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ABSTRACT

To investigate the genetic diversity and relationships among the sweet sorghum varieties as energy sources currently
bred in China, 13 sweet sorghum varieties were selected for comprehensive analysis through observations of 31 bio-
logical traits and examinations of RAPD and SSR molecular markers. The numerical analysis showed that the differ-
ences in biological traits existed among 13 varieties, and the genetic distance (DIST) ranged from 0.787 to 2.221, and
the two varieties from Inner Mongolia and Xinjiang were distinctly separated from al other varieties. A total of 22
polymorphism primers were obtained from the screening using RAPD marker analysis. The polymorphism rate was
58.33%, and the genetic similarity (GS) coefficients among the studied cultivars ranged from 0.694 to 0.896. Cluster
analysis results indicated that the three varieties from Inner Mongolia, Xinjiang and Heilongjiang exhibited significant
genetic differences from the other varieties. SSR marker analysis using 31 selected pairs of polymorphic primers
showed that the polymorphism rate of amplified fragments was 78.64%, and GS coefficients among the tested cultivars
were 0.534 to 0.971. Cluster analysis showed that variety No. 12 from Xinjiang and variety No. 7 from Inner Mongolia
clustered into one group, and variety No. 6 from Heilongjiang was in a single group. The other ten varieties were
grouped into another separate cluster. The results based on combined data displayed a similar trend with results from
the three individual data analyses, but could more comprehensively and objectively reflect the fundamental genetic dif-
ferences among these varieties. In summary, certain genetic differences exist among the varieties tested from different
regions or different breeding institutions. However, varieties from the same region, especially those from the same
breeding institution, exhibited small genetic variations and high genetic similarities. At present, more attention should
be paid to discovery and innovation in the breeding of sweet sorghum varieties.
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1. Introduction
Sweet sorghum [Sorghum bicolor (L.) Moench] belongs

energy resources, sweet sorghum shows potential as an
energy crop due to its high biological yield. As a renew-

to the genus Sorghum in the family Gramineae. It is a
variant of common grain sorghum, with characteristics of
resistance to drought, flood, barren soil and soil salinity
and akalinity. The stem of sweet sorghum is rich in
sugar; it can be used as fodder or a sugar source and can
be converted into alcohol to use as an energy source. Two
to three times more carbohydrates are synthesized by
sweet sorghum than by corn or beets. In ethanol produc-
tion, the degradation and saccharification of starch is
reduced when using sweet sorghum instead of corn or
cassava, which significantly reduces the production cost.
Due to an increasing worldwide shortage of mineral and
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able energy crop, sweet sorghum has received broad at-
tention from domestic breeding institutions in China. In
the last two years, the number of varieties that have par-
ticipated in the national sweet sorghum variety regional
trials has dramatically increased compared to previous
years, with 13 - 14 varieties in 2008-2010. The increase
in bred varieties is well-received progress, and it is worth
investigating the genetic diversity of these varieties be-
cause this diversity isindicative of the innovation in sweet
sorghum germplasm resources and the future direction of
variety breeding in China

Numerical classification based on morphology has be-
come an effective way to test the genetic relationships of
species [1,2]. Random amplification of polymorphic DNA
(RAPD) marker analysis based on molecular biology
requires only asimple assay, easy sample collection, small
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amounts of DNA and use of universal primers [3]; there-
fore, it has been widely used in the analysis of genetic
diversity and relationships, phylogenetics and charac-
terization of the purity of hybrid seeds [3]. Simple se-
guence repeat (SSR) marker analysis also has severa ad-
vantages, such as simple and fast operation, high sensi-
tivity, good stability and abundant allele polymorphisms.
Therefore, it has been widely employed in crop germ-
plasm identification, genetic mapping, gene mapping and
genetic diversity analysis [4-6]. However, no reports
have been published on studies of the genetic diversity of
sweet sorghum varieties bred in China. This study aimed
to analyze genetic diversity among the 13 sweet sorghum
varieties enrolled in the national regiona trial via nume-
rical analysis, RAPD and SSR molecular markers to un-
derstand the genetic relationships between these cur-
rently popular sweet sorghum varieties in China and to
provide atheoretical basis for the utilization and innova-
tion of sweet sorghum germplasm resources.

2. Materialsand M ethods
2.1. Experimental Materials

The names and sources of the materials are listed in Ta-
blel.

2.2. Field Experimental Design and Trait
Observation

Field experiments were carried out in the Planting Tech-
nology Park of Anhui Science and Technology Univer-
sity. The 13 varieties were planted in a randomized block
design in triplicate. The sowing date was April 30, 2008,
and the harvest date was September 18, 2008. During the

entire growth period, 31 biological traits of sweet sor-
ghum were surveyed including 23 quantitative traits and
8 qualitative traits. Analyses were performed following
the methods in reference [1].

