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Sorghum (Sorghum bicolor (L.) Moench) Genotypes of Northern and Eastern Ethiopia 

as Revealed by SSR Markers 

Abebaw Misganaw Ambaw 
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Abstract 

 Sorghum (Sorghum bicolor (L.) Moench) is the most stable and important food security crop 

in Ethiopia accounting for nearly 40% of human calorie intake. Knowledge of the natural 

genetic composition of the crop provides the option to further exploit its genetic potential 

through breeding. However, there are limited reports on the genetic variability of Ethiopian 

sorghum using a medium-throughput marker system. Hence, the current study was designed 

to evaluate the genetic variability of released and landrace Ethiopian sorghum genotypes 

using polymorphic microsatellite markers. A 92 sorghum accessions collected from five 

Ethiopian ecological zones were targeted using 12 SSR markers. The study resulted in 77 

alleles across the entire loci and populations. All the used microsatellite loci were highly 

polymorphic with PIC ranging from 0.66 to 0.82 and an overall mean of 0.76. The analysis 

confirmed the presence of high gene diversity ranging from 0.71 to 0.84 with overall mean of 

0.79. There was a higher genetic differentiation (FST=0.21) showing the presence of moderate 

gene flow. The analyzed molecular variances indicated the existence of large genetic 

differentiation (FST=0.21) where 90% of the total variation was accounted for within 

populations genetic variability, leaving only 10% for the among populations variation. The 

PCoA, clustering, and population structure did not cluster the studied populations into a 

separate groups according to their geographical areas of sampling due to the presence of 

considerable gene flow (Nm= 2.13). In conclusion, based on the overall evaluated loci the 

highest intra-population diversity was observed among populations of North Gondar (Het= 

0.75) and South Tigray (Het= 0.74), and hence these areas can be considered as hot spots for 

the identification of genotypes for breeding program. Therefore, the present study generated 

valuable information for sorghum breeding programs, and for conservation measures.  

 

Keywords: Cluster, Gene flow, Genetic differentiation, Genetic distance, Landraces,   

                   PIC, Released
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1. INTRODUCTION 

Sorghum (Sorghum bicolor (L.) Moench 2n=2X=20) is the most substantial and stable cereal 

crop with more than 60 Mt of global total production every year (Mundia et al., 2019). It is 

the second most basic tropical and sub-tropical cereal crop with a total annual production of 

20 Mt and over 100 million African people are depending on it (Borrell et al., 2001). In 

Africa, the major sorghum-producing countries such as Nigeria, Burkina Faso, Sudan, and 

Ethiopia are approximately producing 72% of the overall sorghum production (FAO, 2015). 

Sorghum supplies and guarantees for 40% of human calorie intake in the majority of regions 

of Sudan and Ethiopia (Kresovich et al., 2005). 

 Ethiopia contributed a tremendous amount of sorghum germplasm to the world sorghum 

collection representing the country as the center and origin of different sorghum genotypes 

(Upadhyaya et al., 2017). Basically, in the lowland areas, sorghum is the most vital cereal 

crop for the Ethiopian national economy (Abraham Reda, 2014). It has been reported that 

sorghum was domesticated in Ethiopia and nearby countries around 4000-3000 BC (Dillon et 

al., 2007). Logical proof and evidence are signifying that sorghum was first trained and 

cultivated in western Ethiopia (Doggett, 1988). This is additionally confirmed by the 

presence of different number of wild sorghum genotypes in Ethiopia (Berhane Gebrekidan, 

1982). Ethiopia is the central point for a variety of sorghum genotypes and is a potential 

region to discover novel genotypes that could be comprehensively adaptable to different 

biotic and abiotic stresses (Reddy et al., 2009). For example, the two well recognized 

sorghum lines (B35 and E36-1) are local to Ethiopia and used as a source for drought 

tolerance genes (stay green) (Reddy et al., 2009), and Singh and Axtell (1973) announced 

two Ethiopian sorghum genotypes (IS11167 and IS11758) with high lysine content.  
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Likewise, sorghum varieties that originated from Ethiopia and that are superior to others have 

been released in Eritrea, Zambia, Burundi, Burkina Faso, and Tanzania (Reddy et al., 2006), 

and are highly contributing to the national economy in these countries.  

 In Ethiopian agriculture, 1,679, 277.06 hectare areas are allocated for sorghum production 

(CSA, 2020). Sorghum is adaptive and growing in a wide range of agro-ecologies and 

resulting in the development of plenty of sorghum landraces. It is produced in various regions 

of the country and plays an important role to meet and sustain the food demands of million 

populations (Roa et al., 2002). Nationally, sorghum is also progressively gaining importance 

for bioethanol energy generation (Mathur et al., 2017).  

Furthermore, it is widely recognized that the low water requirement nature of the crop 

provided extra opportunity to be the most suitable and ideal cereal crop under a low input 

crop-growing system (Gnansounou et al., 2005). It is also suitable for intensive mechanized 

agriculture due to seed-based planting and cultivation methods (Gnansounou et al., 2005). 

The incidence of environmental stresses such as stem borer, molds, anthracnose, and Striga, 

including drought has highly constrained sorghum production (Zigale Semahegn, 2019). 

Subsequently, to avoid those production constraints, the effort of plant breeders and marker 

technology is always indispensable to understand the sorghum genetic diversity. 

Consequently, the rapid genetic characterization of sorghum genotypes for traits of interest is 

becoming the most important step to develop superior sorghum genotypes adaptive to a wide 

range of agro-ecologies (Huang et al., 2015). Today, the collective efforts of sorghum 

breeders with the application of both phenotypic and molecular markers are ongoing to meet 

sorghum breeding objectives. However, phenotypic assessment-based sorghum yield 

improvement is slow, expensive, and inefficient to achieve the national sorghum breeding 

objectives. As a result, to improve the productivity of sorghums in the semi-arid regions of the 

https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-212#ref-CR67


Abebaw M. A.                                                                                  Introduction   

3 

world, marker technologies and conventional breeding approaches need to be integrated 

(Cuevas and Prom, 2013). 

Understanding the genetic association among sorghum relatives using modern breeding tools 

along with marker technology would be elemental to assist and speed up conventional 

breeding programs for better exploitation of sorghum genetic resources. Besides, the 

magnitude and importance of genetic variability assessment for crop yield improvement 

have been demonstrated and applied for sorghum yield improvement (Ejeta Gabissa, 2007). 

Consequence, various molecular diversity studies have been conducted and indicated the 

potential input of sorghum genetic variability analysis for economically desirable traits 

improvement. The presence of huge genetic diversity in sorghum has been confirmed using 

various marker systems including ISSR (Yangg et al., 1997), RFLP (Jordann et al., 1999), 

RAPD (Uptmoor et al., 2003), AFLP (Ritter et al., 2007), SSR (Cuevas and Prom, 2013), 

EST-SSR (Ramue et al., 2013), (DArT) (Macea et al. 2008) and SNP (Morriss et al., 2013).  

However, the so far reported genetic structure analysis of Ethiopian sorghum relatives is 

insufficient to characterize the huge Ethiopian sorghum genetic resource. Consequently, there 

has been a limited utilization of the available genetic resource to improve agronomically 

important traits. Hence, there is a need to characterize, classify and utilize these novel genetic 

resources in the large scale sorghum breeding to boost sorghum production and productivity to 

ensure food security and to meet the food demand in Ethiopia. Therefore, this research was 

conducted to analyse the genetic structure of released and landrace Ethiopian sorghum 

using informative SSR markers to generate valuable information for future sorghum breeding 

and yield improvement program.  

https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-212#ref-CR54
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1.1 General Objective 

 To investigate the genetic structure of released and landrace Ethiopian sorghum 

genotypes using SSR markers.  

1.2 Specific objectives 

 To assess the genetic diversity of released and landrace sorghum genotypes of 

Ethiopia using microsatellite markers. 

 To determine the population structure of released and landraces of sorghum 

genotypes.  
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2. LITERATURE REVIEW 

2.1 Origin and Distribution of Sorghum 

The .use .of .wild .sorghum .as .food .grain .was .started .in .the .Sahara .regions (Venkateswaran .et .al., 

.2019). .Likewise, .the .fourth .millennium .BC .has .a .historical .indication .that .eastern .Sudan .is .the 

.first .place .where .the .earliest .sorghums .originated .and .were .domesticated .for .cultivation (Winchell 

.et .al., .2017). iIt iwas inotorious iand icontroversial ito iknow iand ipoint iout ithe iexact iregions ifor 

isorghum idomestication iand icultivation i(Venkateswarann iet ial., i2019), ihowever, iaccording ito ithe 

iarchaeological ireport ieastern iSudan iwas ipredicted ias ithe ipotential iplace ifor isorghum 

idomestication i(Fuller, i2018). iOn ithe iother iside, iaccording ito isome irecent ireports iand iimplications 

ithe ievent iof idomestication imay iprobably ibe ifrom imore ithan ia isingle igeographical iplace, ifor 

iexample, ithe ignus iguinea-margaritiferum iwas ioriginated ifrom imultiple igeographical isites 

i(Macee iet ial., i2013). Based on the archaeological evidence, the commonly distributed and cultivated 

sorghum races such as S. bicolor originated from its wild relative Sorghum bicolor (L.) Moench subsp. 

verticilliflorum (Doggett, 1988). According to Doggett (1988), three major hypothesis were projected 

to confirm and clarify the exact sorghum origin and domestication site. The first hypothesis declared 

that West Africa is the possible place of sorghum origin and domestication. The second hypothesis is 

that sorghum has originated and domesticated in eastern Sahara and the final proposed hypothesis 

stats that sorghum. Race durra has originated and domesticated in India. 

