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To evaluate their performance for seedling traits at seedling stage (under hydroponics), plant water 
relations under water stress and ultimately grain yield, and to estimate the genetic variability of the 
regenerates, the parent plants of local sorghum cultivars in Kenya using simple sequence repeats 
(SSR) markers were analyzed. The research involved Seredo, El Gardam and Mtama 1 sorghum 
cultivars. The TC (Tissue culture) regenerates were produced through somatic embryogenesis in 
Linsmaier and Skoog (LS) media augmented with an osmoticum, NaCl (100 mM) in attempt to improve 
the parent plant for water stress tolerance. The genetic variability was investigated using five SSR 
markers and seven morphological traits associated with water stress tolerance. The amplified DNA 
fragments were screened by gel electrophoresis using 2% agarose. Cluster and principal component 
analysis (PCA) were done using NTSYS-pc version 2.2. The SSR detected 11 alleles with an average of 
2.2 alleles per locus. The number of alleles per locus ranged from two to three and the allelic 
polymorphism information content (PIC) value ranged from 0.344 for Xcup14 to 0.730 for Xgap72 with 
an average of 0.559. These results show that the cultivars differed for morphological and SSR markers. 
The average genetic similarity based on the morphological traits (0.922 with a range of 0.845 to 0.989) 
was higher than SSR markers (0.625 with a range of 0.306 to 0.944). The results also show that the 
classification of these sorghum cultivars may be useful to the breeders to plan crosses for preferred 
traits. The results also show that the sorghum microsatellites can be used to distinguish the cultivars 
and to estimate genetic diversity due to somaclonal variation. Overall, this study shows that tissue 
culture technique might not add value in producing somaclonal variation in sorghum. 
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INTRODUCTION 
 
Plant cell and tissue culture methods are now considered 
generate somaclonal variation. Tissue culture techniques 
to be simple and easy to use for plant propagation and to 
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are used to produce minimal changes in plant variety 
where other changes are not desired. Cytodifferentiation 
and transformation of embryonic callus for wheat has 
been reported by Ebiamado et al. (2000). Evaluation of 
tissue culture derived somaclones of sorghum has resul-
ted in variants with increased or decreased levels of tan-
nins (Cai et al., 1995). Sorghum somaclonal variants re- 
sistant to head smut (Sphaselothe careliana) have also 
been established (Wang et al., 1997). 

A comprehensive analysis of genetic variation is essen-
tial  for  genetic  conservation strategies that may include 
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breeding programmes in future. This approach has also 
enabled unique collection of favorable alleles (Swamina-
than, 1997; Camlin, 2003). Traditional methods of cultivar 
identification frequently are based on the evaluation of 
sets of morphological traits. Though these methods are 
cost-effective, they have limitations such as insufficient 
variation among cultivars (especially if the cultivars to be 
compared share a closely related pedigree), subjectivity 
in the analysis, influence of the environment and mana-
gement practice, and expression of some characters only 
in certain developmental stages. These necessitate alter-
native means of cultivar identification, including allozyme 
analyses, cytogenetics, analysis of secondary metabo-
lites, and DNA profiling (Camlin, 2001). 

Genetic finger printing is one of the DNA based techni-
ques with various applications in crop biology including 
assessment of taxonomy and phylogeny, diversity analy-
sis, hybridity testing, gene mapping, molecular breeding 
and somaclonal variations (Mehmood et al., 2008). Mole-
cular markers are considered constant landmarks in the 
genome. Markers are identifiable DNA sequences found 
at specific locations of the genome for example, simple 
sequence repeats (SSRs), and transmitted by the stan-
dard laws of inheritance from one generation to the next. 
Due to its global socio-economic importance, there has 
been substantial interest in characterizing the levels of 
genetic diversity present within sorghum using both phe-
notypic and molecular markers especially SSRs (Grenier 
et al., 2001; Ghebru et al., 2002; Uptmoor et al., 2003; 
Menz et al., 2004). SSR markers are a preference for 
studying genetic diversity because they are abundant in 
plant and animal genomes (Roder et al., 1995), have high 
levels of polymorphism (Schug et al., 1998) and are 
adaptable to automation (Mitchell et al., 1997). Numerous 
SSR markers have been developed and mapped for 
sorghum (Taramino et al., 1997; Schloss et al., 2002). 

