), generating ~40-50 million
498  read pairs of length 150 nt per tissue type (Table S1). RNA-seq libraries were cleaned using

499  Cutadapt (v4.6; (Martin, 2011)) with a minimum length of 100 nt and quality cutoff of 10.

500 Cleaned reads were aligned to the repeat-masked genome using HISAT2 (v2.2.1; (Kim et al.,
501  2019)) and alignment rates determined (Table S1). For generation of full-length cDNAs, the
502  Dynabeads mRNA Purification Kit (ThermoFisher Scientific, Waltham, MA, Cat #61011) was
503  used to isolate mRNA from the total RNA. cDNA libraries were constructed using Oxford

504  Nanopore Technologies (ONT) SQK-PCS111 kit with the purified mRNA which were

505  sequenced on FLO-MIN106 RevD flowcells using a MinlON. Reads were base called using

506  Dorado (v0.7.2; https://github.com/nanoporetech/dorado) with a minimum read mean quality

507  score of 10, no trimming, using the model dna 19.4.1 e8 sup@yv3.6 (Table S1). Pychopper

508  (v2.5.0; https://github.com/nanoporetech/pychopper) was used to process the ONT full-length

509  cDNA reads and trimmed reads greater than 500 nt were aligned to the Jan genome using
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510  Minimap2 (v2.17-r941; (Li, 2018)) with a maximum intron length of 5,000 nt. Aligned RNA-seq
511  and ONT cDNA reads were assembled using Stringtie (v2.2.1; (Kovaka et al., 2019)); transcripts
512 less then 500 nt were removed.

513 Using the soft-masked genome assemblies and empirical transcripts as hints, initial gene
514  models were created using BRAKER?2 (v2.1.6; (Bruna et al., 2021)). Initial gene models were
515  then refined using two rounds of PASA2 (v2.5.2; (Campbell et al., 2006)) to create a working
516  gene model set. High-confidence gene models were identified by filtering out gene models

517  without expression evidence, or a PFAM domain match, or were a partial gene model or

518  contained an interior stop codon. Functional annotation was assigned by searching the gene

519  models proteins against the TAIR (v10; (Lamesch et al., 2012)) database and the Swiss-Prot

520  plant proteins (release 2015 08) database using BLASTP (v2.12.0; (Altschul et al., 1990)) and
521  the PFAM (v35.0; (El-Gebali et al., 2019)) database using PfamScan (v1.6; (Li et al., 2015));
522  functional descriptions were assigned based on the first significant hit. BUSCO analysis of the
523  predicted protein sets produced from the annotation of the Jan assembly was performed using the
524  embryophyta odbl0 lineage dataset and was run in proteins mode (Table S3).

525

526  Synteny analysis

527 Genomic synteny between the Janv1.1, DMv6.1, and M6v5.0 genome assemblies was
528  profiled and plotted on a chromosome-by-chromosome basis (with noise hidden) using D-

529  GENIES (v1.5.0; https://dgenies.toulouse.inra.fr; (Cabanettes and Klopp, 2018)). GENESPACE

530  (v1.3.1; (Lovell et al., 2022)) was used to identify syntelogs between Janv1.1 and other predicted
531  proteomes and to construct riparian plots (Figure S3): DMv6.1 (Pham et al., 2020), M6v5.0
532 (http://spuddb.uga.edu/M6 _v5 0 download.shtml), DM1S1 vl (Jayakody et al., 2023), S.

533 candolleanum v1.0 (http://spuddb.uga.edu/S_candolleanum v1 0 download.shtml), and S.
534 Iycopersicum SL4.0 (Hosmani et al., 2019). Syntelogs between Janvl.1, DMv6.1, and M6v5.0

535  were identified by extracting all syntenic array members from the GENESPACE results using
536  the query pangenes() function (Dataset 1).

537

538 Inherited genomic sequence assignment and GO enrichment of inherited genes

539 To identify DM and M6 genomic sequences inherited by Jan, k-mer indices were built for

540  the Janvl.1, DMv6.1, and M6v5.0 genome assemblies; DM and M6 k-mers were anchored to the

- 18 -


https://doi.org/10.1101/2024.12.10.627817
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.10.627817; this version posted December 12, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

541  Jan assembly on a chromosome-by-chromosome basis and k-mer conservation between Jan and
542  each parent was calculated in 100kb windows using PanKmer (v0.20.3; (Aylward et al., 2023))
543  with the parameter ‘--bin-size -1’. Windows displaying k-mer conservation differences of greater
544  than 15% were assigned as inherited from the parent with the greater conservation level; having
545  15% or less k-mer conservation difference (i.e., high sequence conservation between DM and
546  M6), the remaining windows were designated as being ambiguous. These categorized genomic
547  regions were plotted using karyoploteR (v1.30.0;

548  https://bioconductor.org/packages/release/bioc/html/karyoploteR.html) (Gel and Serra, 2017).

