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Abstract. In the semi-arid areas of Kenya, the effects of climate change are accelerating the genetic erosion of many crops and 
threatening food security of resource-poor farmers. This study analyzed the genetic diversity of the available Sorghum bicolor 
L. germplasm using simple sequence repeat (SSR) markers with the aim of identifying varieties that can be selected to meet 
food security needs of these marginal environments. Accessions from four agro-ecological regions were genotyped with 39 
SSR markers chosen on the basis of their position in the genome and the large repeat sizes they represented.  The alleles were 
called using the Gene Mapper software (version 3.7), sizes assigned with the allelobin software and the subsequent data 
analyzed with the Power Marker software (version 3.25). The Arlequin software (version 2.0) was used to calculate the 
diversity indices and the intra-population structure. Genetic distances were calculated according to Rogers modified distance 
and the accessions were clustered using principal component analysis (PCA). A mean polymorphic information content (PIC) 
value of 0.536 was observed, indicating moderate levels of polymorphism. The variability within accessions among the 
populations was 56.37%, within individual accessions was 38.85% and among geographical origins was 4.78%. A low level of 
genetic differentiation (FST = 0.048) and a high inbreeding level (FIS = 0.59) showed an increased degree of allele fixation. The 
results showed that though most of the accessions were similar, there was sufficient genetic diversity among and within 
sorghum landraces in Kenya, which would be useful in the improvement of sorghum productivity. 
 
K ey words:  genetic diversity; germplasm; microsatellites; Sorghum bicolor 
 
1. IN T R O DU C T I O N 
 
Sorghum (Sorghum bicolor (L.) Moench is the fifth 
most important grain crop worldwide as far as 
production and acreage are concerned (FAO, 2010).  
It is the second highly produced cereal in Africa after 
maize (Gerda and Christopher, 2007). Sorghum is a 
drought-tolerant crop, well adapted to marginal and 
semi-arid areas (Gerda and Christopher, 2007) where 
annual rainfall is between 350 to 750 mm (Markus 
and Gurling, 2006). The mean grain yield for sorghum 
in Kenya has been reported to be as low as 700 kg/ha 
(MOA, Kenya, 1996) and the crop is grown in the 
drought-prone marginal areas of North Eastern, 
Eastern, Nyanza and Coast Provinces (EPZ, 2005).  

As in other crops, improved grain yield has been 
realized by utilizing genetic variability (Rai et. al., 
1999). Selection of varieties to meet specific food, 
feed and industrial needs from the local biodiversity is 
of high importance in a country such as Kenya, 
because most of the preferred traits have been 
consciously accumulated across years. However, 
many sorghum accessions have been lost or are under 
serious risk of extinction and genetic diversity has 
been decreasing at a high rate mainly because of 

effects of climate change (Kabubo and Karanja, 
2007). As a result, many useful alleles have been 
eliminated. There is a need therefore to undertake a 
comprehensive assessment of the current diversity 
present in the local sorghum population for use in 
crop improvement (Mohammadi and Prasanna, 2003). 
Assessment of genetic variability provides a 
foundation for making informed decisions regarding 
the management and utilization of sorghum genetic 
resources. The characteristics of the germplasm 
analyzed here have been described by Ngugi and 
Maswili (2010). In an effort to consolidate all the 
information pertaining to genetic diversity of sorghum 
land races in Kenya, an earlier study had analyzed 139 
accessions of sorghum collected from diverse regions 
of the country (Ngugi and Onyango, 2012) but unlike 

had not been 
included. This study sought to widen the assessment 
of genetic diversity present in the land races by 
including variation generated by plant breeders while 
utilizing SSR molecular markers that have been 
successfully applied in other studies for the same 
purpose (Mohammadi and Prasanna, 2003).  

