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F1 hybrid potato breeding at the diploid level requires the development of new inbred lines from self-7 

compatible germplasm. This study was carried out to search for new sources of self-compatible 8 

diploid wild potatoes focusing on the 1EBN species Solanum malmeanum. Five diploid accessions 9 

from Embrapa potato genebank were screened to evaluate their reproductive behavior and check if 10 

the production of viable seeds when self-pollinated results from successful fertilizations or apomixis. 11 

Measurements of the pollen were taken, and pollen viability was evaluated. Five treatments based on 12 

controlled crosses assessed gametes compatibility; response to self-pollination; occurrence of 13 

parthenocarpy and/or apomixis; and tested the accessions for autogamy and allogamy. Pollen 14 

viability vary from 96% to 100%, with viable pollen size varying from 20 µm to 22 µm. Cross-15 

pollinations confirmed that all accessions produced viable gametes and are allogamous, since pollen 16 

tube growth confirmed fertilization in treatments where seeds were set. No accession produced 17 

parthenocarpic fruit nor apomictic seeds. Four self-pollinated accessions were self-incompatible with 18 

no fruit and seeds set. Self-incompatibility was due to a pre-zygotic barrier confirmed by inhibited 19 

pollen tube growth at 1/3 style length in BRA 00183778-0 and 2/3 in BRA 00167071-0, BRA 00167093-20 

4, and BRA 00183754-1. One self-pollinated accession (BRA 00183755-8) produced 3 fruits totalizing 21 

51 seeds. The self-compatibility in this accession was confirmed based on the image record of pollen 22 

tubes reaching the ovules, thus rejecting apomixis, which also did not occur in control (non-23 

manipulated bagged flowers) and emasculated bagged flowers. The 51 endogamic seeds obtained 24 

were sown, and 17 seedlings were obtained, from which 16 tuberized. Still, further investigations are 25 

needed to elucidate the mechanism responsible for the self-compatibility, such as S-locus inhibitor 26 

(Sli), malfunction of S-RNase or HT genes. 27 

Potato wild relatives (Solanum sect. Petota Dumort., Solanaceae) are more diverse than the domesticated 28 

potato Solanum tuberosum L 1,2, and represent an important source of genetic diversity for potato breeding3. 29 

More than 100 potato wild species are present into the gene pool of the potato crop and are widely 30 

distributed in natural landscapes of the American continent4, from which around 70% of the wild species 31 

and landraces are diploid5. Diploid potatoes (2n=2x=24) are known to be self-incompatible (SI) due to the 32 

genetically controlled gametophytic incompatibility system that enable the pistil to identify and reject its 33 

self-pollen6, 7. This mechanism limits the use of the valuable genetic resources of diploid potato germplasm 34 

in potato breeding. Despite this constraint, self-compatibility has been found in some wild and cultivated 35 

potato species (i.e., S. kurtzianum Bitter & Wittm., S. phureja Juz. & Bukasov, S. polyadenium Greenm, S. 36 

raphanifolium Cárdenas & Hawkes, S. stenotomum Juz. & Bukasov, and S. verrucosum Schltdl.)8. 37 

Notwithstanding, the identification of a dominant self-incompatibility inhibitor (Sli) gene in the diploid 38 

wild species S. chacoense Bitter9, 10, 11 opened the doors to exploit the genetic resources implicit into the 39 

wild potatoes12, 13, 14, 15, 16. 40 

The discovery of diploid self-compatible potatoes leads to proposals for the re-domestication of 41 

the potato crop from an autotetraploid and vegetatively propagated tuber crop to a F1-hybrid ideotype bred 42 

at diploid level and propagated by true-potato-seeds (TPS)17. This approach is considered a very promising 43 

way to accelerate potato breeding to deal with climate change and ensure food security due to the feasibility 44 

to unlock the potential genetic diversity present into the potato wild relatives18, 19 because self-compatibility 45 

allows the generation of inbred lines of diploid potatoes. Diploid inbred lines favor potato breeders to 46 

exclude unfavorable alleles by inbreeding processing and fix and increase genetic gains of the interesting 47 

traits through crossing contrasting genotypes and cycles of selection and backcrossing20, 21. 48 

