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GENETIC DIVERSITY AND POPULATION STRUCTURE OF ROSELLE (H.sabdariffa L.) GERMPLASM FROM AFRICA AND MAINTAINED AT WONDOGENET, ETHIOPIA USING A SIMPLE SEQUENCE REPEAT (SSR) MARKER


[bookmark: _Toc171056282][bookmark: _GoBack]ABSTRACT
Roselle (H.sabdariffa L.) is an economically important nutritional, medicinal, and industrial plant that belongs to the Malvaceae family and is native to Africa. In Ethiopia Roselle (H.sabdariffa L.) germplasm was introduced from different parts of Africa and maintained for breeding purposes in the Wondogenet agricultural research center, but there was no information on genetic diversity by using molecular markers. Thus, assessment of the genetic diversity of available accessions is a prerequisite for genetic improvement. Therefore, the present study was aimed at assessing the extent of genetic diversity and population structure in Roselle (H.sabdariffa L.) accessions maintained in Ethiopia. A sample of 75 accessions was obtained from the, Wondogenet Agricultural Research Center. A total of 12 simple sequence repeat (SSR) markers produced 55 alleles in the range of 3 to 6, with an average of 4.58 per locus. Overall genetic diversity parameters such as the number of effective alleles (Ne), polymorphic information content (PIC), observed heterozygosity (Ho), expected heterozygosity (He), Shannon’s index (I), fixation index (F), and gene flow (Nm) were estimated to be 0.24, 0.72, 0.07, 0.5, 0.86, and 1.19, respectively. Analysis of molecular variance showed highly significant (P<0.001) molecular variances. The highest (88%) of the variation was attributed to genetic variability among individuals within populations, while 12% of the variation was observed among populations. The principal coordinate analysis (PCoA) analysis in the two-dimensional plot showed that accessions from different country collections were often grouped. The dendrogram derived from UPGMA analysis of the 12 SSR data with 75 accessions showed two major distinct clusters. In all clustering analyses, most of the accessions clustered together without considering their respective geographic origins. Generally, the present study showed the existence of wide genetic variation among Roselle accession germplasm maintained in Ethiopia. Thus, the information generated serves as baseline information for available germplasm conservation and genetic improvement.
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[bookmark: _Toc114100778][bookmark: _Toc171056283]1. INTRODUCTION
Roselle (H.sabdariffa L.) is an allotetraploid species (AAYY, 2n = 4x = 72) whose chromosome is closely related to that of diploid kenaf (Hibiscus cannabinus L.) (AA, 2n = 2x = 36) [1, 2]. It is a popular medicinal and industrial plant that belongs to the Malvaceae family and is native to Africa [3, 4]. Based on their growth patterns and intended uses, two subspecies; H. sabdariffa var. sabdariffa and H. sabdariffa var. altissima, are identified and differentiated. The former consists of bushy, colored varieties grown for their edible calyces, while the latter is comprised of tall-growing, mostly unbranched varieties grown mainly for their stem fiber and non-edible calyxes [5]. It is known by different synonyms and vernacular names in different countries, such as roselle, Indian sorrel, Jamaica sorrel, Guinean sorrel, red sorrel, Mesta, and karkade [6]. 
The main importance of roselle is that it is grown for its fleshy calyx, or sepals, which is a strong source of natural antioxidants (anthocyanin and protocatechuic acid) that guard the membrane against oxidative damage and free radical damage [7]. Numerous illnesses, including high blood pressure, liver disorders, fever, urinary tract infections, and muscular pain, are treated with roselle [8]. 
Hibiscus species, commonly known as hibiscus or rose mallow, originated and distributed in temperate, sub-tropic, and tropic regions, including Africa, southern Asia, southern Europe, Central America, and eastern North America [9, 10]. For its vibrant red calyxes, roselle has been widely cultivated in Thailand, Senegal, Sudan, and India [11]. Every year, around 15,000 metric tons are traded internationally for consumption in countries like Germany and the US [11]. In developing countries, roselle is crucial for rural farmers' subsistence, income creation, and security of nutrition and health [12]. 
In Ethiopia, two roselle varieties have been registered (WG-Hibiscus-Sudan and WG-Hibiscus-Jamaica) [13]. The karkade (H.sabdariffa L.) is classified under the herb of the Malvaceae family, in addition to use as foods and beverages, as an industrial food color (dye) is an underutilized crop in Ethiopia [14]. The MIDROC Investment Group, an agricultural and agro-processing organization, provides tea, drinks, and dried calyx from roselle for both domestic and international markets. With Ethiopia's growing interest in growing roselle calyx for commercial purposes, roselle germplasm needs to be collected, assessed, improved genetically, and maintained. Wondogenet Agriculture Research Center is offering investors basic seeds to increase the commercial production of roselle in Ethiopia, primarily for the manufacturing of karkede tea and beverage roselle [15]. 
Despite the nutritional, industrial, and economic importance of the roselle (H.sabdariffa L) plant, has received little attention, with limited information on breeding, genetics, and production[16]. In addition, little research has been carried out for the improvement of the calyces yield of the roselle plant in Ethiopia. These include the addition of farm yard manure and inorganic fertilizer [17]. However, there has been no research conducted on the genetic improvement of roselle and there is no information on the genetic diversity of roselle accessions introduced from different countries and maintained in Ethiopia. Study of genetic diversity reveals the evolutionary history of species or populations, predicts adaptation, and estimates the distribution of genetic resources, all of which are essential to gathering, conserving, evaluating, and utilizing germplasm resources [18]. Evaluating phenotypic traits is a typical way of determining crop diversity. However, such studies are expensive and not efficient for evaluating complicated polygenic characteristic [19]. 