Sorghum was physically distributed into various agro-ecologies from its first ancestor that originated 

in Africa into the globe mostly by trade routes. Also, human migration was another way for sorghum 

distribution and circulation, which is originated from east Africa across southern and eastern Africa  

(Mann et al., 1983). Consequently, it was re-introduced to the Middle East towards India through trade 
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routes (Mann et al., 1983). Afterward, sorghum becomes popular and playing a significant 

economical role in the Indian agriculture system (Kleih et al., 2000) and then India got recognized as 

the second center for sorghum diversity (Appa et al., 1996). 

Furthermore, the introduction of sorghum into different regions of China from India continued 

through sea and territorial trade routes. River Indochina was the one responsible for sorghum race 

distribution between China and India (Venkateswaran et al., 2019). Genetically, the eastern African 

sorghum relatives are related to Amber cane whereas the introduced Indian Sorghum bicolor is the 

progenitor of the Kaoliangs.(Doggett, 1988). There is also an archeological confirmation that explains 

that Kaoliangs might have originated from the local wild diploid sorghum relatives  (Harlan, 1995). 

Based on the evidence of archaeological studies report Yellow River Valley was the anticipated 

geographical area where the most primitive sorghum races were originated and cultivated 

(Venkateswaran et al., 2019). In the 19
th

 century, the sorghum race Chinese Amber was introduced 

from China into the USA with the help of slave traders (Martin, 1936). In the 1900s, Americans were 

the most responsible to introduce Sorghum races into Queensland, Australia (Venkateswaran et al., 

2014). Finally, sorghum became the foremost important summer crop in Australia and responsible for 

5% of the global sorghum export (Venkateswaran et al., 2019). 

2.2 Taxonomic iClassification iand iRace 

Taxonomically, isorghum ibelongs ito ithe ikingdom, iclass, iorder, ifamily iand igenus, iof iPlantae, 

iLiliopsida, iCyperales, iPoaceae, iand iSorghum irespectively i(Hariprasanna, i2015). iAccording ito 

iSnowden’s itaxonomy, iwhich iwas ibased ion ia iphenotypic itrait, isorghum irace ihas ibeen iclassified 

iinto itwo isub igroups isuch ias iEu-sorghum iand iPara-sorghum i(Snowden, i1955). iNevertheless, ithe 

idomesticated isorghum irelatives iare inow igrouped iinto ifive isub-genera iaccording ito itheir 
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imorphological ifeatures: iEu-sorghum, iStiposorghum, iHetero-sorghum, iChaeto-sorghum, iPara-

sorghum i(Lazaridess iet ial., i1990) i(Figure i2.1). iEven ithough ithe iSorghum ibicolour i(L.) iraces iwere 

idomesticated iand icultivated iin iEastern iAfrica, inow ia iday i17 iSorghum isub ispecies iare itotally ilocal 

iand iindigenous ito iSouth iAustralia iand i13 iof ithem iare iendemic. iIn ithis idiverse igenus, iknowing ithe 

idefinite inumber iof isorghum isub ispecies iis inotorious iand inot iclearly idocumented iyet. iBased ion 

iDiillon iet ial., i(2001) ireport, ithe i25 iSorghum isub ispecies iare igeographically idistributed imostly iin 

ithe ithree icontinents isuch ias i(Australia, iAsia, iand imuch iof iin iAfrica). iFor iinstance ithe ispecies 

iKuntze, ithat iindigenous iand ilocal ito iMexico iare igrowing ionly iin ilimited iagro iecological ilocations 

i(Spangler, i2003) iwith ionly ilimited itaxonomic iinformation. iKew’s iAngiosperm iDNAC-values 

idata ibase, icurrently ilists iand iprovided itaxonomic iinformation ifor ia i32 iSorghum isub ispecies 

i(Leitcch iet ial., i2018). iThese idiffering itaxonomic iclassifications iare ireferring idifferent 

imorphological iparameter ithat iis iwhy isorghum itaxonomy iis ia icomplex iprocess iand icontroversial 

iarea ifor iscientific iand itaxonomic istudy i(Figure i2.1). iNow ia iday, ithere iare i24 iaccepted isorghum 

ispecies i((USDA, i2020) i 

According ito iVenkateswarann iet ial. i(2014) ireport, itaxonomic iclassification iwas iby ireferring ithe 

iagro-morphological ifeatures iand iis iless iimportant iand iaccurate ias iit icauses itaxa iand igenus 

ioverlapping. iHowever, ithe irecent istudies iwhich iis ibased ion ithe imolecular iparameters, isuch ias 

iDNA isequencing idata, iwas iable i ito iclassify ithe ispecies iwith iclear iand iprecise igrouping isystems 

i(Venkateswarann iet ial., i2014). iThe imolecular ibased idiversity ianalysis iconfirmed ithe ioccurrence 

iof ilarge igenetic ivariation idescribe iEthiopia ias ia icentre ifor isorghum iorigin i(Vavilov, i1951). i
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 i i i i 

 

Figure i2-1 iSorghum imorphological iSpecies idiversity ishowing ithe ifive isorghum iraces: i(Harla, i1972) i
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.Hence, iall ireported iproof iindicated ithat ithe ieast ipart iof iAfrica, iparticularly iEthiopia, ithe icentre ifor 

imany isorghum ispecies. iTherefore, ithe igreatest igenetic ivariability iof idifferent isorghum iis ilocal ito 

iEthiopia iand ithe isurrounding ieastern iAfrican icountries. iEthiopia iis iknown ias ithe icenter iof iorigin 

iand idiversity iof isorghum i(Doggett, i1988).Therefore, ithis igives ian iopportunity ito ilook ifor iuseful 

igenes ifrom iour idiverse isorghum ilandraces ito iaddress iproduction ienvironmental iconstraints iof ithe 

icrop. i 

2.3 Sorghum iproduction iand iuse 

Sorghum is ranked 5
th

 based on its annual production around the world with over 60 Mt (Mundia 

et al., 2019). In Africa, sorghum is the second most elemental cereal crop with a total of 61% 

production area and 41% production to secure the food demands of over 100 million African 

people (Mundia et al., 2019). Nigeria and Burkina Faso together with Sudan and Ethiopia are the 

fore most sorghum-producing countries of the continent, whose production is approximately 

72% of the total sorghum production in Africa (FAO, 2015). More specifically, in most regions 

of Sudan and Ethiopia, sorghum sourced about 40% of human calorie intake (Kresovich et al., 

2005). 

In Ethiopia, sorghum is the second most important cereal crop, mostly in the low land areas 

where rainfall is irregular and unpredictable (Abraham Reda, 2014). From the total cultivated 

area, sorghum production covers about 1,679, 277.06 hectare areas for sorghum 

production.(CSA, 2020). In Ethiopia, sorghum is used for daily human consumption like 

flatbread (Kita), “injera”, and also to brew alcoholic drinks (CSA, 2017). The straw is also used 

for animal feed. The crop is commonly adaptive to a wide range of environments ensuing in the 

evolution of ample landraces cultivated in various production regions of the country  (Roa et al., 

2002). This crop is growing in a wide range of agro-ecologies and playing a significant role as a 
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stable food grain for millions of food-insecure populations. In addition to its use as grain, 

sorghum is also gradually becoming useful for bioethanol production (Mathur et al., 2017). 

Sorghum is the most appropriate and ideal cereal crop under low input agriculture due to the low 

water requirement nature of the crop  (Gnansounou et al., 2005). The crop is cultivated during 

the warm season because it is highly adapted to drought, high temperature, and low soil fertility 

that make the crop major food grain in Arid and semi-Arid environments. Sorghum uses a C4 

photosynthesis mechanism that helps for the survival of the crop under harsh environmental 

conditions by improving its carbon assimilation during high temperatures. Besides, it can reduce 

water loss by widening its root system and by having waxy bloom on the leave. Seed-based 

cultivation also makes it suitable for intensive mechanized agriculture (Gnansounou et al., 2005). 

Sorghum production is highly constrained by both biotic stresses such as stem borer, molds, 

anthracnose, and Striga, and abiotic stresses such as drought  (Zigale Semahegn, 2019).  