Solanum malmeanum Bitter is a tertiary (2x, 1EBN) wild potato belonging to Solanum ser. 49 

Commersoniana Buk.22, 23. This species occurs in Argentina, Brazil, Paraguay and Uruguay, from the sea 50 

level up to 700 m of elevation24, 25. This potato wild relative is ex situ conservated in several genebanks 51 

around the world26 and encloses several interesting traits to contribute for the development of new potato 52 

cultivars. Some accessions are resistant against bacterial (Ralstonia solanacearum (Smith) Yabuuchi) and 53 

verticillium wilt (Verticillium dahlia Kleb.); ring rot (Corynebacterium michiganensis subsp. Sepedonicus 54 

Spieck. & Kotth.); late (Phytophthora infestans Mont.) and early blight (Alternaria solani Elis & Martin); 55 

fusarium dry rot (Fusarium sambucinum Fuckel); hapla (Meloidogyne hapla Chitwood) and cyst nematode 56 

(Globodera rostochiensis Wollenweber); colorado potato beetle (Leptinotarsa decemlineata Say); potato 57 

mailto:rodnicolao@gmail.com


leaf hopper (Empoasca fabae Harris); green peach aphid (Myzus persicae Sulzer); potato aphid 58 

(Macrosiphum euphorbiae Thomas); and potato leafroll virus (PLRV) (Polerovirus sp.)27, 28, 29, 30, 31, 32, 33, 34. 59 

In addition, it is a genetic reservoir for quality traits for industrial purposes such as high dry matter and 60 

protein contents, and low content of reducing sugar and glycoalkaloids in tubers35, 36, 37. Additionally, some 61 

authors emphasized its good performance under low temperatures and frost38, 39 as well as its sister species 62 

Solanum commersonii Dunal.  63 

Based on this background, we screened the five available diploid accessions of the potato wild 64 

relative S. malmeanum to assess their self-compatibility/self-incompatibility behavior looking for novel 65 

sources of germplasm to increase the genetic basis readily available for diploid potato breeding efforts. 66 

Results 67 

Pollen viability. Pollen viability was 96% in BRA 00183754-1 and 100% in BRA 00167071-0, 68 

BRA 00167093-4, BRA 00183755-8, and BRA 00183778-0 (Table 6; Supplementary Fig. S1 and Fig. S2). 69 

  Measurement of viable pollen size. The size of viable pollen of diploid S. malmeanum accessions 70 

vary from 20 to 22 µm. BRA 00167071-0, BRA 00183755-8, and BRA 00183778-0 have viable pollen 71 

grains with diameter of 20 µm, and the accessions BRA 00167093-4 and BRA 00183754-1 have viable 72 

pollen size with 22 µm diameter. The average of pollen size of all S. malmeanum accessions is 20.8 µm. 73 

Unreduced pollen grains are absent in all accessions (Supplementary Table S1).  74 

Control (spontaneous self-pollination; parthenocarpy): From 30 flowers treated there were no 75 

development of fruit in all accessions (BRA 00167071-0, BRA 00167093-4, BRA 00183754-1, BRA 76 

00183755-8, BRA 00183778-0). Percent fruit set is presented in Table 1.  77 

Apomixis and parthenocarpy: From 30 flowers treated there were no development of apomictic 78 

seeds in any accession (BRA 00167071-0, BRA 00167093-4, BRA 00183754-1, BRA 00183755-8, BRA 79 

00183778-0) Percent fruit set, average of seeds produced per fruit and germination rate (%) of produced 80 

seeds are presented in Table 2.  81 

Autogamy (geitonogamy; self-compatibility-SC/self-incompatibility-SI): Four accessions 82 

