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Abstract 

 

Sorghum is among the most important cereal crops produced globally due to its drought tolerance nature and multiple uses. Ethiopia is 

endowed with high genetic diversity for sorghum and the main sources of several genes that are responsible for biotic and abiotic stress 

tolerance. Despite this potential, sorghum productivity in the country remains very low. The study was designed to screen and compile the 

best simple sequence repeats (SSRs) that can be used for marker-assisted breeding of sorghum. Out of a total 304 SSRs markers screened 

used across eleven farmers preferred sorghum genotypes, nearly half of the markers 139 (45.7%) detected 543 alleles and a high degree of 

polymorphic information content (PIC) averaging 0.53. The overall observed heterozygosity (Ho) across all  loci varied from 0.00 to 1.00 

with an average of 0.16. Nearly 60 % (83 markers) showed  no  Ho. The gene diversity index (expected heterozygosity, He) ranged from 

0.17 to 0.91 with a mean of 0.58. The weighted neighbor-joining cluster analysis grouped the genotypes into three distinct groups. All 

genotypes with stay-green features (B 35, Sorcoll 163/07, E 36-1 and Sorcoll 141/07) were clustered together. Genotypes such as 

Gambella, Macia, 76T#23 and Meko were clustered in the second group. The third group consists of Teshale and Sorcoll 146/07. Most of 

the used SSR markers were linked with stay-green traits and successfully discriminated genotypes with stay green (cluster I) from those 

genotypes with non-stay green features (cluster II and III). The result reveals the potential application of microsatellites in Ethiopian 

marker-assisted breeding program for further characterization and/or mapping of targeted traits in sorghum.  

 

Keywords: Informative microsatellites; Marker-assisted breeding; Polymorphic information content; Sorghum bicolor. 

Abbreviations: CTAB_Cetyltriethylammonium bromide; He_Expected heterozygosity; Ho_Observed heterozygosity, PIC_ 

Polymorphic information content; SBI_ Sorghum bicolor chromosome. 

 

Introduction 

 

The importance of sorghum (Sorghum bicolor (L.) Moench) 

(2n=20) across the world is well recognized, particularly in 

the lowland areas where rainfall is unreliable and crop 

failures due to recurrent drought occurrences are common. 

The crop plays a significant role for millions of food-insecure 

population and grows in a wide range of agro-ecological 

conditions. The depletion of water supplies, increased use of 

marginal farmlands, and global climatic trends suggest that 

the dry land crops such as sorghum will be of growing 

importance to feed the world’s expanding population 

(Paterson, 2008). Since sorghum is a C4 grass, it has clear 

advantages over other grain crops because of its ability to 

return economic yields in hotter and drier environments 

(Bryden et al. 2009). Under favorable condition, sorghum has 

a high yield potential as compared to the other major cereals 

such as rice (Oryza sativa), wheat (Triticum aestivum) and 

maize (Zea mays) (Reddy et al., 2012). Besides, sorghum is a 

multipurpose crop with high biomass content with high 

scarification efficiency (Rai et al., 2016) which makes 

sorghum as a potential source to be used as animal feed as 

well as for the production of sustainable biofuel.     

 

 

 

In Africa, sorghum is ranked the second most important 

cereal crop after maize (Borrell et al., 2001). In eastern 

African countries such as Sudan and Ethiopia, sorghum 

contributes about 40% of calories in the human diet 

(Kresovich et al., 2005). Sorghum is particularly a desirable 

crop for smallholder farmers in Ethiopia as it is relatively 

drought tolerant and will often yield a crop without irrigation. 

Besides, Ethiopia is the seventh producer of sorghum in the 

world and third in Africa contributing 12 % and 5 % of 

African and world annual production, respectively (Wani et 

al., 2011). The production and land coverage allocated for 

sorghum in Ethiopia accounted for about 18 % and 16 % of 

the total grain crop respectively (CSA, 2014). 

Sorghum is believed to have been domesticated in Ethiopia 

and surrounding countries commencing around 4000-3000 

BC (Dillon et al., 2007). There is evidence that the crop was 

first domesticated in a savanna between Chad and western 

Ethiopia (Doggett, 1988). This theory is further supported by 

the presence of a diverse number of wild sorghum relatives in 

the eastern African region, especially in Sudan and Ethiopia 

(Gebrekidan, 1982). Wild relatives are particularly good 
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sources of novel genes that can be used in crop improvement. 