In sorghum, a number of SSR markers developed 
from various sources (Bhattramakki et al., 2000; 
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Brown et al., 1996) are in the public domain and have 
been employed to analyze genetic diversity. SSR 
markers are preferred since they are codominant and 
able to reveal a higher level of polymorphism than 
other marker systems (Schloss et al., 2002). SSR 
alleles can be separated by gel electrophoresis and be 
visualized by silver-staining. SSR analysis is 
amenable to multiplexing and allows genotyping to be 
performed on large numbers of lines. SSR markers are 
reproducible, exhibit uniform genome coverage and 
are transferable between mapping populations 
(Agrama and Tuinstra, 2004). These features, coupled 
with the fact that they are highly informative and 
abundant, makes SSRs ideal molecular markers for 
genetic diversity analysis. 
 
2. M A T E RI A LS A ND M E T H O DS 
 
A total of 148 sorghum accessions comprising 

the sorghum growing areas of Kenya, namely, the 
North Eastern (Turkana, 19 accessions), parts of 
Eastern Kenya (28 accessions), Coast (17 accessions) 
and Western Province, (45 accessions) which included 
Nyanza and Kakamega. A selected number of 

 also included from Kenya 
Agricultural Research Institute (KARI) Katumani, 
KARI Lanet and KARI Kakamega. The accessions 
were planted out for evaluation at KARI, Embu 
station in a trial replicated three times using a 14 x 14 
balanced lattice design. Each accession was sown in a 
plot of three rows, each row being 3 m long, with a 
between-row spacing of 75 cm and within-row 
spacing of 25 cm.  Phenotypic data was collected from 
the middle two rows of each plot and recorded using 
the International Plant Genetic Resources Institute 
(IPGRI) characterization descriptor list. 
 

 
Table 1:  Summary of the phenotypic traits of the 148 sorghum accessions analyzed by SSR for their genetic diversity 

Region/accessions No. of 
accessions 

D/F L 
  

 G W 
(gm) 

L eaf 
 no. 

Node  
no 

PanBr 
  

Panl  
(cm) 

Western 45 89 1.6 8 8 41 20.95 
Turkana 19 92 1.4 10 10 40 22.09 
Coast 17 99 1.7 10 10 55 24.6 
Eastern 28 85 1.5 9 9 46 19.9 

 39 85 1.4 8 8 42 21.26 
 mean  88 1.5 9 9 43.2 21.07 
A N O V A 
 Error 175.2189 0.3739 4.5668 4.3609 213.1441 39.0345 
 Mean squares 480.1 0.7964 18.130 18.534 488.1 79.24 
 V.R 2.74 2.13 3.97 4.25 2.29 2.03 
 F pr. <.0.001** <.0.001** <.0.001** <.0.001** <.0.001** <.0.001** 
CV(%) 15.04 40.76 23.74 23.20 33.79 29.65 
Broad-Sense H 0.943 0.044 0.423 0.422 0.957 0.868 

K ey : D/F L  =Days to 50% flowering, G W (gm) =Weight of 100 grains in grams 
L eaf no. =Number of leaves at maturity, Node no. =Number of nodes at maturity 
PanBr =Number of panicle branches, Panl (cm) =Panicle Length  
V.R.= variance ratio; Fpr.=F probability; Broad-Sense H= broad-sense heritability  
 

The following parameters were measured: (i) days 
to 50% flowering (days); as the mean number of days  
from sowing to the day on which 50 % of the plants 
flowered  scored on 5 randomly selected plants (ii) 
100 seed weight; as the mean weight of 100 well-
developed grains collected from 5 selected  plants and 
expressed in grams (iii) number of leaves at maturity ; 
as the mean number of 5 randomly selected plants  
scored during physiological maturity (iv) number of 
nodes at maturity; as the mean number of nodes 
bearing branches from 5 randomly selected plants 
scored at physiological maturity (iv) panicle branches; 
as the mean number of panicles from 5 randomly 
selected plants scored at physiological maturity (v) 
panicle size; as the mean length of panicle in 