2.3. Molecular Biology Methods

DNA extraction and RAPD PCR reaction conditions were
as previoudly described [7]. SSR PCR reactions were per-
formed as described [6] with modifications.

2.4. Data Analysis

2.4.1. Numerical Analysis

From the 23 quantitative traits, 5 important agronomic
traits affecting energy usage were selected for variance
analysis between the varieties. All of the 31 traits were
used for cluster analysis, of which 23 quantitative traits
were directly involved in the computation of clustering
and 8 qualitative traits were used in computations after
specific coding. All data were processed using NTSY S-pc
Version 2.10e [8]. The standardized matrix was pro-
cessed using the Interval Data of Similarity subroutine to
obtain the DIST matrix. The Unweighted Pair Group Me-
thod with Arithmetic Mean (UPGMA) clustering method
of the Clustering subroutine SAHN was used to construct
the dendrogram in operational taxonomic units.

2.4.2. RAPD and SSR Electrophoresis Data Analysis
A molecular marker data matrix was established by re-
cording 1 for the presence of a specific band and O for the
absence of the band. NTSY S-pc was used, in which the
measure of similarity coefficient was SM. The UPGMA
method was used for cluster analysis and phylogenetic
tree construction [8].

Table 1. Name and origin of the varieties used in this study.

No Variety Name

Origin

Liaotian No. 4
Liaotian No. 5
JinsizaNo. 1
Pac8381
Jintian No. 1
Longtian 062
Chitian No. 1

Liaotian No. 7
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Liaotian No. 6
BT802
Shenshi 202

=
N R O

Xingaoliang No. 3

=
w

LiaosizaNo. 1

The Sorghum Institute, Liaoning Academy of Agricultural Sciences

The Sorghum Institute, Liaoning Academy of Agricultural Sciences

Jinzhou Institute of Agricultural Sciences, Liaoning Province

Beijing Doneed Seeds (Chifeng) Co, Ltd

The Sorghum Institute, Shanxi Academy of Agricultural Sciences

The Crop Breeding Institute, Heilongjiang Academy of Agricultural Sciences
Chifeng Ingtitute of Agricultural Sciences, Inner Mongolia

The Sorghum Institute, Liaoning Academy of Agricultural Sciences

The Sorghum Institute, Liaoning Academy of Agricultural Sciences
Shenyang Laoben Seeds Co, Ltd, Liaoning Province

The Crop Institute, Shenyang Academy of Agricultural Sciences, Liaoning Province
The Economic Crop Institute, Xinjiang Academy of Agricultural Sciences
The Sorghum Institute, Liaoning Academy of Agricultural Sciences

Copyright © 2012 SciRes.

JSBS



88 Q.W.ZHAN ET AL.

2.4.3. Combined Data Analysis

The 31 surveyed hiological traits and the 0-1 data of the
RAPD and SSR electrophoretic bands were used to con-
struct a combined data matrix. NTSY S-pc software was
used for analysis [8]. After standardization using subrou-
tine Standardization (standard deviation, STD), the DIST
distance was obtained. Then, the UPGMA method was
employed for cluster analysis of the 13 varieties based on
the combined data.

3. Resultsand Analysis

3.1. Numerical Analysisand Cluster Analysis
Based on Biological Traits

Among the 13 varieties, variance analysis of 5 major agro-
nomic traits showed no significant differences in stem
diameter at the mature stage (F = 0.51 < Fggs) Or in the
number of tillings (F = 0.98 < Fggs), but revealed a
highly significant difference in plant height at the mature
stage (F = 15.76 > Fq(,) with variety No. 7 displaying a
highly significant difference from the other 12 varieties.
The fresh yield per unit area showed highly significant
differences among the varieties (F = 47.68 > Fop;). The
difference in sugar content among the 13 varieties
reached a significant level (F = 4.25 > Fqy), with variety
No. 7 from Inner Mongolia having the lowest sugar con-
tent and variety No. 6 from Heilongjiang having the
highest sugar content. However, variety No. 6 showed no
significant difference in sugar content when compared
with varieties No. 1, No. 2, No. 5, No. 9, No. 10, No. 11
and No. 13. For the 5 selected important agronomic traits,
differences did exist between the varieties.

