
American Journal of Plant Sciences, 2012, 3, 1722-1729 
http://dx.doi.org/10.4236/ajps.2012.312210 Published Online December 2012 (http://www.SciRP.org/journal/ajps) 

Genetic Diversity in a Collection of Chinese Sorghum 
Landraces Assessed by Microsatellites 

Gloria Burow1, Cleve D. Franks2, Zhanguo Xin1, John J. Burke1 
 

1Plant Stress and Germplasm Development Unit, Cropping Systems Research Laboratory, USDA-ARS, Lubbock, USA; 2Dupont 
Pioneer 2260 CR60, Plainview, USA. 
Email: gloria.burow@ars.usda.gov 
 
Received September 10th, 2012; revised October 24th, 2012; accepted November 25th, 2012 

ABSTRACT 

Genetic diversity was characterized in a collection of 159 sorghum (Sorghum bicolor L. Moench) landraces gathered 
from the colder region (primarily the northeastern region) of China. A set of 41 microsatellites or simple sequence re- 
peat (SSR) markers distributed throughout the 10 chromosomes of sorghum was utilized in the analysis. Majority (40 
out of 41 SSRs, 98%) of the SSR markers were polymorphic and highly informative with polymorphism information 
content (PIC) value ranging from 0.05 to 0.92. An estimation of genetic similarity coefficients (GSC, with values rang- 
ing from 0.42 to 0.96) revealed a range of variability in this collection of sorghum landraces. Eight clusters of acces- 
sions were identified at a cut off at 0.50 GSC and these groupings were supported by the analysis of subpopulations 
using Structure. This study provides evidence that Chinese landraces of sorghum exhibit moderate genetic diversity and 
results from cluster analysis may well aid in identification of diverse accessions that can serve as parental lines for effi- 
cient utilization and application of these germplasm into sorghum breeding programs. 
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1. Introduction 

Genetic diversity is one of the important cornerstones of 
crop improvement. Diversity provides the raw materials 
from which desirable or favorable alleles for improved 
agronomic traits of interest can be selected. Subsequently, 
breeding for improved varieties are facilitated through 
the incorporation of new alleles into well adapted or elite 
lines. The assembly through collections, preservation and 
distribution of germplasm representing large diversity for 
each crop species then, is of utmost significance for plant 
breeding. 

A critical and challenging step towards utilization of 
conserved germplasm is the characterization of existing 
genetic diversity within the collection (Casa et al., 2008 
[1] and Uphadyaya et al., 2009 [2]). For sorghum 
(Sorghum bicolor L. Moench) as an example, the US 
Dept. of Agriculture, Genetic Resources Information 
Network contains 45,609 accessions from various parts 
of the world (www.ars-grin.gov, accessed Sept. 30, 
2012). Thus, it is challenging to screen for specific traits 
of interest. An approach that have been applied to meet 
the challenges of screening vast collection of germplasm 
materials is to assemble subset of germplasm based on 
geographical area, which could have significant corre- 
lation with adaptation to the trait of interest. As an  

example, to identify sources of early season cold tole- 
rance in sorghum, accessions from the colder regions of 
China had been of interest and actually used for analysis 
(Lu and Dahlberg, 2001 [3] and Franks et al., 2006 [4]). 
In this case, Northeast Chinese provinces provide signi- 
ficantly cooler sowing temperatures for sorghum culti- 
vation, it has been hypothesized that landraces or tradi- 
tional varieties used by farmers harbor adaptation to cold 
tolerance (Lu and Dahlberg, 2001) [3]. In a related study, 
Chinese sorghums significantly outperformed US adapted 
lines and hybrids under cold conditions at germination 
stage and at early season sowing (Franks et al., 2006) [4]. 

Traditionally, evaluation of diversity were performed 
thru phenotypic assessment of various traits of interest in 
multiple years and locations. However, with the availabi- 
lity of molecular resources such as restriction fragment 
length polymorphic (RFLP), amplified fragment length 
polymorphism (AFLP), randomly amplified polymorphic 
DNA (RAPD), inter simple sequence repeats (ISSR) and 
simple sequence repeats (SSRs) or microsatellites, DNA 
markers have been widely applied towards an evaluation 
of genetic diversity. 

