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Genetic diversity of elite sweet sorghum genotypes assessed by SSR markers
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Abstract

To determine genetic diversity among 47 elite sweet sorghum (Sorghum bicolor ssp. bicolor L.) genotypes, 46 simple
sequence repeat (SSR) markers evenly distributed on all 10 chromosomes were selected. All SSR markers used were
polymorphic among the genotypes studied. A total of 228 alleles were identified with an average of 4.96 alleles per
marker. Furthermore, the genotypes studied showed medium genetic diversity. Clustering analysis grouped the

47 genotypes into 5 distinct clusters.
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Introduction

Sweet sorghum accumulates 10 - 25 % of sugar in stalk
juice near the time of grain maturity. It is adapted to a wide
range of climatic and soil conditions, including drought
and high temperature. Most cultivated sweet sorghums are
released as open-pollinated cultivars. Out-crossing in
effectively homozygous lines is <10 %. However, hybrids
have been developed between grain and sweet sorghums
(Lu and Sun 2005). Detailed knowledge regarding genetic
diversity and the relationship among breeding materials is
essential for the development of new cultivars and
molecular markers are excellent tools for this purpose. The
various types of markers that have been used in many
crops: fragment length polymorphism (RFLP; Banerjee
et al. 1999, Deu et al. 2005), random amplified length
polymorphism (RAPD; Uptmoor et al. 2003, Cordeiro
et al. 2008), amplified fragment length polymorphism
(AFLP; Menz et al. 2004, Saker et al. 2006), and simple
sequence repeat (SSR; Schloss et al. 2002, Chimote et al.

Materials and methods

Common sweet sorghum (Sorghum bicolor ssp. bicolor L.)
genotypes (45 including accessions, non-hybrid varieties,
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2004, Akriditis et al. 2009). Among them, SSR loci are
highly polymorphic and adaptable to automation.
Numerous SSR markers in sorghum have been developed,
mapped, and used in investigations of genetic diversity
(Brown et al. 1996, Taramino et al. 1997, Bhattramakki
et al. 2000, Kong et al. 2000, Schloss et al. 2002, Menz
et al. 2004, Folkertsma et al. 2005). Recently, Ritter ef al.
(2007) investigated the genetic relationship between sweet
and grain sorghums using AFLP, and Ali et al. (2008)
assessed genetic diversity and relationship among a
collection of US sweet sorghum germplasm by SSR
markers. China preserves a number of sweet sorghum
cultivars, landraces and introduced accessions but their
genetic diversity is unknown. In this study, we selected a
set of SSR markers to identify selected clite sweet
sorghum genotypes, and to assess the level of genetic
diversity and genetic relationships among them.

cultivars and breeding lines) used frequently in breeding
programs in China, 2 sorghum sterile lines (Tx-623A and

Abbreviations: AFLP - amplified fragment length polymorphism; CTAB - cetyltrimethyl ammonium bromide; di-SSR - SSR which
contains a dinucleotide repeat motif; EST-SSR - SSR originated from expressed sequence tag; genome-SSR - SSR from the genomic
library or anonymous DNA sequences; PIC - polymorphism information content; RAPD - random amplified length polymorphism;
RFLP - restriction fragment length polymorphism; SSR - simple sequence repeat; UPGMA - unweighted pair group method with
arithmetic mean.
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7050A) which were frequently used as the female parent
of sweet sorghum hybrids were selected to evaluate the
genetic diversity and the relationship among them (Table 1).
These sorghum genotypes were acquired from Tianjin
Agricultural University. Seeds of the sorghum genotypes
analyzed were sown in small pots and genomic DNA was
isolated from bulked leaf samples from 20 plants (14-d-old)
by using cetyltrimethylammonium bromide (CTAB)
method (Doyle and Doyle 1990). Finally, the quality and
quantity of DNA were analyzed by running 1 % agarose
gel electrophoresis containing A-DNA standards.