centimeters scored from 5 randomly selected plants. 
The analysis of variance (ANOVA) was done using 
the GenStat Discovery Edition 3 soft-ware and the 
results presented in Table 1. Broad-sense heritability 
(H) was calculated as; (H) = s2G/ s2p = s2G /[s2G + 
s2e/r] where; s2G is the genetic (or genotypic) 
variance, s2p is the phenotypic variance, s2e is the 
plot residual or error variance from the ANOVA and r 
is the number of replications. Thirty-nine SSR 
markers obtained through ICRISAT (International 
Crops Research Institute for the Semi-Arid Tropics) 
from diverse sources (Table 2) were used to genotype 
the 148 sorghum accessions. The 39 SSR markers 
were chosen firstly because they represented a wide 
range of the repeat sizes (from di-nucleotides to hexa-
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nucleotides) and secondly because these markers 
revealed a high number of alleles and had wide 
genome coverage as reported in previous studies 
(Table 2). DNA of 14 days old seedlings was 
extracted from leaves of 5 randomly selected plants 
using a modified CTAB protocol (Mace et al., 2003) 
and was loaded in the gel as one sample per well. The 
samples were analyzed using agarose (0.8%) gel 
electrophoresis and stained with ethidium bromide (10 
mg mL-1). The concentration of DNA fragments was 
estimated using the intensity of the band and diluted. 
The results of successful amplification of a few of the 
primers with lambda standards placed at ends of the 
gel for comparison are shown in Fig. 1.  

The PCR reactions for the 39 primers were done 
using the GeneAmp" PCR SYSTEM 9600 
thermocycler (PE-Applied Biosystems) and touch-
down PCR amplification. Genotyping was conducted 
through capillary electrophoresis using the ABI 
PRISM 3730 (PE-Applied Biosystems) sequencer and 
the microsatellite alleles were sized within  0.3 base-
pair fragments. The alleles were called using Gene-
Mapper software and the internal GeneScanTM 500 
LIZ® Size Standard. A control sample DNA of the 
accession BTx623 was included during the PCR and 
capillary electrophoresis.  
 
2.1. Genotypic Data Analysis 
 
The Gene-Mapper version 3.7 software was used to 
call the alleles and the sizes were assigned with the 
Allelobin software. The Allelobin software also 
generated the quality index of each marker as 
indicated in Table 3. The data generated from the 
Allelobin software were analyzed using the Power-
Marker version 3.25. The Power-Marker software was 
used to calculate the polymorphic information content 
(PIC), expected and observed heterozygosity, 
genotype and allele numbers and  frequencies for each 
marker. Genetic diversity estimated by the Allelobin 
software considered allele numbers, their allelic 

diversity (H) (Nei, 1987). The data were further 
analyzed with the Arlequin version 2.0 software. This 
software, in addition to calculating diversity indices, 
analyzes disequilibrium tests, neutrality tests and 
Hardy-Weinberg equilibrium (Schneider et al., 2000). 
The analysis of molecular variance (AMOVA) was 
done in Arlequin version 2.0 software  to  estimate the 
significance of the variance components associated 
with the different possible levels of genetic structure 
(within individuals, within populations, within groups 
of populations, among groups). Population 
differentiation was elucidated using F-statistics 
provided in the Arlequin software ((Schneider et al., 
2000), where FIS is the degree of inbreeding by the 

total population, FIT reflects the total population 
variability (non-homozygosity) and FST measures 
genetic differentiation. Significance tests were 
calculated based on 10,000 permutations. Tolerance 
was set to a 5% level of missing data per locus. The 
analysis considered the regions of origin namely, 

material as sub-populations. Genetic distances were 
calculated using Rogers modified distance (Wright, 
1978). Pairwise genetic distance matrix was 
calculated based on dissimilarity index by simple 
matching, using Darwin software version 5.25. The 
dissimilarity distance matrix was subjected to PCA 
using Darwin Version 5.25 software (Apple Inc., 
APSL) to reveal a scatter plot (Fig. 2) of the first and 
second axes of non-metric multi-dimensional scaling 
(MDS). 
 