2.4 Sorghum iGenetic iDiversity 

To develop superior sorghum genotypes, genetic characterization is the most ideal and important 

step for genetic improvement with particular traits of interest (Huang et al., 2015). Even though, 

sorghum improvement based on phenotypic assessment is slow and inefficient (Menkir et al., 

1997), sorghum breeders with the development and the joint application of phenotypic and 

molecular markers are underway to meet the national sorghum breeding objectives.  

These days, new marker technologies and approaches are emerging to be integrated with the 

conventional breeding approaches to improve the productivity of sorghums and to meet the food 

demand for millions of lives in the world. Also, to improve food security, better utilization of the 
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sorghum genetic resources using modern breeding approaches is fundamental to support 

conventional breeding programs by assessing the genetic relationship among sorghum 

genotypes.  

Various igenetic idiversity iand igenetic idistance istudies ihave ibeen iconducted ibased ion iphenotypic, 

ibiochemical, iand igenetic imarkers. iIn ithe ipast, ithe iutilization iof ibiochemical imarkers isuch ias 

iisozymes iand ifunctional iproteins iwas icomprehensively iused ito iassess ithe iplant igenetic iresources. 

iThe ioutcome iindicated ithe isignificance iof isorghum igenetic idiversity ianalysis ifor icrop 

iimprovement. iConsequently, itoday idifferent itypes iof igenetic imarkers iare ibeing iapplied ito 

icharacterize iand ievaluate ithe igenetic idiversity iof isorghum. iFor iinstance, iRandomly iAmplified 

iPolymorphic iDNA i(RAPDs) i(Uptmoor iet ial., i2003); iRestriction iFragment iLength iPolymorphism 

i(RFLP) i(Jordan iet ial., i1998); iInter iSimple iSequence iRepeats i(ISSRs) i(Yang iet ial., i1996); 

iAmplified iFragment iLength iPolymorphism i(AFLP) i(Ritter iet ial., i2007); iSimple iSequence iRepeat 

i(SSR) imarkers i(Cuevas iand iProm, i2013); iExpressed iSequence iTage iSimple iSequence iRepeat 

i(EST-SSR) imarkers i(Ramu iet ial., i2013); i(DArT) i(Mace iet ial. i2008) iand iSingle iNucleotide 

iPolymorphism i(SNP) imarkers i(Morris iet ial., i2013). iThose istudies ireported ithe iexistence iof 

imoderate ito ihigh isorghum igenetic idiversity. iAccordingly, igenetic icharacterization iof isorghum iis ia 

igood idemonstration iof ithe iimportance iof igenetic idiversity iassessment ifor icrop iimprovement i(Ejeta 

iGabissa, i2007). i 

However, ifor igenetic idiversity ianalysis, ithe ichoice iof imolecular imarkers idepends ion icost, itime, 

imarker iheritability, iand iquantity iof iDNA irequired, itechnical ilabour, iand idegrees iof 

ipolymorphism, inumber iof iloci, iprecision, iresolution, ienvironmental istability, iand istatistical 

ipower iof ithe itests i(Garcia iet ial., i2004). iTherefore, ifor isuccessful igenetic idiversity ianalysis, ithere 

https://springerplus.springeropen.com/articles/10.1186/2193-1801-3-212#ref-CR54
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iis ino isingle iand irecommended imethod. iHowever, iit iis ifrequent iand ipopular ito iuse iDNA-based 

igenetic imarkers, iwhich iare imore ireliable iand irobust imethods ifor icrop igenetic idiversity ianalysis 

i(Amsalu iAyana iet ial., i2001). 

Simple iSequence iRepeats i(SSR) ialso inamed imicrosatellites; iwhich iare iPCR-based imarkers iwith 

ishort itandem irepeats i(STRs) iand ishort inucleotide imotifs i(2-6 ibp/ntd). iThese irepeat imotifs ican ibe 

idi-, itri- iand itetra, ie.g. i(AT)n, i(TAT)n, iand i(CATA)n, iwhich iare icommonly idispersed iright 

ithrough ithe igenomes iof ithe icrop iplants. iTheir irepeat ivaries iacross iindividuals iand ileads ito 

ipolymorphic igenetic iinformation iin ithe iplant's igenome. iThe iflanking iDNA isequences 

isurrounding ithe imicrosatellite iregions iare itypically iconserved, iand ispecific igenetic iprimers iwhich 

iare ispecific ifor ithe imicrosatellite iregions iare iconsidered ito ibe iused ifor iPCR iamplification iand 

igenotyping. iThe iprior isequence iinformation iis irequired ifor iprimer idesign. i 

SSR imarker irequires iDNA iin inanogram, imoderate iDNA iquality, iis ico-dominant, iproduces ihigher 

ipolymorphism, ihighly ireproducible, i1-3 iloci ican ibe ianalyzed, iand iare ieasy ito iuse i(Nadeem iet ial., 

i2018). iThey iare iquite imany iin ieukaryote igenomes iand ipresent iample igenetic iinformation iand iare 

ihyper-variable, ilocus-specific, iand imulti-allelic, iare ireasonable icost-wise, iand iare iapplicable iin 

igenetic istudies, iand ican ibe ianalyzed iby ifast iand isimple iPCR i(Pereira iet ial., i2013). i 

Thus, iSSR imarker iis ipopular ito ianalyze iand iquantify igenetic idiversity, iand ifinding igenetic 

irelationships iamong icollections ioriginated ifrom ia idiverse igeographical ilocation ifor ieffective 

iutilization iof igenetic iresources i(Xu iet ial., i2016). iPractically iSSR imarkers iare ibeing iapplied ifor 

icharacterization iand ifingerprinting iof ithe inatural igenotypes i(Menz iet ial., i2004), ievaluation iof 

igenetic idistances iand iidentity iamong ipopulations i(Asfaw iAdugna, i2014), ifor iagronomically 
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iimportant iQTL idetection, ilinkage ianalysis iand ito idiscover iagronomically iimportant itraits ifrom 

iwild isorghum irelatives ithrough ilinkage imap iapproaches i(Klein iet ial., i2001). i 

Therefore, iof ithese iDNA imarkers, iSSR imarkers iare ithe iforemost iimportant iand ipopular imarkers 

iof ichoice iunder ithe icurrent ibreeding iprograms. iAs ia iresult, ithe iconducted igenetic idiversity 

istudies ion iEthiopian isorghum irelatives iusing iSSR imarkers iindicated ithe ipresence iof iconsiderable 

isorghum idiversity imostly iwithin ithe ipopulations icollected iand icultivated ifrom idiverse iagro-

ecologies. iClassification iof iEthiopian isorghum irelatives ibased ion iadaptation izone iis imore ireliable 

ithan ithe icenter iof iorigin iand iconfirmed ithat iEthiopia iis iboth icenters iof idiversity iand 

idomestication ifor ithe isorghum irace i(Doggett iand iRao, i1995). i 

Also, ia itotal iof i80 isorghum irelatives icollected ifrom iEthiopia iand iEritrea ihas ibeen igenetically 

ianalyzed iusing iRAPD imarkers iand ishowed iample igenetic idiversity iwithin iecologies ithan iorigins 

iindicating ithat ithe iexistence iof iweak isorghum igenetic idifferentiation ibased ion iregional ibases, 

iconfirming ithe iexistence iof iout icrossing ibetween icultivated isorghum iand iweedy irelatives, iplus 

iseed iexchange iby itrade iroutes i(Amsalu iAyana iet ial., i2000). 

 iThe iprevious istudy ion ia icluster iand ipopulation istructure ianalysis iusing iEthiopian isorghum 

imaterials iestablished iat ithe iUSDA iusing iSSR imarkers ishowed ithe ipresence iof ihigh isorghum 

igenetic ivariability iin iEthiopia iand iconfirmed ithe ievent iof igene iflow iamong ihighly irelated 

isorghum irelatives iof ithe isub-population i(Cuevas iand iProm, i2013). iMoreover, ithere ihas ialso ibeen 

ireported iby iother igenetic istudies iabout ithe ipresence iof iwider isorghum i(bi-color) igenetic idiversity 

iin iEastern iAfrica iregions, ifor iinstance, ithe iSSR igenetic istudies iconducted ifor ithe isorghum 

imaterials icollected ifrom iEastern iKenya i(Muui iet ial., i2016), iEritrea i(Tesfamichael iAbraha iet ial., 
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i2014), iand iZambia i(N iG’Uni iet ial., i2011) iprovided iadditional iinsight ifor isorghum idomestications 

iand iorigins. iLikewise, iSSR-based ianalysis iconducted iby iTesfaye iDisasa iet ial. i(2016) ireported ithe 

iexistence iof ihigh igenetic idiversity iwithin ithe iEthiopian isweet isorghum imaterials iand isuggesting 

ithat iEthiopia imight ibe ithe icenter iof idiversity ifor isweet isorghum irelatives itoo. i 

The iforemost iimportant ifactors ithat ihave icontributed ito ithe ihigher igenetic ivariability iamong 

isorghum ipopulations iare ithe iexistence iof idiverse iagro-ecologies, igene iflow iamong iwild iand 

icultivated irelatives, iand ipatterns iof iout ibreeding iamong isorghum ilandraces i(Yao iet ial., i2004). 

iThe ievent iof inational iand ilocal iseed iexchange iand ithe igrowing iof ivarietal isorghum imixtures, ithe 

iagricultural isystem imay ialso icontribute ito ithese ivariations i(Frew iMekbib, i2008). iBesides, 

icollecting ileaf isamples ifrom idifferent iplants iduring iDNA iextraction imay ibe iresponsible ifor ithe 

ivariation iamong iplants isince ilandraces iare ihighly idiverse i(Cuevas iand iProm, i2013). i 

Therefore, iaccording ito iMissihoun iet ial. i(2015) iimplication, iconducting igenetic idiversity ianalysis 

ibased ion ithe ibotanical iand imorphological ifuture iof ithe icrop iplant icould isupport ithe ibetter 

iconservation iand iutilization iof ithe icrop igenetic iresources. i 
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3. MATERIALS AND METHODS 

3.1 Plant Materials 

The study involved a total of 92 (48 landraces and 44 released) sorghum genotypes (Appendix. 1). 

