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Abstract: The variability in sorghum germplasm is an invaluable input for sustaining and improving sorghum
productivity. A wide range of variability n phenotypic traits exists among landraces in Uganda. However, the
diversity of the germplasm at the molecular level 1s not described and therefore not known which hinders its
use in modern plant improvement programs. This study was therefore undertaken to classify 241 sorghum
accessions collected from different agro-ecological regions based on genetic distances estimated using
21 Simple Sequence Repeat (SSR) markers. The SSR primers were highly polymorphic with average Polymorphic
Information Content (PIC) of 0.65 ranging from 0.09-0.89. A total of 205 alleles (9.8 alleles per locus) as well as
anumber of rare alleles were observed across all the accessions and this provides an opportunity for generation
of a comprehensive fingerprint database. Gene diversity ranged from 0.09-0.90 with an average of 0.68. The
average heterozygosity detected was 0.18 ranging from 0.00-92%. Analysis of molecular variation showed that
variation was higher within races and agro-ecologies than among races and agro-ecological zones, respectively
and this indicated the significance of gene flow. Cluster analysis delineated the accessions into two distinet
clusters each with seven sub-clusters mainly according to agro-ecological zone. Clusters TA and IB had the
most distinct accessions and these could be utilized n pre-breeding programimes aimed at overcoming yield
barriers. The results confirm the ability of SSR markers to discern variability and also serve as guide for

germplasm collection and conservation strategies.
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INTRODUCTION

Sorghum (Sorghum bicolor [L.] Moench) evolved
and was domesticated in the region of Eastern Africa
(Purseglove, 1988; Reddy et af., 2004; Dillon ef af., 2007).
This region, especially Ethiopia and Sudan, contains a
tremendous amount of genetic diversity for sorghum
(Doggett, 1988, Purseglove, 1988, Mukuru, 1993
Grenier et al., 2004). Sorghum 1s rated as the third most
important cereal in Uganda after maize and finger millet
(Ebiyau et al., 2005). The crop is grown mainly in the
south western highland and m the lowland areas of East
and Northern regions of Uganda. In the lowland areas
which experience drought conditions, sorghum is the crop
of choice because of its ability to tolerate drought and salt
toxicity consequently it 18 known as a food security crop
(Igbal et ai., 2000, Naeem et af., 2002; Ebiyau et ai., 2005).
Yield of the crop is very low estimated at 650 kg ha™, yet
up to 3000 kg ha™ are attainable and is largely grown as

a subsistence food crop (DeVries and Toenninssen, 2001).
The sorghum grain is consumed mainly as a thick or thin
porridge, or processed mto traditional beer (Mukuru,
1993; Ebiyau and Oryokot, 2001; Grenier et al., 2004).
Recently a newly released vanety (Epuripur) with excellent
brewing qualities has been commercialized for production
of beer in the country. The sorghum grains have high
level of proteins and energy for synthesis of mfant foods
and ice-cream cones as well as makmg of animal and
poultry feeds in the feed industry (Ebiyau et al., 2005;
Bharadwaj et al., 2011; Kigozi et al., 2011). The sorghum
present in Uganda possess variable morphological and
agronomic traits such as maturity, plant height, plant
pigmentation, mid rib colour, panicle length and width,
panicle compactness and shape, glume colour, grain
colour size and weight (Mukuru, 1993). However, the level
of sorghum diversity in the country 1s not described,
poorly understood at the molecular level and therefore
under-utilized in modern sorghum improvement largely
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because of the difficult of identifying useful genetic
variants hidden in the background of low yielding local
varieties or lines (Tanksley and McCouch, 1997).
Landraces can serve as sources of new desirable traits to
enhance  performance of germplasm under abiotic
stresses such as drought, low soil fertility and acid soils
(Beck et al, 1997). The improvement of crop genetic
resources 18 dependent on continuous infusions of wild
relatives, traditional varieties and the use of modern
breeding techniques. These processes all require an
assessment of diversity at some level, to select highly
productive varieties (Mondim ef al., 2009). Diversity 1s
important for a breeding program since it directly affects
the potential for genetic gain through selection
(Hasanuzzaman et al., 2002; Kotal et al., 2010). It also
allows the plant breeder to make a classification of
germplasm into heterotic groups to maximize heterosis
(Menz et al., 2004). Genetic diversity within and between
populations 1s routinely assessed using morphological,
biochemical and molecular techmques. Though
morphological characterization has been traditionally used
to assess genetic variation, the genetic information
provided by morphological characters 1s often limited and
expression of quantitative traits 1s subjected to strong
environmental influence (Rao, 2004; Mondini et ai., 2009,
De Vicente and Fulton, 2003). Biochemical methods based
on seed protein and enzyme electrophoresis have been
useful in analysis of genetic diversity as they reveal
differences between seed storage proteins or enzymes
encoded by different alleles at one (allozymes) or more
gene loci (1sozymes). Use of biochemical methods
elimimates the environmental influence, however, their
usefulness is limited due to their nability to detect low
levels of variation, only a limited number of enzymes are
available and thus, the resolution of diversity is limited
(Rao, 2004; De Vicente and Fulton, 2003). Molecular
marler techniques comprising of various DNA markers
have been employed in analysis of variation. these
molecular teclmiques are based either on restriction
hybridization of mucleic acids or techmques based on the
Polymerase Chain Reaction (PCR) or both and work by
highlighting the differences or polymorphisms within a
nucleic sequence between different individuals. Molecular
markers offer numerous advantages over conventional
phenotypic based alternatives as they are not affected by
environmental factors, applicable to any part of the
genome, do not possess plelotropic or epistatic effects
and are able to distingush polymorphisms wlich do not
produce phenotypic variation. Many DNA based marker
techniques such as Restriction Fragment TLength
Polymorphisms (RFLP), Random Amplified Polymorphic
DNA (RAPD), Simple Sequence Repeats (SSR) and
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Amplified Fragment Length Polymorphism (AFLP) have
been used in ecological, evolutionary, taxonomical,
phylogenetic and genetic studies of plant sciences
(Avad et al, 1997, De Vicente and Fulton, 2003,
Karp et al., 1997, Rao, 2004; Mondini ef al., 2009). Simple
Sequence Repeats (SSRs) or microsatellites are highly
versatile genetic markers because of their co-dominant
inheritance, high abundance, enormous extent of allelic
diversity, ease of assessing SSR size variation through
PCR with pairs of flanking primers and high
reproducibility (Mondim et af., 2009, De Vicente and
Fulton, 2003; Agarwal ef al., 2008, Karp et al., 1996). To
gain an insight into the extent of sorghum variability in
Uganda, a molecular study of 241 sorghum accessions
from the eastern, western and northemn perts of the
country was undertaken based on genetic distances using
a panel of SSR marlkers.