3. R ESU L TS A ND DISC USSI O NS 
 
Most of the landraces flowered at 88 days and had 
mean 100-grain weight of 1.5 g (Table 1). One 
accession from Western Kenya had the highest 100-
grain weight. Both the number of leaves and number 
of nodes at maturity for the majority of the accessions 
were 9. Most of the accessions had 43 panicle 
branches. The panicle length ranged between 5.6 cm 
to 50.1 cm, with most of the sorghums having 21.07 
cm long panicles. The highest coefficient of variation 
(CV %) was found for 100-grain weight (40.76%), 
followed by number of panicle branches (33.79%) and 
panicle length (29.65).  The lowest coefficient of 
variation was 15.04 % for days to 50% flowering 
(Table 1). There was less experimental error in the 
measurement of days to flowering compared to the 
other two traits. 

The accessions from the Coast region were the 
latest maturing (99 days), followed by those from 
Turkana region (92 days). Eastern Kenya accessions 

days). The Coast region accessions had the highest 
grain weight of 1.7 g, the highest number of panicle 
branches (55) and the longest panicles (24.6 cm). 
Turkana and Coast region landraces were the tallest, 
as shown by the means of number of nodes and leaves 
(10) and also had the largest panicle size. Again, as 
shown in the ANOVA in Table 1, there were highly 
significant differences among the landraces for all the 
traits. Number of panicle branches and days to 50% 
flowering had the highest broad-sense heritability 
values of 0.957 and 0.943 respectively. The 
phenotypic diversity in the land races did not vary 
significantly. Indeed in all the traits recorded, the 

variation from the local landraces, meaning that 
whatever the differences observed, they were slight. 
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Table 2: Location, composition and source of the 39 SSR markers used to genotype 148 Kenyan sorghum accessions 
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Table 3: Molecular characteristics of the 39 SSR markers used to analyze the 148 Kenyan sorghum accessions 

 
 
A total of 349 alleles were observed across all loci 

(Table 3). The number of alleles per locus ranged 
from 2 for marker Xcup14 to 24 for marker Xtxp012. 
Markers Xgap206 and CIR 238 had high number of 
alleles (23 and 22 alleles, respectively). The highest 
quality index was 0.516, which was scored by marker 
CIR238, which also had the highest number of rare 
alleles (Table 3). Marker Xtxp278 had the lowest 
quality index of 0.088. The highest percentage of 
abundant allele was 98.46% (allele 204) for marker 
Xisep0310 and the lowest was 13.93 % (allele 200) 

for marker Xtxp12. The total number of rare alleles 
(alleles with frequencies of less than 5%) was 154, 
giving a mean of 3.95 alleles per marker. Markers 
Xcup02, CIR329, CIR300, CIR306 and CIR262 had 
the lowest number of rare alleles (one each), whereas 
the rest of the alleles had two or more rare alleles. 
Markers CIR 238, Xgap206 and Xtp012 detected the 
highest number of alleles, had the highest gene 
diversity, the highest heterozygosity and PIC values 
and were therefore the most informative (Table 4). 
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Table 4: Allelic frequencies, Genetic diversity and Heterozygosity values of SSRs genotyped in 148  Kenyan sorghum 
accessions 

M arker 

 

 

M ajor 

A llele 

F requency 

Genotype 

Number 

 

A llele 

Number 

 

Gene 

Diversity 

 

Heterozygosity 

 

 

PI C 

 

 