(BRA 00167071-0, BRA 00167093-4, BRA 00183754-1, BRA 00183778-0) were self-incompatible (SI) 83 

and accession BRA 00183755-8 had pollen tube elongation reaching the ovary and behaved as self-84 

compatible (SC) as follows: 85 

BRA 00167071-0 self-pollen germinated but is inhibited at 2/3 of style length (Supplementary Fig. 86 

S3), thus it did not produce fruit from 14 self-pollinations and is self-incompatible; 87 

BRA 00167093-4 self-pollen germinated but is inhibited at 2/3 of style length (Supplementary Fig. 88 

S4), thus it did not produce fruit from 14 self-pollinations and is self-incompatible; 89 

BRA 00183754-1 self-pollen germinated but is inhibited at 2/3 of style length (Supplementary Fig. 90 

S5), thus it did not produce fruit from 22 self-pollinations and is self-incompatible; 91 

BRA 00183755-8 self-pollen germinated and reached the ovary (Figure 1), thus it produced three 92 

fruits with 51 seeds in total (average of 17 seeds per fruit) from 14 pollinations (Figure 2) and is self-93 

compatible. Germination of endogamous seeds was 37.1% and from 17 plants germinated and fully grown, 94 

16 tuberized (Figure 3); 95 

BRA 00183778-0 self-pollen germinated but is inhibited at 1/3 of style length, (Supplementary 96 

Fig. S6) thus it did not produce fruit from 30 self-pollinations and is self-incompatible.  97 

Percent fruit set, average of seeds produced per fruit and germination rate (%) of produced seeds 98 

of autogamy treatment are presented in Table 3. 99 

Allogamy (female fertility/female sterility; induced parthenocarpy): five accessions (BRA 100 

00167071-0, BRA 00167093-4, BRA 00183754-1, BRA 00183755-8, BRA 00183778-0) are allogamous 101 

and female fertile as follows: 102 



 BRA 00167071-0 produced four fruits from 11 pollinations, 103 seeds in total, average 25.7 seeds 103 

per fruit and had 75% seed germination; 104 

BRA 00167093-4 produced 13 fruits from 16 pollinations, 1,542 seeds in total, average 118.6 105 

seeds per fruit and had 50% seed germination; 106 

BRA 00183754-1 produced 25 fruits from 28 pollination, 1,743 seeds in total, average 69.7 seeds 107 

per fruit and had 61.1% seed germination; 108 

BRA 00183755-8 produced seven fruits from 15 pollinations, 425 seeds in total, average 60.7 109 

seeds per fruit and had 100% seed germination; 110 

BRA 00183778-0 produced 20 fruits from 30 pollinations, 1,625 seeds in total, average 81.2 seeds 111 

per fruit and had 100% seed germination.  112 

Percent fruit set, average of seeds produced per fruit and germination rate (%) of produced seeds 113 

of allogamy treatment are presented in Table 4. The results of all treatments of crossings are summarized 114 

in Table 5. 115 

Accession Genesys code Fruit Set % Seeds/Fruit Germination Rate 

BRA 00167071-0 0 N/A N/A 
BRA 00167093-4 0 N/A N/A 
BRA 00183754-1 0 N/A N/A 
BRA 00183755-8 0 N/A N/A 
BRA 00183778-0 0 N/A N/A 

Table 1. Control treatment. Percent fruit set, average number of seeds per fruit and germination 116 

rate for the diploid wild potato S. malmeanum accessions from Embrapa Potato Genebank, Pelotas, RS, 117 

Brazil. N/A=seed count and germination rate could not be collected for plant accessions that did not produce 118 

fruit. 119 

 120 

Accession Genesys code Fruit Set % Seeds/Fruit Germination Rate 

BRA 00167071-0 0 N/A N/A 
BRA 00167093-4 0 N/A N/A 
BRA 00183754-1 0 N/A N/A 
BRA 00183755-8 0 N/A N/A 
BRA 00183778-0 0 N/A N/A 