MATERIALS AND METHODS

A total of 241 sorghum accessions consisting of
236 landraces and 5 released varieties were collected from
farmer’s fields in the eastern, northern and western parts
of the country during January and February 2007
(Table 1). In each field two heads for the phenotypically
different sorghum genotypes were collected from the
farmer’s fields.

In 2008, DNA was 1sclated from shoots and roots of
4 day old sorghum seedlings grown in an incubator
(Heraus CO,-auto-zero incubator at 30°C) using a modified
Celytrimethylammonium Bromide (CTAB) protocol
(Mace et al., 2004). Three to four sorghum seedlings from
each accession were sampled and used for DNA
extraction. The roots and shoots were crushed together
with CTAB buffer using a Geno/Grinder 2000, SP2100-115
at 1X rate for 20 min DNA quality was assessed by
running 1 pl. of the DNA samples on a 0.8% agarose gel
whereas DNA quantification was done using the
nanodrop spectrophotometer. DNA  samples  were
diluted to 10 ng pL~" and used to perform polymerase
chain reaction (Fig. 1, 2). Twenty one Simple Sequence
Repeats (SSRs) markers (Table 2) were used for the
amplification of the DNA samples.

To carry out amplification, a 5 pL. PCR mix consisting
of 10 ng of DNA, 13X reaction buffer, 1.5 mM MgCl,,
0.1 mM dNTPs, 0.2 U Tag polymerase, 0.2 pmols of
forward and reverse primers and 2.23 L, of sterile water
was amplified in and amplified n GeneAmp PCR system
9700 (Applied Biosystems, Foster City, Ca, USA). The
touch-down PCR cycle consisted of one 15 min
denaturation followed by 10 cyeles of 94°C for 30 sec,
61°C for 45 sec and 72°C for 60 sec, then by 30 cycles of
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Table 1: List of germplasm accessions along with their biological status, Table 1: Continue
geographical region and agro-ecological zone Accession No.  Biological status  Geographical region  Agro-ecology