Xtxp40 0.8345 10.0000 7.0000 0.2917 0.0608 0.2751 

C IR286 0.4218 15.0000 8.0000 0.6429 0.2245 0.5758 

Xcup02 0.7448 5.0000 4.0000 0.4112 0.0350 0.3729 

Xtxp10 0.2872 19.0000 9.0000 0.8018 0.2297 0.7743 

C IR329 0.4797 14.0000 6.0000 0.6749 0.2905 0.6280 

Xtxp114 0.5980 6.0000 4.0000 0.5533 0.1284 0.4885 

C IR238 0.2432 52.0000 22.0000 0.8804 0.4589 0.8707 

Xtxp141 0.4830 24.0000 12.0000 0.7243 0.1837 0.7032 

C IR223 0.6750 15.0000 8.0000 0.5071 0.2571 0.4729 

Xtxp273 0.5426 16.0000 9.0000 0.6494 0.2248 0.6149 

C IR276 0.9054 5.0000 4.0000 0.1731 0.0541 0.1613 

Xcup061 0.7931 7.0000 6.0000 0.3374 0.0828 0.2952 

Xtxp21 0.4759 17.0000 10.0000 0.7176 0.3034 0.6901 

Xtxp278 0.9830 5.0000 4.0000 0.0336 0.0204 0.0334 

C IR283 0.4595 18.0000 9.0000 0.6727 0.4595 0.6208 

Xtxp321 0.3414 30.0000 16.0000 0.7770 0.2000 0.7490 

C IR300 0.6351 7.0000 4.0000 0.5193 0.0743 0.4556 

Gpsb067 0.6058 11.0000 7.0000 0.5278 0.3650 0.4502 

SbA G B02 0.3818 18.0000 7.0000 0.7080 0.2095 0.6605 

Xsep310 0.9831 4.0000 3.0000 0.0334 0.0203 0.0331 

C IR240 0.4660 19.0000 14.0000 0.6837 0.2925 0.6361 

Xgap84 0.5986 29.0000 17.0000 0.6248 0.4286 0.6126 

Xtxp15 0.3209 21.0000 10.0000 0.7869 0.1689 0.7568 

Xcup063 0.8571 5.0000 4.0000 0.2485 0.0136 0.2238 

C IR306 0.6216 6.0000 3.0000 0.4803 0.1014 0.3772 

Xcup53 0.9493 8.0000 5.0000 0.0980 0.0811 0.0967 

C IR248 0.6276 9.0000 5.0000 0.5302 0.3931 0.4690 

C IR262 0.7432 6.0000 3.0000 0.3927 0.1149 0.3320 

Xgap72 0.4223 12.0000 7.0000 0.7122 0.0743 0.6665 

C IR246 0.8074 7.0000 5.0000 0.3346 0.0405 0.3170 

Xtxp136 0.4899 5.0000 3.0000 0.5570 0.6149 0.4580 

Xcup14 0.6892 3.0000 2.0000 0.4284 0.1757 0.3366 

Xtxp057 0.2329 32.0000 14.0000 0.8434 0.3904 0.8244 

Xgap206 0.2153 52.0000 23.0000 0.9020 0.3942 0.8950 

Gpsb123 0.2891 23.0000 10.0000 0.7924 0.2266 0.7635 

Xtxp12 0.1413 52.0000 24.0000 0.9114 0.3623 0.9047 

Xtxp145 0.4926 21.0000 13.0000 0.6973 0.3824 0.6661 

Xtxp265 0.2245 42.0000 17.0000 0.8711 0.6463 0.8586 

Xtxp320 0.2813 26.0000 11.0000 0.8052 0.2361 0.7798 

M ean 0.5473 17.3333 8.9487 0.5727 0.2313 0.5359 
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The PIC values ranged 0.03 0.9, with an average 
value of 0.536. Similar mean PIC values for SSR loci 
were reported by Brown et al., (1996); Kong et al., 
(2000); Geleta et al., (2006) and Agrama and Tuinstra 
(2003). However, in the present study, the ranges of 
PIC values were wider than those reported by the 
foregoing authors. The mean diversity index per SSR 
locus was 0.57.  Pei et al., (2011) also detected an 
overall genetic diversity of 0.60 for accessions and 
0.54 for inbred lines using 29 SSR markers. The SSR 
markers used here were able to detect high allelic 
variability compared to those used by Agrama and 
Tuinstra (2003). In Eritrean sorghum landraces, a total 
of 208 alleles were observed, with a range of 7 to 28 
alleles and a mean of 13.9 alleles per locus (Ghebru et 
al., 2003). Menz et al., (2004) obtained a mean of 7.8 
alleles among sorghum inbred lines. However 
Perumal et al., (2007) recorded between 4 and 21 
alleles using seven SSRs, which were similar to the 
number of alleles found in this study. The differences 