Table 2. Apomixis treatment. Percent fruit set, average number of seeds per fruit and germination 121 

rate for the diploid wild potato S. malmeanum accessions from Embrapa Potato Genebank, Pelotas, RS, 122 

Brazil. N/A=seed count and germination rate could not be collected for plant accessions that did not produce 123 

fruit. 124 

 125 

Accession Genesys code Fruit Set % Seeds/Fruit Germination Rate 

BRA 00167071-0 0 N/A N/A 
BRA 00167093-4 0 N/A N/A 
BRA 00183754-1 0 N/A N/A 
BRA 00183755-8 21 17 37.1 
BRA 00183778-0 0 N/A N/A 

Table 3. Autogamy treatment. Percent fruit set, average number of seeds per fruit and germination 126 

rate for the diploid wild potato S. malmeanum accessions from Embrapa Potato Genebank, Pelotas, RS, 127 

Brazil. N/A=seed count and germination rate could not be collected for plant accessions that did not produce 128 

fruit. 129 

Accession Genesys code Fruit Set % Seeds/Fruit Germination Rate 

BRA 00167071-0 36 25.75 75 
BRA 00167093-4 81 118.62 50 
BRA 00183754-1 89 69.72 61.1 
BRA 00183755-8 50 60.71 50 
BRA 00183778-0 66 81.25 100 

Table 4. Allogamy treatment. Percent fruit set, average number of seeds per fruit and germination 130 

rate for the diploid wild potato S. malmeanum accessions from Embrapa Potato Genebank, Pelotas, RS, 131 

Brazil. N/A=seed count and germination rate could not be collected for plant accessions that did not produce 132 

fruit. 133 
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BRA 00167071-0 100% Absent Absent Absent Absent SI2/3 Fertile 

BRA 00167093-4 100% Absent Absent Absent Absent SI2/3 Fertile 

BRA 00183754-1 96% Absent Absent Absent Absent SI2/3 Fertile 

BRA 00183755-8 100% Absent Absent Absent Absent SC Fertile 

BRA 00183778-0 100% Absent Absent Absent Absent SI2/3 Fertile 

Table 5. Summary of presence or absence of the breeding system behavior of five diploid wild 134 

potato Solanum malmeanum accessions from Embrapa Potato Genebank, Pelotas, RS, Brazil. * Self-135 

Compatible (SC); Self-Incompatible (SI1/3 region of the style, SI2/3 region of the style, SI3/3 region of the 136 

style) 137 

 138 

 139 

Figure 1. Pollen tube growth reaction of self-pollinated diploid Solanum malmeanum accessions. a) Pollen 140 

tube elongation in the style of self-compatible diploid wild potato Solanum malmeanum accession BRA 141 

00183755-8 (Genesys code) from Embrapa Potato Genebank, Pelotas, RS, Brazil, using LACMOID 142 

staining technique and observation using an optical microscope. Detailed of a) Pollen tubes elongated and 143 

reaching the ovary (100× magnification). Bar = 0.5 mm.  144 



 145 

Figure 2. Fruits (a), and seeds (b) obtained from self-fertilized diploid wild potato Solanum malmeanum 146 

accession BRA 00183755-8 (Genesys code) from Embrapa Potato Genebank, Pelotas, RS, Brazil. Bars = 1 147 

cm.  148 

 149 

Figure 3. Four of the 17 first-generation endogamous plants from self-pollinated diploid wild potato 150 

Solanum malmeanum accession BRA 00183755-8 (Genesys code) from Embrapa Potato genebank growing 151 

under greenhouse conditions at Pelotas, RS, Brazil.  152 

Discussion 153 

Diploid wild potato Solanum malmeanum accessions produces viable pollen grains, which vary in 154 

diameter size from 20 to 22 µm. According to the categories for describing pollen viability41, all accessions 155 

evaluated here are into the category 7, whereas the pollen viability ranges from 80 to 100%, considered as 156 

high. Tarn and Hawkes42 reported that some diploid clones of S. malmeanum (published as S. commersonii 157 

subsp. malmeanum) presented lower pollen stainability, varying from 37% to 56%, with 23,2 µm in size.  158 