Among the marker platforms, SSRs are widely used 
and are advantageous as markers for diversity studies due 
to their high level of polymorphism, wide availability 
and ease of detection (Schloss et al., 2002) [5]. Dje et al.  
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(2000) [6] had demonstrated the utility of SSRs in their 
study of diversity in 25 accessions of sorghum using five 
SSR markers, where 100% polymorphism of markers 
was observed. Ghebru et al. (2002) [7] applied SSR 
makers to determine genetic variation among Eritrean 
sorghums. A diversity study of cultivated sorghum in 
Japan was conducted using nine SSR markers (Anas and 
Yoshida, 2004) [8], whereby 31 sorghum cultivars from 
Japan were explicitly grouped into 7 clusters. An analysis 
of pattern of genetic diversity in the Guinea race of 
sorghum accessions from ICRISAT was reported by 
Folkertsma and co-workers (2005) [9] by employing 
SSRs. This latter study showed that significant genetic 
variation exist in the land races originating from semi- 
arid Sahelian Africa as compared to germplasm from 
South Asia. Further, a collection of sorghum landraces 
from Burkina Faso was analyzed using 29 microsatellites 
which confirmed the moderate diversity found among 
accessions from the Sahelian region (Barro-Kondombo et 
al., 2010) [10]. SSRs were also used to analyze the trend 
of variation among widely used US hybrids (Smith et al., 
2010 ) [11]. Casa et al. (2005) [12] employed SSR 
markers to study diversity and pattern of selection in 
sorghum and showed that SSRs are highly polymorphic 
among the lines. In subsequent study, Casa et al. (2008) 
[1] also evaluated the US panel consisting of 377 acce- 
ssions of sorghum included in the proposed US panel for 
association mapping, using 47 SSR markers, and showed 
that an analysis of genotype data that takes into account 
population structure and kinship were useful in linkage 
disequilibrium analysis for sorghum. 

Furthermore, the use of a combination of SSR and 
other markers such as AFLP were also shown to be use- 
ful in determining genetic diversity in public inbreds of 
sorghum. In an earlier study, Yang et al. (1996) [13] 
studied a group of 34 sorghum lines from all over China 
and utilized different markers including RFLP, RAPD 
and ISSR. Menz et al. (2004) [14] showed that publicly 
available elite inbreds developed in the US breeding pro- 
grams are highly diverse and that working group classi- 
fications have significant contribution to the diversity 
observed based on AFLP and SSR genotype data. In a 
subsequent work, Perumal et al. (2007) [15] analyzed 46 
exotic sorghum lines from various countries, and re- 
ported that phylogenetic grouping based on AFLP mar- 
kers correspond to races of sorghum. A moderate amount 
of variation was found in a collection of sorghum 
materials varying in resistance to green bug using AFLP 
markers (Wu et al., 2008) [16]. 

The objective of this study is to assess genetic diver- 
sity in collection of landraces of sorghum from cold, 
northeastern region of China using SSR markers. These 
land races exhibit some degree of similarity based on 
their race, working group and provinces of origin, and 

through this study we documented significant genetic 
diversity in this collection by resolving genetic affinities 
or grouping among accessions based on SSR markers. 

2. Materials and Methods 

2.1. Germplasm Materials 

A total of 192 accessions, majority of which have 
passport origin from the Northeastern provinces of China 
were initially assembled from GRIN. The collection was 
planted in 2007 at the USDA-ARS farm at Lubbock, TX 
for seed increase. During genotyping eleven accessions 
were excluded because of inconsistent DNA amplifi- 
cation. Furthermore, entries with 20% or more missing 
genotype were excluded from the data set, resulting in a 
total of 159 accessions (Table 1). 

