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Abstract

:

Cotton is a major source of natural fibre for the global textile industry and is also an important oilseed crop. Cotton fibre is the main source of textiles, the seeds are used for oil and the remaining bagasse is used as high-protein animal feed. In addition, cotton’s so-called short fibre is used in more than 50 industries. Cotton breeding is generally based on crossing the best yielding and fibre quality genotypes. However, cotton breeding programmes are negatively affected by the narrow genetic diversity of varieties. It is for this reason that the identification of genetic resources and the disclosure of genetic diversity are so important. Here, the genetic diversity of G. hirsutum and G. barbadense genotypes was determined using high-resolution capillary gel electrophoresis. Using 19 EST-SSR markers, a total of 47 genotypes were screened. The PIC values of the markers used ranged from 0.268 to 0.889. The mean PIC value was calculated to be 0.603. In terms of clustering, PCoA and population structure analyses gave similar results, and the genotypes could be divided into three main groups. Genetic admixture with G. hirsutum was found in some genotypes of the G. barbadense species. We can conclude that (i) the EST-SSR markers used in this study are effective in the determination of genetic diversity, (ii) the genetic diversity should be increased through the collection of genetic resources and (iii) the genetic EST-SSR markers in this study should be considered in breeding programmes by using them in QTL studies.
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1. Introduction


There are about 52 cotton species with nine different cytogenetic genomes. Of these, eight are diploids and one is tetraploid [1]. There are six cotton species with a tetraploid genome. These species are Gossypium hirsutum, G. barbadense, G. tomentosum, G. mustelinum, G. darwinii and G. ekmanianum. The genome structure of these cotton species is the (AD)n genome, and it has 52 chromosomes [2,3]. G. hirsutum and G. barbadense have tetraploid genomes. They are the most widely cultivated species in the world [4]. Apart from these two tetraploid genomes, varieties belonging to the G. herbaceum and G. arboreum species, which have a diploid genome, are also grown, albeit in small amounts [5]. The cotton plant is used for both its fibre and its oil [6]. The cotton plant is the source of 35% of the world’s fibre [7]. Cottonseed oil can be used in the production of biodiesel [8] and edible oils [9]. For this reason, the genetic resources of such an important crop must be the subject of a comprehensive evaluation. For breeders, the role of genetic resources is very important [10]. Genetic diversity is needed even more in today’s conditions, with sudden climate changes and increasing biotic and abiotic stress factors because biotic and abiotic stress factors can cause yield loss of crops [3,11,12]. For this reason, one of the biggest challenges faced by plant breeders is yield losses due to sudden climate changes. As a solution, breeders have to develop high-yielding varieties with biotic and abiotic stress tolerance [13]. Genetic diversity should be used for the development of these cultural varieties.



Although genetic resources are important in biological research and molecular biology studies, they are also very important for the understanding of genetic variation in breeding studies [14]. For this reason, the collection, conservation and evaluation of genetic resources will greatly contribute to breeding studies for the development of new varieties [6,14,15]. It is also difficult to study genetic variation using classical methods because of the continuous collection and multiplication of germplasm. This requires a lot of labour, wastes a lot of time and can lead to mistakes. In addition, classical methods and morphological methods used to determine genetic diversity can give wrong information to researchers because they are affected by environmental conditions. This may even cause a loss of time for subsequent studies [16]. The solution is to record genetic diversity using genetic markers, which are not affected by space and time and can measure allele frequencies directly [17,18,19]. Molecular markers are used extensively in determining genetic diversity. Molecular markers are also used for a wide range of other purposes, such as understanding the genetic structure of plants, evaluating variations and identifying, verifying and developing genetic linkage groups [20]. The most-used markers are random amplified polymorphic DNAs (RAPDs), amplified fragment length polymorphisms (AFLPs), simple sequence repeats (SSRs) [21], single-nucleotide polymorphisms (SNPs) and sequence-characterized amplified regions (SCARs) [20]. One of the most preferred among these markers is SSR markers. Some of the reasons why SSR markers are preferred are that they are PCR-based, which makes them easy to use, reliable and reproducible, as well as co-dominant (distinguish parents from offspring, distinguish homozygous from heterozygous individuals) and homogeneously distributed in the genome, and they have multi-allele and multi-locus properties [22,23].



