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				Magnolia patungensis (Magnoliaceae) is an endangered tree species endemic to China. To facilitate analysis of its genetic variability, we developed novel polymorphic expressed sequence tag-simple sequence repeat (EST-SSR) markers using transcrip-tome data. In total, 37 774 SSRs amounting to 91.52 Mb were identified from 131 132 unigenes, with the frequency of 28.81% and the average density of 2.42 kb. Mononu-cleotide (50.81%) and dinucleotide (34.12%) were the most abundant repeat types. We randomly selected 102 putative loci to test the amplification efficiency and the degree of polymorphism using three populations from which 15 individuals per population were sampled. The successful amplification rate was 36.27% and the polymorphism rate 12.75%. The 13 polymorphic SSR marker primers selected were used to charac-terize the genetic diversity of M. patungensis. A total of 40 alleles were identified for the species, ranging from 2 to 5 per locus. At the population level, the mean number of alleles per locus ranged from 1.9 to 2.5, and the mean observed and expected heterozy-gosity values from 0.308 to 0.446 and 0.304 to 0.424, respectively. Significant genetic differentiation (FST = 0.286) and low gene flow (Nm = 0.627) among populations were discovered. Transferability of the markers was tested in five congeneric species. Nine loci were successfully amplified in M. dandyi, eight in M. insignis, M. fordiana and M. hookeri, and seven in M. conifera. These new EST-SSR markers will be an essential tool for the conservation of this endangered species as well as for investigating the evolutionary history for M. patungensis and its congenerics.
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				Introduction

				Magnolia patungensis, a diploid tree, is a ter-tiary relict evergreen species that belongs to the family Magnoliaceae (Wang et al. 2005). Mag-noliaceae are a horticulturally important angio-sperm family consisting of about 300 species of trees and shrubs (Rivers et al. 2016). There are 112 species distributed in China, of which 66 are endemic and 76 are threatened (Xia et al. 2008, Qin & Zhao 2017). Magnolia patungensis is endemic to China and sparsely distributed in montane forests of eastern Sichuan–western Hubei and the neighboring areas (Chen et al. 2012). The species is listed as Endangered in the IUCN Red List (Rivers et al. 2016) and included in the China Higher Plant Red List 2017 as vulnerable (Qin & Zhao 2017). Given its conser-vation status, good understanding of the genetic diversity of its populations, mating system and gene flow is required to design effective conser-vation programs.

				Simple sequence repeat (SSR) or microsat-ellite markers are ideal for genetic studies due to their codominance and high reproducibility. They have been widely used in different fields such as population genetics, landscape genetics, phylogeography and parentage analysis (Ellis & Burke 2007). However, it is an expensive and 

			

		

		
			
				arduous process to develop traditional genomic microsatellites (gSSRs) from genomic DNA. Alternatively, EST-SSRs are easily isolated from expressed sequence tags (ESTs) with the rapid development of sequencing technology. For M. patungensis, Xing et al. (2010) made efforts in developing gSSRs using Fast Isolation by AFLP of Sequences Containing repeats (FIASCO) tech-nique, and did not find microsatellite polymor-phism. In this study, transcriptome sequences were analyzed to develop EST-SSR markers for M. patungensis. With the newly-developed markers, we evaluated the genetic diversity of natural populations of M. patungensis. Addition-ally, transferability tests of the novel EST-SSRs were performed on five congeneric species (M. insignis, M. conifera, M. fordiana, M. hookeri and M. dandyi). The obtained information will be useful for creating effective conservation strate-gies for M. patungensis and for further studies of the evolutionary relationships within Magnolia.