2.2. Genomic DNA Extraction and SSR 
Genotyping 

Leaf samples from bulked plant samples (3 plants) of 
each accession were harvested and used for genomic 
DNA extraction. DNA was extracted using a medium 
throughput extraction method previously described for 
sorghum (Burow et al., 2009) [17]. Briefly, lyophilized 
leaf samples were ground using Retsch Mixer Mill MM 
400 (Retsch, USA), and 100 mg of ground leaf was used 
for extraction with modified cetyltrimethyl ammonium 
bromide (CTAB) solution, followed by phenol chloro- 
form clean up. Total genomic DNA recovered per geno- 
type were analyzed in gel and quantified with Nano- 
drop(Thermo Scientific,Wilmington, DE, USA). A total 
of 41 SSR markers (Xtxp’s) were utilized for this study. 
The information about the markers including sequence of 
forward and reverse primers were previously described 
by Menz et al., 2002 [18]. 

A modified M13 tagged forward and normal reverse 
primer was used for each marker as reported (Burow et 
al., 2009) [17]. Briefly, a 20mer M13 oligo (GAC GTT 
GTA AAA CGA CGG CC) was concatenated at the 5’ 
end of each forward primer, generating an M13-tagged 
primer. To facilitate detection, a 20 mer M13 oligo la- 
beled with one of three fluorescent dyes, 6-HEX, FAM 
or NED, was added to the PCR mix to label SSR pro- 
ducts of each marker. PCR was performed in a volume of 
10 µl, containing 1× PCR buffer (10 mM Tris-HCl pH 
8.3, 50 mM KCl, 1.5 mM MgCl2), 0.2 mM of each dNTP, 
0.05 units Hotstart Taq DNA polymerase (Qiagen Inc., 
Valencia CA), 2 pmol of each M13 tagged forward and 
normal reverse primer, 0.02 pmol of fluorescent labeled 
20 mer M13 primer (labeled with either HEX, NED or 
FAM) and 20 ng of template genomic DNA. Amplifi- 
cations were performed using a PTC-225 (MJ Research, 
Waltham, MA, USA) Peltier thermal cycler with the  
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following conditions for the PG series of primers: 95C 
initial activation for 15 m (1 cycle) 35 cycles of 94C for 
45 s, 55C for 60 s, 72C for 30 s; and a final extension at 
72C for 10 m. All the primers detected amplified PCR 
products. 

Markers were amplified separately in each of the 159 
accessions and were size separated by capillary electro- 
phoresis using an ABI Prism 3100 DNA Analyzer 
(Applied Biosystems, Foster City, CA). Multiplexing of 
three differentially-labeled PCR products per well was 
carried out to increase efficiency. Electrophoretic data 
were imported to Genescan 3.1.2 software (Applied 
Biosystems, Foster City, CA) for allele characterization 
based on molecular weight of SSR products obtained. 

2.3. Statistical Analysis 

Bands from polymorphic SSR markers were scored as 
present (1) or absent (0) for each accession by manual 
inspection. Missing data were represented as −9. Data 
were tabulated in a matrix using Excel v2003 (Microsoft 
Corp., Redmond, WA, USA). Data analysis was per- 
formed using NTSYSpc version 2.2 software (Rohlf, 
1998 [19]; Exeter Software, Setauket, NY). Briefly, 
genetic similarity coefficients of pair-wise comparisons 
among the accessions analyzed were calculated based on 
Dice coefficient (Dice, 1945) [20] within the Similarity 
for Qualitative Data (SIMQUAL) module of NTSYS 2.2. 
Cluster analysis was performed using generated coeffi- 
cients according to the unweighted pair group mean 
algorithm (UPGMA) within the Sequential Agglome- 
rative Hierarchical Nested (SAHN) analysis module of  
NTSYS. Dendrogram was drawn in tree format using the 
tree plot module of NTSYS. Additionally, cophenetic 
correlation was estimated to measure goodness of fit 
among matrices generated using the Matrix Comparison 
(MXCOMP) module. 

Determination of total number of alleles and poly- 
morphism information was estimated from the geno- 
typing data, considering that each SSR primer pair repre- 
sents a unique locus. Polymorphism information content 
(PIC) values was calculated based on the formula, PIC = 

, where pi is the frequency of the ith allele of an 
SSR locus. 