The traditional agarose gel electrophoresis method for visualising amplicons in the detection of genetic diversity using DNA markers is more widely used because it is more economical. Compared to capillary gel electrophoresis, this method was reported to be weaker in identifying genetic diversity [24]. The most important feature of the capillary gel electrophoresis method is that it reliably distinguishes between molecular markers down to 1 or 2 bp and quickly reveals the difference between amplicons [25]. As more alleles are detected, the use of capillary electrophoresis is more informative in determining genetic diversity.



In this study, the genetic diversity of a total of 47 cultivars belonging to both G. hirsutum and G. barbadense species was investigated using 19 microsatellite markers (EST-SSRs) and high-resolution capillary gel electrophoresis. The main objective of this study was the genetic diversity of the cotton plant, which has an important place in the world and in our country.




2. Materials and Methods


2.1. Plant Material


In total, 47 varieties from the Turkish gene pool were used in this study (Table 1). Two of these are genotypes of Texas Marker-1 (TM-1/Gossypium hirsutum) and Pima 3–79 (Gossypium barbadense species with double haploid characteristics), which are genetic standards. Ten of the genotypes used belong to the species G. barbadense, and the other thirty-seven genotypes belong to the species G. hirsutum. Through breeding studies, some of these genotypes have been developed in our country. Some have been introduced into our genetic resources from other countries. They are used in adaptation and breeding studies.




2.2. DNA Isolation


DNA isolation was performed by following the method of Aydin et al. for cotton seed [5]. To For DNA isolation, 5 seeds of each genotype were crushed under sterile conditions and the bulk method was used. A NanoDrop spectrophotometer was used to confirm the quality and quantity of the isolated genomic DNA (Maestrogen, Hsinchu City, Taiwan, MN-013), along with 1% agarose gel electrophoresis. For PCR studies, calculated and normalised amounts of gDNA were used.




2.3. PCR Amplification and SSR Markers


A total of 19 SSR markers were used in the PCR studies, including 12 EST-SSR primers developed by Wang et al. [26] and 7 EST-SSR markers developed by Karaca and Ince [6] (Table 2). PCR amplifications were performed in a volume of 25 µL. The PCR reaction included 85 ng of gDNA, 0.5 µM of each primer pair, 2.5 mM of MgCI2, 0.28 mM of dNTP and 1 unit of Taq DNA polymerase (Thermo Fisher Scientific, Waltham, MA, USA, Cat:EP0402), and 2.5 µL of 10× buffer was added. The PCR protocol Touch-Down PCR method was used, and the temperature was decreased by 0.5 °C at each cycle step for the first 10 cycles and continued for 30 cycles with the temperature of the 10th cycle. Pre-denaturation was performed at 94 °C for 3 min, 94 °C for 30 s, binding at 60 and 66 °C (primer binding temperature, Table 2) for 45 s, elongation at 72 °C for 1 min and final elongation at 72 °C for 10 min [27]. Amplifications were performed using a Thermo Fisher Scientific (Ref: A24812) thermal cycling device in PCR procedures.




2.4. Detection of PCR Amplicons


The PCR amplicons were detected using capillary gel electrophoresis. With this method, PCR products were performed on QIAxcel Advanced instrument (Qiagen, Hilden, Germany, Cat. No./ID:30237) using the QIAxcel DNA High Resolution Kit (Cat. No. 929002, Cartridge ID:C200714010). Amplicons were analysed using QIAxcel ScreenGel version 1.6. Capillary instrument raw data are given in PDF format in the Supplementary File S1.