The degree of genetic diversity in the desired character of the base material in comparison to the germplasm collection determines how much a crop can be improved. However, domesticated germplasm has a relatively low level of genetic variability for many traits [20]. The nature, degree of genetic variability, genetic advancement, character associations, and direct and indirect effects on yield and yield attributes are the main factors that determine the development of any crop improvement program [21]. To effectively organize a breeding program for crops that have been genetically improved for quantitative traits, it is necessary to have accurate estimations of genetic diversity, heritability, and genetic progress concerning the breeding material now available [22]. 
The dynamic nature of genetic variability in germplasms can be estimated through morphological, biochemical, or molecular analysis [23]. For a genetic improvement program, breeders are attracted to morphological characterization because it provides a less expensive and easily measurable measurement than the other two options. Morphological evaluation is labor-intensive, demands a large plant population, has a low rate of polymorphism, is constrained by environmental sensitivity, and is more likely to result in biased estimates [24]. Because it is simple and rapid to evaluate morphological trait-based phenotyping of germplasms, it has historically been used across gene banks [25]. Most of the morphological traits are often affected by environmental conditions and may lead to inflated diversity analysis in agronomically important variables due to high G × E interactions [26]. The several morphological characteristics that have been identified as germplasm descriptors for the roselle plant are strongly influenced by environmental factors, which have limited the success of genetic resource characterization and adversely affected efforts to improve yield in the species [27]. 
Molecular markers have been used in several fields for the assessment of genome mapping programs, genetic diversity, genotype fingerprinting, and molecular breeding [28]. SSR markers have been applied for cross-species amplification in a range of taxa, including Fagopyrum [29]. These markers are highly transferrable among closely related species [30]. Hence, the Roselle (Hibiscus sabdariffa) has not developed specific SSR markers that are available in the database so this study adopted cross-species transferable SSR markers from previous research for molecular characterization of Roselle germplasm collection. Therefore this study was aimed to assess the genetic diversity and population structure of Roselle (H.sabdariffa L.) germplasms from Africa maintained at wondogent agricultural research center, Ethiopia through SSR marker.
[bookmark: _Toc171056299]2. MATERIALS AND METHODS
A total of 75 Roselle (H.sabdariffa L.) accessions germplasm collections were used in this study. These accessions were introduced from 6 different African countries (Benin, Burkina Faso, Egypt, Ghana, Mali, and Niger) and collected from Ethiopia and maintained at the Ethiopian agricultural research institute, Wondogenet agricultural research center. The collected Roselle (H.sabdariffa L.)  germplasm was obtained from the Wondogenet agricultural research center and planted in a plastic pot under the greenhouse at the Hawassa Agricultural Research center, and the laboratory experiment was carried out in the plant cell and molecular laboratory and central biotechnology laboratory at the College of Agriculture, Hawassa University
[bookmark: _Toc114100792][bookmark: _Toc171056301]DNA extraction, determination of quality and quantity
DNA was extracted from three-week-old germinated seedlings using modified CTAB method following [34] protocol with small modifications. Briefly, leaf tissues were extracted with 4 % CTAB and incubated in a water bath at 65 °C for 40 minutes, followed by the addition of chloroform: isoamyl alcohol (24:1). The solution was mixed by inverting the tubes for about 5 minutes and then centrifuged at 10,000 rpm for 5.5 minutes at 25-30°C. Carefully, the upper clear aqueous layer was transferred to a new 2ml Eppendorf tube, 60µl of chloroform was added, and 0.7% cold isopropanol was added to each sample. The mixture was centrifuged at 10,000 rpm for 5.5 minutes, and the supernatant was discarded. The white pellet remained in the Eppendorf tube, was washed three times with 70% ethanol, and finally, the liquid part was dispensed. The remaining pellet was dried in a vacuum and finally dissolved in 100 µl of 1x TE buffer.
The quality and quantity of extracted DNA were determined using gel electrophoresis and nano-spectrophotometer respectively. The quality of DNA was determined by 2% agarose gel electrophoresis and stained with Ethidium bromide, then visualized under UV light, and images were taken with the gel documentation system. Finally, all samples from each accession were shown, a clear and visible band. The concentration of DNA extracted from different samples varied starting from 50.23ng/µl to 1188.9 ng/μl and purity from nanodrop spectrophotometer was recorded in the range of 1.75-2.26 at 260/280nm and 1.85-2.48 at 260/230 nm. The final working DNA concentration was normalized to 50 ng/µl. The pure DNA extracted was stored at -200C until it was genotyped with selected SSR markers. 
[bookmark: _Toc171056302]Primer selection and optimization
[bookmark: _Toc114100793][bookmark: _Toc164551274][bookmark: _Toc164551310]A total of 50 SSR markers were used in this study and were selected from published research articles based on their cross-species transferability and polymorphic information content. Initially, two individuals were randomly selected from seven representative populations to screen the primers for their polymorphism and reproducibility by annealing at 55°C–62°C. The annealing temperatures of the primers were optimized by performing gradient PCR. Band intensity and reproducibility of all conditions were compared and optimized. Finally, 12 polymorphic and cross-species transferable SSR markers were selected for further molecular analysis and are listed in Table 1.
Table 1. List of selected SSR markers sequence and annealing temperature information
	SN
	Marker name
	Forward sequence
	Reverse sequence
	Ta in 0C