PCR reactions were conducted in a 0.025 cm® reaction
mixture containing 200 pM of each dNTP (Biotech,
Tiangen, China), 1x PCR buffer [200 mM Tris-HCI,
pH 8.4; 200 mM KCI; 100 mM (NH4),SO4], 1.5 or 2.0 mM
MgCl,, 0.2 or 0.4 uM of each primer (Sangong, Shanghai,
China), 0.5 units of Taq polymerase (Biotech) and 20 ng of
genomic DNA. DNA amplifications were performed in a
Mastercycler Gradient 5331 (Eppendorf, Hamburg,
Germany) using the following program: an initial
denaturation for 3 min at 94 °C; 35 or 40 cycles of dena-
turation for 30 s at 94 °C, 50 - 60 °C annealing for 40 s and
extension at 72 °C for 50 s; a final extension for 7 min at
72 °C. PCR products were separated in 6 % denaturing
polyacrylamide gels and silver stained as described
Bassam et al. (1991).

For each allele, the most intense band or the top band
of stuttered bands was considered to correspond to its size.
Allele sizes were determined by comparison with a 50 bp
DNA molecular mass ladder. The presence or absence of
each allele was coded as 1 or 0, and scored in a binary data
matrix. Where a PCR product was not obtained, data for
the specific locus and genotype were treated as missing. In
all cases, analysis tolerance of missing data was set to a
5 % per locus. Polymorphism (PIC) values provide an
estimate of the discriminatory power of a marker by taking
into account not only the number of alleles at a locus, but
also the relative frequencies of those alleles in the
population under study. The PIC for each SSR locus was
determined as described Smith et al. (1997). Pair-wise
genetic dissimilarities between individual genotypes were
calculated using Jaccard’s genetic dissimilarity coeffi-
cient, followed by cluster analysis with the SAHN
subprogram using the unweighted pair group method with
arithmetic mean (UPGMA) clustering method as
implemented in the software package NTSYS-PC (Rohlf
2000). Mantel’s test was performed to check the goodness
of fit of a cluster analysis for the matrix on which it was
based using the NTSYS-PC software with 1000 permuted
data sets (Rohlf 2000). Similarly, the correlation between
the Euclidean distance matrix based on SY and Jaccard’s

Results

In a preliminary experiment, 102 SSR markers were
chosen based on genome position (10 sorghum linkage
groups or chromosomes), repeat units, and the number of
alleles from SSR loci previously reported (Brown et al.
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genetic dissimilarity matrix obtained with SSR data was
tested for significance using a Mantel test. Allele sizes and
0/1 matrix are available to readers upon request.

Table 1. Sweet sorghum genotypes used in the study.

Genotype Accession No. Origin Code
Xinliang-52 Shanxi, China 1
Tx623-A GW002662 Texas, America 2
7050A Liaoning, China 3
8142 Liaoning, China 4
8143 Liaoning, China 5
8147 Liaoning, China 6
8161 Liaoning, China 7
8169 Liaoning, China 8
81101 Liaoning, China 9
81102 Liaoning, China 10
BJ-285 Beijing, China 11
BJ-298 Beijing,China 12
BJ-299 Beijing, China 13
BJ-320 Beijing, China 14
BJ-338 Beijing, China 15
Luneng-2 Beijing, China 16
Luneng-3 Beijing, China 17
[S-4555 GW000686 India 18
Early honey  GWO003097 Mississippi, America 19
Mal giunra GWO003267 Mississippi, America 20
MN-3460 GW003614 Mississippi, America 21
MN-3461 GW003615 Mississippi, America 22
MN-4251 GWO003754 America 23
Saccaline-5 GW003968 Mississippi, America 24
Straightneck-1 GW003998 Mississippi, America 25
Straightneck-3 GW004000 Mississippi, America 26
B35 GW004073 India 27
W-454 Liaoning, China 28
W-455 Liaoning, China 29
W-456 Liaoning, China 30
W-457 Liaoning, China 31
W-461 Liaoning, China 32
Jiuliliang Jilin, China 33
Yuan-341 Jilin, China 34
Jian-8-2 Jilin, China 35
Yuantian-1 Jilin, China 36
WPW Tianjin, China 37
Sugar drip GWO001771 Mississippi, America 38
Honey-2 GW003167 Mississippi, America 39
Keller-Jin GWO003223 Shanxi, China 40
Cowley GW003068 Texas, America 41
Wray GW004069 Mississippi, America 42
Rio GWO003945 Mississippi, America 43
Roma GW003948 America 44
Italian GW000011 Australia 45
TS-175 Tianjin, China 46
TS-185 Tianjin, China 47