Wild potato diploid Solanum malmeanum accessions produces viable pollen, are female fertile, do 159 

not set apomictic fruits nor set parthenocarpic fruits. Most accessions are self-incompatible, but sometimes 160 

self-compatible genotypes may occur, and this condition could be more widely distributed among the potato 161 

crop genepool than previously thought, considering the set of evaluated accessions in the current study. 162 

Additionally, more investigations are needed to explain the molecular mechanisms that allows the diploid 163 

accession BRA 00183755-8 self-fertilizes. 164 

All diploid S. malmeanum accessions evaluated were not able to self-fertilize in natural conditions 165 

(control) and did not set fruit in the treatment whereas the flowers were emasculated in pre-anthesis. These 166 

results evidence the non-preference for autogamy nor the occurrence of apomixis, respectively. Otherwise, 167 

S. malmeanum accessions are confirmed as fertile when hand-pollinated with bulked pollen, evidencing its 168 

preference for allogamy. The manual self-pollination showed that from the five diploid accessions 169 

evaluated, only BRA 00183755-8 was able to self-fertilize. Most diploid wild potatoes are known to be 170 



self-incompatible (SI)8, 43, 44, 45, 46, as observed in BRA 00167071-0, BRA 00167093-4, BRA 00183754-1, 171 

and BRA 00183778-0. Self-fertilization in diploid potato is limited by the gametophytic self-172 

incompatibility (GSI) system that is controlled by a single multiallelic S-locus on chromosome 1 that 173 

contains tightly linked genes encoding S-RNase (female determinant) and multiple pollen-specific S-locus 174 

F-box (SLF/SFB) (male determinant) genes47, 48, 49. S-RNase is the main determinant for self-175 

incompatibility in flowering plants7. Each S-allele encodes an S-RNase and multiple SLF/SFB with different 176 

specificities, which together can recognize all S-RNases except the S-RNase present on the same allele48. 177 

If the pollen S-haplotypes coincide either of the S-haplotype in the diploid pistil, the ribonuclease activity 178 

of S-RNases exerts cytotoxicity and inhibit pollen tube growth in the style50, 51. The self-compatibility 179 

resulted of the ubiquitination of S-RNases is mediated by the pollen determinant SLF/SFB. The pollen-180 

expressed S-locus F-box (SLF/SFB) proteins recognize all S-RNases and direct them to the proteasomal 181 

degradation manner, preventing the cytotoxicity reaction, in this way it allows pollen tube growth towards 182 

the ovaries where fertilization occurs49, 52, 53, 54. Gametophytic self-incompatibility is found in many 183 

important groups of cultivated plants such as Poaceae, Plantaginaceae, Rosaceae and Solanaceae47, 53, 55. 184 

For example, most tomato wild relatives (Solanum sect. Lycopersicon (Mill.) Wettst.) are self-incompatible, 185 

but the cultivated tomato is self-compatible due to the loss of function of S-RNase and other self-186 

incompatibility-related genes (HT genes)56. In the self-compatible edited diploid wild potato whereas 187 

researchers silenced the S-RNase, the number of seeds per fruits ranged from 67 to 288 seeds per fruit57. 188 

The self-compatibility behavior found in BRA 00183755-8, a diploid S. malmeanum accession, 189 

could be caused by diverse factors. One is the putative presence of a S-locus inhibitor (Sli) gene which 190 

break the self-incompatibility reaction. The self-compatibility was previously identified in the potato wild 191 

relatives S. chacoense58 and Sli gene was mapped at chromosome 129, 10. Clot and collaborators15 found that 192 

Sli allele (SC haplotype) is widespread in the cultivated gene pool of potato, in which has been early 193 

originated from the introduction of the tetraploid cultivar Rough Purple Chili introduced into the USA in 194 