The landraces were collected from five Administrative zones of Ethiopia (South Tigray, North 

Wello, North Gondar, East Hararge, and West Hararge) (Fig. 3.1). Also, some released sorghum 

genotypes were obtained from the federal and regional agricultural research centers including 

Mehoni, Serinka, and Gondar Agricultural research centres. Their local and breeding names are 

presented in Appendix 1. 

 

 

Figure 3-1 Map of Ethiopia showing sorghum collection sites and regions 
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3.2 DNA Extraction 

Seeds of each genotype were grown in a plastic pot of 15 cm x 8cm size filled with mix of 

compost, soil and sand at 1∶1∶1 (v/v/v) ratio, respectively at greenhouse condition of National 

Agricultural Biotechnology Research Center (NABRC), Holeta, Ethiopia following (Mace et al., 

2012) (Appendix 2. A). For genomic DNA extraction, fresh young leaves were collected from 

two to three-week-old seedlings. Between each sample, used scissors were cleaned using 70% 

ethanol to avoid samples cross-contamination and surface contaminates. Collected leaves were 

dried using silica gel at room temperature. About 50 ng of dried leaf samples of each sample was 

grinded in the presence of metal beads using Geno Grinder (MM-200, Retsch). The genomic 

DNA extraction was carried out following the modified CTAB procedure as described by Mace 

et al. (2012). The extracted genomic DNA quality and concentration were checked using a Nano-

drop Spectrophotometer (ND-8000, 8-sample Spectrophotometer, Thermo Scientific). The 

presence of high molecular weight DNA was confirmed by running a mix of 5 µL of DNA and 2 

µL of 1X loading dye containing gel red on 0.8% agarose gel at 100 V for 40 minutes. The gel 

was visualized under UV light and subsequently photographed. A 1 kb ladder was used to 

estimate the molecular size of the extracted genomic DNA (Appendix 3. B). Portion of the 

extracted genomic DNA was diluted to 50 ng/µl working solution using 1xTE buffer and stored 

at -20 C until used for PCR.  

3.3  Polymerase Chain Reaction and Electrophoresis 

A total of 12 SSR pairs of primers were used in this study (Table 3.1). The SSR regions of the 

sorghum genotype were amplified in total volume of 13 µl reaction mixtures composed of 1 μL 

of each primer pair, 2 μl of template DNA of 50 ng/µl, 3 μl of nuclease-free H2O, 6 μl of 

GoTaq® Master Mixes). The PCR program followed an initial denaturation of 4 min at 95 °C, 
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followed by 35 cycles of denaturation for 30 s at 94 °C, primer annealing for 45 s at 49-61 °C, 

primer extension for 30 s at 72 °C and final extension for 10 min at 72 °C, and holding at 4 °C 

(Billot et al., 2013).  

For SSR-based genotyping, polyacrylamide gel electrophoresis was used (Wang et al., 2009). 

The accuracy of the PCR product was quantified using 1.2 % agarose gel (Appendix 2. D, E), 

and Polyacrylamide gel was used to count alleles and to see the patterns of SSR in the genome of 

the entire genotypes (Cleaver CS500 volt) (Appendix 2. F). A 100 bp DNA ladder was used to 

estimate the amplification fragment size. Finally, the gel was visualized under UV light and 

subsequently photographed using a BioDoc-It TM Imaging System.  



  Abebaw M. A                                                               Material and Methods    

18 

Table 3.1. Primer sequences, annealing Temperature and their range of fragment size detected at the 12 microsatellite loci  

  Source: Billot et al. (2013). Note: Ta= Annealing temperature. 

S/No Marker-Name Motive Forward Primer ( 5´ to 3´) Reverse Primer (5´ to 3´) Ta Size (bp) Chrom* 

1 
Xtxp -298 (TG)9  GTTCTTGGCCCTACTGAAT   TCACCTGTAACCCTGTCTTC  55 108-112 SBI08 

2 Xtxp -034 (GT)10  TAGTCCATACACCTTTCA   TCTCTCACACACATTCTTC  49 170-180 SBI08 

3 Xtxp -284 (AG)16  TGCCACCACTCTGGAAAAGGCT   CTGAGGACTGCCCCAAATGTAG  55 183-203 SBI06 

4 Xtxp-312 (TC)12  CCCATAATACTTGACCTTC   ACTTACTCCCTCTGTCCC  50 189-197 SBI06 

5 Xtxp -023 (AC)9  GCTTCTATACTCCCCTCCAC   TTTATGGTAGGATGCTCTGC  55 112-134 SBI01 

6 Xtxp- 270 (TG)9  ATCAGGTACAGCAGGTAGG   ATGCATCATGGCTGGT  50 165-173 SBI01 

7 Xtxp -211 (GT)9  TTGAGAGCGGCGAGGTAA   AAAAGCCCAAGTCTCAGTGCTA  61 104-110 SBI07 

8 Xcup02 (GCA)6  GACGCAGCTTTGCTCCTATC   GTCCAACCAACCCACGTATC  54 192-204 SBI09 

9 Xgap206 (AC)13/(AG)20  ATTCATCATCCTCATCCTCGTAG   AAAAACCAACCCGACCCACTC  55 106-146 SBI09 

10 Xcup63 (GGATGC)4  GTAAAGGGCAAGGCAACAAG   GCCCTACAAAATCTGCAAGC  54 133-145 SBI02 

11 Xgap84 (AG)14  CGCTCTCGGGATGAATGA   TAACGGACCACTAACAAATGAT  55 183-217 SBI02 

12 Xtxp114 (AGG)8  CGTCTTCTACCGCGTCCT   CATAATCCCACTCAACAATCC  50 211-217 SBI03 
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3.4 Data scoring and analysis 

The clear and visible amplified PCR products generated by the 12 microsatellite loci across the 

genome of the 92 sorghum genotypes were scored and the resulted data matrix were subjected to 

diverse genetic diversity analysis software programs. The natural genetic variation and 

population structure of the sorghum materials were evaluated using an admixture model 

assuming that each genotype has ancestry from genetically diverse sources and population 

clustering was computed using STRUCTURE 2.3.3 (Pritchard et al., 2003). To confirm the 

anticipated population cluster and genetic structure a 500 burn-in period and 50,000 Markov 

Chain Monte Carlo (MCMC) iterations were used based on the 12 SSR markers which were 

scattered across the sorghum genome. The number of sub-populations for the studied materials 

was computed using K-value ranging from 1 to 10 using 20 iterations for each K. From the 

STRUCTURE run output, the most likelihood K value was recognized following the simulation 

method of Evanno et al. (2005) by using an online structure harvester (Earl and von Holdt, 

2012).  A phylogenetic tree analysis based on dissimilarity index was performed using Darwin 

6.0 software (Perrier et al., 2003). Analysis of Molecular Variance (AMOVA) among and 

between populations, estimated allele frequencies and estimated heterozygosity over population 

for each locus, number of alleles (N), number of effective alleles (Ne), expected heterozygosity 

(He), and observed heterozygosity (Ho), pairwise genetic distance (GD) and genetic identity (GI) 

were analyzed using GenAlEx 6.5 (Peakall and Smouse, 2012). The number of migrants per 

generation was considered to estimate gene flows (Nm) as (1-FST)/4FST. Furthermore, major 

allele frequency (MAF), heterozygosity, polymorphic information content (PIC), and the total 

number of alleles were calculated using a PowerMarker 3.25 (Liu and Muse, 2005).  
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4. RESULTS 