1996, Taramino et al. 1997, Kong et al. 2000, Schloss et al.
2002). PCR conditions for these SSR markers were
optimized by adapting the annealing temperature, MgCl,
concentration, primer concentration, and cycle number
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Table 2. Characteristic of the 46 SSR markers. Chr - chromosome location (linkage group); common alleles - number of alleles per
locus with frequency > 5 %, PIC - polymorphism information content.

Locus Chr Repeat motif Origin Number of alleles Common Size range PIC
[locus™] alleles [bp]
Sb5-256 1 (AG)8 genome clone 3 3 170-174 0.2644
Sb6-57 1 (AG)18 genome clone 5 5 292-318 0.6492
Xcup33 1 (AT)7 EST-RFLP-Probe 2 1 275-277 0.0815
Xcup53 1 (TTTA)S EST-RFLP-Probe 2 2 189-197 0.4563
Xcup60 1 (CGGT)4 EST-RFLP-Probe 2 2 159-167 0.2748
Xcup62 1 (GAA)6 EST-RFLP-Probe 2 2 192-195 0.3608
Xtxp32 1 (AG)16 genome clone 13 6 132-162 0.8334
Xcup26 2 (CT)6 EST-RFLP-Probe 3 3 228-236 0.5518
Xcup29 2 (AT)6 EST-RFLP-Probe 3 3 197-203 0.5138
Xcup63 2 (ATGCG)4 EST-RFLP-Probe 2 2 144-151 0.1901
Xcup69 2 (GGATGC)4 EST-RFLP-Probe 3 3 247-259 0.5360
Xcup74 2 (TG)9 EST-RFLP-Probe 3 3 234-240 0.5903
Xtxpl9 2 (AG)5(AG)10 genome clone 9 7 233-279 0.8542
Sb5-236 3 (AG)20 genome clone 9 5 173-187 0.7257
Xcupll 3 (GCTA)4 EST-RFLP-Probe 3 3 168-174 0.4993
Xcupl4 3 (AG)10 EST-RFLP-Probe 3 3 213-221 0.5287
Xcup61 3 (CAG)7 EST-RFLP-Probe 2 2 205-208 0.1901
Xtxp31 3 (CT)25 genome clone 10 8 200-242 0.8574
Sb1-10 4 (AG)27 genome clone 4 4 256-304 0.5591
Sb4-121 4 (AC)14 genome clone 5 5 221-237 0.6021
Xcup05 4 (GA)8 EST-RFLP-Probe 7 5 216-244 0.7533
Xcup20 4 (AT)6 EST-RFLP-Probe 3 3 226-232 0.4599
Xcup71 4 (CA)Y7 EST-RFLP-Probe 2 2 126-124 0.4509
Sb5-85 5 (AG)12 genome clone 6 5 211-225 0.6949
SbKAF1 5 (AAC)9 genome clone 4 3 130-149 0.6292
Xtxpl5 5 (TO)16 genome clone 5 4 199-223 0.7614
Xtxp23 5 (CTH19 genome clone 7 5 180-192 0.8085
Sb4-72 6 (AG)16 genome clone 4 4 189-199 0.5410
Xcupl2 6 (TG)7 EST-RFLP-Probe 4 3 125-133 0.4174
Xcup37 6 (AG)9 EST-RFLP-Probe 3 3 209-215 0.5360
Xtxpl7 6 (TC)16(AG)12 genome clone 7 4 168-194 0.7198
SbAGB02 7 (AG)35 genome clone 6 4 97-121 0.5052
Xcup57 7 (TAGCO)5 EST-RFLP-Probe 5 4 174-190 0.6360
Xcup68 7 (TGAT)S EST-RFLP-Probe 2 2 219-220 0.3096
Xcup70 7 (TTGTT)5 EST-RFLP-Probe 4 4 146-162 0.5858
Sb6-34 8 (AC)(CG)15 genome clone 4 3 194-208 0.5310
Xcup47 8 (GA)21 EST-RFLP-Probe 6 4 240-260 0.6990
Xtxpl8 8 (AG)21 genome clone 10 6 220-266 0.8330
Sb5-206 9 (AO)13 genome clone 15 7 106-162 0.8873
SbAGEO03 9 (AG)34GA(CA)4 genome clone 3 3 66- 96 0.2553
Xcup02 9 (GCA)6 EST-RFLP-Probe 4 2 199-214 0.2943
Xtxpl0 9 (CT)14 genome clone 6 4 142-158 0.7103
Xcupl3 10 (CCGG)5 EST-RFLP-Probe 2 2 208-212 0.3585
Xcup49 10 (GGAT)6 EST-RFLP-Probe 7 7 152-170 0.7945
Xcup50 10 (ACAGG)5 EST-RFLP-Probe 5 5 148-173 0.7252
Xtxp20 10 (AG)21 genome clone 9 7 189-243 0.8311
1 M 5 10 15 20 25 M 30 35 40 45M 47 [bpl