21 ip

To further examine genetic diversity, genotype data 
was analyzed using Structure 2.2 (Pritchard et al., 2000) 
[21], available from  
http://pritch.bsd.uchicago.edu/structure.html, verified Sept. 
30, 2012) to determine structured groups or subpopu- 
lations (K clusters) in the collection. Analysis was per- 
formed using settings for admixture ancestry and corre- 
lated marker frequency models of the program. The K 
values were set at 1 to 10, with a burn in value of 10,000 
followed by 30,000 iterations. Optimal K clusters were 
identified based on the improvements in the estimated 

natural log of likelihood [Ln P(D)] of the data and on its 
consistency in the three independent runs in accord with 
statistics applied by Casa et al. (2008) [1] and Murray et 
al. (2009) [22]. 

3. Results and Discussion 

A summary of the accessions used in the study, and 
province of origin are presented in Table 1. These acce- 
ssions were reported as landraces or local cultivars 
collected from farmers primarily in the sorghum growing 
province of Shanxi, where 62% of accessions have this 
province as the origin of collection, while 28% of the 
accessions came from the other 4 cold northeast pro- 
vinces of China including Jilin, Liaoning, Heilongjiang, 
and Nei Mongol (Table 1). Eight percent of accessions 
used did not have specific province of origin in their 
passport data but only have China as country of origin 
(Table 1). 

A total of 41 SSRs distributed throughout the 10 chro- 
mosomes were used to evaluate genetic diversity. The list 
of the markers, their chromosome location, total number 
of alleles resolved for each SSR and corresponding PIC 
value of each marker are shown in Table 2. Variations in 
the number of alleles for each marker ranged from 2 to 
23 (Table 2). Xtxp 136, 266 and Xgap 256 had only 2 
alleles, while the highest number of alleles (23) was 
observed from Xtxp 265 (Table 2). Polymorphism infor- 
mation content of each marker was variable and showed 
a significant correlation with total number of alleles (r = 
0.78) (Table 3). The higher the number of alleles per 
marker, the greater is PIC value. 

Genetic similarities coefficient (GSC) defined as the 
proportion of matched markers between a given pair of 
entries among the 159 accessions was estimated and 
applied as basis for cluster analysis. Result indicated 
moderate genetic variation in this collection of Chinese 
sorghums as GSC values ranged from 0.42 to 0.96 
(Figure 1). The lowest GSC of 0.42 was found between 
PI 563550 and Liang Tang Ai. The highest GSC (0.94) 
 
Table 1. Summary of information on Chinese landraces of 
sorghum analyzed in the study based on province of origin 
and their cluster group based on UPGMA analysis. 

Province_Origin # _Accession % of total no. of entries

Shanxi 101 63.5 

Liaoning 19 12.0 

Jilin 10 6.3 

Heilojiang 12 7.5 

Nei Mongol 3 1.9 

Shandong 3 1.9 

Unknown 11 6.9 

Total 159 
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Table 2. List of SSR markers with their chromosome location, primer sequences (forward and reverse), repeat motif type, the 
number of alleles resolved and the polymorphism information content (PIC) value for each marker. 