2.5. Data Analysis


Different statistical tests were performed on the data obtained by analysing the amplicons. We investigated the polymorphism information content (PIC) for each marker [14], Jaccard’s coefficient with the Multi-Variate Statistical Package (MVSP, version 3.13O, Kovach Computing Services, Pentraeth, UK) for PCoA analysis, Bayesian statistics with MrBayes software v3.2.1 ×64 for phylogenetic dendogram [28] (one cold and three heated chains were run starting from a random tree for 10 million Markov chain Monte Carlo (MCMC) generations, with chains sampled every 100th cycle. Additionally, MrBayes software determined the average standard deviation of the split frequencies as 0.008794) and Structure software version 2.3.4 for population structure, and the results were extracted using the STRUCTURE HARVESTER online tool (http://taylor0.biology.ucla.edu/structureHarvester/) (accessed on 8 May 2023) to calculate the optimal K value [29,30]. PowerMarker v3.25 software was used for expected heterozygosity (He) and observed heterozygosity (Ho) analyses [31].





3. Results


3.1. Polymorphism Analysis of EST-SSR Markers


In this study, 47 cotton genotypes were screened using 19 EST-SSR markers. Accordingly, between 2 and 42 amplicons were observed with the primers used (Table 2). The lowest number of alleles was observed with primer MK086. The highest number of alleles was observed with primer GD08-420. A total of 280 alleles were analysed from 19 EST-SSR primers. An average of 14.7 amplicons were calculated per primer. Primers used in markers MK086, MK126 and MK129 had the lowest PIC values in 47 genotypes. PIC values were very high in the remaining 16 primers. The PIC values ranged from 0.268 (MK086) to 0.889 (GD02-301). While the average PIC value was 0.603, 11 EST-SSR markers (GA04-1418, GA07-410, GD01-295, GD02-301, GD03-2002, GD06-2808, GD08-420, GD09-1296, GD10-1664, MK105, MK173) were found to be above this average.



The expected average heterozygosity ratio for all primers was 0.620. The observed average heterozygosity ratio was 0.433. The lowest heterozygosity ratio was 0.293 for the MK086 marker and the highest was 0.898 for the GD02-301 marker. In addition, a total of 11 EST-SSR markers were above average. Similarly, marker GD02-301 had the highest Ho of 0.883, while marker MK126 had the lowest Ho of 0.043.




3.2. Clustering and PCoA Analysis


In accordance with the amplicons generated with the 19 EST-SSR markers, data from the 47 cotton genotypes used in the study were analysed. In this regard, Bayesian statistics using MrBayes was used to construct the phylogenetic tree (Figure 1). FigTree v1.4.4 was used to colour the tree constructed using Bayesian statistics.



In the clustering analysis, the genotypes Pima 3–79 (G. barbadense) and Askabat-71 (G. barbadense) differed from the other genotypes, with a post-probability value of 100%.



The remaining 45 genotypes were divided into different groups. They were coloured green, red and purple. The green- and purple-coloured ones are the genotypes that belong to the G. hirsutum species and the red-coloured ones are the genotypes that belong to the G. barbadense species. Of the green-coloured genotypes, G. barbadense species and cultivars are known to be Bahar-14 and Askabat-91. On the other hand, although there were genotypes belonging to the red-coloured G. barbadense species among the purple = stained genotypes, their clustering was observed as a different group. Only genotype GB-58 was grouped in a cluster with BA320, Flas and PG-2018, with a post-probability value of 54%.



Principal coordinates analysis (PCoA) was performed on the EST-SSR data using Jaccard’s similarity matrix to provide a different view of the genetic relationships between genotypes (Figure 2). When Jaccard’s similarity matrix was examined, the genetic similarity (GS) between genotypes was found to be between 0 and 0.412 (Supplementary Table S1). The most distant genotypes were Gumbo and Pima 3-79, with zero, and Gaia and Sezener-76, with 0.412. Genetic similarities with the Jaccard coefficient show that the similarities between the genotypes used are actually very low.



