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Abstract

:

Black locust (Robinia pseudoacacia L.) is an economically and ecologically important tree species which is used for pillar construction, honey production and soil improvement. More EST-SSR (Expressed sequence tag simple sequence repeat) markers of black locust can be used as a complement and improvement of Genomic-SSR markers for the identification of the function of gene and the construction of genetic map. Additionally, currently there is no simple method for identifying black locust cultivars. In this study, we obtained 2702 unigenes from 3095 expressed sequence tags (ESTs) from the National Center of Biotechnology Information (NCBI) database to identify simple sequence repeats (SSRs) in R. pseudoacacia samples. A total of 170 SSR loci were found to be distributed in 162 non-redundant sequences with a frequency of 6.29%. Dinucleotide repeats were the most predominant types among microsatellites (62.35%), followed by tri-nucleotide repeats (25.88%); the remaining SSRs accounted for less than 12%. The repeat motifs AG/TC (29.25%) and CT/GA (29.25%) were the most abundant among dinucleotides, and AAT/TTA (15.91%) was the most common among tri-nucleotides. A total of 62 primer pairs were designed to screen polymorphic and stable SSR loci. The resulting 25 EST-SSR markers capable of amplifying polymorphic, stable, and repeatable products. Eight newly developed EST-SSR markers and four published SSR markers were selected for DNA fingerprinting and genetic diversity analysis of the 123 main R. pseudoacacia cultivars in China. The 12 SSR loci amplified 102 alleles, with an average number of alleles per locus of 8.5 (range 4–15). The average polymorphism information content at the 12 SSR loci for the 123 cultivars was 0.670 (range 0.427–0.881). The 123 cultivars clustered into six main groups based on similarity coefficients, with most cultivars in one subgroup. Fingerprinting was performed using eight SSR markers; 110 black locust cultivars were distinguished. The results of this study increase the availability of EST-SSR markers in black locust and make it a simple method for checking the collection, the certification, and the correct attribution of clones and cultivars.
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1. Introduction


Black locust (Robinia pseudoacacia L.) is an economically and ecologically important tree species which is used for pillar construction, honey production and soil improvement. This species was widely introduced to Europe and other regions worldwide for its various advantageous characteristics such as rapid growth, resilience, and adaptability [1,2]. It was introduced to China in 1877 and has since become an important tree species that has been planted widely in semi-arid and arid regions [3]. In the 1970s, research began on black locust cloning and cultivation. Since then, more than 100 superior clones and cultivars have been developed in China. The selected germplasm is widely used in different Chinese regions where the clones and cultivars are often indicated with local names, different from the official registered ones.



DNA fingerprinting, a technique based on molecular markers, is a powerful tool for the identification of cultivars, strains, and clones, as well as genetic correlations between parents and offspring [4]. Mao et al. (2017) [5] constructed SSR fingerprints for 47 black locust cultivars originated from Shandong Province of China. Simple sequence repeats (SSRs), also known as microsatellites or short tandem repeats, show codominant inheritance with high polymorphism, good stability, abundant quantity, and good coverage of the genome, making them ideal molecular markers for constructing fingerprints [6,7,8]. SSR molecular markers also play a large role in the construction of genetic linkage maps, genetic diversity analyses, gene mapping, marker-assisted selection, and many other related research fields [9,10,11].



SSRs exist in the genomes of all eukaryotes [12]. Early research in this field focused on identifying clones containing the SSR structure within genomic libraries to develop SSR markers. Specific primers were later designed for polymerase chain reaction (PCR) amplification using conservative SSR flanking sequences, and led to the development of genomic SSR markers [13]. With the rapid development of functional genomics, the number of express sequence tag (EST) sequences has increased rapidly for many species. Recent studies have sought to develop EST-SSR markers from EST sequences. Since EST-SSRs come from DNA transcribed region, it is a direct reflection of internal variation, and may be closely linked to functional genes. For example, the number of (CT) n repeats in the 5′ untranslated region of the rice Waxy gene is related to starch content [14]. Now EST-SSRs have been widely used to construct linkage maps associated with specific functions. For black locust, Lian et al. (2002, 2004) [15,16] and Mishima et al. (2009) [17] have developed a total of 21 SSR markers. In addition, Wang et al. (2015) [18] and Guo et al. (2017) [19] have conduct a preliminary research on SSR loci in the EST sequences and a novel set of EST-SSR markers have been developed. However, compared with other species, the relatively limited number of efficient EST-SSR markers for black locust greatly obstructs its application to breeding research. [19] More EST-SSR markers of black locust can be used as a complement and improvement of Genomic-SSR markers for the identification of the function of gene and the construction of genetic map.