	1
	HA-3
	ATCATTATCATCTTCGTTC

	AAGGGACCAAAGTCTCAA
	57

	2
	HA-6
	GAACAAGCCTGTCACTAA

	CACAAACCGATTTACGAT
	57

	3
	HA-8
	CACTTCCACGAAGCTCTTAC
	GGAGATAAACAGAAAAGGGTA
	60

	4
	HA-9
	TATGGGTTTAGTGCCTGTAT
	TAGGTTGCTTGAATCTTTTC
	55

	5
	HADT-1
	CCCTTCAAGTGCTCCTCT
	TCAATTCACCTTCCGTACCC
	57

	6
	MJM-432
	CAAGCTTCTGCAGGTATGCTC
	GGACTGAGATGGCAACAGTCT
	55

	7
	MJM-462
	AAAGTGCAAATGAATTGGAGG
	TCTTTGGCGTTTATGATGGTC
	55

	8
	MJM-467
	CATGAATTGAGTGAGCATCCA
	ATCTTCAAGCCCAAATATGCC
	57

	9
	MJM-469
	TGATTAGGCCTATTGAAGCG
	AACTTGCCTAGGAGCTTGAGG
	57

	10
	MJM-471
	CCCACACACATACACACACAC
	GATGATAATGACGACGAACCC
	57

	11
	MJM-475
	TTGCTGCTTGATACAACTGGA 
	TACGAAACGACAAAGTCCACC 
	55

	12
	MJM-489
	GTAGCCAAGTCTGCTTCCTGA
	TAGGTCACGAGAAGAGCGAAG
	57


Source: Cross species transferable polymorphic SSR markers are adopted from previous published research; [1] and [36].
[bookmark: _Toc171056303]PCR amplification and Gel electrophoresis 
[bookmark: _Toc114100794]The polymerase chain reaction (PCR) was conducted in Bio-Rad T100TM thermal cycler. The PCR amplifications were carried out in a 10µl reaction volume containing 2µl (50ng) template DNA, 5 µl 2x PCR master mixes, 2µl of ultrapure PCR H2O, and 0.5 µl of each 10µM primer. Thermal cycling conditions for PCR were conducted as follows: initial denaturation at 95 oC for 3 minutes; 35 cycles, each consisting of 94 oC for 30 sec, 55 oC - 60 oC (depending on the primer annealing temperature) for 1 minute; 72 oC for 1 minute; final extension at 72 oC for 10 minutes; holding at 4 oC. The PCR amplicon quality was determined using 2% agarose gel electrophoresis, which ran a constant voltage of 80V for 35 minutes using 1x TBE buffer. Finally, the amplified bands were documented under UV light in gel documentation. The size of the amplicon was determined using a 50 bp DNA ladder (product ranged from 50 to 500 bp). 
[bookmark: _Toc171056304] Data scoring and analysis 
The gel images were documented and the clear and visible band was identified and scored based on amplified fragment size compared with known molecular weight 50bp ladder DNA. 
Genetic diversity analysis was carried out based on the scored bands. Different
statistical software packages were employed to compute the standard indices of genetic
diversity. Genetic diversity parameters such as gene flow (Nm), allele frequency, fixation index (F), observed number of alleles (Na), number of effective alleles (Ne), Shannon’s information index (I), expected heterozygosity (He), observed heterozygosity (Ho), percentage of polymorphic loci (P), Nei’s measure of genetic distance (D), and AMOVA (Analysis of Molecular Variance) between and within populations was estimated using GenAIEx 6.51 [31]. The genetic relationship between germplasm collections was determined by constructing a dendrogram/phylogenic tree by calculating UPGMA (Unweighted Pair Group Method with Arithmetic Mean) using Mega11 software.
The polymorphism information content (PIC) of each SSR was calculated as PIC =1 – ∑p_i²), where pi is the frequency of the ith allele. Principal coordinate analysis was performed to represent the spatial distribution of individuals from different populations using GenAlEx 6.51 [31]. Population structure was determined based on model-based STRUCTURE version 2.3.4 [32]. 
[bookmark: _Toc171056305] 3. RESULTS
[bookmark: _Toc171056308]SSR marker polymorphism
[bookmark: _Toc164551275][bookmark: _Toc164551311]Out of a total of 50 SSR markers used, 12 were generated reproducible, and polymorphic bands are identified and used in this study for genotyping of accessions. A total of 55 clear and scorable bands were amplified from 12 SSR markers used in this study, with an average of 4.58 alleles per primer. The detected number of alleles ranges from 3 (HA-6 and HA-9) to 6 (MJM-489) alleles, with an estimated molecular size of amplified fragments in the range of 50 bp to 500 bp. The number of effective alleles per marker ranged from 1.58 to 2.92, with an average of 2.13, with the markers HA-6 and HA-3 having, respectively, the lowest and the highest number of effective alleles. Details of SSR marker polymorphism parameters are represented in Table 2.