Besides, the discovery of known stay-green genotypes (E 36-

1, B 35) possessing novel genes for drought tolerance traits 

(Haussmann et al., 2002; Harris et al., 2007; Reddy et al., 

2009) is a good demonstration of the importance of Ethiopian 

sorghum accessions in crop improvement. Besides, there is 

high genetic diversity among Ethiopian sweet sorghum 

accessions (Disasa et al., 2016a) which are characterized by 

high sugar content (Disasa et al., 2016b). This is a potential 

area to be used in bioethanol production as well as animal 

feed.    

Despite the existence of a large genetic resource for both 

cultivated and wild sorghum in Ethiopia, there has been very 

little utilization of the resource in crop improvement. This is 

due to the reliance of the country on conventional based crop 

improvement program since the beginning of crop 

domestication. Hence, utilization of molecular approaches 

along with conventional breeding is an important step 

towards the improvement and full understanding of the 

contribution of Ethiopian sorghum germplasm to global 

breeding programs. A recent whole-genome sequencing 

study revealed untapped potential in Africa’s indigenous 

sorghum (Mace et al., 2013), which global sorghum 

collections could greatly benefit from. 

The application of informative microsatellite markers in 

sorghum improvement program plays an important role in 

facilitating the breeding program. Large numbers of SSR 

primers have been assembled in the public domain that can 

be used for various purposes such as diversity analysis, 

construction of linkage and QTL mapping, marker assisted 

selection and other related activities (Brown et al., 1996; 

Bhattramakki et al., 2000; Kong et al., 2000; Schloss et al., 

2002; Menz et al., 2002; Wu et al., 2006; Li et al., 2009; 

Ramu et al., 2009). However, most of them developed using 

exotic germplasm with very few number of sorghum 

genotypes of Ethiopian origin (Beyene et al., 2014; Disasa et 

al., 2016a). Therefore, there is a need to screen and compile 

the most polymorphic markers that can be used for marker 

assisted selection in the future using selected Ethiopian 

sorghum genotypes.  

 

Results 

 

Optimization of DNA isolation protocol  

 

Isolation of good quality and high concentration of DNA is 

one important aspect in the study of molecular biology and 

related disciplines. The effectiveness of each protocol varies 

from plant species to species. Some crop plants will yield 

good DNA with a commonly used protocol whereas others 

require a sophisticated protocol to isolate genomic DNA. In 

this experiment, genomic DNA was isolated using CTAB and 

Kit methods and the result was compared for quality as well 

as quantity. Both methods have yielded high concentration of 

DNA (Supplementary Table 1). The concentration of 

genomic DNA obtained using CTAB method is reasonably 

high ranging from 123.1 to 433.3 ng/µl. The concentration 

obtained using Kit method is nearly double as compared to 

CTAB method of DNA isolation with the lowest and highest 

score of 434.7 ng/µl for 76T#23 and 758.6 ng/µl for Sorcoll 

163/07 genotypes (Supplementary Table 1). However, the 

concentration of isolated genomic DNA through CTAB 

method is still very sufficient and economical to be used for 

genotyping using large number of markers. Similarly, the 

quality of the PCR products obtained using both methods was 

higher and remains very similar with no significant difference 

(Supplementary Fig 2).  

SSR polymorphism 

 

In the current study, attempt has been made to screen and 

compile the most polymorphic markers using selected 

Ethiopian sorghum genotypes to be used in marker assisted 

breeding in the future. Fragment analysis result showed that 

among 304 SSR primer pairs tested, a total of 142 were 

found to be polymorphic markers. These markers are evenly 

distributed across all linkage groups (Table 1). However, 

three markers were excluded from the final analysis due to 

their poor PCR product quality. A total of 139 (45.7%) 

showed clear band and found to be polymorphic across the 

selected eleven sorghum genotypes. On the contrary, 97 

(31.9%) were unable to discriminate the genotypes and 

considered as monomorphic markers for the selected 

genotypes and the remaining 68 (22.4%) didn’t work at all. 

Most of the polymorphic and monomorphic markers were 

clearly separated during fragment scoring (Fig 1) and those 

monomorphic markers were also excluded from the final 

analysis.  

One hundred thirty-nine informative SSR markers 

produced a total of 543 alleles across the eleven key 

Ethiopian genotypes with an average of 3.91 alleles per 

marker. The observed number of alleles ranged from two to 

ten per primer pair. Xtxp008 produced the highest number of 

alleles (10) followed by Xtxp032 (9) and Xtxp033 (8). These 

markers also presented higher values of gene diversity (He = 

0.9).  

Majority of the markers (56%) have a polymorphism 

information content (PIC) value of greater than 0.5 and 

considered as very informative. Similarly, 58 out of 139 

markers (42%) showed PIC value between 0.25 and 0.5 

which is categorized as informative markers. Only three 

markers Xisep0805, Xisep0444 and Xisep0815 grouped as 

less informative with PIC value below 0.25. The highest PIC 

value of the scored SSR loci was obtained from Xtxp343 

which was 0.91 whereas the lowest PIC value (0.15) was 

obtained from Xisep0815 with an average value of 0.53 

(Table 2).  