4.1 Marker Polymorphism 

In ithe ipresent istudy, ia itotal iof i77 ialleles iwere idetected iacross ithe igenome iof ithe i92 isorghum 

igenotypes ias irevealed iby ithe i12 imicrosatellite iloci i(Table i4.1). iThe igenerated inumber iof ialleles 

iranged ifrom ifive i(xtxp-284, ixtxp-270, iand ixtxp-211) ito ieight i(xtxp-312) iwith ia imean inumber iof 

i6.42 ialleles iper ilocus iacross ithe igenome iof ithe ientire ipopulations. iThe imajor iallele ifrequency 

i(MAF) iranged ifrom i0.18 i(xtxp-298) ito i0.45 ifor ithe itwo imicrosatellite iloci i(xcup02 iand ixgap84) 

iwith ioverall imean iof i0.30. i 

The largest Nei's gene diversity (GD = 0.84) and polymorphic information content (PIC = 0.82) 

were observed for three loci: (Xcup63, Xtxp-298 and Xtxp-312) While, the lowest gene diversity 

(0.71) PIC (0.66) were recorded for Xcup02 (Figure 4.1). The highest effective number of alleles 

(Ne=1.22) and Shannon information index (I = 0.52) were recorded for Xtxp-023 and Xgap206, 

respectively (Table. 4.1). The heterozygosity of the studied materials ranged from 0.15 (xgap206) 

to 0.48 (xcup02) with overall mean value of 0.29 (Table 4.1). In terms of the overall polymorphic 

information content, all the microsatellite loci used were found to be highly informative (PIC > 

0.5) (Table 4.1). Likewise, the highest fixation index (Fst = 0.14) and the lowest value for gene 

flow (Nm =1.60) were observed for Xtxp-211 (Table 4.1). Moreover, three of the microsatellite 

loci (Xtxp-211, Xtxp-312 and Xtxp114) significantly deviated from the HW-equilibrium over the 

entire populations (Table 4.1). 
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Table 4.1. Genetic diversity summary statistics of the 12 SSR markers across the sorghum genotypes  

Marker MAF NA Ne GD Het PIC I Fst Nm P-value PHWE
a
 

Xcup02 0.45 6.00 1.05 0.71 0.49 0.66 0.09 0.06 3.64 0.035 0.001
***

 

Xgap206 0.28 7.00 1.57 0.81 0.15 0.78 0.52 0.04 6.55 0.012 0.045
*
 

Xcup63 0.20 7.00 1.01 0.84 0.21 0.82 0.03 0.06 3.65 0.031 0.025
*
 

Xgap84 0.45 7.00 1.09 0.74 0.11 0.72 0.12 0.07 3.31 0.035 0.021
*
 

Xtxp114 0.22 7.00 1.06 0.82 0.28 0.80 0.15 0.06 3.79 0.052 0.088
ns

 

Xtxp-298 0.18 7.00 1.12 0.84 0.17 0.82 0.17 0.03 7.87 0.005 0.029
*
 

Xtxp-034 0.33 7.00 1.08 0.78 0.20 0.75 0.14 0.07 3.55 0.021 0.021
*
 

Xtxp-284 0.32 5.00 1.06 0.73 0.63 0.68 0.10 0.07 3.16 0.048 0.025
*
 

Xtxp-312 0.26 8.00 1.10 0.84 0.19 0.82 0.17 0.06 3.67 0.034 0.113
ns

 

Xtxp-023 0.30 6.00 1.22 0.79 0.44 0.76 0.31 0.06 3.70 0.029 0.002
**

 

Xtxp-270 0.27 5.00 1.07 0.77 0.27 0.73 0.22 0.05 5.10 0.021 0.025
**

 

Xtxp-211 0.29 5.00 1.14 0.78 0.40 0.75 0.18 0.14 1.60 0.085 0.072
ns

 

Mean 0.30 6.42 1.131 0.79 0.29 0.76 0.18 0.07 4.13 0.034 0.314 

 

MAF=Major Allele frequency; NA = Total number of Alleles; Ne= Number of effective alleles; GD= Gene Diversity; Het= Heterozygosity; 

PIC=polymorphic information content, I =Shannon´s index, Fst = Fixation index, Nm =Gene flow , p = Differentiation statistics probabilities, 

PHWE 
a
 = p-value for deviation from Hardy Weinberg Equilibrium, ns = not significant, * = p < 0.05, ** = p < 0.01 and *** = p < 0.001. 
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4.2 Genetic variation within and among populations  

 

Among the five tested populations the highest number of alleles (Na = 6.25), number of effective 

alleles (Ne =4.33), Shannon information index (I =1.54), heterozygosity (He =0.74), number of 

private alleles (No. PA =0.42) and Number of local common alleles (>=50%) (NLCA=0.75) 

were recorded for the population from South Tigray (Table 4.2). The populations from East 

Hararege (EH) and West Hararge (WH) showed similar lower number of alleles, effective 

number of alleles and other detected population diversity values. Analysis of percentage of 

polymorphic loci (PPL) revealed that all of the loci were 100% polymorphic in each population 

studied. 

 
Table 4.2. Estimated allele frequencies and heterozygosity over population  

 

  

Population Na Na Freq. >= 5% Ne I No. PA NLCA OHet EHet 

EH 4.25 4.25 3.31 1.26 0.00 0.25 0.68 0.73 

WH 4.25 4.25 3.65 1.33 0.00 0.33 0.71 0.79 

ST 6.25 5.00 4.33 1.54 0.42 0.75 0.74 0.75 

NW 5.08 4.08 3.53 1.33 0.08 0.58 0.68 0.71 

NG 5.92 4.58 4.17 1.52 0.25 0.50 0.74 0.76 

Mean 5.15 4.44 3.8 1.4 0.15 0.49 0.71 0.75 

EH= East Hararege, WH= West Hararge, ST = South Tigray, NW= North Wollo, NG= North Gondar, 

OHet=Observed Heterozygosity, EHet = Expected Heterozygosity, Na= number of alleles; Ne= number 

of effective alleles; I=Shannon information index; No.PA= number of private alleles and NLCA = No. 

Local Common Alleles (>=50%)) 
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4.3 Analysis of Molecular Variance (AMOVA)  

Analysis of Molecular Variance (AMOVA) and variance components were computed to partition 

the total natural genetic variation existing within and among the studied sorghum population. 

Hence, based on the administrative zones, evaluating the genetic diversity of the 92 sorghum 

genotype using 12 microsatellite loci revealed that 10% of the total genetic variation was 

accounted by the variation among populations (Table 4.3). The analysis also confirmed that 

within populations genetic differences explained 90% of the total genetic variation. The study 

confirmed the presence of higher genetic differentiation (FST: 0.21) among the populations with 

higher values of overall genetic differentiation coefficient (PhiRT = 0.105, p = 0.001) and gene 

flow (Nm: 2.13) (Table 4.3). On the other side, based on released and landrace classification, 

significant overall genetic differentiation coefficient among the populations (PhiRT = 0.06, p = 

0.001) and gene flow (Nm: 3.89) were observed in which 6% and 94% of the total genetic 

variation were explained by among and within populations variations, respectively (Table 4.3). 
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Table 4.3. Summary of AMOVA as revealed by 12 microsatellite loci 

 

Note: F-stat =F-statistics across all evaluated genomic loci: PhiRT = 0.105 and between released and landraces, overall genetic 

differentiation coefficient among the populations (PhiRT = 0.06, p-value= 0.001). 

 

 

Components Source of V d.f Sum of Square Mean Square Est.Var Percentage Variation (%) F-

stat 

P-

value 

 

 

Administrative  

Zone 

Among Pops 4 7.909 1.977 0.028 10 0.22 0.001 PhiRT = 

0.06 

Within Pops 87 147.500 1.603 1.603 90 0.34 0.001  

Total 91 248.027  1.632 100 0.29 0.001  

Gene flow (Nm) 2.13         

Released and 

Landraces 

Among Pops 
1 24.357 24.357 0.39 6 0.21 0.001 PhiRT 

=0.105 

Within Pops 90 555.068 6.16 6.16 94 0.31 0.001  

Total 91 579.435  6.56 100 0.29 0.001  

Gene flow (Nm) 3.89 
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4.4 Genetic distance between the populations 

The pairwise population genetic distance and gene flow for both landrace and released sorghum 

genotypes are presented in Table 4.4. Generally, lower genetic distances were observed between 

pairs of populations. The pairwise Nei's standard genetic distance between populations varied 

from 0.009 (between WH and NG) to 0.013 (between WH and NW) (Table 4.4). A higher gene 

flow (Nm=11.32) was observed between the sorghum populations collected from North Gondar 

and South Tigray. Conversely, the lowest (1.80) gene flow was observed between the 

populations collected from East Hararege and North Wollo (Table 4.4). Similarly, the genetic 

differentiation (Fst) between pairs of population was the lowest (0.01, p=0.05) between the 

populations West Hararge and East Hararge, and the highest (0.22, p=0.02) between East 

Hararge and North Wollo (Table 4.5).  