				Material and methods

				Sample collection and DNA extraction

				Magnolia patungensis occurs patchily in mon-tane areas at 600–1000 m a.s.l. in Hubei, Hunan and Jiangxi provinces in China (Hu 1951, Xia et al. 2008). We conducted extensive field surveys within the distribution range and geographic locations of M. patungensis in 2017. Individuals in an unconnected forest patch were considered a population. Two populations were found and sampled from Hunan (HN1 and HN2) and one Jiangxi (JX) (Fig. 1). One-year-old twigs were collected from adult trees. We also report a small population from Hubei (Xingdoushan Nature Reserve) where we found eight individuals that grew 3–10 km from each other. This population was not sampled due to difficulties in collection and because we considered three other pop-ulations sufficiently representative for marker development and first insights into the species’ genetic diversity. A total of 45 individuals (15 individuals per population) of M. patungensis were sampled. In addition, five congeneric spe-cies (M. insignis, M. conifera, M. fordiana, M. hookeri, M. dandyi) cultivated in the Wuhan 
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				Fig. 1. — A: Distribution of Magnolia patungensis pop-ulations ( sampled,  not sampled). — B: Flowering M. patungensis.
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				Botanical Garden were used for testing the trans-ferability of the primers. These species are dis-tributed across China, and to date no molecular tools, such as microsatellite markers, have been developed for them. For detailed information on all the samples used in this study see Appendix.

				Twigs collected from all six Magnolias were soaked in water at 25 °C and once the buds sprouted, total genomic DNA was extracted from 0.5 g of the young leaves following the modified CTAB protocol (Doyle & Doyle 1987).

				RNA extraction, sequencing and SSRs detection

				Although SSR markers have proven to be useful in tree conservation genetic studies (Hou et al. 2018, Veltjen et al. 2019), gSSR tend to overestimate genetic variation as compared with EST-SSR (Parthiban et al. 2018). This is because EST-SSRs are located in conserved and expressed sequences whereas genomic SSRs are spread across the genome. Hence we decided to work with EST-SSR markers. To this end, five individuals of M. patungensis randomly selected from each population were pooled for RNA extraction (Auer & Doerge 2010). Total RNA from fresh leaves was extracted using the TRIzol™ reagent (Invitrogen Life Technol-ogies). RNA purification and library preparation were performed according to Chen et al. (2015a). cDNA was constructed and sequenced using Illu-mina HiSeq sequencing system (Illumina, San Diego, CA). Resulting raw reads were filtered for low-quality reads, poly-N-containing reads and adaptor sequences. The generated 174 254 clean reads were assembled into 131 132 contigs using the Trinity software (trnityrnaseq_r2012-10-05; Grabherr et al. 2011) with its default parameters. Transcriptomic assembly data were deposited in the National Center for Biotechnol-ogy Information (NCBI) Short Reads Archive (SRA; BioProject no. PRJNA496428, BioSam-ple no. SAMN10241169).

				MISA was used to detect SSRs (Thiel et al. 2003) with a search criteria set at 6, 5, 3, 3 and 3 repeat units for di-, tri, tetra-, penta- and hexa-nucleotides, respectively. Using Primer 3 (Rozen & Skaletsky 1999), a total of 1097 

			

		

		
			
				primer pairs were designed with an optimum length of 20 bp, 50–60 °C annealing temperature and 100–300 bp product size.

				SSRs screening and PCR amplification

				We randomly selected 102 primer pairs to test the amplification efficiency and degree of polymorphism on six random individuals of M. patungensis. PCR amplifications were per-formed in a final volume of 20 µl containing 2 µl of 50 ng µl–1 template genomic DNA, 2 µl Taq buffer, 1.6 µl Mg2+, 0.4 µl dNTPs, 2 µl of each forward and reverse primers, 0.2 µl 5U Taq polymerase and 9.8 µl ddH2O. Conditions for amplification were set as follows: initial dena-turation at 94 °C for 5 minutes, 35 denaturation cycles of 30 seconds at 94 °C, annealing for 40 seconds at 52 °C; extension for 45 seconds at 72 °C and a final product extension for 7 min-utes at 72 °C.

				PCR products were checked on 6% dena-turing PAGE gel and visualized through silver staining. A 25 bp ladder (Promega, Madison, WI, USA) was used as a reference to esti-mate amplicon lengths. Primers that produced clear and reproducible polymorphic fragments were selected for further analysis, including SSR genotyping in the three M. patungensis popula-tions and transferability test of the primers. This was also executed on a PAGE gel.

