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Molecular characterization of sweet potato (Ipomoea batatas [L.] Lam) germplasms for desirable traits by using simple sequence repeats markers
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Abstract: Every breeding program that aims to create new and improved cultivars with desired traits mostly relies on information related to genetic diversity. Therefore, molecular characterization of germplasms is important to obtain target cultivars with desirable traits. Sweet potato [Ipomoea batatas (L.) Lam] is widely considered the world’s most important crop, with great diversity in morphological and phenotypic traits. The genetic diversity of 20 sweet potato germplasms originating from Bangladesh, CIP, Philippines, Taiwan, and Malaysia were compared, which was accomplished by genetic diversity analysis by exploring 20 microsatellite DNA markers for germplasm characterization and utilization. This information was effective in differentiating or clustering the sweet potato genotypes. A total of 64 alleles were generated using the 20 primers throughout the 20 germplasm samples, with locus IBS97 having the highest number of alleles (5), whereas locus IbU33 had the fewest alleles (2). The alleles varied in size from 105 (IbU31) to 213 base pairs (IBS34). The Polymorphism Information Content (PIC) values for the loci IbL46 and IBS97 varied from 0.445 to 0.730. IBS97 has the highest number of effective alleles (3.704), compared to an average of 2.520. The average Shannon’s diversity index (H) was 1.003, ranging from 0.673 in IbU3 to 1.432 in IBS97. The value of gene flow (Nm) varied between 0.000 and 0.005, with an average of 0.003, whereas genetic differentiation (FST-values) ranged between 0.901 and 1.000. The sweet potato germplasm included in this study had a broad genetic base. SP1 vs. SP9 and SP12 vs. SP18 germplasm pairings had the greatest genetic distance (GD = 0.965), while SP1 vs. SP2 germplasm couples had the least genetic diversity (GD = 0.093). Twenty genotypes were classified into two groups in the UPGMA dendrogram, with 16 genotypes classified as group “A” and the remaining four genotypes, SP10, SP18, SP19, and SP20, classified as group “B.” According to cluster analysis, the anticipated heterozygosity (gene diversity) of Nei (1973) was 0.591 on average. In summary, SSR markers successfully evaluated the genetic relationships among the sweet potato accessions used and generated a high level of polymorphism. The results of the present study will be useful for the management of germplasm, improvement of the current breeding strategies, and the release of new cultivars as varieties.
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Introduction

Sweet potato (Ipomoea batatas L.), a hexaploid crop of the Convolvulaceae family (2n = 6x = 90), is the world’s sixth most significant food crop after rice, wheat, potatoes, maize, and cassava (CIP, 2018) and China accounts for more than 70% of global production (Wadl et al., 2018). A substantial source of carbohydrates, vitamins A (carotenoids-orange-fleshed type), C, B1, B2 (riboflavin), B3, B6, E, and minerals such as potassium, copper, manganese, and iron; it is also a good source of fiber (Wang et al., 2016). Sweet potatoes may also be used for animal feed, starch extraction, alcohol, and biofuel. Many poor nations might benefit from the high concentration of β-carotene in these orange-fleshed sweet potatoes, which could help avoid blindness and maternal mortality caused by vitamin A insufficiency (Meng et al., 2021).

The evolving climate conditions and the staggering expansion of the world population together represent pressing challenges for agriculture. Sweet potatoes are cultivated in diverse ways across the globe, with a wide range of phenotypic differences. This diversity provides a valuable source for potentially useful traits and allows plant breeders and farmers to adapt the crop to heterogeneous and changing environments (Palumbo et al., 2017). Due to its high tolerance for a broad range of environmental circumstances, this crop is particularly resistant to climate change. It is a key crop for food security, and it is grown in more than 100 underdeveloped nations worldwide (Selaocoe et al., 2019).