Nearly 60 % (83 markers) have showed zero value of the 

observed heterozygosity (Ho). Only four markers Xisep0938, 

Xisep0704, Xtxp159 and Xtxp283 had Ho value of 1.0.  In 

contrast, the gene diversity index (expected heterozygosity, 

He) was ranging from 0.17 for Xisep0805 to 0.91 for Xtxp343 

with a mean value of 0.58.  The lowest gene diversity index 

and PIC value was scored from Xisep0805. Among the tested 

SSR markers, primers named as Xtxp showed higher PIC and 

hence it is considered as highly informative markers (Table 

2).  

 

Genetic relationship among the genotypes  

 

Molecular based knowledge of the genetic relationships 

among these selected sorghum genotypes is very essential to 

intensively utilize further in breeding program. The 139 

polymorphic markers discriminated the selected Ethiopian 

sorghum genotypes with stay-green features in one group 

including the worldwide known stay-green sources of 

sorghum, B 35 and E 36-1 (Figs 2 and 3). Neighbor-joining 

cluster analysis grouped the genotypes into three distinct 

groups. The first group constituted genotypes with stay-green 

feature, B 35, Sorcoll 163/07, E 36-1and Sorcoll 141/07. The 

second group composed of farmers preferred Ethiopian 

genotypes Gambella, Macia, 76T#23, Meko and Melkam. 

The third group includes Teshale and Sorcoll 146/07. Both 

the second and third groups are characterized by non-stay 

greenness.  
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         Table 1. Distribution of the polymorphic markers across the ten linkage groups. 

 

No 

Chromosomes (Linkage groups) 

A 

(SBI-01) 

B 

(SBI-02) 

C 

(SBI-03) 

D 

(SBI-04) 

E 

(SBI-07) 

F 

(SBI-09) 

G 

(SBI-10) 

H 

(SBI-08) 

I 

(SBI-06) 

J 

(SBI-05) 

Not well 

known 

1 Xcup33 Xtxp008 Xtxp033 Xtxp012 Xtxp159 Xtxp0289 Xtxp0141 Xisep108 Xisep0429 Xisep1029 Xisep0643 

2 xgap342 Xgap084 Xtxp285 Xtxp041 Xisep704 Xtxp0296 Xgap001 Xisep809  Xisep0444 Xisep1127 Xisep0648 

3 Xtxp032 Xisep310 Xisep0114 Xtxp021 Xisep0716 Xgap032 Xisep314 Xisep0815 Xisep0502 Xtxp014 Xisep0830 

4 Xtxp357 Xisep0612 Xisep0117 Xtxp024 Xisep0829 Xisep110 Xisep0621 Xisep1150 Xisep346 sbKAKG1 Xisep0901 

5 Xisep327 Xisep0938 Xisep0132 Xisep202 Xisep831 Xisep0517 Xisep0622 Xisep1225 Xisep0422 Xisep1208 Xisep0905 

6 Xisep0839 Xisep1013 Xisep138 Xisep224 Xisep0328 Xisep537 Xisep0624 Xtxp205 Xisep423 Xtxp303 Xisep1717 

7 Xisep1032 Xcup26 Xcup24 Xisep0234 Xisep0805 Xisep0539 Xisep0639 Xisep1231 Xisep0443 Xisep1107 Xtxp113 

8 Xisep1039 Xcup40 Xcup61 Xisep0242 Xtxp312 Xisep0543 Xcup50 Xtxp0210 Xisep0449 Xisep1140 Xtxp160 

9 Xisep1046 Xtxp211 Xisep0101 Xcup048 SBGEF06 Xcup002 Xisep0630  Xisep0617 Xtxp091 Xtxt267 

10 Xtxp080 Xtxp315 Xtxp205 Xtxp328  Xisep511 Xtxp270  Xcup12 Xtxp023 Xtxp355 

11 Xtxp329 Xtxp348 SABGEF08 Xisep1103  Xisep0506 SBGE01  Xisep0435 Xtxp283 Xtxp307 

12 Xcup53 SABAGA04 Xisep1042 Xtxp343  Xisep0550 Xcup49  Xtxp274  Xtxp361 

13 Xcup22 SBAGAB03 Xtxp031 Xtxp026  Xtxp324      

14 Xtxp279 Xcup36 Xtxp034    Xtxp067      

15 Xtxp284 Xisep1145    Xtxp258      

16 Xtxp335 Xtxp072    Xtxp324      

17  Xtxp286     Xtxp358      

18  Xtxp298          

Total 16 18 14 13 9 17 12 8 12 11 12 
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Fig 1. The fragment sizes were manually scored using GeneMapper 4.0 software (Applied Biosystems). Scored bins showing (A) a 

monomorphic marker, uniform across the genotypes. (B, C and D) polymorphic markers. The two bins on the same locus (D) 

indicates heterozygosity while the remaining loci (A, B and C) are considered as homozygous type.  Each marker was labeled M-13 

tagged forward primer labels (A = PET, B = NED, C = VIC and D = FAM).  