185159. From the potato wild relative S. chacoense, Eggers and collaborators11 reported the mapping of Sli 195 

gene to an interval from 628 kb to 12.6 kb on chromosome 12, and the 533 bp in the promotor of the Sli 196 

leads to a mal-function of S-RNases. Kaiser and collaborators60 pointed out that Sli markers can predict SC 197 

in potato germplasm, but due to some discrepancies observed in the phenotype response, the authors 198 

highlighted that is necessary to identify other regions responsible for controlling SC as well the 199 

environmental forces acting in the expression of genes enrolled in the SC reaction. However, many Sli 200 

KASP™ markers are available60. The diploid potato clone ‘M6’ is a successful example of fertile and vigor 201 

diploid potato inbred lines create by seven generation of self-pollination of the wild diploid species S. 202 

chacoense relying on the Sli gene14. Ma and collaborators61 identified a non-S-locus F-box (NSF) gene in 203 

RH-89-039-16 (RH), line derived diploid S. tuberosum. The NSF gene interact with the multiple-allelic 204 

variants of S-RNases, operating as the same way of a general S-locus inhibitor that allows self-fertilization, 205 

however, the authors attested that NSF is the Sli gene and confers SC in M661. Another hypothesis for SC 206 

behavior in BRA 00183755-8 could be the presence of SLF/SFB gene, HT genes or mal-function of S-207 

RNases, as explained above56, 60, 61. 208 

Two possible approaches could overcome SI in diploid potatoes. The first is the transfer of Sli 209 

through conventional breeding14, 60, 61, 62. It is widely demonstrated that the Sli gene can be efficiently used 210 

to introduce SC from the diploid potato lines to other SI lines diploid potatoes14, 15, 60, 61, 63. The second way 211 

to overcomes SI could be the manipulation of S-locus. Some researchers showed the state-of-the art to re-212 

invent self-compatible diploid potato by knocking out the S-RNase alleles using the CRISPR-Cas9 213 

system57, 65 and searching for mutants of S-RNase64. The knockout of S-RNases by genetic engineering 214 

permits to overcomes self-incompatibility in diploid potato without introducing any exogenous DNA57, 65. 215 

The identification of self-compatibility in a diploid S. malmeanum accession for the first time 216 

allows to generate future novel sources of self-compatible diploid germplasm, with efficient production of 217 

self-fertilized seeds and the development of recombinant inbred lines (RILs), introgression lines (ILs), 218 

multi-parent advanced generation intercrosses populations (MAGICs), and nested association mapping 219 

populations (NAMs)12, 13, 14, 16, 66. Diploid inbred lines are fundamental materials to address some limitations 220 

for potato breeding and functional genetics12, 57, 63, 66, and novel sources of self-compatible diploid plants is 221 

desirable.  222 

Diploid potato germplasm facilitates a high throughput phenotyping and efficient QTL detection 223 

because of reduced genome complexity and homozygosity for example67, 68, 69, 70. The genome design of 224 

hybrid diploid potato was elucidated21 and some protocols for ‘speed breeding’ are proposed to create a 225 

precise controlled environmental of chamber growth combined with the most sophisticated technologies 226 

(i.e., photoperiod and temperature control, with genomic-assisted and artificial intelligence supports), and 227 

can be implanted in any plant breeding program71, 72, 73, 74, 75. Hybrid diploid breeding enables potato genetic 228 

resources to be exploited with less time and more precision compared to conventional potato allotetraploid 229 



breeding, still, the potential process of breeding and the generation of new F1-hybrid potato cultivars at the 230 

diploid level for developing one climate-smart potato crop is promising.  231 

To move forward with the first generation of self-compatible S. malmeanum BRA 00183755-8 offspring, 232 

the next steps involve evaluating the fertility of the S1 population. This assessment will facilitate the 233 

advancement of the hybrid breeding process, with numerous strategies available in literature, including 234 

bioinformatics, genomics, genetic engineering, and environmental control. Furthermore, a plan is required 235 

to incorporate this 1EBN species into diploid potato breeding, pre-breeding, or hybrid breeding (2EBN), 236 

such as by employing chromosome doubling or 2n gametes. 237 

We consider this study relevant for valuation of germplasm conservation and utilization. 238 

