
Sorghum (Sorghum bicolor (L.) Moench) is the fifth most
important cereal crop in the world as well as an important source
of feed, fiber, and biofuel (Dogget 1988). In the eastern Africa
region, an average of approximately 7 million ha yr-1,producing
5.4 million tons of sorghum grain, has been reported (FAO 2004).

In many crop improvement efforts, assessment of the genetic
diversity using either conventional or molecular tools present
forms the basis of formulating and designing sound breeding
programs. Germplasm accessions themselves are reservoirs of
new genetic recombinations upon which future selection and
hybridization are based. Sorghum grain yields in Kenya are rela-
tively low and highly variable from year to year. The major
causes of these low yields are mainly due to a range of factors
involving both biotic and abiotic stresses. Most small-scale

farmers in Kenya do not grow improved varieties rather they
cultivate local landraces. The challenges to increased grain
yields poised by biotic and abiotic constraints call for a through
assessment and exploitation of the genetic variation present in
landraces. Molecular markers such as the microsatellites or
SSRs have been widely used in the assessment of genetic vari-
ability and characterization of germplasm in sorghum and later
applied in marker-assisted selection (Agrama et al. 2003).
Simple sequence repeats are preferred in the assessment of
genetic diversity because they are codominant, reveal high lev-
els of polymorphism, are highly reproducible, and are amenable
to rapid and simple genotyping (Rai et al. 1999). 

This study sought to assess the extent of the genetic variability
present in the Kenyan sorghum germplasm accessions using SSRs
markers and identify the specific accessions exhibiting the highest
levels polymorphism for the purposes of improving the genetic
base of the current cultivated sorghum varieties in the country. 
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Abstract

The aim of this study was to estimate the extent of the genetic diversity present in sorghum germplasm grown in Kenya using sim-
ple sequence repeat markers. A total of 139 accessions were genotyped using 11 microsatellite markers or simple sequence repeats
(SSRs) and the genetic diversity was estimated. The markers showed a wide range of differences in quality index from 0.005 to 0.39.
The average Polymorphic Information Content value observed was 0.6241 indicating a high level of diversity. The gene diversity
index ranged between 0.2419 and 0.9313 with a mean of 0.6627 per locus. A total of 105 alleles were observed with an average of
10.4 alleles per locus. The average heterozygosity level per locus was low at 0.1717. The variability within accessions among the
populations was 74.85% and within individual accessions was 18.67%. The results showed that genetic diversity within Kenyan
sorghum germplasm accessions is higher than that between the different populations. It is implied that such genetic diversity can be
exploited as such or in hybridization programs to improve sorghum varieties currently grown by subsistence farmers in Kenya.
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Materials and Methods

Germplasm collection
Germplasm collection of local landraces was conducted in

various sorghum growing areas of Kenya by the University of
Nairobi College of Agriculture and Veterinary Sciences (Fig. 1).
A total of 139 sorghum accessions were selected for this study
as follows: 20from North Rift-Vally Province, 9 from South
Rift-Vally Province, 16 from North Eastern Province, 29 from
Western Province, 6 from Coast Province, 26 from Eastern
Province, 5 from Central Province, and 34 from Nyanza
Province. 

Plant material and DNA extraction
The seeds of all accessions were sown in jiffy pots for a few

days and the shoots and roots of 3 - 4-day-old seedlings from 10
plants per accession were harvested and pooled into microtubes
tubes. DNA was extracted from shoot and root samples using a
modified CTAB protocol (Mace et al. 2003). Two steel beads were
put in each of the wells of strip tubes (Greentree Scientific, USA)
that were processed in a Geno Grinder 2000. The samples were
then placed in a bucket with liquid nitrogen. Then, 450 µL preheat-
ed (65ºC) Extraction Buffer (EB) (3% (w/v) CTAB, 1.4 M NaCl,
0.2% (v/v) β-Mercapto-ethanol and 20 mM EDTA) was added to
the leaf samples and ground using the Geno-grinder. DNA quality
checks were done using agarose (0.8%) gel electrophoresis stained
with ethidium bromide (10 mg mL-1) at a voltage of 70 V for 30

min. The quantity and purity of the DNA were checked using a
Nano-drop spectrophotometer. All DNA samples were diluted to
the required concentration (5 ng µL-1). A 1:10 dilution was made
for all DNA samples by mixing it with 40 µL distilled water.

PCR and capillary electrophoresis 
Upon dilution of DNA samples to 5 ng µL-1, a 5 µL PCR mix

consisting of 5 ng of DNA, 10 X reaction buffer, 10 mM MgCl2,
2 mM dNTPs, 2 pmols of forward and reverse primers, 0.5 U
Taq polymerase, and 2.23 µL of deionized water was prepared
for each genotype . 