One of the main obstacles to understanding sweet potato dispersal dynamics throughout the world is probably the genetics of this hexaploid species (2n = 6x = 90) (Wang et al., 2011), which severely complicates any genomic approach. In particular, sweet potato is an allohexaploid species (AABBBB), most likely derived from the interspecific hybridization between a diploid and tetraploid species followed by chromosomal doubling (Gao et al., 2011; Wu et al., 2018). As a consequence, its inheritance model is admixed, including both disomic (AA) and tetrasomic (BBBB) pairings. On the other hand, this polyploidy could represent an important source of genetic diversity (Soltis and Soltis, 1999). The vast genetic diversity that characterizes the sweet potato germplasm is also due to sexual reproduction (i.e., genetic segregation and recombination), asexual propagation (i.e., fixation of specific genetic combinations), and the exchange and introduction of plants from all over the world (Ngailo et al., 2016; Feng et al., 2020).

Genetic diversity is essential for future research and the development of cultivars with the desired properties. To deal with the genetic development of sweet potato, it is necessary to understand the genetic diversity in examined germplasm. To increase the genetic diversity of a breeding population and the number of heterozygous offspring, it is necessary to pick parents with different ancestries (Wellmann and Bennewitz, 2019). Owing to the complex genome of the species, information on the genetic diversity of sweet potato germplasm is still insufficient, which hinders the development of new cultivars (Su et al., 2017). Identifying the genetic diversity, structure, and background of sweet potato accessions is essential for developing efficient breeding techniques (Monden et al., 2015). To ascertain the genetic diversity of sweet potatoes, both morphological and molecular markers have been used (Nair et al., 2017). Molecular markers have the benefit of being more trustworthy and not being impacted by environmental circumstances; besides, it is possible to do DNA testing at any stage of plant development (Rodriguez-Bonilla et al., 2014). In addition to biochemical-based markers, DNA-based markers such as random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), microsatellites, and single nucleotide polymorphisms can also be used (Rahajeng and Rahayuningsih, 2017). Each approach has its own set of benefits, limits, and applications (Farooq and Azam, 2002).

In recent years, simple sequence repeat (SSR) markers or microsatellites have become the most widely used molecular marker technologies for the study of both animals and plants (Shih et al., 2002; Veasey et al., 2008; Zhang et al., 2001; Karuri et al., 2010; Yada et al., 2010; Li et al., 2009). Multi-allelic, highly polymorphic, highly reproducible, co-dominant SSR markers give extensive genetic information with good genome coverage (Kawuki et al., 2009; Sree et al., 2010). SSR markers are inexpensive and adaptable to most breeding protocols, making them ideal for public breeding programs that cannot afford expensive diversity evaluation approaches (Turyagyenda et al., 2012). The purpose of this study was to employ the SSR markers to characterize the genetic diversity of sweet potato germplasm acquired from Bangladesh and Malaysia and determine the phylogenetic relationships among the twenty germplasm.

Materials and Methods

Plant materials

Twenty sweet potato genotypes employed in this study were obtained from the Tuber Crops Research Center (TCRC) of the Bangladesh Agricultural Research Institute, Gazipur, Joydebpur 1701, Bangladesh, and Cameron Highlands in Malaysia (Table 1).
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Extraction of genomic DNA from a plant sample

Young, fresh, and disease-free leaves were selected for DNA extraction in the Molecular Biology lab at the University Putra Malaysia, Malaysia. SSR markers were utilized to examine molecular diversity. The genomic DNA was isolated from a bulk of 3-week-old seedling leaf tissues taken from five plants from each germplasm (Rahman et al., 2011; Molla et al., 2015, 2017) using the cetyltrimethylammonium bromide technique (Kim and Hamada, 2005) with different modifications. The leaf samples were dipped in liquid nitrogen, chopped into tiny pieces, and digested using a homogenization buffer (Tris, 50 mM; EDTA, 25 mM; NaCl, 300 mM; SDS, 1%; deionized water). Then, a mixture of phenol, chloroform, and isoamyl alcohol (25:24:1) was added as extraction solvent and heated to 65°C for 30 min before precipitating with ice-cold, pure isopropyl alcohol. The precipitate was purified with 100% ethanol (also containing sodium acetate, 3 M) and 70% ethanol successively. Microfuge tubes containing 1.5 mL of TE buffer were used to dissolve each DNA sample. After completely dissolving the DNA pellet in TE buffer, 4 µL RNaseA (10 mg/mL) was added to the isolated DNA and incubated at 37°C for 30 min (Tilahun et al., 2013). Finally, the DNA sample was kept at −20°C.