 

Table 4.4. Pairwise Population comparison on Nei Genetic Distance (below the diagonal) 

and Gene flow (above the diagonal) 

 
EH WH ST NW NG 

EH ------ 6.178 5.815 1.796 4.36 

WH 0.005 ------ 2.34 3.05 6.75 

ST 0.003 0.004 ------ 5.62 11.32 

NW 0.010 0.013 0.006 ------ 4.91 

NG 0.006 0.009 0.003 0.010 ------ 

Note: EH= East Hararege, WH= West Hararge, ST= South Tigray, NW= North Wollo, NG= North 

Gondar. 
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Table 4.5. Pairwise Population fixation index (Fst) (below the diagonal) and p-values (above the 

diagonal) 

 

   EH  WH  ST  NW  NG 

EH  -- 0.09 0.04 0.02 0.001 

WH  0.04 -- 0.05 0.03 0.01 

ST  0.04 0.01 -- 0.01 0.02 

NW  0.22 0.08 0.04 -- 0.03 

NG  0.05 0.04 0.02 0.05 -- 

Note: EH= East Hararege, WH=West Hararge, ST = South Tigray, NW = North Wollo and NG= North 

Gondar. 

 

4.5 Population structure and cluster analysis 

Cluster analysis based on Unweighted Neighbor-joining method clustered the study materials 

into three major groups (Figs. 4.1A, 4.2A). It was observed that individuals from North Wello 

and North Gondar formed the same cluster, the second cluster comprised of populations of East 

Hararge and West Hararge and the third cluster contained only the populations of South Tigray 

(Figs. 4.1A, 4.2A). Clustering based on breeding materials resulted two groups where most of 

the released (red) genotypes were clustered together with few mix from landraces, and the 

second cluster composed of the landraces (black) (Figs. 4.1B, 4.3B).  

The conducted principal component analysis (PCoA) results indicated that 23% of the total 

variation among the population was explained by the three-axis coordinates (Fig. 4.3). However, 

PCoA did not cluster the individuals sharply according to their geographical areas of sampling. 
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There was some sort of overlapping between the populations of East Hararge and West Hararge. 

The populations of North Gondar showed admixture with populations of North Wollo and South 

Tigray. Clustering based on breeding material grouped the samples nearly into two separate 

clusters as released and landraces with some sort of admixture between the two (Fig. 4.3).  

Similarly, The Bayesian model-based population structure analysis using the STRUCTURE 

output with harvester online tool predicted k=3 to be the most likely number of clusters labeled 

as sub-population one (SP1), sub-population two (SP2) and sub-population 3 (SP3) (Fig 4.1 D). 
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Figure 4-1. Population structure and cluster analysis. A) UPGMA based clustering of sorghum material :East Hararge (Orange) and 

West Hararge (blue) clustered together, and North Wollo (green) and North Gondar (violet) clustered together, and southern 

Tigray (black) clustered alone, B) Clustering based on breeding materials: released (red) and landrace (black), C) Maximum 

likelihood of delta value, and D) Population structure. 
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Figure 4-2. Dendrogram for 92 Ethiopian sorghum genotypes based on Unweighted Neighbor-joining. A) Clustering based on the 

Administration zones : East Hararge (red) and West Hararge (blue) clustered together, and North Wollo (green) and North 

Gondar (violet) clustered together, and Southern Tigray (black) clustered alone B) Based breeding materials: released (red) and 

landrace (black) 



 Abebaw M.A.                                                                                          Results  

32 

 

Figure 4-3. Principal component analysis (PCoA) of the sorghum population of Released and Landraces (Left) and across 

administration zones (Right): R= Released, L= Landraces, EH= East Hararege, WH= West Hararge, ST= South Tigray, NW= 

North Wollo, NG=North Gondar. 
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5. DISCUSSION 

Genetic diversity analysis is the most crucial steps in the current plant breeding programs. It 

provides a deeper understanding of crop genetic variability to select appropriate parental lines for 

crossing, and thus, to speed up plant breeding objectives. Thus, the present study targeted to scan 

the genetic structure of both released and landrace Ethiopian sorghum genotypes using 

microsatellite markers. A total of 92 (44 released and 48 landraces) sorghum genotypes were 

used to assess the genetic variation and population structure using 12 microsatellite loci with a 

final goal of providing breeding information, wise use and conservation measures. 

5.1 SSR  allelic idiversity 

In the current study, high genetic diversity was detected among the studied Ethiopian sorghum 

populations. Moreover, a total number of 77 alleles with an average number of alleles (6.42) per 

locus were recorded across all sorghum relatives using 12 SSR markers and this result revealed a 

higher average number of alleles compared to Zambia, 4.4 (Ng'Uni et al., 2011), Eastern Kenya, 

5.03 (Muui et al., 2016), Eritrea, 4.8 (Tesfamichael Abraha et al., 2014), but lower than Eastern 

Benin, 7.8 (Missihoun et al., 2015) and Egypt, 7.7 (El-awady et al., 2008) which is a similar 

study to diversity analysis of sorghum with SSR markers.  

The irelatively ihigher imean inumber iof ialleles iobserved iin ithe ipresent istudy iindicates ithe iextent iof 

ihigher imarker ipolymorphism iin ithe istudied ipopulation. iThis iresult iis icontrasting iwith ithe 

iprevious istudy ithat ireported ilower imean inumber iof ialleles iwhich isuggests ithe ipresence iof ilower 

imarker ipolymorphism iacross ithe istudied imaterials. iThis imay ibe idue ito ithe iinclusion iof ia ismall 

inumber iof istudy iplant imaterials, ithe istudied imaterials imay ibe igrowing iand/or icollected ifrom ithe 

isame igeographical iarea iof ithe isame iagro-ecologies. iHence, iour istudy ireports imay irepresent ithis 
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ihigh igenetic idiversity iis imay ibe idue ito ihabitual iseed iexchange iamong ifarmers iin ithe iEthiopian 

iagricultural iproduction isystem i(McGuire, i2000). iThis iseed iexchange ibetween ifarmers imay 

iincrease ithe inatural iallele ivariations iand iallele ifrequencies iin isorghum ilandraces iand ieven irare 

ialleles ithat imay iavoid ithe ievent iof igenetic idrift, iand ithe iintroduced irare ialleles icould ibe 

iconsidered ias ian iadditional isource iof iagronomically iimportant itraits. iSorghum iis igrown iin 

iEthiopia iin ia irange iof iagro-ecologies. iConsequently, ithese ibroader iagro-ecologies iwhere iall 

istudied isorghum ipopulations icollected imay iaccelerate inatural ivariation iamong ipopulations idue ito 

ithe idiverse i- iagro-climate. 

In the present study, all the microsatellite loci used were polymorphic and highly informative 

(PIC = 0.76), and thus they are useful genetic tools to unfold the genetic structure of sorghum. 

This result was in agreement with a previous study by Ceuvas and Prom (2013) who reported a 

mean PIC value of 0.78 in sorghum genotypes using SSR markers. In contrast, a lower PIC value 

of 0.46 and 0.33 were reported by Missihoun et al. (2015) and Muui et al. (2016), respectively. 

Although sorghum is a self-pollinating plant species, the incidence of cross-pollination is 

believed to be 8% in a given crop environment (Clarissa et al., 2013). Therefore, the observed 

high allele frequencies in the current study may be due to cross-pollination with wild relatives 

(House, 1985). In addition to these biological factors, the selected markers for this study were 

highly polymorphic, retrieved from previous related studies Billot et al. (2013), and this may be an 

attribute for the observed heterozygosity in the current study. 

5.2 Population igenetic idiversity 

Generally, older and larger populations show higher genetic diversity as compared with newly 

established and smaller ones because of several generations’ accumulated genetic variation 
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which increases their wide adaptation and hence reduce their probability of local extinction. In 

the present study the higher values for Shannon's information index (1.4) and expected 

heterozygosity (0.71) confirmed the presence of higher genetic variation within populations. This 

could be due to the broad genetic base of the crop, and/ the inclusions of landraces collected 

from divers agro-ecological areas of the country (Tesfaye Disasa et al., 2016). Populations from 

South Tigray were identified to be more divers than others as exhibited by higher number of 

observed alleles (6.25), effective number of alleles (4.33), heterozygosity and Shannon diversity 

index (1.54) followed by populations from North Gondar, and hence the places representing 

these populations might be considered as sorghum genetic diversity hot spots. In contrast, 

population of East Hararege and West Hararege exhibited least genetic diversity likely due to the 

presence of various population bottlenecks leading to fast genetic erosion from these area or due 

to presence of higher artificial selection pressure for higher yield and other desired economical 

traits. Moreover, the relatively larger value for private alleles in South Tigray population 

indicates presence of certain level of independent evolution of its gene pool that allowed it to 

maintain the private alleles at a population level. 