A cluster analysis was performed for the 13 varieties
based on all 31 biological traits using NTSY S-pc soft-
ware. The results showed that the genetic distance be-
tween variety No. 13 (Liaosiza No. 1) and variety No. 10
(BT802) was the smallest (0.787), whereas the distance
between variety No. 10 (BT802) and variety No. 7 (Chi-
tian No. 1) was the largest (2.221). A dendrogram was
generated based on the genetic distance between the 13
sweet sorghum varieties, which may genuinely reflect
genetic differences between varieties (Figure 1). Using
an appropriate combined line at GD = 1.558, the 13 va-
rieties were divided into two groups. The first group is
comprised of variety No. 7 (Chitian No. 1) and variety
No. 12 (Xingaoliang No. 3), while the other varieties
were clustered into the other group. The above resultsin-
dicate large genetic differences between the two varie-
ties from Inner Mongolia and Xinjiang and al other va-
rieties, while relatively small genetic differences were
present between varieties from the same region, such as
Liaoning Province.

3.2. Genetic Polymor phisms and Cluster
Analysis Based on RAPD Markers

PCR amplification was performed using 100 random
primers, and 22 primers were shown to have distinct am-
plification bands and produce stable and reproducible
results with obvious polymorphisms. These 22 primers
were selected to amplify samples from the 13 sweet sor-
ghum varieties. A total of 144 bands were obtained, and
84 of them showed polymorphisms, with a polymor-
phism rate of 58.33%. The average number of polymor-
phic bands per primer was 3.82.
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Figure 1. Dendrogram of the 13 sweet sorghum varietiesbased on 31 biological traits.

Copyright © 2012 SciRes. JSBS



Q.W.ZHAN ET AL. 89

The genetic smilarity coefficients among the sweet sor-
ghum varieties were calculated according to the analyti-
cal results of electrophoretic band patterns, and a phylo-
genetic tree was generated based on the calculated coef-
ficients (Figure 2). The 13 sweet sorghum varieties did
not show large differences in genetic similarity coeffi-
cients, which ranged from 0.694 to 0.896. Among these
varieties, variety No. 2 (Liaotian No. 5) and variety No. 8
(Liaotian No. 7) exhibited the highest similarity, with a
similarity coefficient of 0.896, while variety No. 7 (Chi-
tian No. 1) showed the lowest similarity to variety No. 1
(Liaotian No. 4), with a coefficient of 0.694. As shown in
Figure 2, variety No. 7 from Inner Mongolia is clearly
separated from the other 12 varieties. If a coefficient of
0.764 is used as the classification standard, all the varie-
ties can be clustered into three groups, with variety No. 7
(Chitian No. 1) in one group, variety No. 6 (Longtian 062)
and variety No. 12 (Xingaoliang No. 3) in another group
and the other 10 varieties in the final group. The above
results indicate that the three varieties from Inner Mon-
golia, Xinjiang and Heilongjiang exhibited low genetic
similarities with all the tested varieties from Liaoning
Province, suggesting significant genetic differences among
the varieties from different geographic regions.

3.3. Genetic Polymor phisms and Cluster
Analysis Based on SSR Markers

A total of 79 pairs of primers were selected for this study,
including 10 pairs designed in our laboratory from EST

or BAC and 69 pairs designed according to the published
literature [4,5]. First, 40 pairs of primers that exhibited
polymorphisms in the 13 varieties were selected. From
among these 40 pairs, 31 pairs (including two pairs of
self-designed primers, BAC2 and BACS5) with distinct
amplification bands and consistent results were chosen
for the analysis of genetic diversity of the 13 tested va
rieties. A total of 103 bands were amplified from these
31 pairs of SSR primers, and 81 bands showed polymor-
phisms, with a polymorphism rate of 78.64%.

Genetic similarity coefficients ranging from 0.534 to
0.971 among the 13 sweet sorghum varieties were ob-
tained using the NTSY S-pc software. Variety No. 13 and
variety No. 10 exhibited the highest genetic similarity
coefficient (GS = 0.971), indicating a close genetic rela-
tionship between the two varieties. The cluster dendro-
gram of al the varieties is shown in Figure 3. Using a
similarity coefficient of 0.676 as the classification thres-
hold, the 13 sweet sorghum varieties can be clustered
into 3 major groups. Variety No. 12 from Xinjiang and
variety No. 7 from Inner Mongolia were clustered into
one group. However, these two varieties did not show a
very high similarity coefficient (GS = 0.767), suggesting
the existence of genetic differences between them. Vari-
ety No. 6 from Heilongjiang was in one group. The other
10 varieties were clustered into the last group, which in-
cludes dl the tested varieties from Liaoning Province,
which indicates a close genetic relationship between these
varieties.
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Figure 2. Clustering dendrogram of the 13 sweet sorghum cultivarsbased on RAPD genetic similarity coefficients.
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3.4. Cluster Analysis Results Based on Combined
Data Analysis