SSR locus & 
(Chromosome 

Location) 
Forward (F) & Reverse (R) Primer Sequences (5’ to 3’) Repeat Motif 

No. of  
Alleles 

PIC Value

Xgap 256(1) 
F = AAT TTG CTT TTT GGT CCG TTT 
R = TAG GAA AGA CAG TAC TAG AGG TCA 

(AG)8 2 0.63 

Xtxp 302(1) 
F = TAG GTT CTG GAC CAC TTT TCT TTT TGT GTT 
R = GAA TCA ACT ATG TGC TTG CAT TGT GCT 

(TGT)8 13 0.84 

Xtxp 043(1) 
F = AGT CAC AGC ACA CTG CTT GTC 
R = AAT TTA CCT GGC GCT CTG C 

(CT)28 16 0.83 

Xtxp 032(1) 
F = AGA AAT TCA CCA TGC TGC AG 
R = ACC TCA CAG GCC ATG TCG 

(AG)16 13 0.91 

Xtxp 279(1) 
F = ATT CTG ACT TAA CCC ACC CCT AAA 
R = AGC TCA TCA ATG TCC CAA ACC 

(CTT)10 + (CTT)3 + 
(CTT)6 

6 0.19 

Xtxp 319(1) 
F = TAG ACA TCT GAA TTA AGG AGC 
R = CAT GCC CCT GAA AGA GA 

(TC)17 16 0.80 

Xtxp 297(2) 
F = GAC CCA TAT GTG GTT TAG TCG CAA AG 
R = GCA CAA TCT TCG CCT AAA TCA ACA AT 

(AAG)24 16 0.87 

Xtxp 003(2) 
F = AGC AGG CGT TTA TGG AAG 
R = ATC CTC ATA CTG CAG GAC C 

(CT)8+(CT)36 5 0.13 

Xgap 084(2) 
F = CCG ATC AGC ACA CCA G 
R = GTA CTA GGT CCA ATC CAG C 

(AG)14 11 0.50 

Xtxp 348(2) 
F = CGA CAT CAG CGT TGT CTT TCT A 
R = GCT TAC GAA TAG GGC AAA AGA ACT 

(TAA)37 16 0.92 

Xtxp 007(2) 
F = ACA TCT ACT ACC CTC TCA CC 
R = ACA CAT CGA GAC CAG TTG 

(CT)14 9 0.53 

Xtxp 008(2) 
F = ATA TGG AAG GAA GAA GCC GG 
R = AAC ACA ACA TGC ACG CAT G 

(TG)31 14 
0.81 

 

Xtxp 266(3) 
F = GTT GTC TAG TAT AGC AAG GTG GG 
R = ATA ATA GTA GAT GCG TGT CAA AAG AA 

(GT)8 2 0.05 

Xgap 236(3) 
F = GCC AAG AGA AAC ACA AAC AA 
R = AGC AAT GTA TTT AGG CAA CAC A 

(AG)20 8 
0.56 

 

Xtxp 114(3) 
 

F = CGT CTT CTA CCG CGT CCT 
R =  CAT AAT CCC ACT CAA CAA TCC 

(AGG)8 4 0.58 

Xtxp 069(3) 
F = ACA CGC ATG GTT TGA CTG 
R = TTG ATA ATC TGA CGC AAC TG 

(TC)12 14 0.79 

Xtxp 012(4) 
F = AGA TCT GGC GGC AAC G 
R = AGT CAC CCA TCG ATC ATC 

(CT)22 14 0.73 

Xtxp 327(4) 
F = ACC ACT GCT CAC GCT CAC 
R = GCG GTG TAC AGC TTC GTC 

(TAG)3 + (GA)22 8 0.42 

Xtxp 021(4) 
F = GAG CTG CCA TAG ATT TGG TCG 
R = ACC TCG TCC CAC CTT TGT TG 

(AG)18 4 0.33 

Xtxp 030(5) 
F = AAA AAG GAC GCG CAG CTG 
R = CTG GTC TCC ACC ATC CGT AG 

(AAT)25 15 
0.87 

 

Xtxp 014(5) 
F = GTA ATA GTC ATG ACC GAG G 
R = TAA TAG ACG AGT GAA AGC CC 

(GA)15 7 0.48 

Xtxp 136(5) 
F = GCG AAT AGC ATC TTA CAA CA 
R = ACT GAT CAT TGG CAG GAC 

(GCA)5 2 0.09 

Xtxp 265(6) 
F = GTC TAC AGG CGT GCA AAT AAA A 
R = TTA CCA TGC TAC CCC TAA AAG TGG 

(GAA)19 23 
0.90 

 