In this study, we identified SSR loci from EST sequences obtained from public databases, determined their distribution patterns, and developed 25 polymorphic, repeatable, and stable EST-SSR markers. We then used eight newly developed EST-SSR markers and four published SSR markers for DNA fingerprinting and genetic diversity analyses of 123 black locust cultivars through fluorescence sequencing and SSR detection technology. The obtained data increase the availability of EST-SSR markers in black locust which can be employed to study the genetic variability of the species and for QTL (Quantitative trait locus) mapping analysis. Moreover, SSR fingerprinting will be a simple method for checking the collection, the certification, and the correct attribution of clones and cultivars.




2. Materials and Methods


2.1. Plant Materials and DNA Extraction


We analyzed the 123 main black locust cultivars (Table 1) grown on the Daqingshan Forest Farm, Shandong Province (35°23′22″ N, 118°12′17″ E), the Xinzheng Forest Farm of the Henan Academy of Forestry (34°35′8″ N, 113°49′53″ E), and the Kaifeng Academy of Agricultural and Forestry Sciences of Henan (34°46′8″ N, 114°15′55″ E). All the 123 cultivars are clones from nature. These experimental farms, neither private nor protected, are belonging to Shandong Academy of Forestry and Henan Academy of Forestry and exist for the purpose of the preservation and reproduction of the research materials. Since the authors are members of above Institutions, no specific permissions were required for sample collection. Black locust is not a controlled plant in China; our field studies involved no endangered or protected species. The authors maintain ownership and usufruct of the 123 main cultivars.



Total DNA was extracted from mature black locust leaves using a Plant Extraction DNA Kit (TIANGEN, Beijing, China). The quality and concentration of the extracted DNA were determined using 1% agarose gel electrophoresis.




2.2. SSR Locus Search and Primer Design


We pretreated 3095 EST sequences downloaded from the National Center for Biotechnology Information (NCBI) database (https://www.ncbi.nlm.nih.gov/) with an EST-trimming software (http://pgrc.ipk-gatersleben.de) to remove the vector sequence poly T or poly A and EST sequences <100 bp in length. The CAP3 software [20] was used to cluster and splice the sequences. All EST sequences were searched for SSR loci using the SSRIT software (http://www.gramene.org/db/searches/ssrtool). The search criteria were di-, tri-, tetra-, penta-, and hexa-nucleotide repeats with minimum numbers of repeats of 6, 5, 4, 4, and 4, respectively.



Primer design and evaluation were performed using the Primer 5 (PREMIER Biosoft International, Palo Alto, CA, USA) [21] and Oligo 6.0 (Molecular Biology Insights, Cascade, CO, USA) software, with the following primer design parameter standards: expected PCR amplification product size of 100–500 bp; primer length of 18–25 bp; annealing temperature of 55–63 °C; and GC (guanine-cytosine) content of 40–60%. Following alignment with the genomic database, primers affected by introns were removed. Secondary structure within each primer and primer–dimer formation between the 3’ ends of the two primers were avoided. Three G or C bases were not permitted to be arranged in a string formation at the 3’ end of the primer. The final base of the 3’ end was preferably T, C, or G instead of A. The ΔG value was lower at the 3’ end of the primer sequence, and higher at the 5′ end and in the middle.




2.3. Polymorphism Analysis of EST-SSR Markers


Eight of the 123 black locust cultivars were selected for PCR amplification using an ABI9700 Thermal Cycler (Applied Biosystems, Carlsbad, CA, USA) in a 20-μL reaction mixture containing 30 ng genomic DNA, 2 μL 10 × buffer, 0.5 mmol L−1 Mg2+, 0.15 mmol L−1 dNTPs, 0.5 μmol L−1 of each primer pair, and 1 unit Taq DNA polymerase. The amplification reaction was performed in the following steps (Touchdown PCR [22]): initial denaturation at 94 °C for 5 min, followed by 10 cycles of 94 °C for 30 s, 63–53 °C for 30 s (decreasing by 1 °C per cycle), 72 °C for 90 s, and then 20 cycles at 94 °C for 30 s, 53 °C for 30 s, 72 °C for 90 s, and a final 10-min extension at 72 °C [23]. The PCR products were separated by electrophoresis in 8% non-denaturing polyacrylamide gel. After that, the PCR fragments were detected by silver staining.