In this study, the three local cultivars of sorghum were 
collected from Katumani research station, Kenya. The 
three cultivars Mtama 1 (creamish in colour, no testa and 
no tannin), Seredo (brown with testa and high tannin) and 
El Gardam (chalky white with testa and no tannin) are a 
representative of all sorghum cultivars with respect to 
tannin levels. The objectives of this research were: (i) to 
evaluate their performance for seedling traits at seedling 
stage (under hydroponics), plant water relations under 
water stress and ultimately grain yield, (ii) to estimate the 
genetic variability of the regenerates and the parent 
plants using SSR markers. The ultimate goal of the study 
was to establish the possible use of tissue culture to 
develop somaclonal variant for sorghum resistant to 
water stress.  
 
 

MATERIALS AND METHODS 
 

In vitro selection of the sorghum cultivars 
 

For salt screening, 0, 50 100 and 200 mM (selected based on 
salinity ranges for soils in  Kenya  where wild  sorghum  grow) NaCl 

 
 
 
 
was added to the culture media before autoclaving. Calli from 
growth chamber weighing 0.5 g were transferred to sterilized bottles 
containing 10 ml of the culture media. Each treatment had 50 
replicates per cultivar. The treatments were maintained in the sea-
led bottles for one week in a growth chamber with continuous light 
at 26°C. Triphenyl tetrazolium chloride (TTC) viability test was done 
to determine the optimum NaCl concentration for the treatment of 
sorghum calli to induce drought tolerance without killing calli. For 
viability test, 100 mM NaCl was selected as the optimum concentra-
tion to which calli was subjected for the selection of drought tolerant 
from non-tolerant ones. The tolerant ones were further cultured for 
100 replicates in media containing 100 mM NaCl for one week then 
transferred to culture media containing no NaCl to enable further 
multiplication of the treated calli. After four sub-cultures, seven days 
embryonic culture were visually selected and inoculated in Lins-
maier and Skoog (LS) regeneration media. Regenerates, after 
rooting and shooting were transferred to the green house and 
potted in plastic bags containing 500 g vermiculite for acclimatiza-
tion. They were watered twice a week and after two weeks they 
were transferred to the field conditions at Jomo Kenyatta University 
of Agriculture and Technology (JKUAT) experimental plots (Plate 
1). 
 
 

Field experiments 
 

On the basis of rainfall, Kenya is divided into seven agro-climatic 
zones. Agriculturally, agro-climatic zones 1 to 3 are categorized as 
having high potential while agro-climatic zones 4 to 7 where Juja 
falls are categorized as having marginal or low potential. It is for this 
reason that field experiments were done at JKUAT Horticulture 
farm, agronomic division. The sorghum cultivars were planted in the 
first week of July, 2008 and first week of January, 2009 in triplicate 
randomized complete block design (RCBD). During sowing, the 
seeds were manually drilled into 10-row plots of 3.4 m length, 
spaced 0.3 m apart. The plots were weeded as frequently as nee-
ded. The agronomic traits evaluated included total chlorophyll 
content measured in intact leaves in the field using a portable 
chlorophyll meter (SPAD-502, Manitola camera), plant height (cm) 
measured in from ground level to the base of the spike length, 
peduncle length (cm) from last node to the base of spikelet matu-
rity, extrude of spike from flag leaf (cm) from base of the flag leaf to 
base of spike, spike length (cm) from base to tip of spike, flag leaf 
area (cm

2
), 1000 grain weight (g), grain yield (kgha

-1
) and water 

potential (ψ).  
For seedling root and shoot lengths (cm), hydroponics experi-

ments were carried out at JKUAT Horticulture Lab. Hydroponics 
involved growing plants with their roots submerged in the aerated 
nutrient solution. The plants were suspended from a floating Styro-
foam board with the roots hanging in the aerated Hoagland nutrient 
solution which was kept in circulation by an air pump (Resun

®
Air-

2000) to provide even nutrient and air supply for the plant roots. 
 
 

DNA extraction 
 

Total genomic DNA was extracted from leaf tissue per each variety. 
Young leaves from two weeks- old plants were cut as tissue 
samples for DNA extraction. DNA was isolated from these geno-
types as described by Murray and Thompson (1980). The DNA was 

resuspended in 100 l of Tris-EDTA (TE) and stored in the fridge (-
20°C) awaiting quantification. 
 