Temperature cycling was carried out using the GeneAmp
PCR systems 9700 (PE-Applied Biosystems) with a touch-down
PCR amplification as follows: one 15 min denaturation cycle,
followed first by 10 cycles of 94ºC for 10 s, 61ºC for 20 s (ramp
of 1 per cycle), and 72ºC for 30 s, then followed by 31 cycles of
94ºC for 10 s, 54ºC for 20 s, and 72ºC for 30 s. After completion
of the 31 cycles, a final extension of 20 min at 72ºC was includ-
ed (Smith and Helenteharis 1996).  

After the PCR, a few accessions in each primer were random-
ly selected and their PCR products run on a 2.5% agarose gel to
check for amplification. Genotyping was carried out by capillary
electrophoresis using the ABI PRISM 3730 (Applied
Biosystems). 

DNA fragments were denatured and size-fractioned using
capillary electrophoresis. The peaks were sized and the alleles
called using Gene-Mapper software and the internal ROX
GS500LIZ-3730 size standard. To verify the repeatability of
each PCR and each capillary electrophoresis run, a control sam-
ple (accession BTx623) was included during the PCR of each
SSR marker and during each capillary electrophoresis run.
Allelobin software was used to check the quality of the markers. 

Data analysis
Table 1 shows the characteristics of the SSR used in this

study. All SSR markers showed high reproducibility, with high
consistency in the amplified product between the PCR and ABI
runs of the control, BTx623. Alleles were called and scored
using the Gene-Mapper version 3.7 software and the data was
subjected to Allelobin software to check the quality of the SSR
markers. The data generated from Allelobin was analyzed using
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Table 1. The 11 SSR markers used in this study, the dyes used to label
them, the number of sets multiplexed together, and the length of the
repeat units

Marker Dye label Multiple set Repeat motifs
mSbCIR300
mSbCIR329
Xcup02
Xcup14
Xisep0310
mSbCIR223
mSbCIR240
Xtxp012
Xtxp021
Xtxp114
Xtxp141

PET
VIC
PET
FAM
PET
NED
FAM
VIC
PET
NED
FAM

5
2
1

10
6
3
7
3
4
2
3

(GT)9
(AC)8
(GCA)6
(AG)10

(CCAAT)4
(AC)6
(TG)9
(CT)22

(AG)18

(AGG)8
(GA)23

Fig. 1. Map of Kenya showing the collection sites for the landraces evaluated in this
study.



JCSB 2012 (September) 15 (3) : 189 ~ 194

Power-Marker version 3.25 to calculate the Polymorphic
Information Content (PIC), heterozygosity, number of alleles for
each marker, percentage of polymorphic loci estimates, and
genetic diversity among the accessions and their genetic dis-
tances. Allele and genotype frequencies were scored using hap-
lotype diversity values with PowerMarker version 3.25
(Schenider et al. 2000). 

Darwin Version 5.0 software was used to calculate the princi-
ple component analysis (PCA) and clustering among the acces-
sions. To determine the genetic relationships and differentiation,
the 139 sorghum accessions were clustered based on the matrix
of genetic similarities using the Un-weighted Pair Group
Method using the Arithmetic Averages (UPGMA) algorithm.
Dissimilarity Index was calculated from allelic data by simple
matching. The distances were computed for microsatellite data
(11 loci) and trees constructed using the neighbour-joining
method with Darwin Version 5.0 software. The genetic distance
between accessions was subjected to sequential agglomerative
hierarchical nested (SAHN) with un-weighted, pair-group analy-
sis (UPGMA) using Dice’s indices as provided in DARWin 4.0.
The hierarchical cluster analysis (HCA) partitioned the acces-
sions in accordance with their geographical regions. Major clus-
ters were generated from Nei (1987) genetic distance matrices. 

Analysis of molecular variance (AMOVA, Excoffier et al.
1992) was used to partition SSR variation among groups.
Significance levels for variance component estimates were com-
puted by a non-parametric permutation procedure using 100 per-
mutations. AMOVA and Fst indices were calculated using the
ARLEQUIN program, version 3.11 (Schneider et al. 2000). 