				Data analysis

				Unigene sequences from which the 13 EST-SSRs were derived, were BLASTed against a non-re-dundant nucleotide database using BLASTn to determine their putative functions (Yang et al. 2018). Genetic diversity was estimated by the number of alleles (A), the observed heterozygo-sity (Ho) and the expected heterozygosity (He), and the number of private alleles using GenAlEx 6.501 (Peakall & Smouse 2012). Genetic dif-ferentiation (FST) (Weir & Cockerham 1984), inbreeding coefficient (FIS) and the deviation from the Hardy-Weinberg equilibrium were esti-mated using FSTAT ver. 2.9.4 (https://www2.unil.ch/popgen/softwares/fstat.htm).
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				Based on the FST values, the average level of gene flow (Nm) was estimated using the for-mula: Nm = (1 − FST)/4FST (Slatkin & Barton 1989). Further, genetic relationship among popu-lations were explored using unweighted pair group method with arithmetic mean (UPGMA) and principle coordinate analysis (PCoA) imple-mented in PAST ver. 3.24 (Hammer et al. 2001). The UPGMA tree was visualized with the iTOL web platform (Letunic & Bork 2019).

				Results

				In total, 37 774 SSRs amounting to 91.52 Mb were identified from 131 132 unigenes, with the frequency of 28.81%. Of the 27 474 SSR-con-taining sequences identified, 7325 (26.66%) contained more than one SSR locus, and 5052 (13.37%) two or more different repeats. The average density of SSRs was 2.42 kb. For dis-tribution and abundance of M. patungensis SSR motifs see Tables 1 and 2. Among the 102 primer pairs selected, 13 primer pairs (12.75%) showed polymorphic banding patterns (Table 3), and were retained for further analysis.

				For the 13 EST-SSRs developed for M. patungensis, a total of 40 alleles ranging from 

			

		

		
			
				2 to 5 (mean = 3.1) alleles per locus were iden-tified. At the population level, the mean number of alleles per locus ranged from 1.9 (JX, HN1) to 2.5 (HN2), and the mean observed and expected heterozygosity values ranged from 0.308 (JX) to 0.446 (HN2) and 0.304 (JX) to 0.424 (HN2), respectively (Table 4). For the number of pri-vate alleles per population see Table 5. Three loci (mp21, mp80, mp113) showed significant random deviations from Hardy-Weinberg equi-librium (HWE) in two populations of M. patun-gensis (p < 0.001).

				Significant genetic differentiation (FST = 0.286) (Table 3) and low gene flow (Nm = 0.627) between populations were identified. The clus-tering of populations using PCoA showed that population HN2 and HN1 formed one group, while JX was genetically isolated from these two populations (Fig. 2). PCoA explained 61.67% of the total gene variation based on the first (33.34%), second (18.29%) and third (10.04%) principal coordinates. Similar genetic structure pattern was also obtained in UPGMA phyloge-netic analysis (Fig. 3).

				Nine of the 13 unigene sequences used in primer design showed a putative function (Table 3). In the transferability tests, nine loci (69.2%) were successfully amplified for M. 

			

		

		
			
				Table 1. Distribution of SSR motifs in the transcriptome of Magnolia patungensis.

				Type of SSR	Number of repeat motifs	Frequency (%)	Length (bp)	Main repeat motif

				Mononucleotides	19192	50.81	10–72	A/T

				Dinucleotides	12888	34.12	12–84	AG/CT

				Trinucleotides	5029	13.31	15–51	AAG/CCT

				Tetranucleotides	471	1.25	20–44	AAAT/ATTT

				Pentanucleotides	123	0.33	25–40	AAAAG/CTTTT

				Hexanucleotides	71	0.19	30	AGAGGG/CCCTCT

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				Table 2. Motifs of SSRs identified in Magnolia patungensis.