The genotypes are almost evenly distributed on the PCoA plot. Only in the lower right corner of the Axis 2 axis (the positive part of the X-axis and the negative part of the Y-axis) was the number of genotypes collected low, and more than half of the genotypes were cultivars belonging to the G. barbadense species. Some of the genotypes are grouped together in certain regions. Among these, the Caroline Queen, Gloria, Carisma, Gaia and Sezener-76 genotypes were grouped in the upper left shelf of Axis 2; the Ligur, Gosyypolsüz-86, Lockette, Diva, Veret and Acala Rpyale genotypes were closely grouped in the upper right shelf of Axis 1 (Figure 2).




3.3. Population Structure Analysis


Population analysis was performed on 47 cotton genotypes using 280 alleles belonging to 19 markers obtained using EST-SSR markers. Bayesian clustering for population analysis was performed using SUTRUCTURE v2.3.4 software. Using the STRUCTURE software, the analysis was carried out with 10,000 burn-in periods and 100,000 replicates, and the Delta K value was 3 (Figure 3). This result showed that the 47 cotton genotypes were divided into three groups. Genotypes with a membership coefficient of 0.8 or greater were considered pure [31]. Of the 47 cotton genotypes used, only 30 were identified as pure in this case. According to the number in Table 1, genotypes 1, 3, 5, 6, 7, 9, 10, 11, 13, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 29, 30, 31, 32, 33, 34, 36, 38, 40 and 41 were considered pure.



The groupings according to the blotting technique are also shown in Figure 4. According to this figure, 18 genotypes were calculated in group A, 16 in group B and 13 in group C. The group with the lowest number of genotypes is group C, and in this group, there are two genotypes of G. barbadense (Ashgabat-91 and Bahar-14), in contrast to G. hirsutum. In group B, only 1 genotype out of 16 belongs to G. barbadense (Askabat-100). Group A is the most populated group and contains 18 genotypes, of which 7 belong to G. barbadense.



The Pima-79 and G.B-58 genotypes of the G. barbadense species in group A were confused with group C, while the genotypes Askabat-71, Giza-45, Giza-70 and Giza-75 were confused with group B. The Bahar-82 (G. barbadense) genotype in group B showed confusion with group A. However, the Askabat-100 (G. barbadense) genotype showed confusion with both groups A and C. Apart from this, the Askabat-91 (G. barbadense) genotype in group C showed some confusion with group A.





4. Discussion


4.1. Effects of Molecular Markers on Population


Many marker techniques have been developed on the basis of DNA sequences and regions of the genome that have different characteristics. The purpose of the study determines the choice of marker techniques [32]. For studies such as genetic diversity and QTL identification, SSR markers are the preferred choice [33,34,35]. These markers have been developed for a wide range of crops and for cotton since the discovery of the EST-SSRs by Cardle et al. [6,36,37,38]. Some of the reasons why EST-SSR markers are the most preferred are that they are reliable and reproducible, co-dominant, cheap, easy to use and easily transferable between species [39]. They have been extensively used for genetic diversity in cotton [14,40,41], linkage studies [42], determination of abiotic stress tolerance [43] and mapping [44,45].



In this study, a total of 19 EST-SSR markers were used, which were developed for cotton by Wang et al. [26] and Karaca and Ince [6]. As the markers used are located in the expressed regions of the genome, this tells us that these markers have a high population discriminatory power, depending on the population used. Karaca and Ince [6] found that markers MK086, MK132, MK146 and MK173 were monomorphic in G. hirsutum and G. barbadense species through agarose gel electrophoresis (AGE). They reported that only the MK129 marker was polymorphic on conversion to the CAPS marker (with Hinf I restriction enzyme). However, we have observed that these markers form direct polymorphic amplicons with the capillary gel electrophoresis (CGE) method we have used. PIC values ranged from 0.268 to 0.858, and the mean PIC value was calculated as 0.501. Since the CGE method has a higher resolution, it is more advantageous than the AGE method and its information content has been reported by various researchers [24,46,47]. The EST-SSRs that were developed by Wang et al. [26] and the EST-SSRs that were used in our study have, in general, very similar repeat sequences. However, the PIC values of the markers ranged from 0.437 to 0.889. The average value was 0.663. In addition, the markers that were developed were located on different chromosomes of the A and D genomes that were selected at random. The PIC values of the markers in the D genome were also found to be higher than in the A genome in this study. Molecular data showed that all allopolyploids in Gossypium share a common ancestry, supporting the hypothesis that polyploid formation occurs only once [48]. Furthermore, Wendel [49] reported that each allopolyploid genome contains the chloroplast of genome A, the old-world cotton. The differences in genome D may therefore be responsible for the higher PIC values in genome D.