Accession No.  Biological status  Geographical region Agro-ecology MUCOOT/OT0 Landrace Northwest NWE-WS
MUC007/001  Landrace Western WMAF and 8 MUCOOT/OT1 Landrace Noirthwest NWF-W§
MUC007/002  Landrace Western WMAF and S MUC007/072 Landrace Northwest NWF-WS
MUC007/003  Landrace Western WMAF and 8 MUCOOT/OT3 Landrace Noirthwest NWF-W§
MUC007/004  Landrace Western WMAF and S MUC007/074 Landrace Northwest NWF-WS
MUCOD/005 Landrace Western WMAF and 8 MUCOOT/OTS Landrace Noirthwest NWF-W§
MUC007/006  Released variety Western WMAF and S MUC007/076 Landrace Northwest NWF-WS
MUC007/007  Landrace Western WMAF and 8 MUCOOTOTT Landrace Noirthwest NWF-W§
MUC007/008  Landrace Western WMAF and S MUCO007/078 Landrace Northwest NWF-WS
MUC007/00¢  Landrace Western WMAF and 8 MUCOOT/OT9 Landrace Noirthwest WINF
MUC007/010  Landrace Western WMAF and S MUC007/081 Landrace Northwest WNF
MUC007/011  Landrace Western WMAF and 8 MUCOOT/082 Landrace Noirthwest WINF
MUC007/013  Landrace Western WMAF and S MUCO007/083 Landrace Northwest WNF
MUC007/014  Landrace Western WMAF and 8 MUCOOT/084 Landrace Noirthwest WINF
MUC007/015  Landrace Western WMAF and 8 MUCOOT/085 Landrace Northwest WNF
MUC007/016  Landrace Western WMAF and S MUCO007/086 Landrace Northwest WNF
MUC007/017  Landrace Western WMAF and S MUCO007/165 Landrace Northern NMF
MUC007/018  Landrace Western WMAF and 8 MUCOOT/088 Landrace Noirthwest WINF
MUC007/019  Landrace Western WMAF and S MUCO007/089 Landrace Eastern NECG-BF
MUC007/020  Landrace Western WMAF and 8 MUCOOT/090 Landrace Eastern NECG-BF
MUC007/021  Landrace Western WMAF and S MUC007/091 Landrace Eastern NECG-BF
MUC007/022  Landrace Western CW8 MUCOOT/092 Landrace Eastern NECG-BF
MUC007/023  Landrace Western CWS MUCO007/093 Landrace Eastern NECG-BF
MUC007/024  Landrace Western CW8 MUCOOT/094 Landrace Eastern NECG-BF
MUC007/025  Landrace Western CWS MUCO0O7/095 Landrace Eastern NECG-BF
MUC007/026  Landrace Western CW8 MUCOOT/096 Landrace Eastern NECG-BF
MUC007/027  Landrace Western CWS MUCO0O7/097 Landrace Eastern NECG-BF
MUC007/028  Landrace Western CW8 MUCOOT/098 Landrace Eastern NECG-BF
MUC007/029  Landrace Western CWS MUCO007/100 Landrace Eastern NECG-BF
MUC007/030  Landrace Western CW8 MUCOOT 101 Landrace Eastern NECG-BF
MUC007/031  Landrace Western CWS MUC007/102 Landrace Eastern NECG-BF
MUC007/032  Landrace Western CW8 MUCOOT 103 Landrace Eastern NECG-BF
MUC007/034  Landrace Western CWS MUC007/104 Landrace Eastern NECG-BF
MUC007/036  Landrace Western CW8 MUCOOT 105 Landrace Eastern NECG-BF
MUC007/037  Landrace Western CWS MUCO007/106 Landrace Eastern NECG-BF
MUC007/038  Landrace Western CW8 MUCOOT 107 Landrace Eastern NECG-BF
MUC007/039  Landrace Western CWS MUC007/108 Landrace Eastern NECG-BF
MUC007/040  Landrace Western CW8 MUCOOT/ 109 Landrace Eastern NECG-BF
MUC007/041  Landrace Western CWS MUC007/167 Landrace Eastern NMF
MUC007/042  Landrace Western CW8 MUCO0T111 Landrace Eastern NECG-BF
MUC007/043  Landrace Western CWS MUC007/112 Landrace Eastern NECG-BF
MUC0O07/044  Landrace Western CW3 MUC007/113 Landrace Eastern NECG-BF
MUC007/045  Landrace Western CW8 MUCO0T 114 Landrace Eastern NECG-BF
MUC007/163  Landrace Northwest NWE-WS MUC007/115 Landrace Eastern NECG-BF
MUC007/164  Landrace Northwest NWE-WS MUC007/116 Landrace Eastern NECG-BF
MUC007/048  Landrace Western CW8 MUCO0T 117 Landrace Eastern NECG-BF
MUC007/049  Landrace Western CWS MUC007/118 Landrace Eastern NECG-BF
MUC007/050  Landrace Western CW8 MUC007/119 Landrace Eastern NECG-BF
MUC007/051  Landrace Western CWS MUC007/120 Landrace Eastern NECG-BF
MUC007/052  Landrace Western CW8 MUC007/121 Landrace Eastern NECG-BF
MUC007/053  Landrace Western CWS MUC007/122 Landrace Eastern NECG-BF
MUC007/054  Released variety Western CW8 MUCO07/123 Landrace Eastern NECG-BF
MUC007/055  Landrace Northwest NWE-WS MUC007/124 Landrace Eastern NECG-BF
MUC007/056  Landrace Noirthwest NWF-W§ MUCO0T125 Landrace Eastern NECG-BF
MUC007/057  Landrace Northwest NWE-WS MUC007/126 Landrace Eastern NECG-BF
MUC007/058  Landrace Noirthwest NWF-W§ MUC00T7127 Landrace Eastern NECG-BF
MUC007/059  Landrace Northwest NWE-WS MUC007/128 Landrace Eastern NECG-BF
MUC007/060  Landrace Noirthwest NWF-W§ MUC007/129 Landrace Eastern NECG-BF
MUC007/166  Landrace Northern NWE-WS MUC007/130 Landrace Eastern NECG-BF
MUC007/062  Landrace Noirthwest NWF-W§ MUCO0T131 Landrace Eastern NECG-BF
MUC007/063  Landrace Northwest NWE-WS MUC007/132 Landrace Eastern NECG-BF
MUC007/064  Landrace Noirthwest NWF-W§ MUCO0T7/133 Landrace Eastern NECG-BF
MUC007/065  Landrace Northwest NWE-WS MUC007/134 Landrace Eastern NMF
MUC0O07/066  Released variety Noirthwest NWF-W§ MUCO0T135 Landrace Eastern NMF
MUC007/067  Landrace Northwest NWE-WS MUC007/169 Landrace Eastern NMF
MUCO07/068  Released variety Noirthwest NWF-W§ MUCO0T137 Landrace Eastern NMF
MUC007/069  Landrace Northwest NWE-WS MUC007/138 Landrace Eastern NMF
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Table 1: Continue Table 1: Continue
Accession No. Biological status  Geographical region Agro-ecology Accession No.  Biological status  Geographical region  Agro-ecology
MUC007/139 Landrace Eastern NMF MUC007/219 Landrace Eastern NECG-BF
MUCO07/140 Landrace Eastern NMF MUC007/220 Landrace Eastern NECG-BF
MUC007/141 Landrace Eastern NMF MUC007/221 Landrace Eastern NECG-BF
MUC0O07/142 Landrace Eastern NMF MUC007/259 Landrace Eastern NMF
MUC007/143 Landrace Eastern NMF MUC007/223 Landrace Westem WMAF and 8
MUC007/144 Landrace Eastern NMF MUC007/224 Landrace Westem WMAF and §
MUC007/145  Landrace Eastern NMF MUC007/225 Landrace Westem WMAF and §
MUC007/146 Landrace Eastern NMF MUC007/226 Landrace Eastern NMFE
MUC007/147 Landrace Eastern NMF MUC007/227 Landrace Northern NMF
MUC007/148 Landrace Eastern NMF MUC007/228 Landrace Northern NMF
MUC007/149  Landrace Eastern NMF MUC007/229 Landrace Eastern NECG-BF
MUC007/151 Landrace Eastern NMF MUC007/231 Landrace Westem WS
ﬁgggg;ﬁ } 22 iﬂngme gasiem NMF MUC007/232 Landrace Westem CWS