				Main repeat motif	Number of repeat motifs	Percentage of each type	Percentage of total SSR

					of SSR repeat motif	repeat motif

				A/T	18390	95.82	48.68

				AG/CT	10565	81.98	27.97

				AAG/CTT	1992	39.61	5.27

				AAAT/ATTT	178	37.79	0.47

				AAAAG/CTTTT	42	34.15	0.11

				AGAGGG/CCCTCT	8	11.27	0.02
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				Table 3. Description of the 13 microsatellite loci developed for Magnolia patungensis. Annealing temperature (Ta) was 52 °C for all loci and allele size was estimated to ±1 bp. E is the number of hits expected by chance during BLAST.

				Locus	Primer sequences (5´–3´)	Repeat	Allele size	GenBank	Potential function	E

					motif	(bp)b	accession no.	(top BLAST hit)

				mp21	F: ACTATTGAATGAACCGTCCCG	(CA)10	154–164	MK462104	RNA polymerase sigma factor sigA (LOC105036172)	3e-07

					R: TCGAGCAAGGCAACTGCA	[Elaeis guineensis]

				mp22	F: CCTCCTCACCCTTCTATT	(GA)12	176–192	MK462105	Unknown

					R: AATGTTAATGACGAACCC	

				mp37	F: AAAAGGCTTTGGTCGGAAAT	(CT)5	126–168	MK051414	Unknown	

					R: TATGAACCATACCGCACGAA	

				mp39	F: CTCTTCCCATCTTATTATTACC	(GA)9	250–300	MK462107	Photosystem II 10 kDa polypeptide, chloroplastic 7e-55

					R: TTTAACGGCTGAGGATTT	(LOC105628868) [Jatropha curcas]	

				mp57	F: GTGGTGATTCGGATCTCGTT	(GCT)5	204–210	MK051416	Uncharacterized LOC110642767 (LOC110642767) 0.002

					R: TCATCTTCTCTCCCCTCCCT	[Hevea brasiliensis]	

				mp80	F: TTGGAGTCGGAATCATCCTC	(AG)8	252-254	MK051419	Squamosa promoter-binding protein 1-like	8e-73

					R: ACGTCTCCCCCTTTTCACTT	(LOC104608184) [Nelumbo nucifera]	

				mp84	F: GATGTATGGCAGAATGTCC	(CT)11	146–174	MK462110	U-box domain-containing protein 10-like	5e-04

					R: TCTCAATGGTGCAGAACTAA	(LOC110028563) [Phalaenopsis equestris]	

				mp113	F: CCCAAGAGTGTTGATGTT	(TTC)5	252–264	MK462112	Protein STAY-GREEN LIKE, chloroplastic	7e-17

					R: ACTATTGAGCTGCTGGAA	(LOC106416069) [Brassica napus]	

				mp128	F: CAGCAACAAGAAAAACAGAACT	(AAC)6	255–258	MK462114	ABC transporter B family member 2 (LOC7491869)	0

					R: TAATGAAAATGAAAACAAAGCA	[Populus trichocarpa]	

				mp133	F: GAGAAGAAGAGGCAGAATGG	(GAT)5	210–213	MK462115	Unknown	

					R: TTGAAAAAAAGGAAGGGTTA	

				mp136	F: TCCCATATGCTAAGGAAATG	(TTA)5	249–252	MK462116	Unknown	

					R: CAACAGAGGAGTCACAGTCA	

				mp144	F: AACATGGATGTAGTCGGG	(TTG)5	143–162	MK462117	Transcription factor bHLH63 (LOC7461224) [Populus	3e-102

					R: AGATGAAAATGAGGGGGA	trichocarpa]	

				mp147	F: CATTGGTGAGATGTCGGTGT	(TGA)5	198–201	MK462118	Calsequestrin-2-like (LOC113044356)	2e-04

					R: ATGGCATTTGGGTTGTGAAG	[Carassius auratus]
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				dandyi, eight loci for M. insignis, M. fordiana and M. hookeri (61.5%), and seven loci (53.8%) for M. conifera (Table 6).

				Discussion

				Characterization of EST-SSRs

				In this study, we identified 37 774 EST-SSRs from 131 132 unigenes, which indicated the fea-sibility of SSRs development in the endangered tree species based on transcriptome data. The distribution density of EST-SSR was 2.42 kb per SSR, which is lower than in M. sinostellata (1/3.57kb; Wang et al. 2019a). The density of SSRs is affected by several factors, such as for example sequencing method, database size, 

			

		

		
			
				searching criteria, and plant species (Guo et al. 2017, Wang et al. 2019a).

