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MATERIALS AND METHODS 
 

The sorghum seeds of “Tx622B” (susceptible to head 
smut) and “7050B” (resistant to head smut), as the parents 
in this study, were obtained from Liaoning Academy of 
Agricultural Science, and the F2 populations were made by 
cross between the parents. The pathogen Sporisorium 
reilianum (Kühn) Clinton physiological race 3 was provided 
by Liaoning Academy of Agricultural Science, and used to 
infect sorghum plants by artificial inoculation. Briefly, the 
inoculum was made by well-mixing the thick-walled 
teliospore powder of S. reilianum and fine-sieved soil at a 
percentage of 0.6% (w/w), then wrapped with plastic cloth 
and incubated at room temperature for 4 d. A 100-g portion 
of inoculum was added to each bunch planting at sowing 
time just above the seeds. The resistance or susceptibility 
was assessed according to the previous method (Zou et al. 
2010). 

Genomic DNA was extracted from fresh leaves of 7-d-
old seedlings of the F2 plants and both parents using the 
cetyltrimethylammonium bromide (CTAB) method (Doyle 
& Koyle, 1990). A DNA concentration of 10 ng μL-1 was 
made in TE buffer and used as the template for PCR. 
Bulked segregant analysis (BSA) was employed for 
identifying putative markers associated with the head smut 
resistance. For the head smut resistant bulk, equal amounts 
of DNA extract were pooled from 96 resistant F2 
individuals, and for the susceptible bulk, the DNA mixture 
consisted of equal amounts of DNA from 48 susceptible F2 
individuals. For RAPD amplification, a total of 400 RAPD 
primers (i.e., S1-S400), bought from the company of 
Shanghai Shenggong, China, were first screened on the 
parents and two sets of bulks. Then, the primers showing 
polymorphisms between the resistant parent (7050B) and 
susceptible parent (Tx622B) or the resistant bulks and 
susceptible bulks were selected to genotype the F2 
population by PCR. PCR reactions were conducted using 
the EN 61010-1 DNA Thermal Cycler (USA). The reaction 
mixtures consisted of 17 μL ddwater, 2.5 μL 10 × reaction 
buffers, 2.5 mM MgCl2, 0.2 mM dNTP, 1U Taq enzyme, 0.2 
μM primers, and 50 ng DNA in a total volume of 25 μl. The 
reaction program consisted of an initial denaturation at 94ºC 
for 5 min, and followed by 35 cycles of 20 s at 94ºC, 30 s at 
38ºC, and 40 s at 72ºC, last followed by a 10 min of 
extension at 72ºC. The PCR products were separated in 1% 
agarose gels. For sequencing of polymorphic fragments, the 
corresponding DNA fragments were cut out and extracted 
from the gels using DNA recovery kit (Sunbiotech, Beijing, 
China), and used to sequence. DNA sequencing was 
conducted in Takara Biotechnology Co., Ltd (Dalian, 
China). 

Based on the sequence of polymorphic DNA 
fragments amplified by RAPD, SCAR primers were 
designed and used to amplify the genome DNA of 
representative F2 individuals. Primer S18799: 5'-
TCCACAGCAGTTGTACATCAG-3' and 5'-

TTCCACAGCAGTACATAATTGCC-3'; Primer S3361419: 
5'-TCCCCATCACATCGAATG-3' and 5'-
TTCCCCATCACAAGTAGACAAC-3'. The PCR reactions 
consisted of 15.7 μL ddwater, 2.5 μL 10 × reaction buffers, 
2.5 mM MgCl2, 0.2 mM dNTP, 1U Taq enzyme, 0.2 μM of 
the forward primer, 0.2 μM of the reverse primer, and 40 ng 
DNA in a total volume of 25 μL. The reaction program 
included an initial denaturation at 94ºC for 5 min, and then 
35 cycles of 20 s at 94ºC, 30 s at 58ºC for primer S18799 or 
66ºC for primer S3361419, and 1 min at 72ºC, followed by an 
extension at 72ºC for 10 min. The PCR products were 
separated in 1% agarose gels. 

Linkage analyses of head smut resistance with the two 
RAPD markers (S18 & S336) were carried out on the F2 
populations including 96 resistant individuals and 48 
susceptible individuals by PCR. The recombinant rates and 
map distances were calculated according to the Kosambi 
mapping function (Kosambi, 1944). The percentage of 
recombination (r) = recombinant individuals/total tested 
individuals × 100. Linkage map distance (cM) = 1/4 × ln 
(1+2r)/(1-2r). 
 
RESULTS 
 

A total of 400 RAPD primers (i.e., S1-S400) were 
screened in polymorphism between the two parents, and ten 
primers produced polymorphic fragments (Table I). Two 
sets of F2 bulks (one for resistance & another for 
susceptibility to head smut) were amplified using the 10 
primers, and polymorphisms were produced with all the 
primers (data not shown). However, primer S18 and S336, 
amplified stable polymorphic fragments with sizes of about 
800 bp and 1500 bp, respectively (Fig. 1), were most tightly 
linked to head smut among the 10 primers. Therefore, they 
were used to analyze the linkage relationship between 
molecular markers and head smut resistance in detail. 

Linkage analyses between head smut resistance and 
the two RAPD markers were performed on 96 F2 resistant 
individuals and 48 susceptible individuals. Among the 
resistant plants, 3 individuals did not produce the S18 
polymorphic band, and 6 individuals did not have the S336 
polymorphic band, whereas among the susceptible plants, 9 
individuals produced the S18 polymorphic band, and 9 
individuals had the S336 polymorphic band. Therefore, 
these plants were scored as recombinant individuals. The 
representative results of amplification of F2 progenies by 
primer S18 and S336 were shown in Fig. 2. The 
recombinant rates for marker S18 and S336 were 8.33% and 
10.42%, and corresponding linkage map distances were 8.4 
cM and 10.6 cM, respectively (Table II). 

The polymorphic DNA fragments amplified by primer 
S18 and S336 were purified and sequenced. The results 
showed that the two fragments were 799 bp and 1419 bp, 
respectively (data not shown). Based on primer design 
principle avoiding hairpin structure and appropriate G + C 
contents, two pairs of specific primers to the sequence of 
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particular for plant breeding applications such as marker-
assisted selection and cultivar identification (Paran & 
Michelmore, 1991). 

In conclusion, we obtained two RAPD primers (S18 & 
S336)-amplified markers, which had 8.33% and 10.4% 
recombinant rates with the resistant trait of sorghum head 
smut physiological race 3, and corresponding linkage map 
distances were 8.40 cM and 10.6 cM, respectively. Based on 
the sequences of S18- and S336-markers, two SCAR 
primers were designed and successfully tagged the resistant 
trait of sorghum head smut physiological race 3. 
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