andrace astern NMF MUCO007/233 Landrace Westem CWS
MUC007/154  Landrace Eastern NMF MUC007/251 Landrace Westem CWS
MUC007/155  Landrace Baslern NME MUC007/235 Landrace Westem CWS
MUCOO7;156 L‘mgme Eastern NMF MUC007/236 Landrace Westem WS
ﬁgggg; /ig; Ea“ ruce gas:em NMF MUC007/237 Landrace Westem CWS
MUCO07155 L"‘“ dme Eastem NME MUC007/238 Landrace Westem CWS
MUCO07/ 160 La“ dme Eastem NME MUC007/239 Landrace Westem CWS
MUCO0T161 L"‘“ dme Eastem NMFI M MUC007/240 Landrace Westem CWS

anerace astern MUC007/241 Landrace Northwest NWE-WS
MUCO07/162 Released variety Eastern NMF

MUC007/242 Landrace Northwest NWEF-WS3
MUC007/170 Landrace Eastern NMF
MUC007/243 Landrace Northwest NWF-WS

MUC007/171 Landrace Eastern NMF
MUC007/172 Landrace Eastern NMF MUC007/244 Landrace Northwest NWF-WS
MUCO0T/173 Landrace Eastern NMF MUC007/245 Landrace Northwest NWEF-WS3
MUCO07/174 Landrace Eastern NMF MUC007/246 Landrace Northwest NWEF-WS3
MUC007/175 Landrace Eastern NMF MUC007/247 Landrace Northwest NWF-WS
MUC007/176 Landrace Eastern NMF MUC007/248 Landrace Northwest NWF-WS
MUC007/177  Landrace Eastern NMF MUCO007/249 Landrace Northwest WNE
MUC007/178  Landrace Eastern NMF MUC007/252 Landrace Northwest WNE
MUCO07/179 Landrace Eastern NMF MUC007/253 Landrace Eastern NECG-BF
MUCO07/181 Landrace Eastern NMF MUC007/258 Landrace Northwest NWF-WS
MUC007/182 Landrace Eastern NMFE MUC007/256 Landrace Eastern NECG-BF
MUC007/183  Landrace Eastern NMF MUC007/257 Landrace Eastern NMF
MUC007/184 Landrace Eastern NMFE MUC0OT/056 Landrace Northwest NWF-WS
MUC007/185  Landrace Eastern NMF MUC007/259 Landrace Eastern NMF
MUC007/186  Landrace Eastern NMF MUC007/047 Landrace Westem CWs
MUC007/187  Landrace Eastern NMF MUC007/152 Landrace Eastern NMF
MUC007/188 Landrace Eastern NMF WMAF and S: Western mid altitude farmlands and the Semuliki flats,
MUC007/189 Landrace Eastern NMF CWS: Central wooded savannah, NWF-WS: Northwestern farmlands and
MUC007/190 Landrace Eastern NMF wooded savannah, WNF: West Nile farmlands, NMFE: Northern moist
MUC007/191 Landrace Eastern NMF farmlands, NECG-BF: Northeastern central grassland and bush farmland
MUC007/192 Landrace Eastern NMF
MUC007/193 Landrace Eastern NMF o o o
MUC007195  Landrace Eastern NME 94°C er 30 sec, 54. C for 45 sec and 72°C for 60 seC, a ﬁpal
MUCO07/196  Landrace Eastern NMF extension of 20 min at 72°C was included. Amplification
MUC007/199  Landrace Eastern NECG-BF products were resolved on ABI 3730 DNA analyzer
MUCO07/200 Landrace Eastern NECG-BF : : : :
MUC007201  Landrace Eastern NECG-BF system (Apphed Blosystems, Fpster City, Ca, TUSA). Thus
MUC007/202  Landrace Eastern NECG-BF method is cost effective, precise and accurate system of
MUC007/203  Landrace Eastern NECG-BF analysis involving many primers and genotypes. After
MUC007/204 - Landrace Eastern NECG-BF amplification, the PCR products were first separated on a
MUC007/205  Landrace Eastern NECG-BF p : ~ predu parated on
MUC007/206  Landrace Eastern NECG-BF 2% agarose gel prestained with GelRed nucleic acid stain
MUCOO"'; 209 Lﬂ“gme Eastern NECG-BF and visualised under UV light for verification of
MUC007/210 Landrace Eastern NECG-BF e . .
MUC007/212  Landrace Enstern NECG-BF amplification and to determine the ar.noun.t of the product
MUC007/213  Landrace Eastern NECG-BF to be co-loaded for fragment analysis (Fig. 3). Products
MUC007/214  Landrace Eastern NECG-BF from any three primers with different dye labels were
MUC007/215 Landrace Eastern NECG-BF led int ( load ) b d thei
MUC007/216  Landrace Eastern NECG-BF pooled 1o groups (co-load groups) based on their
MUC007/217  Landrace Eastern NECG-BF respective agarose band strength and resolution capacity
MUC007/218  Landrace Eastern NECG-BF of the dye labels. One microliter from each co-load group
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Table 2: List of the primer combinations used in the study
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Marker Motif Forward primer Reverse primer