Fig. 1. Fingerprint patterns generated using SSR primer pair Xcup57 from the genomic DNA of the 47 sweet sorghum genotypes.
M - 50 bp ladder; lanes 1 - 47 corresponding to the code of the 47 sweet sorghum genotypes in Table 1.
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based on a panel of 12 sweet sorghum genotypes. Finally,
46 sorghum SSR primer pairs generating good patterns
were chosen for genotyping the selected sweet sorghum
genotypes. The selected SSR markers were well-
distributed on all 10 chromosomes according to the
chromosomal nomenclature of Kim et al. (2004) (Table 2).
The mean map distance between neighboring SSR
markers was approximately 14.6 Mbp (cM) and the
number of SSR loci sited on each chromosome was
generally proportional to its estimated physical length
(Mbp). Among this set of SSR loci, 25 (54 %) were
expressed sequence tagged-SSR (EST-SSR), and 31 (67 %)
were di-repeats.

All 46 SSR markers employed were polymorphic
(Fig. 1) and the profiles generated using them were
collectively able to discriminate among 47 sweet sorghum
genotypes. A total of 228 putative alleles with different
fragment sizes were found. The average number of alleles
per SSR marker was 4.96, ranging from 2 alleles (a total of
9 SSR loci including Xcup53) to 15 alleles (Sb5-206)
(Table 2). When we considered only alleles with
frequencies of at least 5 % and defined alleles with
frequencies of less than 5 % as rare, the average number of
common alleles per SSR marker was reduced to 3.85,
ranging from 1 allele for marker Xcup33 to 7 alleles for
marker Xtxp31. These results indicate the presence of a
relatively large proportion of rare alleles among the sweet
sorghum genotypes studied. The mean of the PIC value
over the 46 SSR markers averaged 0.5619, ranging from
0.0815 for marker Xcup33 to 0.8873 for marker Sb5-206.

The average dissimilarity based on all 46 SSR markers
among the 47 genotypes was 0.7313 ranging from 0.0426
for the genotypes pairs Jiuliliang/WPW to 0.8916 for the
genotypes pairs Straightneck-3/8161 and BJ-298/8161
(data not shown). This indicated that there was a high
amount of variation among the genotypes. Mantel test
demonstrated that there was a significant and positive
correlation between the two distances matrices from
fermented sugar yield (SY) and SSR data (» = 0.23;
P < 0.002), indicating that there was a weak correlation
between SY and SSR data in the genotypes studied.