Xtxp 176(6) 
F = TGG CGG ACA TCC TAT T 
R = GGA GAG CCC GTC ACT T 

(AG)4AAC(GA)4 5 0.55 

Xtxp 057(6) 
F = GGA ACT TTT GAC GGG TAG TGC 
R = CGA TCG TGA TGT CCC AAT C 

(GT)21 14 0.80 

Xtxp 040(7) 
F = CAG CAA CTT GCA CTT GTC 
R = GGG AGC AAT TTG GCA CTA G 

(GGA)7 4 0.50 
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Continued 

Xtxp 312(7) 
F = CAG GAA AAT ACG ATC CGT GCC AAG T 
R = GTG AAC TAT TCG GAA GAA GTT TGG AGG AAA 

(CAA)26 6 0.46 

Xgap 342(7) 
F = TGC TTG TGA GAG TGC CTC CCT 
R = GTG AAC CTG CTG CTT TAG TCG ATG 

(AC)25 10 0.64 

Xtxp 295(7) 
F = AAA TCA TGC ATC CAT GTT CGT CTT C 
R = CTC CCG CTA CAA GAG TAC ATT CAT AGC TTA 

(TC)19 13 0.88 

Xtxp 47(8) 
F = CAA TGG CTT GCA CAT GTC CTA 
R = GGT GCG AGC TAG TTA AGT GGG 

(GT)8(GC)5+(GT)6 4 0.49 

Xtxp 210(8) 
F = CGC TTT TCT GAA AAT ATT AAG GAC 
R = GAT GAG CGA TGG AGG AGA G 

(CT)10 9 0.85 

Xtxp 273(8) 
F = GTA CCC ATT TAA ATT GTT TGC AGT AG 
R = CAG AGG AGG AGG AAG AGA AGG 

(TTG)20 7 0.70 

Xtxp 321(8) 
F = TAA CCC AAG CCT GAG CAT AAG A 
R = CCC ATT CAC ACA TGA GAC GAG 

(GT)4 + (AT)6 + (CT)21 22 0.87 

Xgap 34(8) 
F = AAC AGC AGT AAT GCC ACA C 
R = TGA CTT GGT AGA GAA CTT GTC TTC 

[(AC)/(CG)]15 5 0.22 

Xtxp 047(8) 
F = CAA TGG CTT GCA CAT GTC CTA 
R = GGT GCG AGC TAG TTA AGT GGG 

(GT)14(GC)5 + (GT)6 5 0.21 

Xtxp 258(9) 
F = CAC CAA GTG TCG CGA ACT GAA 
R = GCT TAG TGT GAG CGC TGA CCA G 

(AAC)19 6 0.19 

Xtxp 358(9) 
F = CAA GGA CAA GAT TCA TTT TAA GGG 
R = TCA CAC CTC ACA AAA TAA AAG TGC 

(ATT)22 12 0.98 

Xtxp 10(9) 
F = ATA CTA TCA AGA GGG GAG C 
R = AGT ACT AGC CAC ACG TCA C 

(CT)14 5 0.21 

Xgap 1(10) 
F = TCC TGT TTG ACA AGC GCT TAT A 
R = AAA CAT CAT ACG AGC TCA TCA ATG 

(AG)16 7 0.22 

Xtxp 141(10) 
F = TGT ATG GCC TAG CTT ATC T 
R = CAA CAA GCC AAC CTA AA 

(GA)23 12 0.73 

 
Table 3. Summary of SSR marker data estimated using the current Chinese sorghum landraces. 

Parameters Estimated value 

Total no. of alleles 388 

Mean allele no. per locus 9.70 

Mean PIC of all loci 0.59 

Correlation coefficient of allele no./locus vs PIC value per locus 0.78 

 
or most similar pair in the collection was between 
PI76401 and Grif 7266 (Figure 1). 

Cluster analysis based on genetic similarity coefficient 
matrix was carried out using the UPGMA method in 
NTSYS. Eight clusters were resolved at a cut off of 0.50 
GSC (Figure 1). A number of the branches observed in 
each cluster are supported by bootstrap values of 70 and 
higher (data not shown). While clusters were not as 
distinct, estimation of goodness of fit of matrices derived 
from clustering analysis through cophenetic correlation 
was 0.72. Sixteen accessions were not clustered signi- 
ficantly to the rest of the groups resolved. The possible 
association of population cluster to that of province of 
origin showed weak correlation. Most of the entries 
collected from the Northeast provinces clustered with the 
group from Shanxi (Figure 1 and Table 1). Only the 
group of accessions from the province of Heilongjiang 

showed distinct clustering with each other in cluster G 
(Figure 1). 