Table 2. Genetic diversity parameters of SSR markers in Roselle (H.sabdariffa L.) accessions.
	Diversity indices
	SSR locus

	
	HA-3
	HA-6
	HA-8
	HA-9
	HADT-1
	MJM-432
	MJM-462
	MJM-467
	MJM-469
	MJM-471
	MJM-475
	MJM-489

	PIC
	0.71
	0.50
	0.69
	0.57
	0.54
	0.71
	0.71
	0.51
	0.52
	0.64
	0.69
	0.73

	Na
	4
	3
	5
	3
	5
	5
	5
	4
	5
	5
	5
	6

	Ne
	2.921
	1.577
	2.719
	1.962
	1.887
	2.726
	2.156
	1.763
	2.540
	2.516
	1.864
	2.243

	I
	1.133
	0.530
	0.990
	0.706
	0.659
	1.037
	0.856
	0.619
	0.919
	0.985
	0.629
	0.809

	Ho
	0.048
	0.123
	0.012
	0.034
	0.041
	0.105
	0.102
	0.172
	0.103
	0.063
	0.046
	0.000

	He
	0.647
	0.339
	0.565
	0.468
	0.422
	0.591
	0.497
	0.369
	0.542
	0.592
	0.403
	0.526

	uHe
	0.710
	0.381
	0.627
	0.522
	0.474
	0.642
	0.552
	0.398
	0.580
	0.653
	0.432
	0.580

	Nm
	2.528
	0.603
	1.211
	1.243
	0.939
	1.176
	0.591
	0.559
	0.763
	3.163
	0.357
	1.032

	F
	0.928
	0.688
	0.966
	0.941
	0.883
	0.755
	0.806
	0.604
	0.802
	0.898
	0.889
	1.000


Na = number of alleles, PIC = polymorphism information content, Ne = Number of effective alleles, Ho = observed heterozygosity, He = expected heterozygosity, uHe =unbiased expected heterozygosity, F = fixation index, I = Shannon’s diversity, and Nm = Gene flow.
[bookmark: _Toc171056309]Genetic diversity parameters in populations
[bookmark: _Toc164551276][bookmark: _Toc164551312]SSR markers used in this study revealed high percentages of polymorphic loci, with an average of 96.43%. The lowest percentage of polymorphism was observed for the population from Egypt (75%), while the percentage of polymorphism observed for each of the other six populations was 100%. 
Table 3.  Summary of genetic diversity indices of Roselle (hibiscus sabdariffa) accession populations classified by country of collection.
	Population
	                                      Diversity parameters

	
	
N
	
Na
	
Ne
	
I
	
Ho
	
He
	
uHe
	
F
	
%P

	

Benin 
	28
	3.250
	2.145
	0.842
	0.061
	0.478
	0.488
	0.863
	

100

	
Burkina Faso
	5
	3.500
	3.104
	1.153
	0.117
	0.652
	0.724
	0.799
	

100

	

Egypt 
	2
	1.750
	1.683
	0.498
	0.083
	0.354
	0.472
	0.704
	

75

	

Ethiopia
	12
	2.750
	2.136
	0.814
	0.044
	0.493
	0.515
	0.914
	

100

	

Ghana 
	

9
	

2.583
	

2.143
	

0.769
	

0.020
	

0.465
	

0.493
	

0.970
	

100

	

Mali 
	4
	2.667
	2.294
	0.863
	0.104
	0.534
	0.610
	0.808
	

100

	

Niger
	15
	2.750
	2.174
	0.823
	0.046
	0.503
	0.521
	0.908
	

100

	

Average 
	10.71
	2.750
	2.240
	0.823
	0.068
	0.497
	0.546
	0.858
	

96.43


[bookmark: _Toc166072715]N= number of samples, Na = number of alleles, %P = Polymorphism percentage, Ne = Number of effective alleles, Ho = observed heterozygosity, He = expected heterozygosity, uHe =unbiased expected heterozygosity, F= fixation index, I = Shannon’s diversity.
[bookmark: _Toc171056310]
Population genetic structure and differentiation analysis
[bookmark: _Toc164551277][bookmark: _Toc164551313]Analysis of molecular variance revealed the highest variation, which resulted in 88% variation among individuals in the population, while the low variation was 12% among populations. The result also revealed that there is a highly significant difference (p<0.001) within and among populations (Table 4).