MsbCIR 223 (AC) 6 CGTTCCAATGACTTTTICTIC GCCAATGTGGTGTGATAAAT
MsbCIR 238 (AC) 26 AGAAGAAAAGGGGTAAGAGC CGAGAAACAATTACATGAACC
MsbCIR 240 (T3 9 GTTCTTGGCCCTACTGAAT TCACCTGTAACCCTGICITC
MsbCIR 246 (CAYT.5 TTTTGTTGCACTTTTGAGC GATGATAGCGACCACAAATC
MsbCIR 283 (CT)8(GT)85 TCCCTICTGAGCTTGTAAAT CAAGTCACTACCAAATGCAC
MsbCIR 300 (GT) 9 TTGAGAGCGGCGAGGTAA AAAAGCCCAAGTCTCAGTGCTA
MsbCIR 329 (AC)8.5 GCAGAACATCACTCAAAGAA TACCTAAGGCAGGGATIG
GPSB 123 (CA) TH(GA) 5 ATAGATGTTGACGAAGCA GTGGTATGGGACTGGA

GPSB 067 (GT) 10 TAGTCCATACACCTTTCA TCTCTCACACACATICTTC
SbAGB 02 (AG) 35 CTCTGATATGTCGTTGTGCT ATAGAGAGGATAGCTTATAGCTCA
XCUP 02 (GCA) 6 GACGCAGCTTTGCTCCTATC GTCCAACCAACCCACGTATC
XCUP 63 (GGATGC) 4 GTAAAGGGCAAGGCAACAAG GCCCTACAAAATCTGCAAGC
XCUP14 (AG) 10 TACATCACAGCAGGGACAGG CTGGAAAGCCGAGCAGTATG
XISEP 0310 (CCAAT) 4 TGCCTTGTGCCTTGTTTATCT GGATCGATGCCTATCTCGTC
XTXP 141 (GA) 23 TGTATGGCCTAGCTTATCT CAACAAGCCAACCTAAA
XTXP 010 (CT) 14 ATACTATCAAGAGGGGAGC AGTACTAGCCACACGTCAC
XTXP 012 (CT)22 AGATCTGGCGGCAACG AGTCACCCATCGATCATC
XTXP 021 (AG) 18 GAGCTGCCATAGATTTGGTCG ACCTCGTCCCACCTTTGTTG
XTXP 057 (GD 21 GGAACTTTTGACGGGTAGTGC CGATCGTGATGTCCCAATC
XTXP 114 (AGG) 8 CGTCTTCTACCGCGTCCT CATAATCCCACTCAACAATCC
XTXP 321 (GT) 4+(AT) 6+(CT) 21 TAACCCAAGCCTGAGCATAAGA CCCATICACACATGAGACGAG

Fig. 1: Undiluted DNA quality and yield from sorghum seedlings
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Fig. 3: PCR products for the 21 optimized markers
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Fig. 4(a-b): Electropherogram generated by

GeneMapper showing (a) Homozygous and
(b) Heterozygous status

was added to 8 pl. of solution containing 0.108 ul, of
GSLIZ 500 internal size standard to 8 ul, HiDi (Applied
Biosystems, Foster City, Ca, USA) and centrifuged at
1,000 RCF( Relative Centrigugal Force) for thorough
solution mixing. Centrifuged samples were denatured in a
thermocycler for 3 min at 94°C and immediately placed on
ice for 3 min before capillary electrophoresis. Fragment
analysis was performed on ABI3730 (Applied Biosystems,
Foster City, Ca, USA) and allele sizing and detection of
homozygotes and heterozygotes was done with Gene
Mapper software 4.0 (Applied Biosystems, Foster City,
Ca, USA) (Fig. 4). Data was then exported to Microsoft
Excel for sorting before analysis.