DNA concentration quantification and optimization

The presence of genomic DNA was qualitatively verified on a 1% agarose gel. The band images were photographed and visualized under UV light using a photo documentation approach (UV Transilluminator, Uvitec, Unit 3.05, St John’s Innovation Centre, Cowley Rd, Cambridge CB4 OWS, UK). All the DNA samples used in this research were found to be of excellent quality. A UV spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA) was set to 260 nm, and a spectrophotometer was used to determine the quantity of genomic DNA (NanoDrop). Electrophoresis on a 1% agarose gel in Tris-acetate ethylenediamine tetraacetate buffer was used to validate the quality. Sumon et al. (2014) proposed a formula for determining the initial DNA concentrations of each genotype.

Selection of microsatellite/simple sequence repeat primers

Twenty SSR primer pairs previously stated in the literature (Koussao et al., 2014) were used for microsatellite analysis (Table S1). All 20 primer combinations exhibited better responsiveness with clearly and predicted expanded product sizes.

Amplification and standardization of polymerase chain reaction (PCR)

A total volume of 25 µL for PCR reaction contained 12.5 µL of Accuris Taq Master Mix Red, 1 µL each of forward and reverse primers (10 M), and 1 µL of template DNA. The mixtures were prepared at 0°C, then subjected to thermal cycling and cooled. PCR amplification of SSR loci was carried out in the Biometra (TPersonal) Thermal Cycler (Cole-Parmer Instrument Company Ltd., St Neots Cambridge shire PE19 8YX, UK), with a program of an initial denaturation step of 1 min and 30 s at 95°C, followed by 34 cycles of 15 s at 95°C, 15 s at 51°C−59°C and 30 s at 72°C, and a final elongation step at 72°C. The PCR products were stored at 4°C before analysis.

Visualization of polymerase chain reaction results via gel electrophoresis

PCR products were electrophoresed on a 2% agarose gel in 100 mL 1X TAE buffer with 2 g agarose (Vivantis, USA). After bringing the temperature of the solution to room temperature, add 3 µl Vi-Safe Red Gel Stain (Vivantis, USA) (Manufacturer by Vivantis Technologies Sdn. Bhd., Revongen Corporation Center, Level 17, Top Glove Tower, No. 16, Persiaran, Setia Dagang, Setia Alam, Seksyen U13, 40170 Shah Alam, Selangor Darul Ehsan, Malaysia). The Triple Wide Mini-Vertical Electrophoresis System was used for electrophoresis (BIO RAD Scientific, 1000 Alfred Nobel Drive, Hercules, California 94547, USA). The gel was electrophoresed for 90 min at 85 V. Finally, the stained gel was immersed for 5 min in deionized water. Individual bands were viewed and graded for analysis using the Gel Doc System (BIO RAD Scientific, USA) (Sumon et al., 2014).

Microsatellite data matrix preparation for analysis

Co-dominant microsatellite markers make it possible to identify homozygous and heterozygous genotypes in individual plants. Individual alleles (bands) at microsatellite loci were meticulously analyzed, and a single data matrix was constructed for all loci. Generic distance (Nei, 1972) created UPGMA dendrogram was used to calculate statistics of genetic variation, and cluster analyses were done using the POPGENE software (Version 1.31) (Yeh et al., 1999). The PIC value was computed as PIC = 1-f2ij, where fij is the frequency of the ith allele for the jth SSR locus and f2ij is the frequency of the ith allele for the jth SSR locus (Anderson et al., 1993). PIC values represent a person’s ability to discriminate. Many factors, including allele density and population density, impacted these results. Allelic lengths were calculated using the program DNA FRAG version 3.03 (Nash, 1991).