 

 

The highest genetic distance (0.86) was observed between 

genotypes Sorcoll 141/07 and 76 T1#23 followed by Sorcoll 

141/07 and Meko (0.79). On the contrary, the lowest genetic 

distance was found between Gambella and Melkam (0.20). 

Most of them appeared to be distantly related and they have 

genetic distance of greater than 0.50 (Table 3).  

 

Discussion  

 

The ratio of 260 to 280 using the CTAB method (Mace et al., 

2003) was between 1.83 and 2.01 which is within the 

expected range of good quality DNA. Similarly, high quality 

genomic DNA with a 260 to 280 ratio ranging from 1.78 to 

1.89 was also isolated using Kit method (Supplementary 

Table 1). This suggested that the isolated genomic DNA was 

free from any impurities. Sorghum is among those crops that 

yielded a good DNA with commonly used protocols like 

CTAB. Our result showed that there was no significant 

difference between CTAB and KIT based methods for the 

quality of both genomic DNA and PCR product suggesting 

that CTAB method would be an ideal method to isolate 

sorghum genomic DNA for SSR analysis. Therefore, the 

current optimized CTAB protocol can also be used for 

genotyping by sequencing (GBS) purposes which requires 

relatively good quality DNA with fair concentration.  

The majority of the markers (40%) had fragment size 

between 201 to 250 bp. Similarly, second highest frequency 

(29%) was observed for allele size ranged from 151 to 200 

bps followed by allele sizes between 100 to 150 bps between 

ranging (Table 1). In general, the majority of the screened 

polymorphic markers (94%) allele sizes ranged from 100 to 

300 bp which is in agreement with many studies undertaken 

in the past (Bhattramakki et al., 2000; Kong et al., 2000; 

Menz et al., 2002; Scholes et al., 2002; Wu et al., 2006; Li et 

al., 2009; Ramu et al., 2009 Disasa et al., 2016a). Besides, 

most of the markers that their fragment sizes lie in this range 

showed clear and longer beaks while scoring using 

GenMapper software (Fig 1) indicated that they should be the 

choice of marker for the application in sorghum improvement 

programs. Previous studies showed that SSR markers have 

been extensively used to detect the variability in grain 

sorghum and to evaluate their genetic diversity (Ali et al., 

2008; Muraya et al., 2011; Adugna et al., 2012; Billot et al., 

2013). The mean number of alleles per locus (3.91) detected 

in this study was lower than the average number of  
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Table 2.  Diversity statistics of key Ethiopian sorghum genotypes computed with 139 polymorphic SSR loci. 