Table 4. Analysis of molecular variance (AMOVA) across Roselle (hibiscus sabdariffa) accessions according to country of collection.
	Source
	DF
	  SS
	   MS
	 Est. Var.
	  %

	Among Pops
	6
	219.053
	36.509
	2.435
	12%

	Within Pops
	68
	883.574
	12.994
	12.994
	88%

	Total
	74
	1102.627
	
	15.429
	100%

	
	
	
	
	
	

	Stat
	 Value
	P (rand >= data)
	
	

	PhiPT
	0.158
	0.001
	
	
	

	
	
	
	
	
	



[bookmark: _Toc171056311]


Genetic Distance among Populations 
[bookmark: _Toc164551278][bookmark: _Toc164551314]The Genetic distance between populations reflects more or less the level of similarity and the degree of relatedness between populations. The pairwise Nei’s unbiased genetic distance between Roselle (hibiscus sabdariffa) populations ranged from 0.094 to 0.679 (Table 5). The populations from Benin and Burkina Faso showed the highest value, while the populations from Ethiopia and Niger showed the lowest pairwise Nei’s unbiased genetic distance.





Table 5. Pair-wise population matrix of Nei’s unbiased genetic distance of Roselle (hibiscus sabdariffa) populations in this study.
	
	Benin 
	Burkina Faso
	Egypt 
	Ethiopia
	Ghana 
	Mali 
	Niger 

	Benin 
	0.000
	
	
	
	
	
	

	Burkina Faso
	0.679
	0.000
	
	
	
	
	

	Egypt 
	0.515
	0.298
	0.000
	
	
	
	

	Ethiopia
	0.541
	0.265
	0.143
	0.000
	
	
	

	Ghana 
	0.203
	0.530
	0.333
	0.353
	0.000
	
	

	Mali 
	0.454
	0.146
	0.389
	0.239
	0.141
	0.000
	

	Niger 
	0.338
	0.457
	0.173
	0.094
	0.167
	0.325
	0.000


[bookmark: _Toc171056312]Population Structure and Cluster Analysis among Accessions
UPGMA (Unweighted Pair Group Method with Arithmetic Mean) dendrogram construction method was used to construct a dendrogram to explore the relationship among genotypes of Roselle (Hibiscus sabdariffa) populations. The dendrogram derived from UPGMA analysis of the 12 SSR data with 75 accessions showed two major distinct clusters (Figure 1). The first major cluster (CI) was composed of three sub-clusters and this cluster was dominated by all individuals from Benin, with a few individuals from Mali, Niger, and Ghana. The second major cluster consisted of individuals were composed intermixed from Ethiopia, Niger, Mali and Burkina Faso. Accessions from different populations were clustered together, which may imply the existence of gene flow between and within populations.   

[image: C:\Users\User\Desktop\Picture2.jpg] 
[bookmark: _Toc171056313]Figure 1.  75 accessions grouped in to two major clusters implemented in MEGA 11 version




Figure 2. 75 Roselle (Hibiscus Sabdariffa) accessions based on five clusters implemented in MEGA 11 version is similarly five colors revealed with structure software and the above figure represents admixture of accessions from different origin.
Figure 2 75 Roselle (Hibiscus Sabdariffa) accessions based on five clusters implemented in MEGA 11 version is similarly five colors revealed with structure software and the above figure represents admixture of accessions from different origin.