Results

Microsatellite polymorphism

The investigation employed twenty SSR primers because of their repeatable and polymorphic DNA amplification patterns across genotypes. Fig. 1 depicts eight common SSR profiles.
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Figure 1: Microsatellite profiles of 20 sweet potato genotypes at loci IbS18 (A), IbS24 (B), IbO2 (C), IbS97 (D), IbU20 (E), IbU6 (F), IbS24 (G), and IbU4 (H). M: molecular wt. marker (100 bp DNA ladder). Lane 01: SP-1, Lane 02: SP-2, Lane 03: SP-3, Lane 04: SP-4, Lane 05: SP-5, Lane 06: SP-6, Lane 07: SP-7, Lane 08: SP-8, Lane 09: SP-9, Lane 10: SP-10, Lane 11: SP-11, Lane 12: SP-12, Lane 13: SP-13, Lane 14: SP-14, Lane 15: SP-15, Lane 16: SP-16, Lane 17: SP-17, Lane 18: SP-18, Lane 19: SP-19, and Lane 20: SP-20.

Using the 20 microsatellite markers, a total of 64 alleles with an average number of 3.2 alleles per locus were found in this study. Of the twenty SSR markers, five were detected between four and five alleles, while fifteen were detected between two and three alleles. The number of alleles found ranged from two (IbU33) to five (IbU33) (IBS97). For the loci IbU31 and IBS34, the allele sizes ranged from 105 to 213 bp (Table 2).
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All SSRs were determined as the percentage of polymorphic loci (PPL 100) and were polymorphic across sweet potato genotypes and hence valuable for determining genotypic variation (i.e., PIC values different from zero). The PIC values for SSRs varied between 0.445 and 0.730, with a mean of 0.583 (Table 2). Eleven of these SSRs were highly informative (PIC > 0.6), with IBS97 (0.730) having the highest PIC value, followed by IbO2 (0.675), IBS18 (0.645), and IBS33 (0.645).

IBS97 had the most effective number of alleles (3.704), with an average of 2.520. (Table 3). Shannon’s information index (I) was 1.003 on average, with values ranging from 0.673 in IbU3 to 1.432 in IBS97 (Table 3). Gene flow (Nm) values ranged from 0.000 to 0.005 with an average of 0.003 while genetic differentiation (Fst) values varied from 0.901 to 1.000 with an average of 0.970 (Table 3). The average value for Nei’s predicted heterozygosity (gene diversity) was 0.591, with the greatest value (0.730) at the locus IBS97, followed by 0.675 at the locus IbO2 (Table 3).
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Nei’s genetic distance between the genotypes

Based on these results, SSR markers may be used to estimate genetic distances between genotypes. Among 190 pairs, Nei’s genetic distance ranged from 0.093 to 0.965, resulting from a permutation combination of 20 sweet potato genotypes (Table 4). SP1 vs. SP9 and SP12 vs. SP18 genotype pairs had the greatest genetic distance (0.965). The smallest genetic distance (0.093) was found between SP1 and SP2 (Table 4).
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Genetic distance among the genotypes

The UPGMA dendrogram was constructed using genetic dissimilarity SSR markers data that were related to the dissimilarity coefficient between genotypes. The genotypes tested were divided into two groups, with 16 genotypes in group “A” and four genotypes in group “B,” namely SP10, SP18, SP19, and SP20 (Fig. 2).
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Figure 2: UPGMA cluster analysis based on Nei’s (1972) genetic distance, showing diversity and relationship among 20 sweet potato genotypes.