in the number of alleles observed in all these studies 
can be attributed to sample sizes and to the number of 
markers used. The bigger the sample size and the 
more markers screened, the higher was the degree of 
polymorphism that was detected. Menz et al., (2004) 
analyzed 50 sorghum inbred lines and detected a mean 
number of 7.8 alleles with a set of 100 SSRs, 1318 
EcoRI/MseI Amplified Fragment Length 
Polymorphism (AFLP) and 496 PstI/MseI AFLP 
markers, whereas Pei et al., (2011) sampled 45 
accessions and non-hybrids of sweet sorghum with 46 
SSR markers and recorded a mean of 4.96 alleles per 
locus. Another important factor contributing to the 
differences in the data reported in these studies is the 
manner in which the markers were distributed in the 
genome. Where markers were uniformly distributed in 
the genome, as was the case in this study, there was a 
higher likelihood of obtaining more informative 
diversity measures. 

 
Table 5: Intra population Molecular diversity parameters of the 148 Kenyan accessions calculated according to Nei  (1987). 

Sub-population Western Turkana Coast Eastern B reeders' M ean Total 

No. of polymorphic Loci 33 26 29 33 30 30.200  

Number of gene copies 90 38 34 56 78 59.200 296 

Number of alleles 6.28 4.44 4.79 5.51 6.48 27.510 1,073 

Mean expected 

heterozygosity(He) 

0.558 0.497 0.5597 0.531 0.574 2.719  

Mean Observed 

heterozygosity (Ho) 

0.229 0.172 0.273 0.218 0.254 1.146  

Theta (H) under the infinite-

allele model 

1.264 0.987 1.271 1.131 1.349 1.206  

 
Table 6: AMOVA for 148 Kenyan sorghum accessions calculated according to Weir and Cockerham, (1996) 

Source of variation Variance  

components 

Percentage  

of variation 

P-value          FST 

Among sub-populations    0.41544        4.78           <0.001  

Among individuals 

 within sub-populations      

4.89634       56.37          <0.001 0.0478 

Within individuals     3.37500        38.85          <0.001  

 

F ixation Indices 

FIS  0.592 

FST      0.048 

FIT   0.612 
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F ig. 1: A 2.5% Agarose gel image showing some of the amplifications of the optimised primers from the extracted genomic 

DNA 
 

 
F ig. 2: Principle co-ordinate scatter plot showing genetic distance estimates in the 148 Kenyan sorghum accessions 

 
The mean observed heterozygosity level per 

marker in the accessions was low (0.23) as compared 
to the mean expected heterozygosity measured as 
gene diversity (0.57), (Table 4). The major differences 
between the observed heterozygosity and gene 
diversity for all the microsatellite markers was an 
indication of the presence of inbreeding among the 
accessions (Table 4). The expected heterozygosity 
(He) across the 39 loci was higher than the observed 
heterozygosity (Ho), again confirming that there was 
low cross-pollination rate among the accessions 

diversity than the Turkana accessions as implied by 
the higher number of alleles in the population. The 

Western region landraces had the highest gene copies 
(90), whereas Coast region had the lowest gene copies 
(34) (Table 5). A total of 296 gene copies, with a 
mean of 59.2 per population were detected. All the 
populations had a high number of polymorphic loci 
ranging between 26 and 33. The overall mean 
expected heterozygosity of 2.719 was higher than the 
overall mean observed heterozygosity of 1.146 for all 
the accessions. The theta (H) for all the five 
populations (Table 5) had positive values, again 
indicating the lack of heterozygotes (Table 4). 

A clear genetic differentiation both among regions, 
among individuals within the regions and within the 
individuals is shown in Table 6. Of the total diversity, 
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56.37% was attributed to variation among accessions 
within the sub-populations, 38.85% was attributed to 
differences within the accessions whereas only 4.78% 
was attributed to variation among the regions. In the 
earlier study (Ngugi and Onyango, 2012) the 
percentage variation among populations of 6.48% was 
comparable to the one reported here but the within 
accessions variation in the earlier study of 18.67% 