A)	B)
	K
	Reps
	Mean LnP(K)
	Stdev LnP(K)
	Ln'(K)
	|Ln''(K)|
	Delta K

	 1
	10
	-2242.68000
	0.60148
	NA
	NA
	NA

	2
	10
	-2029.55000
	1.07523
	213.13000
	61.12000
	56.84386

	3
	10
	-1877.54000
	1.16543
	152.01000
	37.61000
	32.27141

	4
	10
	-1763.14000
	4.90560
	114.40000
	17.60000
	3.58774

	5
	10
	-1666.34000
	4.13150
	96.80000
	26.57000
	6.43107

	6
	10
	-1596.11000
	5.66617
	70.23000
	2.29000
	0.40415

	7
	10
	-1523.59000
	9.72722
	72.52000
	NA
	NA


[image: https://lmme.qdio.ac.cn/StructureSelector/tmp/1751286607.out/1751286607.DeltaK.png] 

Figure 2.Graphical representation of population structure. A) Evanno table output from structure selector for determing delta K. B) Graph of estimated membership fraction for K=2.

[image: Responsive image]
Figure 3.Population structure of the seven populations represented in to K cluster:1(Bennin),2(Burkinafaso),3(Egypt),4(Ethiopia),5(Gahna),6(Mali) and 7(Niger).
 


Principal Coordinates Analysis
Principal coordinate analysis (PCoA) showed that the three coordinates accounted for about 30.85% of the genetic variation present in SSR molecular data derived from the study. The three principal coordinate axes (1, 2, and 3) explained about 13.56%, 9.96% and 7.32% of the gross variation, respectively. The PCoA analysis in the two-dimensional plot displayed in (Figure 4) showed that accessions from different country collections are often grouped. There was no separate group formed by a single population. This, in turn, agrees with the results of the UPGMA dendrogram in that there was no unique clustering among accessions from the same population. 

Figure 4. The principal coordinate analysis of 75 accessions with 12 SSR markers, and the color specified belongs to the populations