Polymorphic Information Content (PIC) values for
each primer set were calculated using the algorithm
described by Smith ef al. (1997) as:

PIC:I—Z“;ff i=1

where, % is the frequency of the ith allele. PIC provides an
estimate of the discriminatory power of a locus by taking
mto account, not only the number of alleles that are
expressed but also the relative frequencies of those
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alleles. PIC values range from 0 (monomorphic) to 1
(very highly discriminative, with many alleles in equal
frequencies).

Statistical analysis of allelic data was performed
using PowerMaker Ver. 3.25 to obtain total number of
alleles per marker, allele size range, abundant and rare
alleles, gene diversity, heterozygosity and PIC. Tree
comstruction was performed following Neighbour Joming
method using the dissimilarity indices in DARwin
software 5.0.158 (Perrier and Jacquemoud-Collet, 2006).
Bootstrap analysis using 1000 bootstrap values was
performed for node construction.

RESULTS AND DISCUSSION

In this study, the 21 3SR primers located on different
chromosomes were highly polymorphic (Table 3) and
therefore provided a powerful assay for discriminating
genetic diversity among sorghum accessions. This 1s in
agreement with the findings of Agrama and Tumstra
(2003). The higher level of polymorphism associated with
SSR markers may be a function of the unique replication
slippage mecharnism responsible for generating SSR allelic
diversity (Pejic ef al., 1998). For the 21 SSR markers, 205
putative alleles were observed ranging from 2- 23 with an
average of 9.8 alleles per locus. Based on the allele
frequencies, the PIC (polymorphism information content)
values were estimated for different SSR loci analysed. The
Polymorphic Information Content (PIC) over the 21 SSR
markers ranged from 0.09-.89 with an average of 0.65. This
further confirms the fact that SSR markers are more
informative and detect more alleles than RAPDs markers
(Random Amplified Fragment Polymorphisms) compared
to the findings of (Pu et af., 2009).

Similar high PIC values have been reported for
chickpea microsatellite analysis by Udupa et al. (1999),
Upadhyaya et al. (2008) and Bharadwaj et al. (2011) and
attributed this to polymorphism of TAA motif. The PIC of
an 3SR marker provides an estimate of the discriminatory
power of that 3SR marker and thus their usefulness in
genetic analysis (Smith et al., 1997, Abu Assar et al.,
2005; Bharadwaj et al., 2011). The mean PIC value of the
SSR markers in this study was in the range reported by
(Smith et al., 1997). They used acrylamide gels for allele
detection in  their study. However, capillary
electrophoresis (used 1n tlhis study) gives better
resolution which can distinguish alleles with up to two
base pair differences. The findings of this study confirm
the effectiveness of capillary electrophoresis in allele
detection. Di- and tri-repeat containing markers gave
higher PIC values compared to penta- and hexa-repeat
markers. Sumnilar results have been reported by Smuith ef al.
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Table 3: Diversity indicators revealed by 21 SSR primer combinations used in the study

Alleles
Marker Chromosome No.  Repeat length Total alleles Rize range No. % H GD PIC
MSBCIR 223* 2 2 6 100-114 104 43 045 0.76 0.73
MSBCIR 238° 2 2 23 59-115 89 38 012 0.84 0.82
MSBCIR 240° 8 2 15 105-157 109 46 0.21 0.66 0.51
MSBCIR 244* 5 2 7 92-114 100 68 0.07 0.53 0.51
MSBCIR 283° 7 2 10 113-159 113 45 0.36 0.69 0.65
MSBCIR 300° 5 2 5 105-113 105 68 0.20 0.52 047
MSBCIR 329¢ 10 2 6 107-121 111 47 0.10 0.68 0.62
GPSB123 8 2 7 280-292 284 30 0.08 0.85 0.83
GPSBO6T 8 2 12 166-186 180 38 015 0.73 0.69
SBAGB02* 5 2 16 93-137 101 25 0.27 0.90 0.89
XCUPOX 6 2 4 191-200 194 86 0.01 0.33 031
XCUP63 2 6 3 135-147 147 78 012 0.52 048
XCUP14 3 2 8 200-234 204 55 0.02 0.59 0.51
XISEP0310f 2 5 2 204-209 204 100 0.00 0.09 0.09
XTXP 141° 7 2 10 139-163 151 25 0.10 0.84 0.82
XTXP 0108 6 2 7 133-149 139 36 0.07 0.75 0.71
XTXP 012¢ 4 2 20 162-238 174 22 019 0.89 0.88
XTXP 021° 4 3 12 159-204 177 49 011 0.72 0.72
XTXP 057 9 2 14 231-263 245 36 0.10 0.76 0.73
XTXP 114¢ 3 2 4 215-233 218 33 0.92 0.76 0.72
XTXP 321° 8 3 14 146-216 200 29 015 0.85 0.84