Considering the advances achieved so far and the technologies available, S. malmeanum can be considered 239 

one valuable genetic resource which can contribute to potato breeding programs at diploid level. 240 

Methods 241 

Plant material. Five diploid Solanum malmeanum accessions conserved at Embrapa Potato Genebank 242 

were available for this study (Table 6, Figure 4).  243 

Study site. The experiment was conducted under greenhouse conditions at Embrapa Temperate 244 

Agriculture, a research unit of the Brazilian Agriculture Research Corporation (EMBRAPA) at Pelotas, RS, 245 

Brazil. The average temperature is 20 ±5 ºC day/ 15 ±5 ºC night (Supplementary Fig. S7) with 10 to 14h of 246 

photoperiod. The experiment was implanted in July 2020. Five tubers of uniform size from each accession 247 

were selected and individually planted in five pots per treatment with volume of 10 L filled with 248 

TurfaFértil® substrate. Supplemental fertilization with 05-30-10 (NPK) dose of 3 grams per 5L pot (3 249 

ton/ha) was made at the time of planting. Pollinations were made from August to September. Fruits were 250 

harvested in October 2020 (~5 weeks after pollination). Seeds were extracted, dried at 25 ºC chamber with 251 

air circulation for 24 hours. The dried seeds were stored in paper envelopes in a recipient with silica gel. 252 

Germination test was carried out in January 2021. For germination essay, seeds were submerged into 1500 253 

ppm gibberellic acid for 24 hours. 254 



  255 

Figure 4. Diploid wild potato Solanum malmeanum (Solanaceae) accessions from Embrapa Potato 256 

Genebank (Pelotas, RS, Brazil) assessed to characterize the breeding system. Bar = 10 cm.  257 

Table 6 Diploid wild potato accessions of Solanum malmeanum (Solanaceae) available at Embrapa Clima 258 

Temperado Potato Genebank (Pelotas, RS, Brazil) evaluated to characterize the breeding system. 259 

Accession Institute code 

 – AleloVegetal * 

International code  

– Genesys 
Origin Lat Long 

BGB015 BRA 00167071-0 Augusto Pestana, RS, Brazil -28.517 -53.992 

BGB017 BRA 00167093-4 Santo Ângelo, RS, Brazil -28.299 -54.263 

BGB446 BRA 00183754-1 Pelotas, RS, Brazil -31.772 -52.342 

BGB447 BRA 00183755-8 Porto Lucena, RS, Brazil -27.856 -55.016 

BGB471 BRA 00183778-0 Canoinhas, SC, Brazil -26.187 -50.368 

* https://alelobag.cenargen.embrapa.br/. 260 

 261 



Breeding system treatments. To determine the reproductive mode of S. malmeanum, five treatments were 262 

applied following Dafni40 (1992), with some modifications: Control (spontaneous self-pollination; 263 

spontaneous parthenocarpy), Apomixis (emasculation, no pollination), Parthenocarpy (emasculation, no 264 

pollination), Autogamy (manual self-pollination: self-compatibility-SC/self-incompatibility-SI; induced 265 

parthenocarpy), and Allogamy (manual cross-pollination: female fertility/female sterility; induced 266 

parthenocarpy). 267 

Samples preparation for treatments and crosses. The emasculation was performed in flower buds in the 268 

pre-anthesis stage, one day prior to pollination, by extracting gently the anthers one by one with the aid of 269 

a forceps sterilized in 70º ethylic alcohol. Pollen was collected separately from all accessions from mature 270 

flowers in anthesis stage, processed and stored in short period for using in pollinations. For pollen 271 

processing, the anthers from flowers in anthesis were collected in an identified plastic container and later 272 

packed in waxed paper envelopes identified with the respective accession code and stored in a BOD (Bio-273 