[bookmark: _Toc171056314] DISCUSSION
Assessment of the genetic diversity of a germplasm collection is essential for better germplasm management, genetic enhancement, the development of mapping populations for genome analysis, and the development of strategies for further germplasm collection or exchange programs [33]. Molecular markers are powerful tools for elucidating variations and relationships within and between crop germplasm populations. In this study, 12 cross-species transferable SSR markers were used to detect the level of genetic diversity and population structure in Roselle (hibiscus sabdariffa) accessions maintained at Ethiopia Agricultural Research Institute, Wondogenet Agricultural Research Center. The total number of alleles achieved in this study was 55 with a range of 2 to 5 per marker and the average polymorphic percentage was 96.43%. This result is in the range of similar studies on Roselle (hibiscus sabdariffa) [36] Reported a total of 32 alleles in 124 global collections of Roselle accession using 8 SSR markers with a range of 1 to 8 per marker and the average polymorphic percentage was 97%. Amplification of 73 germplasm accessions with 12 SSR primer pairs amplified a total number of 62 alleles with an average of 5.17 alleles per marker, as reported by [34]. The polymorphic information content (PIC) represents an important measure of the locus differentiation ability and informativeness of the SSR markers used. In this study, PIC varied between 0.50 and 0.73, with an average of 0.72, indicating the potential ability and informativeness of SSR loci to differentiate among Roselle accessions. Such PIC was higher than that recorded by [1]. Average PIC value was recorded to be 0.47 with a range of 0.38 to 0.57. PIC values > 0.5 indicate that the locus is highly informative; 0.25 < PIC < 0.5 represent moderate polymorphisms; and PIC values < 0.25 mean a low rate of polymorphism [34]. 
The average observed heterozygosity (Ho) of SSR loci was 0.07. Whereas, the average expected heterozygosity (He) of SSR loci was 0.50, indicating a high diversity revealed by SSR loci analyzed in this study. In this result, the average observed heterozygosity is lower than the average expected heterozygosity (H0<He), which shows population inbreeding. An estimate of the total amount of genetic variability in the population can be obtained by the value of He. For accurate assumptions about the population's evolutionary history, it is necessary to compare the He and Ho [35]. In populations where there is no significant difference between Ho and He, mating occurs at random. If Ho is greater than He, the population has a mating system that prevents inbreeding; if Ho is smaller than He; the population is inbreeding [37]. 
The current study revealed that 75 Roselle (hibiscus sabdariffa) accessions originating from seven different geographical countries contained an expected heterozygosity level higher than the observed one, indicating that these 75 accessions were influenced by the inbreeding rate recorded in this crop. The overall diversity indices analysis such as percent of polymorphism (%P), number of effective alleles (Ne), gene diversity (GD), Shannon index (I), and gene flow (Nm), for all study populations in the current study were 96.43%,2.24,0.5,0.82 and 1.19, respectively. This indicates there is high genetic diversity in Roselle accessions maintained in Ethiopia. The result is in contrast to previous studies by [31] who reported low genetic diversity but similar to the high genetic diversity reported by [36]. 