The UPGMA dendrograms of the sweet sorghum
genotypes based on the dissimilarity matrix were truly
representative of their similarity matrices since the
cophenetic correlation values were 0.837 (P < 0.002)
(Fig. 2). According to the cluster plot, all genotypes
studied except 8161 could be classified into five groups
(I, 1L, IIIL, TV, and V), which included 12, 11, 5, 8, and
10 genotypes, respectively. Most genotypes with high SY,
including a few of the more commonly used cultivars such
as Keller-Jin, Cowley, Wray, Rio, Roma and Luneng-2,
were clustered into group I, while groups IV and V
contained mainly genotypes with low SY.

It could be inferred from the pedigree and background
information of the studied genotypes (Table 2) that some
genotypes were closely related genetically, including
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Fig. 2. UPGMA dendrogram of 47 sweet sorghum genotypes
based on 46 SSR markers.

Cowley/Luneng-2, Rio/Keller-Jin, Roma/TS-175, and
Rio/Wray, in which the former genotype of each couple
was one of the parents of the Ilatter. Moreover,
MN-3460/MN-3461 was selected from MN 856 and
TS-175/TS-185, both belonged to the Sudan grass type.
However, according to our SSR data, the
Cowley/Luneng-2, Rio/Keller-Jin, MN-3460/MN-3461,
and TS-175/TS-185 were placed in the same groups, while
Roma/TS-175 and Rio/Wray fell into different groups.
Our results also showed that two coupled genotypes
without pedigree and background information,
Jiuliliang/WPW (dissimilarity of 0.0426) and 8142/8243
(dissimilarity of 0.0851), were closely related. In addition,
the two sterile lines, Tx-623A and 7050A, fell into group
11T and group IV, respectively.



Discussion

Differences in genetic diversity reported in previous
studies using SSR can be associated with sample size and
the sample origin and background. For instance, the high
genetic diversity revealed by Grenier ef al. (2000) and
Menz et al. (2004) may be attributable to the fact that the
former sampled a large number of sorghum accessions
(around 200) while the latter selected 50 sorghum inbreds
belonging to different races or with different genetic
backgrounds. In this study, the mean number of alleles per
SSR locus (4.96) detected in sweet sorghum genotypes
was higher than that detected by Ali et al. (2008) and
Schloss et al. (2002) (3.22 and 3.4 respectively), similar to
that described by Agrama and Tuinstra (2003) and Smith
et al. (2000) (4.3 and 5.9 respectively), but lower than that
by Kamala ef al. (2006), Menz et al. (2004) and Grenier
et al. (2000) (8.8, 7.8 and 15.4, respectively). Similarly,
the gene diversity observed among the genotypes studied
(mean PIC value =0.5619) was higher than that of Ali et al.
(2008) and Schloss et al. (2002) (0.4 and 0.46,
respectively), similar to that of Agrama and Tuinstra (2003)
and Smith ef al. (2000) (0.62 and 0.58, respectively), and
was lower than that of Grenier ef al. (2000) and Kamala
et al. (2006) (0.80 and 0.81, respectively).

Another factor that influenced the reported diversity
level is the use of EST-SSRs. An evaluation of the
distribution of different classes of SSRs in the genomes of
wheat, Arabidopsis, maize, and rice revealed that the
frequency of microsatellites was significantly higher in
ESTs than in genomic DNA across all species (Morgante
et al. 2002). However, a few studies have shown that
EST-SSRs were less polymorphic than genome-SSRs in
wheat (Eujayl et al. 2002), rice (Cho et al. 2000) and grape
(Scott et al. 2000). Our results from sweet sorghum
genotypes were similar to these studies in that the average
number of alleles per SSR marker and the average number
of common alleles per SSR marker for 25 EST-SSRs
(3.4 and 3.0) was significantly lower than that for
21 genome-SSRs (6.9 and 4.9), with a T value of 4.7664
(P<0.01) and a T'value of 4.5254 (P <0.01), respectively,
indicating that EST-SSRs provided less genetic diversity
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