germplasm indeed widened the genetic base. As 
shown in Table 6, the value of FIS (level of 
inbreeding) was 0.592 and this was almost equal to 
the value of FIT (level of non-heterozygosity) which 
was 0.612. This relatively high level of inbreeding is 
consistent with earlier findings of increased degree of 
allele fixation as shown in Tables, 4 and 5. The FST 
(0.048) value observed in this study, although lower 
than reported for other sorghum populations, was 
significant and consistent to the one found earlier in 
Kenya (Ngugi and Onyango, 2012). Ghebru et al., 
(2003) and Djé et al., (2000) recorded higher FST 
values of 0.50 and 0.68 respectively than was the case 
in this work.  The high level of inbreeding among the 
accessions may have arisen from the high degree of 
selection practiced by farmers and breeders within 
their germplasm leading to reduced effective 
population sizes and therefore increasing the 
opportunity for allelic fixation.  

As shown in Table 7, Western, and Eastern regions 
lasm had almost the same 

inbreeding coefficient value.  Sorghum material from 
Turkana region had the highest FIS value, whereas 
accessions from Coast region had the lowest, probably 
because the accessions from the Turkana region were 
more isolated from other populations but those from 
the Coast region were exchanged more frequently 
between farmers. The P (theta) values for the all the 
sub-populations were positive another implication of 
low heterozygosity in the germplasm. 

stern region 
accessions had the highest diversity with an average 
number of alleles of 6.48 and 6.28 alleles per 

accession respectively (Table 5). The lowest diversity 
was in the Turkana sorghum with an average of 4.44 
alleles per accession. The higher diversity detected 

populations may be attributed to the fact that Western 
sorghums were collected over a broader area. They 
also grow in an area bordering Uganda, providing an 
additional opportunity for introgression with exotic 

selected from diverse origins and crossed with 
germplasm from other areas hence the higher 
diversity. Turkana germplasm was genetically distant 
from the rest of the germplasm but had low diversity 

varieties from other parts of the country. In addition, 
the Turkana region is geographically isolated from the 
rest of the regions and the local farmers who are 
normally pastoralists do not consciously select for 
grain or fodder traits. Associations among the 148 
sorghum accessions based on cluster analysis revealed 
a genetic distance range of 0.4 to 0.8. The accessions 
grouped into three clusters, on the basis of their 
geographical origins (Fig. 2) with a few accessions 

germplasm scattered across all the groups. Save for a 
few exceptions, the accessions from Turkana were 
found in cluster 2, those from Western and Eastern 
regions were in cluster 3 while those from the Coast 

1. 
The clustering indicated that although there is 

considerable diversity among and within the 
individual accessions, the Western, Coast, Eastern and 

-populations were not very different 
from each other, a scenario that is possible where 
there is unrestricted continuous movement of seeds by 
farmers in these regions. Only the Turkana accessions 
were able to group into their own sub-cluster again 
confirming that the region may have received fewer or 
no introduced sorghums from the other regions 
leading to uniformity among the accessions within the 
region.  

 
 
 

Table 7: Population specific FIS indices (10,000 permutations) from  sub-populations of the 148 Kenyan accessions 
   Pop            Name F IS P ( F IS>=Obs F IS) 

1 Western_Accessions     0.59870             0.000000 

2 Turkana_Accessions     0.65132             0.000000 

3 Coast_Accessions          0.54789             0.000000 

4 Eastern_Accessions      0.60720             0.000000 

5 Breeders_Accessions    0.56722             0.000000 
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4. C O N C L USI O N 
 
The high number of alleles observed for most of the 
loci indicated that there is medium to high levels of 
diversity in the landraces. High genetic variability was 
observed among the three clusters and within the 
accessions but there was less diversity between the 
different geographical domains. The germplasm from 
the Turkana region appears to be genetically distant 
from the other domains and in addition has a low 
within population diversity. High genetic diversity 

in the Western Kenya sorghum populations perhaps 
due to increased diverse germplasm introductions in 
both cases. The SSR loci in this study were able to 
uniquely identify each sorghum accession and 
therefore they would be useful in assessing the genetic 
value of sorghum germplasm in future breeding 
programs. 
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