The distance, DIST, between the 13 sweet sorghum was
obtained based on data from the 31 biological traits and
0-1 data from the RAPD and SSR electrophoretic bands
The largest genetic distance (GD = 1.672) was observed
between variety No. 7 and variety No. 1, while the smal-
lest genetic distance (GD = 0.915) was found between
variety No. 2 and variety No. 8, followed by variety No.
10 and variety No. 13 (GD = 0.917). The cluster dendro-
gram of the 13 varieties was generated according to the

distance, DIST (Figure 4). A genetic distance of 1.443
was used as the classification threshold, and all the varie-
ties were clustered into 4 groups. Varieties No. 7, 12 and
6 were clustered alone into three separate groups, while
the other 10 varieties were clustered into another group.
This result displayed a similar trend with results from the
three individual data analyses discussed above for bio-
logical traits, RAPD and SSR molecular markers, with
some differences. Compared to the analysis of SSR mo-
lecular markers, the combined data analysis results clas-
sified varieties No. 7 and 12 into two different major
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Figure 3. Cluster dendrogram of the sweet sorghum cultivars based on SSR marker analysis.
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Figure 4. Cluster dendrogram of the 13 sweet sorghum cultivars based on combined data analysis.
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groups (GD = 1.530), indicating that combined data ana-
lysis may more objectively reflect the fundamental differ-
ences between the varieties. In summary, the varieties cur-
rently bred in China exhibited genetic differences be-
cause they are from different geographic regions and breed-
ing ingtitutions. However, those varieties from the same
region, and especially from the same breeding institution,
showed arelatively high level of genetic similarity.

4. Discussion

4.1. Comparison of the Individual Molecular
Marker Method and the Combined Data
Analysis Method

Multiple RAPD primers were used to amplify from the
same variety for multiple trias in the preliminary ex-
periments of this study. The results were reproducible as
long as the source and lot of reagents, the equipment
models and the quality of the DNA templates were con-
sistent, and the amount of reagents used and amplifica-
tion conditions were strictly controlled. This study dis-
covered that RAPD markers can be used to supplement
and improve conclusions about the genetic diversity and
relationships of sweet sorghum varieties. SSR molecular
marker technology has been widely used in studies of
crop genetic diversity [4-6]. However, no studies on SSR
genetic diversity among sweet sorghum varieties bred in
China have been reported. SSR markers were utilized in
the present study for diversity analysis of 13 sweet sor-
ghum varieties, and they showed a relatively good corre-
lation with the numerical analysis and RAPD analysis. In
the present study, combined data analysis was performed
with biological traits, RAPD and SSR amplification band
patterns, which may more comprehensively and object-
tively reflect the fundamental genetic differences among
varieties and better reveal the genetic relationship be-
tween sweet sorghum varieties from different regions or
from different breeding institutions within the same re-
gion.

4.2. The Genetic Basisfor the Sweet Sorghum
Varieties Currently Bred in China

This study showed high genetic similarity coefficients in
varieties from the same region, especialy those from the
same breeding institution. For example, no matter which
test method was used, the 5 varieties bred by the Sor-
ghum Institute of Liaoning Academy of Agricultural Sci-
ences were al clustered into the same major group, and
varieties No. 2 and 8 were aways in the same minor
group. Compared with varieties from the same breeding
ingtitution, those from different regions or different in-
stitutions exhibited larger genetic distances and smaller
similarity coefficients. However, surprisingly, some va
rieties from different breeding ingtitutions showed very

Copyright © 2012 SciRes.

high similarity, such as varieties No. 13 and No. 10, with
SSR similarity coefficients as high as 0.971. These two
varieties are very likely derived from the same parental
variety because the breeding institute for variety No. 10,
Shenyang Laoben Seeds Co., was established following
its separation from the Sorghum Ingtitute of Liaoning
Academy of Agricultural Sciences. There are generally
only small genetic differences between the 13 sweet sor-
ghum varieties. This may be because the sweet sorghum
varieties currently popular in China are mainly selected
and bred at Liaoning Academy of Agricultural Sciences.
In addition, the majority of parental varieties at other breed-
ing ingtitutions are from Liaoning Academy of Agricul-
tural Sciences as well. As described above, the breeding
of sweet sorghum varietiesis a serious situation in China.
New sweet sorghum varieties can be created through
backcrossing or molecular methods. This would be espe-
cialy beneficia for the generation of new sterile male
varieties of sweet sorghum.
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