The value of gene flow (Nm) estimated above indicates the approximate number of individuals migrating from one population to the other and this result also agrees with the AMOVA result showing low variation between populations. Further, this result was supported by multivariate analysis such as principal coordinate analysis (PcoA) and cluster analysis. In general, if Nm < 1, the genetic drift would lead to genetic differentiation among populations; then, local differentiation of populations will result, but if Nm > 1, gene flow can resist the effect of genetic drift within populations and prevent the differentiation of populations then, there will be no significant differentiation among populations [38]. As reported by [38] Nm values can be grouped into three categories: high (Nm ≥ 1.00), intermediate (0.25 - 0.99), and low (0.00 - 0.24). In our study, relatively low genetic differentiation and high level of gene flow (Nm = 1.19) among maintained accessions of populations was detected indicating that gene flow restricted the effect of genetic drift of individual populations. Inbreeding increases the frequency of homozygotes, as a consequence, it decreases the frequencies of heterozygotes and genetic diversity [37]. 
In this study, the genetic distances that exist among the various genotypes included were determined through Nei’s pairwise unbiased genetic distance. Accordingly, genotypes from Burkina Faso and Benin were the most divergent and would be appropriate for crossing programs as the genetic bases were wider. 
AMOVA analysis also revealed that the highest variation resided within accessions (88%) and a lower variation among populations (12%), as there is a highly significant difference (p< 0.001) within and among populations. This result agreed with that recorded by [36] observed 92% within in population and 8% among the population. In another comparable report by [39]. The genetic variation among and within populations was 90% and 10%, respectively. The cluster analysis divided the 75 Roselle (hibiscus sabdariffa) accessions into two main clusters. The first major cluster (major-I) was composed of three sub-clusters and this cluster was dominated by all individuals from Benin, with a few individuals from Mali, Niger, and Ghana. The second major cluster with two sub-clusters composed of intermixed individuals from Ethiopia, Niger, Mali and Burkina Faso, indicating that geographic distance is not the only factor in determining genetic diversity. In fact, populations are geographically very far apart but these populations were assumed to be grouped. In this respect, geographical distance was not correlated with the similarity of genetic diversity. The genotypes with the same geographic origin could have undergone a change in different characters under selection during the process of evolution. These results agreed with that recorded by [40] reported that the dendrogram constructed revealed two major clusters with certain Roselle accessions from different collection sites clustered together. A similar study performed by [41] with 124 accessions from Niger with AFLP markers revealed no significant relationship between genetic and geographic isolation. A consistently similar result was recorded by [36] reported that SSR markers grouped roselle accessions into two and three major groups but clustering was neither according to origin nor morphotypes. Moreover, in this study, the structure analysis revealed that the 75 Roselle (hibiscus sabdariffa) accessions might be assigned to two populations cluster (K=2) represented in Figure 3. The PCoA analysis in the two-dimensional plot showed that accessions from different sources often clustered together. There was no separate group formed by a single population. This, in turn, agrees with the results of the dendrogram. This indicates there is a high gene flow in accessions from different populations. This might be explained through the global transfer of germplasm [42]. 
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