 
DNA quantity and quality checking 

 
This involved ethidium bromide fluorescence and spectrophotome-
tric  determination  (Sambrook and Russell, 2001). In ethidium bro-



Omondi et al.         3 
 
 
 

 
 

Plate 1. (a) Callus initiation, (b) organogenesis, (c) advanced regeneration. 
 
 
 

bromide fluorescence, a portion of 5 µl of DNA from each sample 
was mixed with 5 µl of 1X gel loading dye III (0.01% bromophenol 
blue (w/v), EDTA pH 8.0 (0.5 M) and 50% glycerol (v/v) and run in 
2% agarose gels containing ethidium bromide (0.5 µg/ml) buffered 
in 1X TBE [(1 M Tris – HCl pH 7.5), 1 M boric acid and 0.5 M EDTA 
(pH 8.0)] in a horizontal electrophoresis apparatus. DNA was also 
loaded and the gels run at 80 V for 1.30 h. Gels were viewed under 

an ultraviolet (UV) transilluminator Bio Doc-It System and photo-
graphed using its UVP printer (Mitsubishi). DNA concentration of 
the sorghum samples was estimated by comparing DNA band size 
and ethidium bromide staining intensity of the test 1 kb molecular 
weight marker. 

In spectrophotometric determination, a Bio photometer (Eppen-
dorf) was used to determine DNA concentration of sorghum 
samples. A 1:50 dilution of DNA in dSDW was made and the absor-
bance (optical density) measured at 260 nm. DNA concentration 
was calculated as follows:  
 
DNA conc. of sample (µl/ml) = A260 × dilution factor × 50  

 
Where, A260 is the absorbance of DNA sample at 260 nm. DNA 
purity was estimated from the optical density (OD) ratios for the 
DNA samples at 260 and 280 nm when compared to the OD 260 / 
OD 280 for pure DNA preparations, which is equal to 1.8.  
 
 

Polymerase chain reaction using SSR primers 
 

After screening of the 10 pairs of SSR markers, five were found to 
amplify scorable and reproducible banding profiles.  

The polymerase chain reaction (PCR) amplifications were perfor-
med with a Gene-Amp PCR system 9700 (Applied Biosystems) in a 

20 µl final volume containing 1 µl (10 ng) of genomic DNA, 1.5 µl 
(10X) PCR buffer with MgCl2 (Gene script), 1.5 mM dNTP, 0.25 µl 
Taq DNA polymerase 0.5 μM of each primer and 14.75 µl of sterile 
water. The microtubes were placed in a thermocycler (a Gene-Amp 
PCR system 9700 (Applied Biosystems)) and the thermocycling 
reactions done in the following scheme: denaturation at 94°C for 5 
min, 40 cycles for 30 s at 94°C; 1 min between 46

 
and 52°C; 45 s at 

72°C; and a final elongation for 4 min at 72°C to reduce the 
probability of false scoring of stutter bands as alleles (Table 1). 
 
 

Data collection and diversity analysis 
 

Marker polymorphism 
 

To measure the informativeness of the SSR markers, the polymer-
phism information content (PIC) for each was calculated according 
to the formula: where, k is the total number of alleles detected for a 
locus of a marker and P the I frequency of the ith allele in the set of 
seven varieties investigated. 
 
 

Genetic similarity estimation and cluster analysis  
 

Each SSR band was scored as present (1) and absent (0) for the 
different varieties. Genetic similarity (GS) between two varieties i 
and j was estimated by the formula: gsij = 2Nij/(Ni+Nj), where Nij is 
the number of bands present in varieties i and j, Ni (resp. Nj) is the 
number of bands present in variety I (resp. j). Based on the genetic 
similarity matrix, unweighted pair group method of arithmetic avera-
ge (UPGMA) that is, cluster were selected on the basis of their 
known genetic analysis were used to assess pattern of diversity 
among the sorghum cultivars. All calculations were performed
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Table 1. Microsatellite marker name used in this study. 
  

SSR locus Repeat motif Forward primer:5'-3' Reverse primer:3'-5' 

Xcup02 (GCA)6 GACGCAGCTTTGCTCCTATC GTCCAACCAACCCACGTATC 

Xcup11 (GCTA)4 TACCGCCATGTCATCATCAG CGTATCGCAAGCTGTGTTTG 

Xcup14 (AG)10 TACATCACAGCAGGGACAGG CTGGAAAGCCGAGCAGTATG 

Xgap072 (AG)16 TGCCACCACTCTGGAAAAGGCTA CTGAGGACTGCCCCAAATGTAGG 

Xgap084 (AG)14 CGCTCTCGGGATGAATGA TAACGGACCACTAACAAATGATT 
 

Source: Taramino et al. (1997). 
 