				In this study, mononucleotides followed by dinucleotides were the predominant repeat types (Table 1) which supports the results of Wang et al. (2019a). Chen et al. (2015a), Li et al. (2017) and Wang et al. (2019b), however, reported dinu-cleotides and trinucleotides as the most common repeats. The short motifs are abundant in species with long evolutionary history (Tóth et al. 2000, Ross et al. 2003), suggesting that M. patungensis is one of such species. Trinucleotide abundance was low (13.31%) compared with the values reported in the above mentioned studies. Since trinucleotides could become rich under mutation pressure and offer evolutionary advantage to the plant (Garg et al. 2011), our results might partly explain the rarity of M. patungensis.

			

		

		
			
				Table 4. Genetic characterization of 13 polymorphic microsatellite loci of Magnolia patungensis. A = number of alleles, He = expected heterozygosity, Ho = observed heterozygosity, n = number of samples. Sample locations and voucher details are given in Appendix. Significant deviation from Hardy-Weinberg equilibrium (p < 0.001) are marked with an asterisks (*).

				Locus	JX (n = 15)	HN2 (n = 15)	HN1 (n =1 5)	Total A	FST

							

				
					[image: ]
				

					A	Ho	He	A	Ho	He	A	Ho	He

				mp21	3	0.600	0.631	3	0.467	0.491	2	1.000	0.500*	3	0.124

				mp22	2	0.133	0.444	3	0.467	0.631	2	0.333	0.278	5	0.385

				mp37	2	0.533	0.391	2	0.400	0.320	1	0.000	0.000	3	0.137

				mp39	1	0.000	0.000	3	0.733	0.584	2	0.867	0.500	4	0.396

				mp57	2	0.600	0.464	1	0.000	0.000	2	0.400	0.320	2	0.450

				mp80	2	0.467	0.491	3	0.533	0.464	2	0.533	0.498*	3	0.281

				mp84	2	0.800	0.480	3	0.733	0.660	4	0.267	0.429	5	0.147

				mp113	2	0.000	0.231*	4	0.600	0.693	2	0.400	0.498	4	0.218

				mp128	3	0.133	0.127	3	0.600	0.638	2	0.733	0.491	3	0.836

				mp133	1	0.000	0.000	2	0.267	0.231	1	0.000	0.000	2	0.003

				mp136	2	0.467	0.464	2	0.533	0.444	2	0.800	0.480	2	0.045

				mp144	1	0.000	0.000	1	0.000	0.000	2	0.133	0.124	2	0.577

				mp147	2	0.267	0.231	2	0.467	0.358	1	0.000	0.000	2	0.099

				Mean	1.9	0.308	0.304	2.5	0.446	0.424	1.9	0.421	0.317	3.1	0.286
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				Table 5. Measures of genetic diversity for each population of Magnolia patungensis. n = number of individual plants, Na = observed alleles number, Ne = effective allele number, Ho = observed heterozygosity, He = expected heterozygosity, FIS = inbreeding coefficient.

				Population	n	Na	Ne	Ho	He	FIS	Private alleles

				JX	15	1.923	1.579	0.308	0.304	0.027	1

				HN2	15	2.462	2.003	0.446	0.424	–0.083	8

				HN1	15	1.923	1.586	0.421	0.317	–0.291	6

				Mean	15	2.103	1.723	0.391	0.348
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				Table 6. Cross amplification results for the 13 microsatellite loci developed in this study for five other Magnolia spe-cies. Fragment lengths (bp) are given for successful amplifications. – = no amplification. Allele size was estimated to ±1 bp. Sample locations and voucher details are given in Appendix.