H: Heterozygosity, GD: Gene diversity, PIC: Polymorphic Information Content, *Unpublished, CIRAD, *Taramine ef al. {1997), “Schloss et af. (2002),

Kong et al. (2000), *Bhattramakki et al. (2000), Unpublished-ICRISAT

100 7

80

60

PIC (%)

40

OT—T—T—T T T T T 77
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1 3 5 7 9 11 13
No. of markers

15 17 19 21
Fig. 5: Variation of PIC with number of markers

(1997) for di-repeats, however, such repeats are
associated with stutter bands that complicate accurate
genotyping. The use of Polymorphic Information Content
(PIC) to evaluate the number of SSR markers needed to
provide sufficient mformation on allele diversity in a given
dataset (Fregene et al., 2003) was applied in this study.
The curve (Fig. 5) revealed that little or no increase in PIC
is obtainable with more than ten markers as earlier
reported by Folkertsma et af. (2005).

Average gene diversity observed was high and this
could be attributed to the fact that sorghum 1s
predominantly inbreeding but the gene pool as a whole
maimntains a high level of allelic vanation (Folkertsma ef al.,
2005). The number of alleles per locus observed ranged
from 2-23 and may be as a result of different locus specific
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mutation rates (Estoup et al., 2002) and this reflects
strong differences in allelic diversity between SSR loci
which affects estimating genetic diversity since the
diversity index according to Nei (1973), depends both on
the number of alleles per locus and the respective allele
frequency (McCouch et al., 1997).

Besides locus specific mutation rates, the number of
alleles per locus and gene diversity can be affected by
size homoplasy which cccurs when different copies of a
locus are identical in state, although they are not identical
by descent (Estoup et al., 2002). The high variability
associated with di-nucleotide repeat containing SSRs is as
a result of higher mutation rates among such repeats
(Casa et al., 2005).

MsbCIR and XTXP SSRs usually had more alleles
than XCUP loci and this could probably be due to
differences in the SSR origing (Casa et al., 2005). XTXP
markers are reported to be extracted from either small-
insert genomic libraries (Brown et al., 1996; Kong et al.,
2000) or bacterial artificial chromosome end sequences
(Bhattramakki et ai., 2000). These loci therefore were more
likely to include non coding regions than the XCUP SSRs
that are mainly developed from low-copy RFLP
probe sequences located primarily near or in genes
(Schloss et al., 2002). Rare SSR alleles were observed
(data not shown) and this provides a great opportunity
for generation of a comprehensive fingerprint database
(Bharadwaj et al., 2011).

Analysis of molecular variance (AMOVA) indicated
that within races variation was higher than among races.
The p-value was significant indicating that the level of
differentiation was significant. The Fixation index (Fg.)
was 0.036 signifying little genetic differentiation on the
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Fig. 6:NT phylogenetic tree using SSR markers in 241 sorghum accessions. Bootstrap values (>40) are indicated at the

node of each cluster

Table 4: Analysis of molecular variation (AMOVA) for races

Source of variation  df 88  Variance components Variation (%o
Ammong races 4 92.17 0.245Va 3.58
Within races 369 2440.68 6.614 Vb 96.42
Total 373 253284 6.86

F31(0.036); p-value: 0.00000+-0.00000

Table 5: Analysis of molecular variation (AMOVA) for agro-ecologies

Source of variation df S8  Variance components Variation (%)
Ammong races 5 147.52 0.315 Va 5.28
Within races 476 2690.94 5.65Vh 94.72
Total 481 2838.45 5.97

Fr (0.053), p-value = 0.00000+-0.00000

basis of races (Table 4). Siumilarly analysis of molecular
variance for agro-ecologies ndicated that within agro-
ecologies variation was higher than among agro-
ecologies. The results generally reveal that variation is
higher from one accession to another and lower from one
region to another. This could be due to adaptation of
varieties or accessions to their respective agro-ecological
conditions aided by the utility value to the farmer as
suggested by Mujaju and Chakauya (2008). This is an
important guide to the development of conservation
strategies as well as the best place to preserve accessions
whether i sifu or on farm (Mujaju and Chakauya, 2008).
The high similarity between agro-ecological zones
could also be due to the role of Non Governmental
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Organizations (NGOs) in seed distribution. Almost all the
agro-ecological zones sampled were either directly or
indirectly affected by the rebel movement of the Lord’s
Resistance Army and as such had many NGOs
distributing aid mecluding seeds to the Internally
Displaced People (IDPs) as well as the returnees. Similar
observations were made mn Zimbabwe by Mafa (1999) and
Chakauya et al. (2006). The p-value was significant
indicating that the level of differentiation on the basis of
agro-ecologies was significant. The FST mdex was 0.053
which shows moderate genetic differentiation (Table 5).
This level of diversity could be caused either by the
occurrence of frequent gene flow among regions as a
consequence of seed exchanges among farmers, or by a
restriction of the intensity of genetic drift due to a high
effective population size or the materials had a common
heritage (Dje et al., 1999). Gene flow/pollen flow could
also be explaned by the fact that farmers grow different
accessions mixed in the same field and may not have a
spatial strategy that would limit pollen flow among
accessions (Barnaud ef al., 2008).