 
 

 
 
Figure 1. A dendrogram of six sorghum cultivars based on seven morphological traits. 

 
 
 

using the NTSYS-pc version 2.1 software. 
 
 

Statistical analysis 
 

The average data recorded for seedling traits and physiological 
characters during 2008 and 2009 were subjected to the analysis of 
variance according to Steel et al. (1997). The data was submitted to 
PCA, using the XLSTAT 2008 statistical package. Cluster analyses 
were carried out on the principal components using the neighbor 
joining method (Nei, 1973) or hierarchic ascendant analysis and 
Euclidian average distance. 

The presence or absence of each single fragment amplified by 
the microsatellite primers were coded by 1 or 0, respectively and 
scored for a binary data matrix. GS were calculated for each pair of 
cultivar using the Dice similarity. Genetic diversity is referred to as 
the PIC (Anderson et al., 1993).  
 
 

RESULTS  
 

Morphological characters analyses 
 

Distance estimates based on the seven morpho-physiolo- 

gical traits ranged from 0.845 to 0.989 with an average of 
0.922 (Figure 1). The cluster analysis based on the 
morpho-physiological data assigned the cultivars into two 
groups. The first cluster include seredo parent while the 
second cluster was divided into two sub-groups, the first 
included El Gardam parent while the second included 
Seredo regenerate, El Gardam Regenerate, Mtama 1 
Regenerate and Mtama 1 Parent. 
 
 

Microsatellite polymorphism 
 

Five microsatellite markers for five loci were used to 
evaluate the genetic diversity of the five sorghum culti-
vars. A total of 11 alleles were detected among the sor-
ghum regenerates and their parents. The number of 
alleles per locus ranged from two for Xcup02, Xcup14 
and Xgap72 to three for Xgap84 with an average number 
of 2.2 allele per locus (Table 2). The PIC values ranged 
from 0.344 for the Xcup14 to 0.73 for Xgap72 with an 
average value of 0.559 (Table 2). 
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Table 2. Polymorphism detected by 5 SSR markers in the parents and the regenerates of the 3 Sorghum cultivars. 
 

Marker name Total no. of alleles Allele size range Abundant allele (%) 
a
PIC values 

Xcup02 2 192-204 42.30 0.510 

Xcup14 2 211-225 25.10 0.344 

Xgap84 3 183-217 24.80 0.726 

Xcup11 2 165-172 23.60 0.485 

Xgap72 2 183-205 25.00 0.730 

Mean 2.2 
 

28.16 0.559 
 
a 
PIC=1-∑(pi

2
) where, Pi is the frequency of the i

th
 allele detected.

 

 
 
 

Table 3. Similarity matrix among the sorghum cultivars.  
 

Sorghum cultivar Seredo P Seredo R El Gar. P El Gar. R Mta.1 P 

Seredo P -     

Seredo R 0.944 -    

El Gar. P 0.167 0.222 -   

El Gar. R 0.278 0.222 0.889 -  

Mta.1 P 0.389 0.333 0.556 0.667 - 

Mta.1 R 0.444 0.389 0.611 0.722 0.944 
 
 
 

Genetic relationships among the six sorghum 
cultivars 
 

The dice similarity among the six sorghum cultivars ran-
ged from 0.167 to 0.944 similarity coefficient with an 
average of 0.675. This indicated that there is a fair 
amount of similarity among the sorghum cultivars within 
each cultivar (regenerates and parents). About 30% of 
the pair-wise comparisons among the sorghum cultivars 
showed similarity greater than 0.675 while about 70% 
showing genetic similarity lower than 0.675. There was 
strong similarity between the sorghum cultivars Seredo 
regenerates (Seredo R) and Seredo parent (Seredo P) 
(cluster A) and also between Mtama 1 regenerates 
(Mta.1 R) and Mtama 1 parent (Mta.1 P) (cluster B) 
(Figure 1). Lowest similarities were shown between El 
Gardam parents (El Gar. P) and Seredo parent (Seredo 
P) (Table 3). 
 