Despite this, cluster “A” split into two sub-clusters, “A1” and “A2.” SP1 and SP2 were clustered together in sub-clusters “A1.a1,” while SP3 and SP4 were grouped together in sub-clusters “A1.a2.” Sub-cluster “A2” then split into two more sub-clusters, “A2.a3” and “A2.a4”, with sub-clusters “A2.a3” dividing into two more sub-clusters with genotype SP8 assembling exclusively in sub-clusters “A2.a3.a5”. Sub-clusters “A2.4” were split into two sub-clusters, and genotype SP13 was only found in sub-clusters “A2.a4.a7.” Sub-clusters A2.a4.a6.a8 and A2.a4.a8.a9 contained SP-11, SP-14, SP-12, SP-15, SP-16, and SP-17, while sub-clusters A2.a4.a6.a8 and A2.a4.a8.a9 included SP-11, SP-14, SP-12, SP-15, SP-16, and SP-17 (Fig. 2).

Discussion

Microsatellite polymorphism

SSR markers have been widely employed to characterize genetic diversity in a range of economically important crops, including sweet potatoes. Several previous studies on the sweet potato have used SSR markers, which have shown significant population diversity as well as aided in the detection of duplicates (Koussao et al., 2014; Karuri et al., 2010). As a consequence, they proved to be the most effective tool for investigating genetic variation. Sweet potato is a hexaploid crop that exhibits a range of band patterns. Therefore, this intra-variety variability may be related to the high somatic mutation reported in this crop (Hernandez et al., 1964). Intra-varietal polymorphism related to vegetative crop species has also been reported for potato (Solanum tuberosum) by Quiroz et al. (1990) and cassava (M. esculenta) by Colombo et al. (2000) and Sambatti et al. (2001). The 100% PPL exhibited a significant amount of polymorphism in this research; an allele range of two to five alleles per SSR marker imparts the SSR markers’ discriminating power on sweet potatoes (Gichuru et al., 2006; Tumwegamire et al., 2011). This is in line with the findings of Yada et al. (2010). Buteler et al. (1999) found a high polymorphism range of three to 10 alleles. Somé et al. (2014) found one to eight alleles as well. Tumwegamire et al. (2011) found a range of two to eleven alleles. A lower amount of polymorphisms “seventeen” has also been documented, ranging from one to four alleles per SSR locus (Hwang et al., 2002). The variances might be explained using various SSR primers, sweet potato genotypes, and annealing temperatures. The number of SSR primers used in diversified experiments may account for some observed discrepancies. Aswathy et al. (2017) determined the genetic diversity of 40 sweet potato accessions from ICAR-CTCRI and CIP using 10 simple sequence repeat (SSR) primers.

These SSR primersdescribe the degree of variation in a population and how that variation is distributed across alleles at an investigated locus. Each genotype was evaluated, and expected heterozygosity (He, average 0.606) values for each SSR locus were always greater than actual heterozygosity (Ho); this indicated homozygous individuals in the population samples. Because of the breeding nature of sweet potatoes, where the fraction of heterozygous loci is anticipated to be large, higher levels of heterozygosity are expected. Self-incompatibility in flowers has also been observed to cause allogamy, which increases genetic heterozygosity (Thompson et al., 1997).

Polymorphism information content (PIC)

The discriminating potential of a marker is quantified by its PIC value (Jia et al., 2009). A PIC value larger than 0.5 is considered high by Heng-Sheng et al. (2012), and any marker with such a value may be useful in genetic diversity research. Herein, the PIC value was more than 0.5 for all 17 markers that indicated amplification, and the findings, which ranged from 0.445 to 0.730 with a mean of 0.583, were fairly high, indicating that the SSR markers used exhibited a high degree of discrimination. Primer IBS97 exhibited the greatest Nei’s genetic diversity in the present investigation, while IbL46 had the lowest genetic diversity of all the markers (Table 4). Koussao et al. (2014) identified a higher average PIC value for characterizing sweet potato germplasm using 30 SSR markers. The average PIC value of 12 SSR markers further demonstrated the enormous potential of polymorphism. As an indicator, heterozygosity may be used to assess genetic variation.