The genetic dissimilarity matrix was analysed using
neighbor joimng clustering algorithm by DARwin 5.0.158
software (Fig. 6). The radial tree representation clearly
delineated the accessions into two distinct clusters
according to agro-ecological zones (Table 6). Accessions
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Table 6: Cluster analysis based on Darwin’s grouping of the 241 sorghum accessions

MUC007/195, MUCO007/252, MUCO007/145, MUC007/182, MUC007/181, MUC007/135, MUC007/142, MUCQ07/153,
MUC007/202, MUC007/094, MUCO007/053, MUC007/192, MUC007/154, MUC007/148, MUC007/256, MUC007/120,

MUCO007/001, MUC007/036, MUC007/023, MUCO007/041, MUC007/077, MUCO007/002, MUCO007/040, MUC007/004,
MUC007/003, MUCO007/005, MUC007/235, MUC007/230, MUC007/018, MUC007/043, MUC007/042, MUCQ07/008,

MUC007/138, MUC007/022, MUC007/236, MUC007/174, MUC007/039, MUC007/133, MUC007/006, MUC007/155
MUC007/156, MUC007/160, MUC007/049, MUC007/241, MUC007/183, MUC007/185, MUC007/188, MUC007/161,
MUCO007/016, MUC007/078, MUC007/030, MUCO007/069, MUC007/052, MUC007/163, MUCO007/070, MUC007/072,
MUC007/199, MUC007/108, MUC007/051, MUC007/137, MUC007/048, MUC007/240, MUC007/128, MUC007/190,
MUCO007/109, MUC007/082, MUC007/083, MUC007/249, MUC007/010, MUC007/224, MUC007/225, MUC007/223,
MUC007/218, MUC007/215, MUC007/210, MUC007/212, MUC007/213, MUC007/100, MUC007/038, MUC007/209

MUCO007/056, MUC007/102, MUC007/229, MUC007/226, MUC007/067, MUC007/219, MUCO007/245, MUC007/243,
MUCO007/258, MUCO007/060, MUC007/063, MUCO007/259, MUC007/221, MUC007/125, MUCO007/253, MUC007/247,

MUC007/089, MUCO007/237, MUC007/238, MUC007/019, MUC007/105, MUC007/239, MUC007/217, MUCQ07/220,

Major cluster Sub-cluster Accession name
1 1A MUC007/086, MUC007/066
B MUC0D07/057, MUC007/056, MUC007/179, MUC007/132
IC1
MUC0D07/196, MUC007/173, MUC007/123, MUC007/175
1C-2
MUC007/021, MUC007/020, MUC007/054, MUC007/037, MUCQ07/026
D
E MUC007/112, MUC007/079
IF
MUC007/159, MUC007/187, MUC007/034
1G
MUC007/164, MUC007/017, MUC007/067, MUC007/076, MUCO07/068
I IEN
MUC007/143, MUC007/114
MUC007/162, MUC007/228, MUC007/165
oc
D MUC007/180, MUC007/121, MUCO007/151, MUC007/129, MUCQ07/119
E
MUC007/248, MUC007/147, MUCO007/141, MUC007/116
IF
MUC007/044, MUC007/103
G

MUC007/227, MUCO007/257, MUC007/233, MUC007/177, MUC007/149, MUC007/074, MUCO007/047, MUCO007/095,
MUC007/169, MUCO007/029, MUC007/244, MUC007/127, MUC007/ MUCO007/254, MUCO007/091, MUC007/093,
MUC007/193, MUC007/192, MUC007/176, MUCO007/083, MUC007/032, MUC007/075, MUC007/111, MUC007/106,

MUC007/191

mn cluster I were mainly from the northem moist farmland
and central wood savannah agro-ecological zones while
accessions in cluster IT were mainly from Northeastern
central grassland bush farmland zone. Both arms in the
radial tree between the two sub-clusters are quite diverse
indicating variability at molecular levels between
accessions from northern moist farmland and central
wood savannah and those from Northeastern central
grassland bush farmland zone. Tn cluster I, there are seven
sub-clusters with sub-cluster IA appearing more distinct
though at closer levels with sub-cluster IB. Accessions in
cluster I were distinct from the rest of accessions with
sub-clusters IA and 1B bemng the most distinct and this
offers opportunities which could be exploited in pre-
breeding programmes. Sub-cluster TC-1 comprised of
accessions from the northern moist farmland and
Northeastern central grassland bush farmland agro-
ecological zones while IC-2 comprised of accessions from
central wooded savannah and western mid altitude
farmlands and the Semuliki flats zones. The occurrence
of distinct groups of sorghum accessions as revealed
by SSR marker analysis can be utilized effectively in
pre-breeding  efforts to overcome yield barriers
(Nass and Patermari, 2000, Bharadwaj ef al., 2011). Great
genetic gains can be obtained if these accessions are
incorporated in the breeding programme. The contribution
of this diversity to farmer’s livelihoods needs to be
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investigated for the different agro-ecological zones. This
study also highlights the ability of SSR markers to discern
genetic variation.
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