4.2. Cluster Analysis and Population Structure


Identifying genetic diversity is very important for conserving and using genetic resources and for breeding studies [14,31]. The genetic variability that results from the genetic relatedness and genetic diversity between groups of plants is of critical importance to the success of plant breeding [50,51]. Breeding studies can be greatly improved by better parental selection to produce different varieties [52]. The use of markers is important in genetic studies to identify heterotic groups, understand population structure, and distinguish between basic lineages [17]. Both cluster analysis and population structure were used to reveal the genotypic diversity in our unit.



The genetic relationship between G. hirsutum and G. barbadense was analysed through cluster analysis using Bayesian statistics. In the analysis, except for two genotypes (Bahar-14 and Askabat-91) belonging to the G. barbadense species, the remaining genotypes were grouped differently. Furthermore, Aydın [5] reported that some seeds of the Askabat-91 genotype had the same characteristics as G. hirsutum. There is therefore a high probability that seeds of this genotype are contaminated. Except for Pima 3–79, the other nine genotypes of G. barbadense (Giza-45, Giza-70, Giza-75, GB-58, originating from Egypt; Bahar-14, Bahar-82, Askabat-71, Askabat-91 and Askabat-100, originating from Turkmenistan) are cultivated for their fibre [5]. Although these varieties show G. barbadense characteristics, most of them have been hybridised with G. hirsutum. The main reason for this is that G. hirsutum species are more productive than G. barbadense. Therefore, when high-resolution methods are used to segregate alleles (e.g., capillary, polyacrylamide gel), more allelic similarity may occur. Clustering analysis separated Pima 3–79 and Aksabat-71 from other genotypes with 100% power. It has been reported that the Pima 3–79 genotype is a doubled haploid and is considered to be the genetic standard [5,6]. Therefore, the fact that this genotype is in another cluster can be related to Bayesian statistics. Accordingly, the genotype Askabat-71 is likely to contain high levels of genetic material belonging to the G. barbadense species. Therefore, it can be interpreted that the genotypes of Pima 3–79 and Askabat-71 are purer with respect to the species of G. barbadense. The clusters were determined by colouring the phylogenetic tree. Here, genotypes coloured purple and green are genotypes belonging to G. hirsutum species, while those coloured red are genotypes belonging to G. barbadense species. Genotypes belonging to G. hirsutum species formed two distinct clusters in the clustering analysis. While the purple cluster contained 18 genotypes, the green cluster separated them with 19 genotypes. In other words, when examined as a G. hirsutum species, it is clear that there are two different populations here. The cluster marked in purple contains the Acale Royale, ST-486 and DP-50 genotypes, known as the old ones. As most of the cotton genotypes in this group have been developed by crossbreeding, it should be noted that they carry the same alleles as the old cotton genotypes. The level of variation is also negatively affected by the fact that cotton’s genetic base has a narrow genetic structure compared to other crops [41,53,54]. The development of cotton varieties is generally based on the use of existing varieties. This leads to the protection of the narrow genetic structure. However, researchers are conducting crossbreeding studies with wild species other than cultivated varieties of cotton plants to increase variation [55]. The basis of these studies is to reveal the characteristics of the cotton genome and to expand the narrow genetic structure. For example, the development of chromosome substitution lines is entirely aimed at discovering the properties of genes on the chromosome and understanding chromosome structures [56]. In terms of population structure, the 47 genotypes in use were divided into three main groups. Of these, 30 genotypes were accepted as pure and the remaining 17 genotypes were concluded to be mixed. When this analysis is examined, it can be interpreted that heterozygosity is low. The high number of pure individuals is an indication that the variation is low and new studies should be initiated to increase this variation. Although pure lines are used in crossbreeding studies, researchers running breeding programmes prefer to have a high level of variation in order to develop varieties with the desired characteristics.