Nei’s genetic distance and phylogenetic dendrogram

The higher gene diversity (Nei’s projected heterozygosity) observed in this research might be a result of the enhanced genotype variety utilized. The majority of the genotypes investigated were of different geographic origins; therefore, the study results revealed a considerably higher level of genetic differentiation and a low level of gene flow values in 20 sweet potato genotypes, indicating variation among the genotypes. Palumbo et al. (2019) suggested that the combination of two different characterization methods, genetic markers, and agronomic traits, was effective in differentiating or clustering the sweet potato genotypes, in agreement with their geographical origin or phenotypic descriptors.

Based on Nei’s (1972) genetic distance, the analysis of molecular data revealed varying levels of genetic diversity among 20 sweet potato genotypes. The genotypes had genetic distances ranging from 0.093 to 0.965, indicating the substantial genetic heterogeneity of the sweet potato genotypes investigated (Table 4). Higher genetic distance scores between genotype pairs are associated with different genetic backgrounds. In the case of reverse genetic background, however, the lowest values may be discovered. This variation in genetic distance values could be crucial for improving sweet potato genetic resources and ensuring their long-term usage for genetic improvement. The UPGMA dendrogram is based on SSR marker data, which refers to the dissimilarity coefficient between germplasms. Based on cluster analysis, the total genotypes were divided into two main groups, A and B. Cluster B was subdivided into a total of 12 sub-groups. Upon subsequent separation, the genotypes had a distinct status in the dendrogram because of the possible effect of morphological traits and geographical sources. The origin and genetical status of the genotypes used in the study were different. For instance, closely related genotypes SP-6, SP-7, SP-8, and SP-9 were originated from a similar source like CIP (Table 1) and grouped together in sub-cluster A2.a3 (Fig. 2). However, the genotypes SP-1, SP-9, SP-12, and SP-18 grouped in different sub-cluster (A1.a1, A2.a3.a4, A2.a4.a8.a9, and B1, respectively) in the dendrogram (Fig. 2), these genotypes were collected from different sources such as Philippines and CIP (Table 1). Palumbo et al. (2019) found that the combination of these two approaches was very effective in differentiating or clustering the different clonal genotypes of sweet potato, as expected by their geographical origin or phenotypic characteristics when considering both morphological, qualitative, and genetic-molecular data. The high level of genetic diversity observed in sweet potato accessions may be a result of spontaneous mutations, which are common in this species, as well as the selection, regional, and environmental factors, making populations of this species a significant genetic resource (He et al., 2006).

Conclusion

Molecular assessment methodologies revealed a moderate to a high degree of genetic variation among the 20 sweet potato germplasm from Bangladesh, CIP, Philippines, Taiwan, and Malaysia in this study. A total of 20 SSR markers were examined, and the results were utilized to select cultivars for future research. To produce a valuable outcome, newer cultivars are needed, which may be obtained by introducing or collecting new species. The effort of this study will offer fresh insights into the categorization of sweet potatoes, as well as aid in the genetic research and breeding of this root crop to improve the existing germplasm.
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TABLE 1

List of a set of germplasm studied in this experiment, along with their acquisition locations

S1. No. Coll. No. Sources of the materials S1. No. Coll. No. Sources of the materials
1. SP-1 Philippines 11. SP-11 Hybridization

2. SP-2 Taiwan 12. SP-12 CIP material

3. SP-3 Bogra, Bangladesh 13. SP-13 CIP material

4. SP-4 Hybridization 14. SP-14 CIP material

5. SP-5 Hybridization 15. SP-15 CIP material

6. SP-6 CIP material 16. SP-16 Hybridization

7. SP-7 CIP material 17. SP-17 Indonesia

8. SP-8 CIP material 18. SP-18 Philippines

9. SP-9 CIP material 19. SP-19 CIP material

10. SP-10 Hybridization 20. SP-20 Cameron Highland, Malaysia
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TABLE 3