2.4. SSR Analysis of the Main Black Locust Cultivars


Eight polymorphic and stable screened EST-SSR markers and four published SSR markers [15,16,17] were used for paternity analysis. The forward primer of each pair was labeled with a fluorescent dye (FAM, HEX, or TAM) (Beijing Rui Biotech Co., Ltd., Beijing, China) during synthesis. The PCR amplification conditions were consistent with those described above. PCR products were separated by capillary electrophoresis using an ABI3100 DNA analyzer (Applied Biosystems, Carlsbad, CA, USA), and amplicon fragments were sized using the GeneMarker 1.8.0 software (SoftGenetics, State College, PA, USA).




2.5. Data Analyses


Levels of genetic diversity were calculated using the GenAlEx version 6 software (http://www.anu.edu.au/BoZo/GenAlEx/) [24], including the observed number of alleles (Na), effective number of alleles (Ne), Shannon’s information index (I), observed heterozygosity (Ho), and expected heterozygosity (He). Polymorphism information content (PIC) was calculated using the PIC_CALC version 0.6 (http://w3.georgikon.hu/pic/english/default.aspx) [25]. An unweighted pair group method with an arithmetic mean (UPGMA) tree was generated using the NTSYS (Numerical taxonomy and multivariate analysis system) pc 2.1 software (Applied Biostatistics Inc., New York, NY, USA) [26], based on pairwise genetic distances among individuals. SM coefficient was used to calculate the genetic similarity.





3. Results


3.1. Distribution Characteristics of SSR Loci in Black Locust EST Sequences


Following the assembly and splicing of 3095 black locust EST sequences downloaded from the NCBI database, a total of 2702 non-redundant unigenes were obtained, of which 180 were contigs and 2522 were singletons. The total length of the EST sequences was 1,368,008 bp, with an average length of 506.31 bp. We used the online SSRIT search engine to identify 2702 non-redundant sequences. A total of 170 SSR loci were found to be distributed within 162 non-redundant sequences, at a frequency of 6.29%. Among these, 154 non-redundant sequences contained only one SSR locus, and eight non-redundant sequences contained two or more SSR loci. The SSR frequency was 6.29%, with an average of one SSR locus found every 8.05 kb. Among the 170 SSR loci found, di-, tri-, tetra-, penta-, and hexa-nucleotide repeat types were all observed. Dinucleotide repeats had the highest frequency among repeat types, which occurred 106 times, accounting for 62.35% of the total number of SSR loci. (Figure 1a) This was followed by tri-nucleotide repeats (44), accounting for 25.88%. (Figure 1a) The numbers of tetra-, penta-, and hexa-nucleotide repeats were relatively low (12, 6, and 2, respectively), accounting for 11.77% of the total number of SSR loci. (Figure 1a) The average distance per SSR locus of di-, tri-, tetra-, penta-, and hexa-nucleotides was 12.91kb, 31.09kb, 114.00kb, 228.01kb and 684.02kb, respectively. (Figure 1b) The frequency of each SSR motif type was also detected. Of the dinucleotide motifs, AG/TC (29.25%) and CT/GA (29.25%) were the most common types, followed by AT/TA (23.58%), AC/TG (10.38%), and CA/GT (7.54%). (Figure 1c) CG/GC was not found. The tri-nucleotide repeat motif consisted of 20 types, of which the uppermost motifs AAT/TTA and CTT/GAA accounted for 15.91 and 13.64%, respectively. (Figure 1d) Among the 170 SSR loci, the number of repeats for each SSR motif ranged from 4 to 18, and 158 of the SSR loci with 4–10 repeats, accounting for 92.9% of the total number of SSR loci. There were 12 SSR loci with 11–18 repeats, accounting for 7.1%, and the maximum numbers of repeats of di-, tri-, tetra-, penta-, and hexa-nucleotides were 18, 9, 5, 6 and 4, respectively.