Oxygen Demand) incubators at 25°C for 24 hours. After 24 hours, the envelopes were removed from the 274 

BOD and the pollen extracted from the anthers was transferred to test tubes of 1.5 mL identified with the 275 

respective accession code, and later stored in freezer (0°C) for medium term conservation. The pollinations 276 

were done in pistils from buds emasculated one day before anthesis using fresh pollen according to each 277 

treatment in the morning, period of best stigma receptivity. The process was carried out by lightly touching 278 

the stigma of the pistil with the pollen. After the procedure, the inflorescences were bagged to avoid pollen 279 

contamination from other sources. When possible, it was prioritized to treat at least 30 flowers per 280 

accession.  281 

Pollen viability evaluation by acetocarmine staining. Pollen viability test was performed for plants 282 

grown in the greenhouse following the methodology described by the International Center of Potato (CIP)41, 283 

and calculating according to equation (1). Pollen grains were collected from three flowers of the five plants 284 

of the same accession and bulked. Acetocarmine stain (20 µl) was mixed with pollen and placed on a clean 285 

glass slide with coverslip. Viable and non-viable pollen grains were observed and counted under a PZO 286 

optical microscope at 200x, and images were captured using a digital camera. Field of view representative 287 

of the entire slide was used for analysis. Round and turgid pollen grains that stained in red were considered 288 

viable (Supplementary Fig. S1). 289 

(1) %𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑎𝑖𝑛𝑒𝑑 𝑝𝑜𝑙𝑙𝑒𝑛 𝑔𝑟𝑎𝑖𝑛𝑠𝑡𝑜𝑡𝑎𝑙 𝑝𝑜𝑙𝑙𝑒𝑛 𝑔𝑟𝑎𝑖𝑛𝑠  × 100 290 

 291 

Measurement of viable pollen size and identification of viable 2n pollen grains. Pollen grains were 292 

collected from three flowers of the five plants of the same accession and bulked, and then were observed 293 

microscopically after acetocarmine staining, following the protocol of International Center of Potato 294 

(CIP)41, measuring the diameter of 50 grains of pollen with 200x of magnification. Based on CIP, unreduced 295 

viable pollen (2n) can be detected by the bimodal distribution of their diameter and viable 2n pollen will 296 

have a diameter 1.2 times larger than the viable reduced pollen (n).  297 

Pollen tube growth observation. Pistils were collected between 48-72 hours after pollinations in 298 

treatments of autogamy and allogamy. The samples were fixed in 3:1 (100% ethanol: glacial acetic acid). 299 

Pistils were then washed three times in distilled water, softened for 24 h in sodium hydroxide 0.8 N. Finally, 300 

pistils were washed again in distilled water and cleaned in hypochlorite 20%. Pollen tube growth was 301 

observed using a 0.5% lacmoid (Sigma L-7512). The observations were made with an optical microscope 302 

(6,3 x). Pollen tubes reaches the ovary or growth inhibition by stigma occurs at 1/3 of style length, 2/3 of 303 

style length or 3/3 of style length. 304 

Fruit set percentage (FSP) was calculated according to the following equation (2). 305 

(2) 𝐹𝑆𝑃 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑢𝑖𝑡𝑠 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤𝑒𝑟𝑠 𝑝𝑜𝑙𝑙𝑖𝑛𝑎𝑡𝑒𝑑  × 100 306 

 307 

Total number of seeds (TNS) was calculated indirectly using the following equation (3). 308 

(3) 𝑇𝑁𝑆 =  𝑇𝑜𝑡𝑎𝑙 𝑠𝑒𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 100 𝑠𝑒𝑒𝑑𝑠  × 100 309 

Seed set (SS) was calculated according to the following equation (4). 310 

(4) 𝑆𝑆 =  𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡𝑠 311 

Percentage of germinated seeds (%) was calculated according to the following equation (5). 312 



(5) 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 (%) =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑠𝑜𝑤𝑛𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠  × 100 313 
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