549  Genes were assigned as being inherited from DM, M6, or as being of ambiguous inheritance
550  based on their positions within these calculated genomic sequence blocks using BEDTools

551  (v2.31.1; https://github.com/arg5x/bedtools2) (Quinlan and Hall, 2010).

552 For biological analysis of the inherited genes, Gene Ontology (GO) terms were assigned

553  to Jan genes using InterProScan (v5.63-95.0; https://github.com/ebi-pf-team/interproscan, (Blum

554  etal., 2021; Jones et al., 2014)). GO term enrichments for biological processes and molecular
555  functions were performed on the groups of genes inherited from DM and from M6 using topGO

556  (v2.54.0; https://bioconductor.org/packages/release/bioc/html/topGO.html) (Alexa et al., 2006)

557  with the “classic” algorithm, and Fisher’s exact test was used for statistically significant

558  enrichment. GO terms deemed significantly enriched (p-value < 0.01) were extracted and

559  summarized with Revigo (v1.8.1; http://revigo.irb.hr) (Supek et al., 2011) using the whole

560  UniProt database (Table S5). To incorporate expression evidence into this biological analysis,
561  gene expression levels for each tissue type in Jan were quantified for the representative high-
562  confidence gene models in transcripts per million (TPM) from the trimmed RNA-seq reads using
563  Kallisto (v0.50.1; https://github.com/pachterlab/kallisto) (Bray et al., 2016) with the parameter ‘-
564  -rf-stranded’ (Dataset 2).

565
566  CRISPR-Cas9 vector construction
567 The specific gRNAs used in this study were designed using CRISPR RGEN tools

568  (http://www.rgenome.net/cas-designer/). The CRISPR/Cas9 mutagenesis vectors were generated
569  following published protocols (Cermak et al., 2017). Briefly, the gRNA was cloned into the

570  pMOD B2515 vector using a Golden Gate reaction with Esp3I to create the AtU6::gRNA

571  cassette. Subsequently, the AtU6::gRNA and Cas9 expression cassette (CmYLCV::Cas9) was
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572  assembled into the binary vectors pTRANS 220d or pTRANS 210d using a Golden Gate

573  reaction with Aarl, resulting in the final CRISPR/Cas9 mutagenesis vector.

574

575  Agrobacterium-mediated transformation

576 CRISPR-Cas9 constructs were transformed into 4. tumefaciens GV3101 (pMP90) and
577  incubated on LB agar containing 50 mg/L Gentamycin and 50 mg/L Kanamycin. The

578  Agrobacterium-mediated transformation of Jan was performed using internode explants,

579  following previously published protocols with some modifications (Nadakuduti et al., 2019; Paz
580 and Veilleux, 1999). Internodes were excised from four-week-old healthy in vitro plants and
581  placed horizontally on pre-culture media (MS basal salts plus vitamins, 30 g/L sucrose, 8 g/L
582  agar, 2 mg/L 2,4-D, 0.8 mg/L Zeatin Riboside) for two days.

583 Agrobacterium seed cultures were prepared by inoculating liquid LB with a single

584  positive colony, followed by overnight incubation at 28°C with shaking at 220 rpm. The next
585  day, liquid cultures were diluted 1:50 in LB and continued shaking until reaching an ODgoo of
586  0.6. The internodes were then incubated in the Agrobacterium culture suspended in MS liquid
587  media (MS basal salts plus vitamins, 30 g/L sucrose) for 15 minutes. Post-infection, the

588 internodes were dried on sterilized filter paper and placed onto co-culture medium (same

589  composition as pre-culture medium) with a piece of filter paper for three days in the dark.