3.2. Development of EST-SSR Markers


We designed and synthesized 62 pairs of primers based on EST-SSR sequences using Primer 5 and Oligo 6.0, including di-, tri-, tetra-, and penta-nucleotide repeats. Eight black locust cultivars were selected to analyze amplification ability and polymorphism. The results showed that 47 of 62 primer pairs were able to amplify the specific band corresponding to the expected product fragment size, with an amplification efficiency of 75.8%. The amplification fragments of five pairs of primers did not match the expected product fragment size, and the remaining ten primer pairs did not yield amplification products. Amplification results for selected primers of Rply1, Rply2 and Rply21 are shown in Figure 2. Among the 47 pairs of primers capable of amplifying specific bands, the amplification products of 25 pairs were polymorphic, repeatable, and stable, accounting for 40.3% of the total designed primers. No polymorphism was observed among the amplification products of the other 12 primer pairs. Although the amplification products of the remaining 10 primer pairs were also polymorphic, and the expected product fragments of the amplified products were consistent in size, there a greater degree of non-specific amplification with poor repeatability and stability. For the 25 polymorphic, repeatable, and stable EST-SSR loci (Table 2), a total of 85 alleles were detected in eight black locust cultivars, each with three to seven alleles. The highest number of alleles was detected in the locus Rply3. Among most loci, the number of detected alleles was two or three, with an average of 3.4 alleles detected per EST-SSR locus.




3.3. Genetic Diversity Analysis of the 123 Main Black Locust Cultivars in China


Eight newly developed EST-SSR markers (Rply2, Rply3, Rply5, Rply8, Rply15, Rply27, Rply49, and Rply60) and four published SSR markers (Table 3) [16,17] were used for genetic diversity analysis of the 123 main black locust cultivars in China. Among the 12 SSR loci, 102 alleles were detected, with an average of 8.5 (range 4–15) alleles per locus (Figure 3 and Table 4). Rply8 had the most alleles (Na = 15), whereas Rply2, Rply27, and Rply60 had the fewest (Na = 4). The range of Ne was 1.744–8.395, with an average of 4.390. Ho for the total sample was 0.651, which was lower than the mean He (0.712) for all 12 SSR loci. The mean I was 1.589 (range 0.782–2.307). PIC ranged from 0.427 to 0.881, with an average of 0.670. Among the primers, only Rply60 had a PIC < 0.25, indicating low polymorphism. The PIC of the other primers was >0.5, indicating that they were highly polymorphic. Using the parameters calculated by 12 SSR markers, we evaluated the level of genetic diversity of the 123 cultivars. The results indicated that the 123 main cultivars of black locust in China had high genetic diversity and variability.




3.4. Construction of SSR Fingerprints


Using the 12 SSR markers, we examined the 123 main Chinese black locust cultivars and accurately determined the fragment sizes of alleles at different loci. For example, fragments amplified with Rply3 primers were 148/156 bp, 148/164 bp and 142/164 bp for the Chinese black locust ‘Shilin’, ‘Minquan’ and ‘Xiaoye’, respectively. (Figure 4) To simplify this operation, we used four pairs of EST-SSR (Rply3, Rply5, Rply8, and Rply49) and SSR (Rops08, Rp109, Rp200, and Rp206) primers to construct black locust fingerprints. The eight pairs of fluorescent-labeled primers distinguished 110 black locust cultivars. The remaining 13 cultivars formed five groups with identical fingerprints: (1) ‘Lei 03’ and ‘Lei 05’; (2) ‘Yu 8001’ and ‘Yu 8004’; (3) ‘Yu 8032’ and ‘Yu 8038’; (4) ‘Yu 8044,’ ‘Yu 8048,’ and ‘Yu 8402’; (5) ‘No.4,’ ‘K 1,’ ‘K 2,’ and ‘K 3’. In total, 243 genotypes were detected, with an average of 20.25 (range 9–41) genotypes per primer pair. Rp200 had the most genotypes (n = 41) and Rply2 the fewest (n = 9). In addition, nine gene loci and 63 genotypes detected were unique. Multilocus genotype obtained with eight primer pairs differed for each cultivar. Therefore, each black locust cultivar can be identified by its unique multilocus genotype. Additionally, when all the 12 SSR markers were used, the remaining 13 cultivars cannot be distinguished either. Therefore, it is efficient to construct fingerprints with eight SSR markers in our research. Using only the eight primer pairs, we were able to distinguish 110 Chinese black locust cultivars (Supplementary Table S1).