A summary of genetic variation statistics for all loci

Locus *na *ne *1 *Nei Fst *Nm

IBS18 3.000 2.817 1.067 0.645 0.991 0.003
IBS24 3.000 2.247 0.938 0.555 0.969 0.004
IBS33 3.000 2.817 1.067 0.645 0.991 0.003
IBS134 3.000 2.740 1.049 0.635 0.964 0.004
IBS84 3.000 2.817 1.067 0.645 0.991 0.003
IBS85 3.000 2.381 0.943 0.580 0.931 0.004
IBS86 3.000 1.852 0.802 0.460 0.922 0.004
IBS97 5.000 3.704 1.432 0.730 1.000 0.000
IBS137 3.000 2.247 0.938 0.555 0.969 0.004
IBS144 3.000 2.532 0.999 0.605 0.976 0.003
IBS199 3.000 2.597 1.010 0.615 0.976 0.003
IbU4 3.000 2.632 1.030 0.620 0.982 0.003
IbU6 3.000 2.020 0.857 0.505 0.982 0.003
IbU20 3.000 2.632 1.030 0.620 0.982 0.003
IbU31 4.000 2.667 1.166 0.625 1.000 0.000
IbU33 2.000 1.923 0.673 0.480 0.901 0.005
IbL16 4.000 2.299 1.033 0.565 1.000 0.000
IbL32 3.000 2.597 1.010 0.615 0.976 0.003
IbL46 3.000 1.802 0.746 0.445 0.901 0.005
IbO2 4.000 3.077 1.206 0.675 1.000 0.000
Mean 3.200 2.520 1.003 0.591 0.970 0.003
St. Dev 0.616 0.451 0.165 0.074

Note: *na = Observed number of alleles, *ne = Effective number of alleles, *I = Shannon’s Information Index, *Nei’s (1973) expected heterozygosity, *Nm = Gene
flow estimated from Fst = 0.25 (1-Fst)/Fst.
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A summary of Nei’s (1972) genetic identity (above diagonal) values among 20 sweet potato genotypes

TABLE 4

Genotypes  SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13 SP14 SP15 SP16 SP17 SP18 SP19  SP-2
SP1 ookt

SpP2 0.093  vx

SP3 0.290 0.290 XX

SP4 0335 0335 0214

SP5 0.674 0581 0384 0384  *~

SP6 0.795 0674 0504 0.440 0.121  ©F

SP7 0504 0384 0335 0335 0.149 0250 0

SP8 0384 0335 0335 0440 0214 0290 0290 X

SP9 0965 0674 0440 0440 0214 0.181 0.181 0384 o

SP10 0440 0440 0335 0335 0384 0384 0250 0335 0384 o

SP11 0440 0290 0581 0504 0384 0384 0335 0335 0581 0290 ¢

SP12 0504 0581 0581 0440 0250 0335 0384 0335 0384 0440 0335 X

SP13 0440 0.674 0674 0440 0581 0504 0674 0.795 0440 0440 0384 0.290  *o

SP14 0.674 0581 0795 0440 0335 0440 0335 0335 0384 0335 0214 0214 0290  **

SP15 0795 0581 0440 0384 0.181 0250 0250 0335 0250 0504 0290 0.149 0335 0.149 0=~

SP16 0.581 0440 0440 0335 0214 0290 0384 0384 0384 0440 0384 0149 0440 0290 0.121  ©**

SP17 0.581 0581 0581 0440 0290 0335 0335 0581 029 0504 0581 0250 0290 0250 0.181 0.121  *©o*

SP18 0581 0504 0581 0581 0581 0504 0440 0504 0440 0290 0440 0965 0504 0440 0674 0674 0581

SP19 0.504 0674 0504 0674 0504 0.795 0581 0581 0795 0440 0581 0504 0581 0674 0674 0504 0581 0384 O
SP20 0.581 0,581 0581 0581 0440 0581 0384 0581 0581 0581 0581 0440 0581 0440 0504 0504 0581 0384  0.149 0o
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TABLE 2

The size, frequency, and diversity index of alleles among 20 sweet potato genotypes at 20 simple sequence repeat loci

Locus Allele (No.) Allele sizes (bp) Allele frequency PIC  Locus No. of Allele Allele sizes (bp) Allele frequency PIC