Marker MAF NA Ho He PIC 

Xcup033 0.55 4.00 0.59 0.09 0.52 

Xgap342 0.36 5.00 0.74 0.00 0.70 

Xtxp008 0.20 10.00 0.88 0.20 0.87 

Xtxp012 0.45 4.00 0.64 0.73 0.58 

Xtxp041 0.50 4.00 0.65 0.36 0.59 

Xtxp021 0.45 3.00 0.63 0.00 0.55 

Xtxp024 0.41 7.00 0.77 0.18 0.74 

Xtxp032 0.20 9.00 0.87 0.80 0.85 

Xtxp033 0.14 8.00 0.87 0.43 0.85 

Xtxp0141 0.45 4.00 0.64 0.00 0.58 

Xtxp159 0.50 4.00 0.61 1.00 0.53 

Xtxp285 0.73 4.00 0.45 0.00 0.42 

Xtxp0289 0.50 4.00 0.66 0.00 0.60 

Xtxp0296 0.36 4.00 0.69 0.00 0.64 

Xtxp357 0.45 3.00 0.63 0.00 0.55 

Xgap001 0.30 6.00 0.79 0.10 0.75 

Xgap032 0.25 7.00 0.84 0.00 0.82 

Xgap084 0.71 3.00 0.45 0.00 0.41 

Xisep0110 0.73 2.00 0.40 0.00 0.32 

Xisep0114 0.82 3.00 0.31 0.00 0.29 

Xisep0117 0.82 3.00 0.31 0.00 0.29 

Xisep0132 0.38 4.00 0.71 0.13 0.66 

Xisep0138 0.40 4.00 0.66 0.20 0.59 

Xisep0202 0.40 5.00 0.67 0.30 0.60 

Xisep0224 0.60 3.00 0.54 0.00 0.47 

Xisep0234 0.50 4.00 0.64 0.00 0.58 

Xisep0242 0.38 4.00 0.69 0.00 0.63 

Xisep0310 0.39 5.00 0.75 0.33 0.71 

Xisep0314 0.25 6.00 0.81 0.00 0.79 

Xisep0327 0.65 3.00 0.49 0.10 0.41 

Xisep0429 0.50 3.00 0.55 0.11 0.45 

Xisep0444 0.89 2.00 0.20 0.00 0.18 

Xisep0502 0.50 3.00 0.61 0.11 0.54 

Xisep0517 0.38 3.00 0.66 0.00 0.58 

Xisep0537 0.80 3.00 0.34 0.00 0.31 

Xisep0539 0.43 3.00 0.61 0.00 0.53 

Xisep0543 0.60 3.00 0.56 0.00 0.50 

Xisep0621 0.40 4.00 0.72 0.20 0.67 

Xisep0101 0.30 5.00 0.78 0.00 0.74 

      

Xisep0622 0.50 4.00 0.66 0.00 0.60 

Xisep0624 0.56 3.00 0.54 0.78 0.44 

Xisep0643 0.50 5.00 0.67 0.75 0.63 

Xisep0648 0.75 3.00 0.40 0.33 0.36 

Xisep0704 0.50 4.00 0.60 1.00 0.53 

Xisep0716 0.50 3.00 0.60 0.91 0.52 

Xisep0809 0.63 2.00 0.47 0.00 0.36 

Xisep0815 0.88 2.00 0.22 0.00 0.19 

Xisep0829 0.50 3.00 0.58 0.00 0.49 

Xisep0830 0.60 2.00 0.48 0.00 0.36 

Xisep0831 0.60 3.00 0.54 0.00 0.47 

Xisep0839 0.50 2.00 0.50 0.00 0.38 

Xisep0901 0.63 2.00 0.47 0.00 0.36 

Xisep0905 0.64 3.00 0.52 0.14 0.46 

Xisep0938 0.40 4.00 0.69 1.00 0.63 

Xisep1013 0.50 2.00 0.50 0.00 0.38 

Xisep1029 0.56 4.00 0.62 0.00 0.57 

Xisep1032 0.73 4.00 0.44 0.09 0.41 

Xisep1039 0.60 2.00 0.48 0.00 0.36 

Xisep1046 0.80 3.00 0.34 0.10 0.30 

Xisep1127 0.82 2.00 0.30 0.00 0.25 

Xisep1150 0.33 4.00 0.72 0.00 0.67 

Xisep1717 0.50 3.00 0.62 0.78 0.55 

Xtxp080 0.43 5.00 0.73 0.00 0.70 

Xtxp329 0.44 4.00 0.69 0.00 0.64 

Xcup002 0.64 3.00 0.51 0.00 0.44 

Xcup024 0.50 3.00 0.62 0.00 0.55 

Xcup048 0.57 4.00 0.61 0.00 0.57 

Xcup053 0.60 5.00 0.60 0.00 0.57 

Xcup061 0.59 2.00 0.48 0.09 0.37 

Xisep0108 0.60 4.00 0.58 0.00 0.54 

Xisep0328 0.70 3.00 0.46 0.00 0.41 

Xisep0346 0.73 3.00 0.43 0.00 0.39 

Xisep0422 0.45 3.00 0.63 0.00 0.55 

Xisep0423 0.45 4.00 0.63 0.30 0.55 

Xisep0443 0.45 5.00 0.71 0.00 0.67 

Xisep0612 0.38 4.00 0.72 0.00 0.67 
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                                                           Table 2. continued. 