Results

Marker characterization and allele frequencies
The 11 SSRs revealed a total of 105 alleles with a mean of

8.75 alleles per marker (Table 2). The highest number of alleles
was 23 in marker Xtxp012 with allele size range of between
162-240 base pairs and the lowest number of alleles was two, in
markers CIR 223 and Xisep0310 with allele size ranges of
between 204 and 114 base pairs, respectively. Marker CIR300

scored the highest quality index of 0.39 and marker Xtxp114
had the lowest quality index of 0.0005. The marker with the
most abundant alleles was ISEP0310 at 100.00%, and the lowest
was marker Xtxp012, at 10.51%. The average number of rare
alleles per SSR marker ranged from two alleles for markers
CIR223, Xcup14, and Xtxp114 to 12 alleles for marker CIR300.
Markers ISEP0310 did not have any rare alleles (Table 2). The
PIC value over the 11 SSR markers averaged 0.62, ranging from
0.21 for marker ISEP0310 to 0.93 for marker Xtxp012. The
mean level of heterozygosity per SSR marker was 0.17 (Table 3)
ranging from 0.00 for marker ISEP0310 to 0.89 for marker
Xtxp114. Marker Xtxp012 had the highest gene diversity of 0.93
while marker ISEP0310 had the lowest gene diversity of 0.24.
The mean gene diversity per SSR marker was 0.66. A total of
115 alleles were detected with an average of 10.45 allele per
marker (Table 3).  

Population structure
There was a clear genetic differentiation both among popula-

tions, among individuals within populations, and within the indi-
viduals using significance tests based on 1,000 permutations cal-
culated according to Weir and Cockerham (1984) with the
Arlequin software (Table 4). The percentage variation among
populations was 6.48% compared to the variation among individ-
uals within populations which was 74.85%, and that within indi-
viduals was 18.67%. The Fst value was 0.06480, indicating a
moderate level of genetic differentiation among the populations. 

Genetic distances
The Roger’s modified genetic distance was calculated to

determine the relationships among the 139 populations. Pair-
wise genetic similarities between accessions were assessed
based on Dice’s genetic similarity coefficients. The most distant
accessions with a genetic distance of 1, were UON000962 from
Eastern Kitui, and UON048316 from Eastern Moyale,
UON048371 from North Eastern Wajir, UON 048393 also from
North Eastern Wajir, UON 000962 from Eastern Kitui, and
UON 048316 from Eastern Moyale. The closest accessions were
UON044042 from Baringo in the Rift Valley and UON048025
from Eastern Moyale which had a genetic distance of 0 indicat-
ing they are probably similar (Fig. 2).  
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Table 2. Molecular characteristics, including repeat length, quality, total number, and percentage of abundant and rare alleles detected in the 139 sorghum
accessions

Marker
Name

CIR223
CIR240
CIR300
CIR329
XCUP02
XCUP14
XISEP0310
XTXP012
XTXP021
XTXP114
XTXP141
Total

Repeat
Length

2
2
2
2
3
2
5
2
3
3
2

Quality
Index

0.0618
0.2126
0.3892
0.1672
0.2177
0.0864
0.1391
0.1196
0.3647
0.0005
0.2655

Total Alleles

5
12
15
9
6
5
1

23
10
6

13
105

Minimum
Allele

104
105
93

109
160
202
204
162
168
215
135

Maximum
Allele

114
181
193
161
202
210
204
240
228
233
165

Abundant 
Allele (%)

104 (44.27)
109 (58.03)
105 (51.82)
109 (40.65)
193 (62.23)
204 (60.53)

204 (100.00)
174 (10.51)
171 (43.10)
230 (32.20)
149 (29.24)

Rare Alleles (< 5%), number and 
size in bps

108,114
105,141,147,153,155,157,161,175,181
93,101,103,107,113,165,169, 171,177,181,183,193
127,131,143,149,161
160,190,196
202,208

188,190,202,206,208,210,238,240
174,180,186,192,201,228
221,224
135,143,153,155,159,000



All accessions were distinctly placed in this dendrogram and
showed clustering into five groups (Fig. 3). A scatter plot of the
first and second axes of non-metric multi-dimensional scaling
(MDS) revealed five clusters of inter-relationships among acces-
sions. The first Eigen vector explained 11.56% variation. The
analysis showed that the accessions generally clustered on the
basis of the geographical regions. Five clusters based on their
geographical origins were A, B, C, D, and E from Eastern,
Western, Coastal, and Rift-valley, and North Eastern Kenya
regions, respectively (Fig. 3).  

Western Kenya accessions were distributed into three clusters B,
C, and D. Cluster D had the largest number of accessions mainly
from Rift valley, Nyanza, and Western Kenya. 

Heterozygosity and genetic diversity within the regions
of Kenya.

The mean Nei's unbiased estimate of gene diversity (H) with-
in the geographical regions was variable, ranging from 0.090 in
Central Province to 0.624 in North Eastern (Table 5). The aver-
age diversity of within geographical regions was H= 0.484. The
highest level of heterozygosity was 0.212 observed in the coastal
region accessions while the lowest was 0.090 in the accessions
from Central Province. The difference between the average gene
diversity and average heterozygosity was 0.32.  

The allele frequency based pair-wise genetic distances
between the geographical regions calculated using Power-
Marker version 3.25 revealed the relatedness of accessions on a
region by region basis (Table 6). The between regions pair-wise
comparisons revealed that accessions from North Eastern and

Central Kenya were the most distant whereas accessions from
Western and Nyanza were the closest genetically. The acces-
sions from Eastern and Coastal regions showed a high degree of
similarity.  