				Locus	M. insignis	M. conifera	M. fordiana	M. dandyi	M. hookeri

				mp21	150–154	150–154	150	152–158	148–160

				mp22	190	190	176–186	186–190	174–184

				mp37	–	–	–	–	–

				mp39	168	–	–	150–168	140–172

				mp57	–	–	234	225	–

				mp80	–	–	–	–	–

				mp84	194–200	200	188–192	200	198–200

				mp113	–	–	–	–	–

				mp128	250	250	234	234	244–250

				mp133	210–213	210–216	210	210–213	210–216

				mp136	–	–	–	–	–

				mp144	147	144	144	141–144	141–144

				mp147	201	201	198	198–201	198–201
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				Fig. 2. Clustering of the three populations (2-D plots) of Magnolia patun-gensis according to Prin-cipal Coordinates Analysis (PCoA). — A: Coordi-nates 1 and 2. — B: Coor-dinates 1 and 3.
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				In this study, the most dominant mononucleo-tide repeat motif was A/T (48.68%), which is similar to that for Vigna angularis (Chen et al. 2015a) and M. sinostellata (Wang et al. 2019a). Magnolia patungensis, therefore, has a lower G/C content in its repeat motifs, which has been reported to affect protein synthesis and plant physiological processes such as stress tolerance (Li & Yin 2007). This might suggest poor stress resistance of the species (Chen et al. 2012). The most abundant dinucleotide repeats were AG/CT (27.97%), which are also the most common in EST collections of many plant species (Chen et al. 2015a, Wang et al. 2019a, 2019b). These motifs could represent CUC and UCU codons in mRNA, which translates into Ala and Leu amino acids, which are found at higher proportions in proteins than other amino acids (Chen et al. 2015b).

				Validation and transferability of EST-SSRs

				In the 102 primer pairs meeting our design cri-teria, 13 were polymorphic in the three extant populations of M. patungensis. The polymor-phism ratio of primers was lower than 15.33% for M. sinostellata (Wang et al. 2019a). A total of 40 alleles were detected in the 13 polymorphic loci with an average of 3.1 alleles per locus, which was lower than 3.4 alleles per locus for M. wufengensis (Wang et al. 2019b) and 8.86 alleles per locus for M. sinostellata (Wang et al. 

			

		

		
			
				2019a). The low level of polymorphism in this study may be explained by the small number of populations and limited distribution range of M. patungensis.

				Most species of Magnoliaceae, including M. patungensis, are widely used as ornamental trees due to their attractive flowers and foliage (Rivers et al. 2016). However, many of the species are at risk of extinction because of habitat destruction, overexploitation and low natural regeneration potential (Rivers et al. 2016, Qin & Zhao 2017). Thus, the natural populations of Magnolia spe-cies are of conservation concern. EST microsat-ellites possess a conservative flanking sequence in closely related species and thus have signif-icant transferability across taxa (Ells & Burke 2007, Wu et al. 2014). A high transferability rate of the microsatellite markers was found in this study, which increases the potential of the new EST-SSR markers in facilitating further molecular analysis of Magnolia species of con-servation concern. This includes estimation of genetic structure and species identification based on cluster analysis and phylogenetic relationship among related taxa (Parthiban et al. 2018, Zhang et al. 2019).

				Genetic diversity and population structure of Magnolia patungensis

				In this study, the three M. patungensis popu-lations had low to moderate levels of genetic 
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				Fig. 3. UPGMA dendro-gram visualized in iTOL showing clustering of indi-viduals of the three popu-lations of Magnolia patun-gensis.
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				variation (He = 0.304–0.424), which was lower than in populations of M. sinostellata (He = 0.304–0.630; Wang et al. 2019a), Liriodendron tulipifera (He = 0.778) and L. chinense (He = 0.778; Yang et al. 2012).

				The low to moderate genetic variation in M. patungensis might have resulted from factors associated with its fragmented habitats and small population size, such as inbreeding, genetic drift and bottlenecks. These factors might also lead some loci out of HWE (Wang et al. 2019a). The species is comprised of fewer than 2500 individ-uals (Rivers et al. 2016), and there are signs of inbreeding depression in some populations. Thus deviations from HWE could be expected.