IBS18 3 200 0.250 0.645 IbU4 3 200 0.300 0.620
185 0.450 195 0.500
146 0.300 176 0.200

IBS24 3 187 0.150 0.555 IbU6 4 179 0.100 0.505
178 0.250 170 0.650
142 0.600 152 0.250

IBS33 3 198 0.250 0.645 IbU20 3 208 0.300 0.620
192 0.300 196 0.500
185 0.450 189 0.200

IBS134 3 156 0.450 0.505 IbU31 4 213 0.150 0.625
135 0.350 205 0.550
105 0.200 191 0.200

IBS84 3 201 0.250 0.620 IbU33 2 138 0.100 0.480
192 0.300 153 0.400
187 0.450 127 0.600

IBS85 3 200 0.100 0.580 IbLl6 4 196 0.050 0.565
194 0.500 188 0.600
183 0.400 177 0.250

IBS86 3 166 0.200 0.460 IbL32 3 163 0.100 0.615
152 0.700 196 0.150
137 0.100 187 0.450

IBS97 5 208 0.150 0.730 IbL46 3 157 0.400 0.445
199 0.250 203 0.050
193 0.400 192 0.700
188 0.150 186 0.250
176 0.050 203 0.050

IBS137 3 188 0.150 0.555 1bO2 4 197 0.350 0.675
162 0.600 184 0.400
137 0.250 173 0.200

IBS144 3 205 0.350 0.605
197 0.500
187 0.150

IBS199 3 203 0.400 0.615
196 0.450

188 0.150
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TABLE S§1

List of primers uses in this study

72
L

Locus

Forward primer

Reverse primer

e N e o

NS I N i i e e e e e e
© 0 N Ak WD = O

IBS18
IBS24
IBS33
IBS13
IBS84
IBS85
IBS86
IBS97
IBS13
IBS14
IBS19
IbU4

IbU6

IbU20
IbU31
IbU33
IbL16
IbL32
IbL46
IbO2

GCCAAGGATGAAGGATATAGAa
AGTGCAACCATTGTAATAGCAG
CaATgaTAGCGGAGATTGAAG
CTTCAATCACCTGAAACTCTGA
CAAAGATGAAGCAAGTAAGCAG
AACTACTCATGGGGAGAACAAC
AGAAACTGAAAACTAAGCTCGC
GTTACCAGGAATTACGAACGAT
TcAACAGACGTCTTCACTTACC
TCGAACGCTTTCTACACTCTT
TAACTAGGTTGCAGTGGTTTGT
GGCTGGATTCTTCATATTTAGC
GGGGTAGAGAGAAGAGAGTGAC
GGAGAGCAAGTGGAGAAAGTAT
CCG AAG CTC CTG CTT TTA TC
TTTGAAGAAGATGAGAGCGAC
GTCTTGCTGGATACGTAGAACA
GGGATGAAGGAGAGAATGAGTA
CTGAAATTAGGGATTGAAGAGG
TGTGGATCTGTTCTTTGAACC

ACAAcCAAACTAGCTAAAAGCC
TCCTTTCtTcATCATGCACtAc
CaATgaTAGCGGAGATTGAAG
AATATCGCTATGTTCTTGGGaC
ACTAATGTTGATCTACGGACCC
CTAACGAAAGTTTGGACATCTG
GCTATGCGTTTACAGAAACAAG
CTCTCTACAAAAACTCACAGCG
TCGATAGTATGATGTGAATCGC
CTGTGTTTATAGTCTCTGGCGA
ATAGGTCCATATACAATGCCAG
GCTTAATGGATCAGTAACACGA
CCAGGTGAGAGTGTCTTTCAA
ACTCCTAGACCCACAATTGAAC
GTC TCA GAT GAA GCC ACC AC

TCAGAAAGACGATACACTAGAGAGA

GGGAGAAGTAAGAGAACCGATA
TTGAAAACCTAGAGAGAAAGGG
TCCAATCACTCCTTGTTTTCTC
TTCCATGTGGAGTGTGAAGTAT
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