3.5. Similarity Coefficient and Clustering Analysis


An UPGMA tree was constructed based on the calculated similarity coefficient using NTSYS (Numerical taxonomy and multivariate analysis system) pc 2.1 [26] (Supplementary Figure S1). Genetic similarity was computed with SM coefficient. This analysis showed that the 123 main black locust cultivars in China clustered into six main groups when the similarity coefficient was 0.74. The first group was the largest (83.7% of all cultivars) and was divided into two subgroups, the first containing 11 cultivars (‘Lei 1,’ ‘Mei 1,’ ‘Xing 1,’ ‘Xing 20,’ ‘Xing 32,’ ‘Yu 8043,’ ‘V-23,’ ‘10,’ ‘13,’ ‘14,’ and ‘ZYDL’) and the second containing 103 cultivars. The second group contained only three cultivars (‘Yu 8027,’ ‘Yu 8054,’ and ‘80′). The third (‘Lei 02,’ ‘7,’ ‘Xinzheng 3,’ and ‘V-31′), fourth (‘A,’ ‘Beilin,’ ‘YQ 13,’ ‘HY 101′), fifth (‘X 8,’ ‘X Daye,’ ‘Jiangan 1,’ and ‘Danye’), and sixth (‘II-7,’ ‘X 3,’ ‘Changye,’ and ‘Xiongyali’) groups each contained four cultivars.





4. Discussion


4.1. Frequency and Characteristics of SSRs in Black Locust EST Sequences


In this study, 2702 unigenes were obtained after assembling and splicing 3095 EST sequences. A total of 170 SSR loci were found, distributed in 162 unigenes, with a frequency of 6.29%. The frequency was higher than those of Pinus taeda L. (1.2%), Pinus pinaster Ait. (2.1%), and Larix kaempferi (Lamb.) Carr. (3.85%) [27], but lower than the frequency of Cunninghamia lanceolata (Lamb.) Hook. (8.36%), Taiwania cryptomerioides Hayata. (7.03%) [28], and Betula platyphylla Suk. (12.05%) [29]. SSR locus frequency is mainly affected by the following aspects. First, there are differences in SSR locus frequency among species due to species specificity. Second, the number of EST sequences and splicing affect search results; great numbers of spliced EST sequences provide more realistic SSR locus information for a species [30]. If the number of EST sequences is too small, the search results will be biased. The results can be duplicated if splicing is not performed. Different search criteria can also seriously affect the frequency of a SSR locus [31]. These criteria should be set according to species-specific characteristics, although there are some common SSR locus search criteria. For example, Nicot et al. (2004) [31] set a minimum search length of 12 bp for repeat motifs in wheat EST research. Both Kantety et al. (2002) [32] and Bérubé et al. (2007) [33] set the lengths of di- and tri-nucleotide repeat motifs to 18 bp. Zhang et al. (2009) [34] and Wang et al. (2008) [29] set the number of repetitions of nucleotide repeat motifs to five. In our study, we set the minimum number of repetitions of di-, tri-, tetra-, and penta-nucleotide repeat motifs to 6, 5, 4, 4, and 4, respectively; our results indicate that SSR loci of di-, tri-, and penta-nucleotides with a minimum number of repetitions were screened polymorphic primers capable of stable amplification. Therefore, our search criteria were reasonable. A possible reason for the high frequency of SSR loci in black locust EST sequences is that we set the minimum length of repeat motifs to be relatively small.



In our research, dinucleotide repeats were the most abundant repeat motif type in black locust, accounting for 63.53% of the total number of SSR loci. (Figure 1a) The result contrasts with many cereal crops such as Triticum aestivum L. [35] and Oryza sativa L. [36]. The repeat motif types in most species are mainly di- and tri-nucleotides; however, there are some differences between the most abundant types. EST sequences are mostly composed of exon regions, and codons are functional units composed of three nucleotides. Therefore, changes in the number of tri-nucleotides have a relatively small effect on gene expression [37]. Theoretically, tri-nucleotide repeats should be the most abundant repeat motif type in EST sequences. However, studies have shown that dinucleotide repeats are the most predominant repeat motif type in many plants, especially in dicots such as Arabidopsis, peanut, soybean, bean and grape [38]. The result contrasts with both Wang et al. (2015) [18] and Guo et al. (2017) [19]. They identified that tri-nucleotide repeats were the most abundant repeat motif type in black locust. This phenomenon also occurs in Arabidopsis [11,38]. The difference in the number of EST sequences and the mining tools and criteria used may be the cause of different results on the same species. [38] Many studies have shown that AG/TC is the most frequent dinucleotide repeating motif, as observed in Oryza sativa L. [32] and Hordeum vulgare L. [39]. Our results were consistent with these findings, and the repeat motif AG/TC accounted for 19.41% of the total number of SSR loci. (Figure 1c) TC and CTT repeats are commonly found in transcribed regions in plants. Additionally, they occur at high frequencies in 5′ UTRs. TC microsatellites in 5′ UTRs may be involved in antisense transcription and play a role in gene regulation. [40,41] This may be the reason AG/TC is the most frequent dinucleotide repeating motif type in many plants [32]. In addition, the frequency of GC/CG repeat motifs in dinucleotides is relatively low in most plants [32,38,40]. As has been observed for some plant species, we have not observed GC/CG repeat motifs for the black locusts examined in this study.