Marker MAF NA Ho He PIC 

Xisep0449 0.55 2.00 0.50 0.00 0.37 

Xisep0511 0.41 7.00 0.76 0.36 0.73 

Xisep0639 0.27 7.00 0.83 0.00 0.80 

Xtxp014 0.30 6.00 0.80 0.00 0.77 

sbKAKG01 0.55 4.00 0.63 0.00 0.58 

Xcup22 0.73 2.00 0.40 0.00 0.32 

Xcup26 0.82 3.00 0.31 0.00 0.29 

Xcup40 0.55 3.00 0.56 0.00 0.48 

Xcup50 0.45 3.00 0.64 0.09 0.57 

Xisep0506 0.64 3.00 0.51 0.00 0.44 

Xisep0550 0.73 4.00 0.45 0.00 0.42 

Xisep0617 0.70 2.00 0.42 0.00 0.33 

Xisep0630 0.56 3.00 0.59 0.00 0.53 

Xisep0805 0.91 2.00 0.17 0.00 0.15 

Xisep1208 0.50 3.00 0.59 0.00 0.51 

Xtxp211 0.27 7.00 0.80 0.55 0.77 

Xtxp270 0.55 5.00 0.64 0.00 0.61 

Xtxp279 0.27 6.00 0.81 0.00 0.78 

Xtxp284 0.36 6.00 0.78 0.00 0.75 

Xtxp303 0.68 3.00 0.48 0.27 0.42 

Xtxp312 0.27 6.00 0.81 0.00 0.78 

Xtxp315 0.45 3.00 0.58 0.00 0.49 

Xtxp328 0.75 3.00 0.41 0.00 0.37 

Xtxp348 0.70 2.00 0.42 0.00 0.33 

SABAGAH04 0.27 7.00 0.79 0.55 0.76 

SABGEF08 0.64 2.00 0.46 0.18 0.36 

SBAGAB03 0.60 5.00 0.57 0.40 0.52 

SBGE01 0.72 5.00 0.46 0.22 0.43 

SBGEF06 0.61 2.00 0.48 0.56 0.36 

Xcup12 0.64 4.00 0.55 0.00 0.50 

Xcup36 0.32 5.00 0.78 0.36 0.74 

Xcup49 0.77 3.00 0.38 0.09 0.34 

Xisep1042 0.68 3.00 0.48 0.09 0.43 

      

Xisep1103 0.82 2.00 0.30 0.00 0.25 

Xisep1107 0.73 3.00 0.43 0.00 0.39 

Xisep1140 0.45 4.00 0.69 0.70 0.63 

Xisep1145 0.85 3.00 0.27 0.10 0.25 

Xisep1225 0.68 5.00 0.50 0.18 0.46 

Xtxp343 0.18 5.00 0.91 0.73 0.91 

Xtxp026 0.27 7.00 0.83 0.00 0.80 

Xtxp067 0.64 2.00 0.46 0.00 0.36 

Xtxp072 0.33 7.00 0.80 0.78 0.77 

Xtxp091 0.45 5.00 0.71 0.60 0.67 

Xtxp113 0.45 5.00 0.71 0.82 0.67 

Xtxp160 0.68 5.00 0.51 0.36 0.48 

Xtxp205 0.70 2.00 0.42 0.20 0.33 

XtXt267 0.56 5.00 0.64 0.00 0.61 

Xtxp335 0.56 4.00 0.57 0.11 0.50 

Xisep1231 0.60 2.00 0.48 0.00 0.36 

Xisep0435 0.77 2.00 0.35 0.45 0.29 

Xtxp021 0.55 3.00 0.60 0.00 0.53 

Xtxp023 0.56 3.00 0.59 0.00 0.53 

Xtxp031 0.67 3.00 0.50 0.00 0.45 

Xtxp034 0.64 5.00 0.56 0.00 0.53 

Xtxp258 0.27 5.00 0.76 0.00 0.72 

Xtxp274 0.45 6.00 0.73 0.00 0.70 

Xtxp283 0.50 3.00 0.60 1.00 0.52 

Xtxp286 0.73 3.00 0.43 0.00 0.39 

Xtxp298 0.33 5.00 0.77 0.00 0.73 

Xtxp307 0.65 5.00 0.55 0.10 0.52 

Xtxp324 0.59 3.00 0.57 0.45 0.50 

Xtxp358 0.56 5.00 0.63 0.13 0.60 

Xtxp361 0.36 6.00 0.76 0.00 0.73 

Total 74.49 543 81.24 22.07 73.49 

Mean 0.54 3.91 0.58 0.16 0.53 
MAF –Major allele frequency; NA –Allele number; Ho – observed heterozygosity; He –expected heterozygosity; PIC –Polymorphic information content 
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Fig 2. Neighbor-joining cluster analysis dendrogram showing the genetic relationship among the farmers preferred sorghum 

genotypes based on 139 SSR markers. Red colors indicate globally known genotypes for their stay-green features while blue colors 

stands for Ethiopian genotypes with potential stay green characteristics.    

 

alleles reported by Wang et al. (2009) but slightly higher than 

the result documented by Ali et al. (2008) who documented 

3.2 on an average. The result was also lower than mean value 

obtained from genotyping of large number of sorghum 

accessions collected around the world (Billot et al., 2013). 