 

Phylogenetic analysis 
 

UPGMA analysis clustered the six sorghum cultivars into 
two main clusters namely cluster A and B (Figure 2). The 
simple matching coefficient ranged between 0.306-0.944. 
Cluster A had two cultivars (Seredo regenerants and 
Seredo parent). The rest of the cultivars, Mtama 1 and El 
Gardam, clustered as B. 
 
 

DISCUSSION  
 

Microsatellite markers have been used to show genetic 
variations in many important crops including Oryza sativa 
L. (Bligh et al., 1999), Sorghum bicolor (Smith et al., 

2000), cassava cultivars (Moyib et al., 2007) sweet potato 
(Karuri et al., 2009). This study identifies five oligonucleo-
tide primers which can prove useful to analyze amount of 
polymorphism available in the sorghum cultivars and their 
regenerates.  

The dice similarity indices and the consensus tree were 
developed on the basis of the scorable banding patterns 
of the three sorghum cultivars with their regenerates 
using the five SSR primers as shown in Table 1 and 
Figure 2. The similarity indices showed that the parents 
and regenerates of two cultivars, Mtama 1 and Seredo 
parents, were the closest with the similarity index of 
0.994. This may be an indication of low percentage of 
somaclonal variation that occurred at callus formation 
level. This level of polymorphism for sorghum is in the 
range 3.0 per locus reported by Rolf et al. (2005), using 
sorghum varieties from East Africa and the great lake 
region. This lower genetic variation could be attributed to 
the fact that the variation between the parent and the 
regenerates could be as a consequence of simple chime-
rism during callus maintenance during regeneration 
(Frank et al., 2000). Furthermore, the detected genetic 
diversity for the 3 sorghum varieties and their regenera-
tes is also lower than that (0.645) reported by Smith et al. 
(2000), using elite sorghum inbred lines assessed with 
simple sequence repeats. 

The genetic similarities among the cultivars revealed by 
their clustering into distinct groups suggest the presence 
of different sources of relationships among the sorghum 
cultivars. The UPGMA dendrogram analysis (Figure 2) 
based on the 5 SSR markers (Table 2) showed two main 
clusters, the first included El Gardam and Mtama 1 culti-
vars while the second included Seredo cultivar. 
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Figure 2. UPGMA dendrogram of 6 sorghum cultivars based on genetic similarity matrix calculated from SSR 
markers. SrdP, Seredo parent; SrdS, Seredo regenerant; ElP, El Gardam parent; ElS, El Gardam regenerant; MtaP, 
Mtama 1 parent; MtaS, Mtama 1 regenerant. 

 
 
 

The results of the genetic diversity study provide esti-
mates on the level of genetic variation among the culti-
vars that can be used in germplasm management and 
sorghum improvement. In this study, morphological data 
analysis was coupled with molecular analyses (SSR 
markers) to investigate the genetic relationships among 
the three sorghum cultivars and their regenerates. 

The range of genetic distance based on the morpho-
logical traits was on average lower than SSR markers 
which might be a reflection of the environmental influence 
on the performance of the materials. Therefore, the DNA 
markers and morpho-physiological traits will not neces-
sarily gain closely matching results and Mertnez et al. 
(2005), believed that the correspondence between differ-
ent methods might be improved by analyzing more mor-
phological characters and DNA markers. Two reasons for 
low correlations between DNA markers and morpholo-
gical as well as protein data have been suggested by 
Semagn (2002). These are: (i) DNA markers cover a lar-
ger proportion of the genome, including coding and non-
coding regions, than the morphological markers and (ii) 
DNA markers are less subjected to artificial selection 
compared to the morphological markers.  

Success of these primers in establishing polymorphism 
in sorghum is confirmed by other studies by Rolf et al. 
(2005) that showed PICs of the primers to be in the same 
ranges as those obtained in this study. These findings 
clearly demonstrate the reliability of SSR in analyzing 
genomic diversity. Thus, it is possible to establish a col-
lection of highly polymorphic SSRs for genetic diversity 
studies cultivar identification and plant variety protection 
in sorghum. The genetic diversity levels observed in this 

study would be useful indicators if such an approach is 
planned for the sorghum genome. 
 
 

Conclusion 
 

In summary, our data shows significant variation among 
the parent sorghum plants and their tissue culture rege-
nerates. The data can be used in selecting diverse parent 
in breeding programme and in maintaining genetic 
variation in germplasm. This study also shows that tissue 
culture may not add much practical value in introducing 
somaclonal variation. 
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