4.2. Validation of EST-SSR Loci


In this study, Primer 5 and Oligo 6.0 were used to design primers for 170 SSR loci. A total of 62 primer pairs were designed and synthesized, and eight black locust cultivars were selected for polymorphism screening. As a result, 47 pairs of primers amplified specific bands corresponding to the sizes of expected product fragments, with an amplification efficiency of 75.8%. However, the amplified fragments of five pairs of primers did not match the expected product fragment size, and ten pairs of primers yielded no amplification products. Related studies have found amplification efficiencies of 60–90% for the designed primers [42]. Therefore, the results of our study were within the expected range.




4.3. SSR Fingerprints and Cluster Analysis of Black Locust


In China, there is no simple method for identifying black locust cultivars, slowing the process of protecting cultivars, and negatively affecting their development, promotion, and application. Distinctness, uniformity, and stability (DUS) are the necessary characteristics for new plant cultivars. Xun et al. (2013) [43] published DUS testing guidelines for new black locust cultivars based mainly on external morphology and traits. These guidelines were relatively limited, suited only for cultivars with markedly different traits, and limited by the long period required to identify cultivars, high cost, land occupation, and low accuracy. Liu and Huang (2009) [44] analyzed genetic relationships among Robinia species using randomly amplified polymorphic DNA (RAPD) molecular marker technology, and Wang et al. (2012) [45] used amplified fragment length polymorphism (AFLP) technology to analyze the genetic relationships and genetic diversity of 50 black locust clones in Shandong Province, China. However, the reproducibility of RAPD technology is poor and its reliability is low [46], and AFLP technology is highly technical, which limits its application to the construction of fingerprints. Liesebach and Ewald (2012) [47] optimized a multiplex PCR assay of nuclear microsatellite markers for population genetics and clone identification in black locust. In addition, Mao et al. (2017) [5] constructed SSR fingerprints which can be used for distinguishing clones for 47 black locust cultivars. However, all these cultivars originated from Shandong Province. Most of the main cultivars planted in China were not included. In the current study, we used four pairs each of EST-SSR (Rply3, Rply5, Rply8, and Rply49) and SSR (Rops08, Rp109, Rp200, and Rp206) primers to establish black locust fingerprints. As a result, 110 cultivars of Chinese black locust were distinguished (Supplementary Table S1). We conjecture that the remaining 13 cultivars (six groups) that could not be distinguished had a high degree of homology within each group or that the plants were mistakenly divided into different cultivars due to differences in external morphology caused by the environment. We aim to explore these questions in the future.



Most cultivars from the same or similar sources clustered together (Supplementary Figure S1). However, some cultivars from the same source clustered in different groups, indicating that clustering and geographic location were not perfectly correlated among these Chinese black locust cultivars, and that black locust clones did not show obvious geographic variation. Because black locust is an introduced species, its breeding is influenced by humans.



The variation of the cultivars is closely related to their authenticity, but also to the ability to discriminate differences among cultivars. SSR molecular markers can identify cultivars with higher reliability, with greater objectivity and accuracy. The results of this research provide a basis for collecting, identifying, and evaluating the germplasm resources of black locust and may be of great significance to black locust breeding research.





5. Conclusions


The frequency of SSR loci in ESTs of black locust (Robinia pseudoacacia L.) was 6.29% and dinucleotide repeats were the most abundant repeat motif type with a frequency of 63.53%. 25 pairs of polymorphic, repeatable and stable primers which can be used in related research were screened out. The 123 main cultivars of black locust in China had high genetic diversity and variability. Fingerprints of 123 Chinese main cultivars of black locust were constructed with eight pairs of fluorescent-labeled primers and 110 cultivars were distinguished. Clustering and geographic location were not perfectly correlated among the 123 Chinese black locust cultivars, and black locust clones did not show obvious geographic variation.
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