This variation is most probably due to the diverse and 

massive accession used for genotyping and the polymorphic 

nature of the selected SSR markers. Most of the markers used 

in the present study were highly informative as well as highly 

polymorphic. The polymorphic information content values of 

markers play an important role in estimating the 

discrimination power in a set of accession based on the 

number of alleles as well as the frequencies of each allele 

(Smith et al., 2000). The computed average PIC value (0.53) 

in this experiment was very close to most of the previously 

reported values using both grain and sweet sorghum (Agrama 

and Tuinstra,2003; Caniato et al., 2007; Ali et al., 2008; 

Wang et al., 2009; Ramu et al., 2013). However, the result 

was somewhat lower than the average PIC value reported in 

wild sorghum (Muraya et al., 2011; Adugna et al., 2012) and 

sweet sorghum (Disasa et al., 2016a) populations. This is 

possibly due the polymorphic nature of the selected SSR 

markers used for genotyping as well as type of germplasm 

studied. Since the selected markers are highly polymorphic, 

they will serve as background markers for further molecular 

characterization and mapping of Ethiopian sorghum 

germplasm lines in the future. The overall mean gene 

diversity (0.58) in this study is slightly lower than previously 

reported studies (Deu et al., 2008; Adugna et al., 2012; Billot 

et al., 2013). However, this shouldn’t be used for comparison 

purposes because estimates of such type of genetic 

parameters depends on various factors such as the type of 

marker used (Barakat et al., 2011), the size of the SSR 

repeats and the location of the SSR on the genome (between 

coding or non-coding DNA regions), the sampling schemes 

(single plant or DNA bulk) and the number of surveyed SSR 

(Deu et al., 2008).  The principle coordinate analysis based 

on the dissimilarity of 139 SSR markers and cluster analysis 

clearly showed that Sorcoll 163/07 clustered tightly with B 

35. Similarly, Neighbor-joining cluster analysis grouped the 

accessions (Sorcoll 163/07 and Sorcoll 141/07) in between 

the two stay-green genotypes (E 36-1 and B 35). This 

suggests that the accessions have similar genome 

composition to that of the stay-green materials and may be 

originated from the same environment. This information 

helps to validate previous reports which are based on 

morphological screening of genotypes for the trait of interest 

like drought tolerance in sorghum. Mengistie (2009) also 

reported that three accessions (Sorcoll 163/07, Sorcoll 141/07 

and Sorcoll 146/07) collected from different parts of Ethiopia 

showed stay-green features after evaluating morpho-

physiologically in different water deficit environment. 

 

Materials and Methods 

 

Sorghum germplasm selection  

 

Eleven Ethiopian farmers preferred sorghum genotypes were 

used to screen and compile informative microsatellite sets 

that can be used for marker-assisted breeding of Ethiopian 

sorghum cultivars. These genotypes were Teshale, Gambella, 

Meko, Melkam, Macia, 76T#1, B 35, E 36-1, Sorcoll 141/07, 

Sorcoll 146/07 and Sorcoll 163/07. They were selected for 

their essential traits such as: early maturity, seed quality, high 

yield, high sugar content and drought tolerance.  

 

Preparation of plant samples and DNA extraction 

 

Seeds of eleven selected sorghum genotypes were sown in a 

greenhouse at the National Agricultural Biotechnology 

Research Center (NABRC) of the Ethiopian Institute of 

Agricultural Research, Ethiopia. Leaf tissues were collected 

from two to three-week-old seedlings followed by genomic 

DNA extraction using Promega Kit (Madison, USA) and 

CTAB method (Mace et al., 2003) in order to compare the 

two protocols for further sorghum genotyping. Quantity and 

quality of the DNA was checked using Qubit®2.0(Life 

Technologies, Grand Island, NY) and by running on 0.8% 

agarose gel stained with GelRed® (Biotium, USA), 

respectively.  

 

Polymerase chain reaction and fragment analysis 

 

SSR genotyping and data analysis was done at ICRISAT-

Nairobi in Kenya. A total of 304 polymorphic SSR primers 

that were evenly distributed across the whole sorghum 

nuclear genome  were selected for use in genotyping the 

eleven genotypes. The markers were selected from previous 

reports (Brown et al., 1996; Bhattramakki et al., 2000; Kong 

et al., 2000; Menz et al., 2002; Wu et al., 2006; Li et al., 

2009; Ramu et al., 2009) and were obtained from ICRISAT-

India. All forward primers contained an M13-tag (5’- 

CACGACGTTGTAAAACGAC - 3’) on the 5’ end that was 
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Table 3. Pair wise population Nei’s genetic distance showing the magnitude of genetic differentiation among key Ethiopian sorghum genotypes. 