Discussion and Conclusions

The sorghum SSR markers that were used in this study
revealed genetic polymorphism with a relatively high index.
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Fig. 3. A scatter plot showing genetic distance estimates of the 139 Kenyan sorghum
accessions.

Fig. 2. The five distinct clusters into which the 139 sorghum accessions from different
parts of Kenya are grouped.

Table 3. Summary of allele frequency, allele number, and diversity indices
of 149 Kenyan sorghum accessions

Marker
Name

CIR 223
CIR 240
CIR 300
CIR 329
XCUP 02
XCUP14
XISEP 0310
XTXP 012
XTXP 021
XTXP 114
XTXP 141
Mean

Major
allele

Frequency

0.4427
0.5657
0.5182
0.4065
0.5863
0.6053
0.8593
0.1051
0.431
0.322
0.2924
0.4668

Genotype
Number

7
20
21
14
10
7
2
43
12
10
24
15.4545

Allele
Number

5
14
16
10
9
6
2
24
10
6
13
10.4545

Gene
diversity

0.6415
0.6245
0.6903
0.7255
0.5717
0.5523
0.2419
0.9352
0.7289
0.7373
0.8411
0.6627

Heterozy
gosity

0.0992
0.1971
0.2628
0.0504
0.0647
0.0075
0
0.1812
0.0172
0.8983
0.1102
0.1717

PIC

0.5686
0.588
0.6671
0.6845
0.513
0.4911
0.2126
0.9313
0.6938
0.6906
0.8247
0.6241

Table 4. AMOVA partitioning SSR variation, among populations, among
individuals within populations, and within individuals in 139 Kenyan
sorghum accessions

Source of 
variation

Among populations
Among -individuals
within populations
Within individuals
Total

d.f

6
132

139
277

Sum of
squares

49.62
445.39

52.00
547.01

Variance
components

0.13
1.50

0.37
6.47

Percentage
of 

variation

6.48
74.85

18.67
100.0

P-value

0.020
< 0.001

< 0.001

Fst

0.0648
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Brown et al. (1996) also working on sorghum, observed similar
high levels of polymorphism. The mean diversity index per each
SSR locus was 0.66 which allowed for discriminating each of
the 139 sorghum accessions. This suggests that the SSR mark-
ers. were useful as a tool in categorizing sorghum germplasm.
The SSRs used in this study covered the sorghum genome (Dean
et al. 1999). All the 11 SSR loci were polymorphic as seen in
previous studies of sorghum germplasm with diverse geographic
origins (Casa et al. 2002; Grenier et al. 2000). 

The average number of alleles per locus identified in this
study (10.45) was higher than the average of 5.9 previously
reported in elite sorghum lines (Smith et al. 2000). It was also
higher than the average reported in the inbreds of sorghum
(Menz et al. 2004), (8.7 alleles per locus) or that reported in lan-
draces from southern Africa (Uptmoor et al. 2003) and that of
accessions from world germ-plasm collection (Grenier et al.
2000). In this study, the SSR loci were able to uniquely identify
each of the accessions collected. This confirmed that there was
high genetic variability in the sorghum accessions collected
from the diverse geographical regions.  

Most of the 115 alleles detected in the 139 Kenyan sorghum
accessions occurred at a frequency of 0.60 or less translating to
three out of five chromosomes that carry an allele and indicating
a high allelic diversity. This allelic diversity reflects the high
levels of polymorphism of the markers. The presence of many
unique (rare) alleles may be an indication of the relatively high
rate of mutation in the SSR loci analyzed. The observed inbreed-
ing coefficient (FIS = 0.81) was high, which would be expected
as a consequence of self-fertilization at a rate of S = 2 FIS/
(1+FIS) = 0.71. A similar level of selfing has been reported for
sorghum by Ellstrand and Foster (1983). The large FIS values
show the large degree of relatedness among the individuals
within the sorghum accessions studied. This may be explained

by the fact that there is a lot of selection for uniformity exercised
by farmers in the areas where the germplasm was collected
(Ghebru et al. 2002). 

In conclusion, the Kenyan sorghum accessions showed a
wide genetic diversity. Accessions from the North Eastern
region were the most diverse and would therefore be useful
sources of genetic variation for drought tolerance for plant
breeders. Accessions from the North Eastern and Central Kenya
were the most distant whereas accessions from Western and
Nyanza showed a high degree of similarity. The average number
of alleles per locus was high at 10.25. The mean diversity index
per each SSR locus was 0.66 which allowed for discriminating
each of the 139 sorghum accessions. Simple sequence repeats
markers were useful tools in categorizing Kenyan sorghum
germplasm. 
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