590 After three days of co-cultivation, the internodes were washed six times with sterile

591  double-distilled water (ddH>O) containing 400 mg/L Timentin. The dried internodes were then
592  transferred to callus-induction medium (MS basal salts plus vitamins, 30 g/L sucrose, 8 g/L agar,
593 2.5 mg/L Zeatin Riboside, 0.1 mg/L. NAA, 0.2 mg/L. GA3, 400 mg/L Timentin, and either 50
594  mg/L Kanamycin or 5 mg/L. Hygromycin) for one week. Subsequently, the internodes were

595  transferred to shoot-induction medium (MS basal salts plus vitamins, 30 g/L sucrose, 8 g/L agar,
596 1 mg/L Zeatin Riboside, 2 mg/L GA3, 400 mg/L Timentin, and either 100 mg/L Kanamycin or
597 10 mg/L Hygromycin). Explants were transferred to fresh shoot-induction medium weekly until
598  shoots emerged. Once shoots emerged, the explants were moved to shoot-elongation medium
599  (MS basal salts plus vitamins, 30 g/L sucrose, 8 g/L agar, 400 mg/L Timentin, and either 100
600 mg/L Kanamycin or 10 mg/L Hygromycin).When the shoots reached 1-2 cm in length, they

601  were gently cut slightly above the base and transferred to root-induction medium (MS basal salts
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602  plus vitamins, 30 g/L sucrose, 8 g/L agar, 200 mg/L Timentin, and either 50 mg/L Kanamycin or
603 5 mg/L Hygromycin).

604

605  Detection of targeted mutations

606 DNA was extracted from the young leaves of the rooted plants using the DNeasy Plant
607  Mini Kit (Qiagen, Hilden, Germany). Positive TO plants were screened by PCR using transgene-
608  specific primers. To detect mutations at the target site, PCR for target site amplification was
609  performed using specific primers, followed by direct sequencing with Sanger sequencing

610  technology. The Sanger sequencing results were analyzed using ICE software (Conant et al.,
611  2022) and TIDE software (Brinkman et al., 2014) to determine the mutation types.

612

613  Supporting information

614  Figure S1. Pollen and seeds of Jan.

615  Figure S2. Heterozygous residue in the Jan genome.

616  Figure S3. Riparian plot displaying genic synteny between Jan and other diploid Solanum
617 species.

618  Figure S4. Pairwise collinearity analysis between Jan and both DM and M6.

619  Figure S5. Allelic representation of DMv6.1 and M6v5.0 genomes in the Janv1.1 genome
620 assembly.

621 Table S1. DNA and RNA sequencing information for Jan.

622  Table S2. Genome assembly summary and statistics of Jan.

623  Table S3. BUSCO scores for Jan genome assembly and annotation.

624  Table S4. Repetitive DNA in the Jan genome.

625  Table S5. GO terms enriched in Jan genes inherited from DM and M6.

626  Dataset 1. Janv1.1 genes and their syntelogs in DMv6.1 and M6v5.0.

627  Dataset 2. Expression of Jan genes, measured in transcripts per million.
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974 Figure legends
975  Figure 1. Phenotypic characteristics of Jan. (a) Plant architecture. (b) Leaflets from a single
976  compound leaf. (¢) Flower. (d) Fruits. (e) Tubers from a single plant grown in a growth chamber.
977
978  Figure 2. Allelic representation of DM and M6 in the Jan genome. Blocks of genomic sequence
979  are in 100 kb resolution and color-coded by its parental origin: DM (blue), M6 (gold), or
980  ambiguous (red) due to high sequence conservation between DM and M6.
981
982  Figure 3. Diagrams of gRNAs and constructs for CRISPR/Cas9 experiments targeting the StD
983  gene. (a) [llustration of the T-DNA region of the CRISPR/Cas9 construct. (b) Sequences and
984  positions of the two gRNAs targeting the StD gene. Green color highlights “AG” represent the 3'
985  splicing site within intron 8. PAM sequences are highlighted in red. Bold letters represent
986  sequence from exon 9. (b) Illustration of the T-DNA region of the CRISPR/Cas9 construct.
987
988  Figure 4. Genomic composition and phenotype of mini-Jan mutants from mutagenesis of the StD
989  gene. (a) A single plant of Jan and four TO mutants at 48 days after planting in a growth
990  chamber. (b-f) Genomic DNA sequences, cDNA sequences, and predicted protein sequences of
991  Jan (b), mutant i8-2 (¢), mutant €9-2 (d), mutant i8-1 (e), and mutant €9-1 (f). The pre-mature
992  stop codons are marked by magenta. The splicing AG sites are marked by green. The predicted
993  protein sequences are in blue. The vertical blue line separates exon 9 from intron 8 sequence.
994
995  Figure 5. The phenotypes of tissue culture plants of Jan and mini-Jan. (a) Tissue culture plants
996  of Jan and mini-JanP after 25 days of culture. (b) Tissue culture plants of Jan and mini-Jan® after
997 20 days of culture. Note: both mini-Jan® and mini-Jan® show a pronounced dwarf phenotype
998  compared to the wild type Jan.
999
1000  Figure 6. Genomic composition and phenotype of mini-Jan mutants from mutagenesis of the
1001  StER gene. (a) Diagram of the gRNA for CRISPR/Cas9 experiments targeting the StER gene. (b)
1002  Sequences of Jan, er-1 and er-2 in the genomic regions associated with mutations of the StER