5. Conclusions


In this study, the genetic diversity of G. hirsutum and G. barbadense genotypes was investigated using different statistical methods. Although the PIC values of the EST-SSR markers used were found to be high for this population, PCoA, clustering and population structure analyses gave similar results, and it was concluded that the genetic diversity of the species was low. These studies and analyses should be part of a variety of approaches to the coverage of genetic resources and the enhancement of genetic variation. The use of EST-SSR markers in QTL studies is also of great importance. As these markers are the parts of the gene that can be directly expressed, they will be useful in developing cotton varieties with the desired characteristics.
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Figure 1. Constructed with Bayesian Statistics Consensus Tree. (The polar tree is presented in unrooted format, values shown at the nodes post-probability values. The bar below the tree indicates the base change scale). 
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Figure 2. PCoA analysis based on Jaccard’s similarity index values (Axis 1 and Axis 2 show 6.769% and 11.914% variation, respectively). 
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Figure 3. Line graph of ΔK values changing with K value. 
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Figure 4. Q-plot of the population structure for 47 cotton genotypes. A, B, C refers to the groups/cluster of the genotypes after molecular analysis. 
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Table 1. Information about the plant material used in the study.
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	No
	Genotype
	Species





	1
	Adana-98
	G. hirsutum



	2
	Aydın-110
	G. hirsutum



	3
	BA-320
	G. hirsutum



	4
	Babylon
	G. hirsutum



	5
	Carisma
	G. hirsutum



	6
	Carmen
	G. hirsutum



	7
	Caroline Queen
	G. hirsutum



	8
	Claodia
	G. hirsutum



	9
	Comos
	G. hirsutum



	10
	Diva
	G. hirsutum



	11
	DP-50
	G. hirsutum



	12
	Elsa
	G. hirsutum



	13
	Erşan-92
	G. hirsutum



	14
	Fantom
	G. hirsutum



	15
	Flash
	G. hirsutum



	16
	Frego
	G. hirsutum



	17
	Gaia
	G. hirsutum



	18
	Garant
	G. hirsutum



	19
	Gloria
	G. hirsutum



	20
	Gossypolsüz 86
	G. hirsutum



	21
	Gumbo
	G. hirsutum



	22
	Ligur
	G. hirsutum



	23
	Lockette
	G. hirsutum



	24
	Mc Nair 220
	G. hirsutum



	25
	Nieves
	G. hirsutum



	26
	Özbek-100
	G. hirsutum



	27
	PG -2018
	G. hirsutum



	28
	Samon
	G. hirsutum



	29
	Sezener-76
	G. hirsutum



	30
	SG-404
	G. hirsutum



	31
	Sindos-80
	G. hirsutum



	32
	ST-468
	G. hirsutum



	33
	Veret
	G. hirsutum



	34
	Acala Royale
	G. hirsutum



	35
	Fibermax-819
	G. hirsutum



	36
	Tamcot Spinx
	G. hirsutum



	37
	TM-1
	G. hirsutum



	38
	Pima 3–79
	G. barbadense



	39
	G.B-58
	G. barbadense



	40
	Askabat-71
	G. barbadense



	41
	Askabat-91
	G. barbadense



	42
	Askabat-100
	G. barbadense



	43
	Bahar-14
	G. barbadense



	44
	Bahar-82
	G. barbadense



	45
	Giza-45
	G. barbadense



	46
	Giza-70
	G. barbadense



	47
	Giza-75
	G. barbadense










 





Table 2. EST-SSR primers used in 47 cotton genotypes.






Table 2. EST-SSR primers used in 47 cotton genotypes.