The natural log probability of data Ln P(D) obtained 
from Bayesian clustering analysis showed marginal im- 
provement and began to plateau at K = 8 (Figure 2). This 
suggests that using a model approach, this collection 
could have 8 subpopulations with some of the entries 
exhibiting admixtures as also observed from the. The 
subpopulation resolved in Structure correlated well with 
the groups established through UPGMA. 

However, admixtures in entries were still prevalent as 
many accessions displayed mixed inferred. 

Majority of the sorghums analyzed in this research are 
classified primarily as Kafir race, under the kaoliang- 
nervosum working group (Harlan and de Wet, 1972) [23]. 
However, with the use of molecular markers, genetic 
variation and diversity were resolved among the acce-  
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Figure 1. Dendrogram of 159 Chinese landraces based on 
UPGMA analysis and Dice’s genetic similarity coefficient 
calculated from genotypes for 49 SSR markers analyzed in 
the study. Legends: *Numbers of the right (1 to 159) refers 
to line ID; **Letters A through H refers to cluster groups 
resolved through UPGMA analysis. 
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Figure 2. Analysis of subgroups in 159 Chinese landraces 
based on structure. The y axis refers to LnP(D) values. Ar-
row indicates predicted number of subgroups. 
 
ssions studied. These results validate the need for de- 
tailed analysis of genetic variation beyond phenotypic 
measurements particularly using molecular markers. 

A clear and better picture of diversity can be obtained 
from molecular markers but it is also warranted that 
integration of genetic and phenotypic analysis could be a 
more powerful tool in elucidating genetic diversity and 
relationships among sorghum landraces. Previous studies 
have documented the existence of large genetic variation 
in land race collection of sorghum. Folkertsma et al. 
(2005) [9] reported that the guinea race of sorghum from 
various parts of the world were highly diverged from 
each other and that there is a predominance of rare alleles. 
Additional studies on sorghum land races from Burkina 
Faso (Barro-Kondombo et al., 2010) [10] and Cameroon 
(Barnaud et al., 2007) [24] corroborated the occurrence 
of extensive genetic diversity even in relatively small 
region of sorghum cultivation and in germplasm in- 
volving landraces. These studies involved germplasm 
within the center of diversity for the sorghum in the 
regions of central to east Africa and reflects the inherent 
diversity of the species. However, the occurrence of 
moderate diversity in a different geographical area where 
sorghum has been cultivated as an introduction such as 
China is of great interest. In an earlier analysis of 34 
sorghum accessions collected from China, moderate vari- 
ability was observed contrary to the hypothesis that 
Chinese sorghums could be genetically homogeneous 
due to prolonged isolation (Yang et al., 1996) [13]. The 
results from the current study support the findings re- 
ported by Yang et al. (1996) [13], and clearly showed 
that the Chinese landraces are genetically diverse. Mode- 
rate diversity was also found by Menz et al. (2004) [14] 
among the sorghum inbreds developed in the US with 
genetic similarity coefficients values ranging from 0.20 
to 0.80. Clustering or genetic relationships was found to 
be associated mainly with working group classification in 
the US inbred lines. 

Clustering and grouping based on subpopulations in 
the collection were distinct and significant. The clusters 
established based on dendrogram was supported by sub- 
population structure obtained from STRUCTURE. This 
indicates that identification of new materials from the 
population as candidate parents for development of 
mapping populations could be an important application 
from this study. However, it is also recognized that 
greater resolution of genetic groupings in this collection 
could be achieved by augmenting the number of markers 
used in the study. In addition, an evaluation of pheno- 
typic characteristics of entries and their combined analy- 
sis with genotyping or molecular data could also provide 
greater resolution of groupings and genetic affinities. 
Overall, this study provides evidence that Chinese land- 
races of sorghum contains a wealth of genetic diversity 
and results from cluster analysis are expected to aid in 
identification of diverse accessions that can serve as 
parental lines for efficient utilization in breeding pro- 
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grams and which could result in better genetic gain for 
important agronomic traits. 
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