1003  gene. (¢) A single plant of Jan, er-1 and er-2 at 28 days after planting in a growth chamber. (d) A
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1004  single plant of Jan, er-/ and er-2 at 48 days after planting in a growth chamber. All vertical bars
1005 =20cm.
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Figure 1. Phenotypic characteristics of Jan. (a) Plant architecture. (b) Leaflets from a single compound leaf. (¢) Flower.
(d) Fruits. (e) Tubers from a single plant grown in a growth chamber.
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Figure 2. Allelic representation of DM and M6 in the Jan genome. Blocks of genomic sequence are in 100 kb
resolution and color-coded by its parental origin: DM (blue), M6 (gold), or ambiguous (red) due to high sequence
conservation between DM and M6.
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Figure 3. Diagrams of gRNAs and constructs for CRISPR/Cas9 experiments targeting the SzD gene. (a) Illustration of
the T-DNA region of the CRISPR/Cas9 construct. (b) Sequences and positions of the two gRNAs targeting the StD
gene. Green color highlights “AG” represent the 3' splicing site within intron 8. PAM sequences are highlighted in red.
Bold letters represent sequence from exon 9.
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Figure 4. Genomic composition and phenotype of mini-Jan mutants from mutagenesis of the StD gene. (a) A single plant of Jan and
four TO mutants at 48 days after planting in a growth chamber. (b-f) Genomic DNA sequences, cDNA sequences, and predicted
protein sequences of Jan (b), mutant i8-2 (¢), mutant €9-2 (d), mutant i8-1 (e), and mutant €9-1 (f). The pre-mature stop codons are
marked by magenta. The splicing AG sites are marked by green. The predicted protein sequences are in blue. The vertical blue line
separates exon 9 from intron 8 sequence.
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Figure 5. The phenotypes of tissue culture plants of Jan and mini-Jan. (a) Tissue culture plants
of Jan and mini-JanP after 25 days of culture. (b) Tissue culture plants of Jan and mini-Jan® after
20 days of culture. Note: both mini-JanP and mini-Jan® show a pronounced dwarf phenotype
compared to the wild type Jan.
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Figure 6. Genomic composition and phenotype of mini-Jan mutants from mutagenesis of the StER gene. (a) Diagram of the
gRNA for CRISPR/Cas9 experiments targeting the StER gene. (b) Sequences of Jan, er-1 and er-2 in the genomic regions
associated with mutations of the StER gene. (¢) A single plant of Jan, er-/ and er-2 at 28 days after planting in a growth
chamber. (d) A single plant of Jan, er-1 and er-2 at 48 days after planting in a growth chamber. All vertical bars =20 cm.
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Table 1. Shoot regeneration efficiency of Jan

Replicates No. of explants No. of regeneration zfeﬁgceirelrelf:iflg;))“
1 32 29 90.6
2 30 27 90.0
3 35 31 88.5

@Number of regenerated plants divided by the total number of explants x 100%

Table 2. Transformation efficiency of Jan

No. of No. of No. of No. of No. of No. of No. of .
. No. of . . S . . Transformation
Experiment regenerated  positive  edited homozygous heterozygous  chimeric biallelic . a
explants efficiency (%)

plants plants plants plants plants plants plants

gRNA 6 151 116 24 17 1 0 11 5 15.9

gRNA 18 265 32 27 21 1 5 4 11 10.2

gRNA e9 287 66 41 28 2 6 7 13 14.3

@Number of positive TO plants divided by the total number of explants x 100%
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