Genotypes  Sorcoll 141/07 Sorcoll 146/07 Sorcoll 163/07 76T1#23 B-35 E 36 Gambella Macia Meko Melkam Teshale 

Sorcoll 141/07 0.000 

          Sorcoll 146/07 0.667 0.000 

         Sorcoll 163/07 0.619 0.676 0.000 

        76T1#23 0.855 0.565 0.731 0.000 

       B-35 0.594 0.730 0.495 0.743 0.000 

      E 36-1 0.690 0.620 0.757 0.648 0.716 0.000 

     Gambella 0.779 0.505 0.728 0.509 0.743 0.643 0.000 

    Macia 0.754 0.599 0.750 0.487 0.746 0.648 0.492 0.000 

   Meko 0.786 0.514 0.654 0.464 0.728 0.662 0.380 0.578 0.000 

  Melkam 0.763 0.518 0.756 0.517 0.725 0.623 0.204 0.512 0.395 0.000 

 Teshale 0.681 0.227 0.638 0.565 0.667 0.581 0.462 0.496 0.496 0.452 0.000 

 

 
Fig 3. Biplot of the axis 1 and 2 of the principle coordinate analysis based on the dissimilarity of 139 SSR markers for key Ethiopian sorghum genotypes. Green colors indicate genotypes with 

potential stay green gene source where as red colors stand for non-stay green gene source.   
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fluorescently labeled to allow detection of amplification 

products (Schuelke, 2000). PCR amplification was performed 

in 10 µl reaction volume comprising of 1 x PCR buffer (20 

mM Tris-HCl, pH 7.6; 100 mMKCl; 0.1 mMEDTA; 1 

mMDTT; 0.5% (w/v) Triton X-100; 50% (v/v) glycerol), 2 

mMMgCl2, 0.16 mM dNTPs, 0.16 µM fluorescent labeled 

M13-forward primer, 0.04 µM forward primer, 0.2 µM 

reverse primer, 0.2 units of Taq DNA polymerase 

(SibEnzyme Ltd, Russia) and 30 ng of template DNA. 

Forward primers were labeled with FAM, PET, NED or VIC 

(Applied Biosystems, USA). PCR was carried out in a 

GeneAmp® PCR System 9700 thermal cycler (Applied 

Biosystems) programed for initial denaturation at 94°C for 15 

min, followed by second denaturation at 94°C for 30 sec, 

annealing at 50°C for 1 min, extension at 72°C for 2 min and 

final elongation at 72°C for 20 min.  

Successful amplification was confirmed by running 2.0 µl 

of the PCR products on a 2% (w/v) agarose gel stained with 

GelRed® (Biotium) and visualized under UV. Depending on 

the nature of fluorescent label and strength of the 

amplification bands used, a volume ranging from 2.5 µl to 

3.5 µl of four different amplification products were co-loaded 

along with the internal size standard, GeneScan™ –500 

LIZ® (Applied Biosystems) and Hi-Di™ Formamide 

(Applied Biosystems, USA). The fragments were separated 

by capillary electrophoresis using an ABI Prism® 3730 

Genetic analyzer (Applied Biosystems).  PCR fragment sizes 

were manually scored using GeneMapper 4.0 software 

(Applied Biosystems). Power Marker v.3.25 (Liu and Muse 

2005) was used to compute PIC, heterozygosity (Ho) and 

gene diversity (expected heterozygosity, He) for each marker 

as well as the average across markers. Polymorphism 

information content (PIC) was calculated using the method of 

Botstein et al. (1980).   

 
Where, pi and pj are the frequencies of alleles i and j, 

respectively  

 

Phylogenetic analysis 

 

To identify the pair-wise genetic relationships among 

accessions, a genetic dissimilarity matrix was analyzed using 

Neighbor Joining (NJ) method, as implemented in 

DARwinv5 (Perrier and Jacquemoud-Collet, 2006). The 

dendrogram was also constructed using the same software.  

 

Conclusion 

 

Detection of a large number of SSR markers that are 

polymorphic among Ethiopian key sorghum genotypes plays 

a significant role in a marker-assisted breeding program of 

the crop. It helps to discern contrasting parents to be used as 

mapping population on the DNA level and hence improves 

the efficiency of sorghum improvement program. Validation 

of morph-physiological characterized stay-green genotypes 

collected from different regions has been successfully 

achieved in this experiment. It was very important to 

compare these genotypes with globally known stay-green 

sorghum genotypes using large numbers of molecular 

markers. The selected markers are capable of categorizing 

Ethiopian key sorghum genotypes according to their 

adaptation to various biotic and abiotic stresses. The selected 

microsatellites sets would be useful resources for marker-

assisted breeding program of the country as well as the 

region.  
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