 

Based on the overall evaluated locus, the highest intra-population genetic diversity was observed 

among populations collected from North Gondar and South Tigray (Het = 0.75 and 0.74 

respectively). Our observations were equivalent with other similar studies (Adugna Asfaw, 2014; 

Tesfaye Disasa et al., 2016) and the observed highest intra-population genetic diversity may be 

due to the event of frequent seed exchange because of the geographical closeness of the two 

zones (Gemechu Olani, 2017). 
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5.3 Genetic differentiation iof ithe populations 

The iAMOVA iconfirmed ithe iexistence iof ilower igenetic idiversity iamong ipopulations i(10%) ithan 

iwithin-population i(90%). iThe ilow iacross iloci iFst ivalue i(0.07) iand ibetween iall ipairs iof 

ipopulations i(highest iFst= i0.22) iindicates ithe ipresence iof ilow ito imoderate igenetic idifferentiation 

i(Wright, i1943). iThis iis isupported iby ithe ipresence iof ihigher igene iflow i(Nm i> i1). iPopulation 

idifferentiation icould ibe ihigh iif ithe igene iflow iwhich idecreases ipopulation isub-structuring ibecame 

ilow. iThe iobserved ihigh igene iflow i(Nm i=2.13) icould ibe idue ito ilong idistance ipollen-grain 

imovement iamong ipopulations, iand/or igermplasm i(seed) iexchange iamong istudy iareas iwhere ithe 

idifferent ipopulations iwere isampled, iSimilar ilow ito imoderate ipopulation igenetic idifferentiation 

iwas ireported iby iprevious istudies i(Adugna iAsfaw iet ial., i2013; iAdugna iAsfaw, i2014; iLabeyrie iet 

ial., i2014). The observed pair-wise population differentiation in the current study was lowest 

between the populations of West Hararge and East Hararge likely due to the large possibility for 

gene flow to occur between them. Conversely, the pair-wise population differentiation was 

observed among sorghum populations of East Hararge and North Wollo. This result was in 

agreement with the previous study (Tesfaye Disasa et al., 2016).   

Pair-wise population genetic distance analysis confirmed the existence of relatively low genetic 

distances among the various sorghum populations likely due to the presence of higher gene flow 

among the populations. Pair-wise genetic Nei's standard genetic distance was relatively higher 

between sorghum populations of North Wollo and West, due to the existed geographical distance 

between the two zones. Conversely, the lowest genetic distance was observed between North 
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Gondar and West Hararge (0.009) possibly due to the presence of higher gene flow through seed 

exchange or other means between these zones. This result is comparable and consistent with the 

previous study (Adugna Asfaw, 2014; Tesfaye Disasa et al., 2016).  i 

5.4 Clustering and population istructure Analysis i 

Neighbour joining cluster analysis clustered the population into three major groups but not 

sharply according to their geographical origins. Although each cluster contains most of the 

genotypes collected from the same geographical area, the clustering pattern is not strong enough 

to support the principle of "isolation by distance". The present result is consistent with the 

previous genetic diversity studies on sorghum(Amsalu Ayana et al., 2000; Wang et al., 2013; 

Kitavi et al., 2014; Motlhaodi et al., 2014; Motlhaodi, 2016). Grouping based on biological 

status however clustered the sorghum materials almost into two distinct clusters as released and 

landrace with few admixture, This result is consistent and similar to the reports of Billot et al. 

(2013). However, some reports are not indicating sorghum clustering being either based 

geographical or racial (Motlhaodi et al., 2014). For instance, the phylogenetic and cluster 

analysis of sorghum collected from Ethiopia and Eritrea failed to form clusters according to their 

ecological and adaptation zones as analyzed by RAPD (Amsalu Ayana et al., 2000). Similarly, 

for the sorghum collection of Botswana, Namibia, Zambia, and Zimbabwe a cluster analysis 

failed to form a group based on their racial classification and ecological zones (Motlhaodi, 

2016). 

 The clustering analysis conducted confirmed the occurrence of duplication of improved sorghum 

lines whose copies were found in the landrace and vice versa. In the case of landraces, the 
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movement of seeds among farmers of different regions got a local name and considered as 

different sorghum genotypes (Ng’uni et al., 2011). Whereas in the case of improved /released 

sorghum lines, different research institutes may release the same sorghum genotype under 

different names in different seasons or genotype selections based on a few genetic loci (Tesfaye 

Disasa et al., 2016). Hence, clustering analysis revealed the genetic relationship among the 

divers study materials, and generated sufficient information to enable the selection of genetically 

diverse and superior parental lines for crossing and other downstream breeding (Kristensen et al., 

2018). Likewise, structure analysis confirmed the presence of closes relationship among samples 

collected from the different sorghum growing zones of Ethiopia, and it detected three sup-

populations (K=3) with high potential of genetic admixture. 

 i
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6. CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

In iconclusion, iunderstanding ithe igenetic idiversity iand ipopulation istructures iof isorghum ibreeding 

imaterials iusing ipowerful imolecular imarkers iare ithe iforemost iimportant istep iin ithe icurrent iplant 

ibreeding iprogram. iThe ihighly ipolymorphic iand iinformative imarkers iused iin ithe ipresent istudy ihad 

idetected ia ilarger inumber iof ialleles, iwhere isome iof ithem iwere iprivate ialleles ithat icould ibe ilinked 

ito iimportant iagronomic itraits. iThe istudy iuncovered ithe igenetic istructure iof isorghum ifor iselection 

iof igermplasm ito ibe iused iin ifurther ibreeding iprogram iand ito iimprove iseveral ieconomically 

iimportant itraits iin ithe icrop. iAmong ithe isorghum ipopulations iderived ifrom idifferent 

iadministrative izones, ithose ifrom iSouth iTigray iexhibited ithe ilargest ivalues ifor iall ithe igenetic 

idiversity iparameters. iThis iis iindicating ithat ithis ilocation iis ia ihot ispot ifor isource iof iuseful ialleles 

ito ibe iused iin ifurther isorghum ibreeding iprogram. iThis ibaseline iinformation iis iuseful ifor isorghum 

iimprovement, isustainable iuse iand iconservation imeasures. i 
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6.2 Recommendations 

For a successful sorghum breeding, the integrated application of molecular studies using a high 

density markers and phenotypic components covering the major sorghum growing areas will 

enable and speed up the use of genetic diversity analysis for large scale breeding purpose.  

 In our study we only consider molecular marker based diversity analysis. Thus, we 

suggest integrating the morphological analysis with molecular markers in sorghum 

germplasm characterizations would provide reliable genotypic information.  

 The current study only considered five sorghum growing administrative zones and hence 

considering other sorghum growing areas would increase the resolution and accuracy of 

the diversity analysis for breeders to exploit the genetic potential of the crop to improving 

its production and productivity through breeding.  

  Also, we used low density SSR marker and hence we suggest using of high-density SSR 

markers system would provide reliable genotypic information on the genetic structure of 

Ethiopian sorghum genotype which could be supportive for large scale sorghum 

breeding.  

 For the future, marker technologies and approaches need to be integrated with the 

conventional breeding approaches to improve the productivity of sorghums and to sustain 

millions of lives in food-insecure semi-arid regions of the world, particularly in Ethiopia 
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8. APPENDICES 
Appendix 1. List of landraces and released sorghum genotypes used in this study 

S/No. Region Zone Name of Var. Source 

1 Harere mirab hareregia Abedelota Farmer 

2 Harere misrak hareregia Aferia Farmer 

3 Harere mirab hareregia Ageda Farmer 

4 Harere misrak hareregia Amedeye Farmer 

5 Harere mirab hareregia Chefera Farmer 

6 Harere misrak hareregia Chekuria Farmer 

7 Harere misrak hareregia Cherechere Farmer 

8 Harere misrak hareregia Nano Farmer 

9 Harere misrak hareregia Sherudia Farmer 

10 Harere misrak hareregia Wayelo Farmer 

11 Harere mirab hareregia Wogeria Farmer 

12 Harere mirab hareregia Worabi Farmer 

13 Tigray S/Awi Masia Mehoni ARC 

14 Tigray S/Awi ESH-1 Mehoni ARC 

15 Tigray S/Awi Dekeba Mehoni ARC 

16 Tigray S/Awi ESH-3 Mehoni ARC 

17 Tigray S/Awi Cheria Mehoni ARC 

18 Tigray S/Awi Gobia Mehoni ARC 

19 Tigray S/Awi Teshale Mehoni ARC 

20 Tigray S/Awi Horemate Mehoni ARC 

21 Tigray S/Awi Birhane Mehoni ARC 

22 Tigray S/Awi Red swize Mehoni ARC 

23 Tigray S/Awi Gerania-1 Mehoni ARC 

24 Tigray S/Awi Mesaye Mehoni ARC 

25 Tigray S/Awi Meko Mehoni ARC 

26 Tigray S/Awi Melkam Mehoni ARC 

27 Tigray S/Awi Abeshere Mehoni ARC 

28 Tigray S/Awi Aberia Mehoni ARC 

29 Tigray S/Awi Raya Mehoni ARC 

30 Tigray S/Awi Mesekire Mehoni ARC 

31 Tigray S/Awi cherekit/mera Mehoni ARC 

32 Tigray S/Awi Red sorgum Mehoni ARC 

33 Tigray S/Awi Jeru Mehoni ARC 

34 Tigray S/Awi jeregutia/America Mehoni ARC 

35 Tigray S/Awi Horedem Mehoni ARC 

36 Tigray S/Awi boro/nechi mashela Mehoni ARC 

37 Tigray S/Awi Merawi Mehoni ARC 

38 Tigray S/Awi Ajibia Mehoni ARC 

39 Tigray S/Awi Abaiera Mehoni ARC 

40 Tigray S/Awi Misinego Mehoni ARC 

41 Tigray S/Awi Cherkite Mehoni ARC 

42 Tigray S/Awi Dengalite Mehoni ARC 

43 Tigray S/Awi Gano Mehoni ARC 

44 Tigray S/Awi Wedehakere farmer  

45 Tigray S/Awi hagose areya Farmer 

46 Tigray S/Awi Kodem farmer  
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S/No. Region Zone Name of Var. Source 