	Primer ID
	Primer Sequence
	Motif
	Allele Number
	Tm (°C)
	He
	H0
	PIC





	GA01-2651
	F:AAATCCTACCTCTCCGGCCA

R: CCCAGGGCAAAACAATGTCG
	(GCCGGC)3
	6
	60
	0.485
	0.479
	0.475



	GA02-54
	F:GGGAAAGCGCGTCATTGATC

R: GCCGAGCCCAGACCTAATAG
	(GCCGG)4
	4
	60
	0.450
	0.096
	0.437



	GA04-1418
	F:GCAGGCAGAATACAAAAGATCGA

R: AAGAAAAGGGGGAGGGGAGA
	(GCCGGC)3
	33
	60
	0.737
	0.596
	0.730



	GA07-410
	F:GAAATTACCTTTCCGGCCACC

R: GACGTCGTTTTGGAGGGCTA
	(GCCGGC)3
	24
	60
	0.720
	0.528
	0.708



	GA08-323
	F:GAACCGACCTAAGGTGACTGT

R: AGAGAGAAGGGAGGGGGAAG
	(CCGGCG)3
	6
	60
	0.476
	0.266
	0.473



	GD01-295
	F:TTTACCTTTCCGACCACCGC

R: GGTGCGTTTTGGTCCCCTAT
	(GCCGGC)3
	7
	60
	0.704
	0.415
	0.693



	GD02-301
	F:AAACCCGTTGTGCAACCATG

R: GGATGAGGCTGAGAAGGAGC
	(CCGGTG)3
	15
	60
	0.898
	0.883
	0.889



	GD03-2002
	F:GGCCCGGCCCGAATATAATA

R: GACTAGACCTGTCCATGGGC
	(CCGGGC)3
	19
	60
	0.798
	0.539
	0.788



	GD06-2808
	F:GGCCCGGCCCGAATATAATAA

R: CGGCCCGAAATATGGGCTTA
	(CCGGGC)3
	14
	60
	0.625
	0.560
	0.616



	GD08-420
	F:AGAGAAGGGAGGGGGAAAGG

R: GGGCTCTAACACCAAATCGGA
	(CGCCGG)3
	42
	60
	0.741
	0.571
	0.738



	GD09-1296
	F:GGCGCACAAAACACCAAGAT

R: AGGGAGGAAGGAAAGGGGG
	(GCCGGC)3
	14
	60
	0.745
	0.546
	0.737



	GD10-1664
	F:GGGCTCTAACACCAAATCGGA

R: AGAGAAGGGAGGGGGAAAGG
	(GCCGGC)3
	29
	60
	0.679
	0.493
	0.675



	MK086
	F:CCACCAGTTTGGTAGGTATGAAC

R: TCAACAGTGCAAGGACTTCATC
	(CAT)8
	2
	66
	0.293
	0.121
	0.268



	MK105
	F:CAAAGATGCCGAAAGAGAGG

R: GTAAGATCGGCGGGTCATC
	(CCG)12
	30
	66
	0.666
	0.319
	0.659



	MK126
	F:ACCGTACCCGTGGCTCTTAT

R: TGTTGTTGTGGGAGGCTTCT
	(CAT)8
	4
	66
	0.414
	0.043
	0.378



	MK129
	F:GCTGATGCTGATTCCTCCAT

R: TGCCCTTCATCTCGTTTCTT
	(CAA)8
	7
	66
	0.373
	0.479
	0.345



	MK132
	F:AGCAAGGCATGAGCGATACT

R: GGTGGTACCTTCCCATGTTG
	(TCAGCC)6
	8
	66
	0.541
	0.391
	0.511



	MK146
	F:ATGGAGGCTGCAAAGACTGT

R: CCACTCCGACTAAAAGATCAGC
	(GTAGTGAGA)3
	3
	66
	0.577
	0.787
	0.487



	MK173
	F:GGGGTCCACAGATACAGG

R: GTCCAAAACTTGTCCCATTAG
	(TATG)9
	13
	66
	0.867
	0.106
	0.858







(He: expected heterozygosity, Ho: observed heterozygosity, PIC: polymorphism information content).
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