				Significant genetic structure was found with FST = 0.286, indicating that 28.6% genetic dif-ferentiation occurred among populations while 71.4% differentiation existed within populations. This is comparable to the genetic differentia-tion (FST = 0.237) in populations of M. sinos-tellata (Wang et al. 2019a). The genetic dif-ferentiation among M. patungensis populations was attributed to the observed low gene flow (Nm = 0.627). According to Kalinowski (2004), low numbers of private alleles are indicative of genetic similarity within the population. In the present study, genetic similarity could be attributed to the observed inbreeding in the JX population. The populations HN1 and HN2, however, showed better genetic health as evi-denced by outcrossing breeding system and higher number of private alleles compared with that in JX (Table 5). These findings indicate that the 13 markers applied in three population each represented by 15 individuals are successful in probing the genetic health of the M. patungensis. However, more extensive sampling at the popu-lation and individual levels could provide more information on the genetic diversity and popula-tion structure of M. patungensis.

				Conclusions

				We developed 13 novel polymorphic EST-SSR markers for the endangered Magnolia patungen-sis. Based on these markers, three extant popula-tions showed low to moderate levels of genetic diversity and significant genetic differentiation. 

			

		

		
			
				The JX population exhibited inbreeding depres-sion and lower genetic variation than HN2 and HN1, and had few private alleles, which is indic-ative of poor genetic health. These markers are useful in further studies that assess the genetic variation of this endangered tree and its related species for conservation planning.
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				Appendix. Localities and voucher information of Magnolia samples used in this study. n = sample size.

				Species	Population	n	Locality	Location	Voucher

				Magnolia patungensis	JX	15	Yichun, Jiangxi	28°31´48´´N, 114°32´60´´E	HIB 270700

					HN1	15	Yongshun, Hunan	28°46´48´´N, 110°15´00´´E	HIB 269582

					HN2	15	Sangzhi, Hunan	29°43´48´´N, 109°49´48´´E	HIB 264744

				Magnolia insignis	HH	5	Wuhan, Hubei	30°34´55´´N, 114°16´05´´E	HIB 260975

				Magnolia conifera	GN	5	Wuhan, Hubei	30°34´55´´N, 114°16´05´´E	HIB 229107

				Magnolia fordiana	RY	5	Wuhan, Hubei	30°34´55´´N, 114°16´05´´E	HIB 229113

				Magnolia dandyi	DY	5	Wuhan, Hubei	30°34´55´´N, 114°16´05´´E	HIB 262016

				Magnolia hookeri	ZM	5	Wuhan, Hubei	30°34´55´´N, 114°16´05´´E	HIB 229086
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Magnolia patungensis (Magnoliaceae) is an endangered tree species endemic to
China. To facilitate analysis of its genetic variability, we developed novel polymorphic
expressed sequence tag-simple sequence repeat (EST-SSR) markers using transcrip-
tome data. In total, 37 774 SSRs amounting to 91.52 Mb were identified from 131 132
unigenes, with the frequency of 28.81% and the average density of 2.42 kb. Mononu-
cleotide (50.81%) and dinucleotide (34.12%) were the most abundant repeat types. We
randomly selected 102 putative loci to test the amplification efficiency and the degree
of polymorphism using three populations from which 15 individuals per population
were sampled. The successful amplification rate was 36.27% and the polymorphism
rate 12.75%. The 13 polymorphic SSR marker primers selected were used to charac-
terize the genetic diversity of M. patungensis. A total of 40 alleles were identified for
the species, ranging from 2 to 5 per locus. At the population level, the mean number of
alleles per locus ranged from 1.9 to 2.5, and the mean observed and expected heterozy-
gosity values from 0.308 to 0.446 and 0.304 to 0.424, respectively. Significant genetic
differentiation (£, = 0.286) and low gene flow (V= 0.627) among populations were
discovered. Transferability of the markers was tested in five congeneric species. Nine
loci were successfully amplified in M. dandyi, eight in M. insignis, M. fordiana and M.
hookeri, and seven in M. conifera. These new EST-SSR markers will be an essential
tool for the conservation of this endangered species as well as for investigating the
evolutionary history for M. patungensis and its congenerics.





OEBPS/image/30.png