47 Tigray S/Awi Woteria Farmer 

48 Tigray S/Awi Baro farmer  

49 Amhara N/wello Wedehakere Farmer 

50 Amhara N/wello Zenegada Farmer 

51 Amhara N/wello Jamiye farmer  

52 Amhara N/wello Jegurtia farmer  

53 Amhara N/wello Degalite farmer  

54 Amhara N/wello gobye 2016 Serinka ARC 

55 Amhara N/wello Mesekere 2016 Serinka ARC 

56 Amhara N/wello chere 2016 Serinka ARC 

57 Amhara N/wello Melkam-2016 Serinka ARC 

58 Amhara N/wello Dekeba2016 Serinka ARC 

59 Amhara N/wello masia- 2016 Serinka ARC 

60 Amhara N/wello teshale 2016 Serinka ARC 

61 Amhara N/Gondar Tekemeche Farmer 

62 Amhara N/Gondar Wenecho Farmer 

63 Amhara N/Gondar denebia zenegada Farmer 

64 Amhara N/Gondar Belesia Farmer 

65 Amhara N/Gondar yeker demozia Farmer 

66 Amhara N/Gondar Bulia Farmer 

67 Amhara N/Gondar abatu zenegada GARC 

68 Amhara N/Gondar Girana GARC 

69 Amhara N/Gondar Abeshere GARC 

70 Amhara N/Gondar Mogede GARC 

71 Amhara N/Gondar wdi-areba GARC 

72 Amhara N/Gondar Melkam GARC 

73 Amhara N/Gondar Jolia GARC 

74 Amhara N/Gondar Teshale GARC 

75 Amhara N/Gondar Gobia GARC 

76 Amhara N/Gondar Mesekere GARC 

77 Amhara N/Gondar Dekeba GARC 

78 Amhara N/Gondar Gamebala GARC 

79 Amhara N/Gondar Masha GARC 

80 Amhara N/Gondar Bajo GARC 

81 Amhara N/Gondar 76T-23  GARC 

82 Amhara N/Gondar Lalo GARC 

83 Amhara N/Gondar Meko GARC 

84 Amhara N/Gondar Berehane GARC 

85 Amhara N/Gondar IS-9302 GARC 

86 Amhara N/Gondar Beremashe GARC 

87 Amhara N/Gondar Dageme GARC 

88 Amhara N/Gondar Chemeda GARC 

89 Amhara N/Gondar Yeju GARC 

90 Amhara N/Gondar gamebia 1107 GARC 

91 Amhara N/Gondar Charia GARC 

92 Amhara N/Gondar Gerema GARC 
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Appendix 2. A simple experimental procedure of the study (CTAB method). (A: Sorghum seeds 

planted in pots for gDNA extraction after two weeks, B: The extracted gDNA on 0.8% agarose 

gel, C) The quantity and quality of the extracted gDNA, D) A 2µl gDNA of the 92 sorghum 

samples and master mix was transferred into PCR plates sequentially for PCR amplification, E ) 

A 1.2% agarose gel showing the presence of PCR product for marker xtxp114) with 100bp DNA 

ladder, and F) A polyacrylamide gel showing the fragment generated from the genome of the 

studied plant materials for genotyping together with the 100bp DNA ladder.  
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Appendix 3. Estimated Allele Frequencies and Heterozygosity over population for each locus 

 (Abber. Na = No. of Different Alleles, Ne= number of effective alleles, I =Shannon´s index, OHe=Observed Heterozygosity, EHe= 

Expected  Heterozygosity) 
 

 

 

 

 

 

 

 

Components 

 

Parameters 

 

Xcup02 

 

Xgap206 

 

Xcup63 

 

Xgap84 

 

Xtxp114 

 

Xtxp _298 

 

Xtxp _034 

 

Xtxp _284 

 

Xtxp_ 312 

 

Xtxp _023 

 

Xtxp_ 270 

 

Xtxp _211 

Ecological  

Zone 

             
Na 0.800 2.000 0.800 0.800 1.200 1.200 1.200 1.200 1.600 2.000 1.200 1.600 

Ne 1.049 1.573 1.012 1.087 1.061 1.116 1.083 1.057 1.103 1.223 1.065 1.143 

I 0.085 0.522 0.031 0.121 0.114 0.173 0.140 0.102 0.172 0.312 0.109 0.219 

OHe 0.043 0.346 0.012 0.068 0.055 0.095 0.072 0.050 0.088 0.175 0.055 0.118 

EHe 0.044 0.363 0.012 0.069 0.058 0.096 0.075 0.051 0.094 0.183 0.059 0.123 

 

Released and 

Landraces 

Na 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 

Ne 1.045 1.620 1.022 1.152 1.044 1.188 1.059 1.059 1.068 1.262 1.044 1.143 

I 0.106 0.566 0.060 0.242 0.102 0.291 0.123 0.123 0.136 0.357 0.102 0.246 

He 0.043 0.379 0.022 0.127 0.042 0.157 0.055 0.055 0.062 0.205 0.042 0.125 

uHe 0.044 0.383 0.022 0.129 0.042 0.159 0.055 0.055 0.063 0.207 0.042 0.127 
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Appendix 3. Comparison of the allele frequencies of Ethiopian sorghum genotypes among ecological zones 

      For each population Across total population 

Locus EH 

  

WH 

  

ST 

  

NW 

  

NG 

  

<5% 5-50% >50% 

 

Ra Ca Aa Ra Ca Aa Ra Ca Aa Ra Ca Aa Ra Ca Aa Ra Ca Aa 

Xcup02 5 4 - 3 6 - 3 6 - 5 4 - 4 5 0 20 25 - 

Xgap206 2 6 - 1 7 - 2 5 - 2 6 - 2 6 0 9 21 - 

Xcup63 1 5 - 2 4 - 1 5 - 3 3 - 1 5 0 9 21 - 

Xgap84 3 4 - 4 3 - 3 4 - 2 5 - 2 5 0 14 21 - 

Xtxp114 2 5 - 3 4 - 1 6 - 3 4 - 3 4 0 12 23 - 

Xtxp _298 2 5 - 2 5 - 1 6 - 0 7 - 2 5 0 7 28 - 

Xtxp _034 5 5 - 4 6 - 1 9 - 2 8 - 1 9 0 13 37 - 

Xtxp _284 1 4 - 1 4 - 0 5 - 1 4 - 1 4 0 4 21 - 

Xtxp_ 312 0 5 - 2 3 - 2 3 - 3 2 - 2 3 0 9 16 - 

Xtxp _023 1 3 - 1 3 - 1 3 - 0 4 - 1 3 0 4 16 - 

Xtxp_ 270 2 4 - 2 4 - 2 4 - 1 5 - 1 5 0 9 21 - 

Xtxp _211 5 3 - 4 4 - 2 6 - 5 5 - 3 5 0 19 21 - 

(Abbreviations, EH, East Hararege, WH, West Hararge, ST, South Tigray, NW, North wollo, NG, North Gondar, Ra - Rare alleles 

that were present in <5% of the genotypes; Ca - Common alleles that were present in 5-50% of the genotypes; Aa- Abundant alleles 

that were present in more than 50% of the genotypes)  
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Appendix 4. Comparison of the allele frequencies between landraces and released Ethiopian sorghum genotypes 

Locus Released 

  

Landraces 

 

 

Ra Ca Aa Ra Ca Aa 

Xcup02 3 6 - 4 5 - 

Xgap206 2 4 - 2 4 - 

Xcup63 1 5 - 1 5 - 

Xgap84 3 4 - 2 5 - 

Xtxp114 1 6 - 2 5 - 

Xtxp _298 0 7 - 0 7 - 

Xtxp _034 1 9 - 1 9 - 

Xtxp _284 0 5 - 1 4 - 

Xtxp_ 312 1 4 - 2 3 - 

Xtxp _023 1 3 - 0 4 - 

Xtxp_ 270 2 4 - 1 5 - 

Xtxp _211 3 5 - 3 5 - 

 

 

(Abbreviations, Ra - Rare alleles that were present in <5% of the genotypes; Ca - Common alleles that were present in 5-50% of the genotypes; Aa- Abundant 

alleles that were present in more than 50% of the genotype 
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