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Abstract A dominant male sterility (DGMS) line 79-399-3,
developed from a spontaneous mutation in Brassica oler-
acea var. capitata, has been widely used in production of
hybrid cultivars in China. In this line, male sterility is con-
trolled by a dominant gene Ms-cd1. In the present study,
Wne mapping of Ms-cd1 was conducted by screening a
segregating population Ms79-07 with 2,028 individuals
developed by four times backcrossing using a male sterile
Brassica oleracea var. italica line harboring Ms-cd1 as
donor and Brassica oleracea var. alboglabra as the recipi-
ent. Bulked segregation analysis (BSA) was performed for
the BC4 population Ms79-07 using 26,417 SRAP primer
SRAPs and 1,300 SSRs regarding of male sterility and fer-
tility. A high-resolution map surrounding Ms-cd1 was con-
structed with 14 SRAPs and one SSR. The SSR marker
8C0909 was closely linked to the MS-cd1 gene with a dis-
tance of 2.06 cM. Fourteen SRAPs closely linked to the tar-
get gene were identiWed; the closest ones on each side were
0.18 cM and 2.16 cM from Ms-cd1. Three of these SRAPs
were successfully converted to dominant SCAR markers
with a distance to the Ms-cd1 gene of 0.18, 0.39 and

4.23 cM, respectively. BLAST analysis with these SCAR
marker sequences identiWed a collinear genomic region
about 600 kb in scaVold 000010 on chromosomeA10 in
B. rapa and on chromosome 5 in A. thaliana. These results
provide additional information for map-based cloning of
the Ms-cd1 gene and will be helpful for marker-assisted
selection (MAS).

Introduction

Male sterility in Brassica crops has been exploited as an
eVective and economical pollination control system. Male
sterility is deWned as the failure of plants to produce func-
tional anthers, pollen, or male gametes, while the female
reproduction is normal (Kaul 1988). Based on its inheri-
tance or origin, male sterility may be divided into nuclear
male sterility (NMS), also called genic male sterility
(GMS), and cytoplasmic male sterility (CMS). CMS sys-
tems are convenient for the production of hybrid seeds
because of their mode of maintenance and restoration of
fertility (Budar and Pelletier 2001). However, several
advantages of GMS systems, such as the stable and com-
plete male sterility and lack of any negative cytoplasmic
eVect on yield, as is sometimes seen with CMS, make it a
promising alternative to CMS (Yi et al. 2006). The percent-
age of male-sterile plants in an ideal male-sterile line
should be 100%, and the combining ability of its major eco-
nomic traits should also be high. Obtaining this type of
high-quality male-sterile line requires an extensive search
of the male sterility source and knowledge of the underly-
ing genetic mechanism.

A dominant male-sterility gene Ms-cd1 was identiWed as
a spontaneous mutation in a spring cabbage line 79-399-3
(Fang et al. 1997) and has since been well utilized in
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commercial hybrid cabbage seed production. The male ste-
rility controlled by Ms-cd1 showed abnormal callose
degeneration, failure of microspore separation during
anther development, and temperature sensitivity (Fang
et al. 1997), which allowed creation of a homozygous
(Ms-cd1/Ms-cd1) genotype by selWng heterozygous plants
under permissive temperatures. However, identiWcation of
the homozygous male-sterile Ms-cd1/Ms-cd1 plants by test
crossing with male-fertile testers is a time-consuming, labo-
rious process, especially given biennial nature of cabbage,
as male-sterile plants can only be selected when the crop is
Xowering. Floral initiation requires vernalization by either
overwintering or cold treatment during the warm season.

Fang et al. (1997) reported abnormal pollen develop-
ment in 79-933. Light microscopy studies of paraYn sec-
tions revealed that meiotic division stopped at the tetrad
stage (Fang et al. 1997). Little is known at the molecular
level regarding how the Ms-cd1 gene halts meiotic divi-
sion. Isolation of the Ms-cd1 gene is therefore regarded as
an important eVort, not only for developing speciWc PCR
markers for marker-assisted selection (MAS) but also for
understanding the mode of action of male sterility genes.
Previous molecular markers linked to this gene have
included a RAPD marker with a linkage distance of
8.0 cM (Wang et al. 1998), and this RAPD was converted
to an ERPAR marker (Wang et al. 2000a), and a SCAR
marker (Wang et al. 2000b). Some genes that are diVeren-
tially expressed during bud development have been
detected by cDNA-AFLP, which suggested that the domi-
nant MS-cd1 gene may disrupt proper separation of pollen
from the tetrads and lead to the suppressed expression of a
number of genes (Lou et al. 2007). Microarray analysis
identiWed some diVerentially expressed genes between
fertile and sterile individuals that corresponded to anther
developmental pathways and especially those expressed
in tapetum cells (Kang et al. 2008). Wang et al. (2005a, b)
indirectly mapped MS-cd1 onto linkage group O9, corre-
sponding to chromosome 3 of B. oleracea. This region
corresponds to the top of chromosome 5 in Arabidopsis
thaliana through the comparative genomics. Because tra-
ditional breeding is relatively long procedure, the avail-
ability of inexpensive, rapid, and reliable PCR-based
markers for the Ms-cd1 locus would greatly improve the
eYciency of breeding programs using the Ms-cd1 allele.
However, the genetic distance between these markers and
MS-cd1was not suYciently close to allow practical utili-
zation in marker-assisted selection. Hence, the need
remains for simple PCR-based markers, such as sequence
characterized ampliWed region (SCAR) markers, for prac-
tical use in MAS or Wne mapping.

The members of the Brassicaceae are particularly
important in the Weld of plant genomics, without doubt
due to the establishment of A. thaliana as a model plant

in numerous disciplines of plant sciences. The sequenc-
ing of the A. thaliana genome has produced a wealth of
genomic data and resources which are utilized in compar-
ative studies across Brassicaceae (Lysak and Lexer
2006). Comparative mapping between model plants and
major crops provides a new strategy for exploiting the
public information resource of model plants. Brassica
and A. thaliana share a recent common ancestry (Yang
et al. 1999). As increasingly greater number of B. rapa,
B. oleracea, and B. napus sequence data are available on
public websites, especially with the completion of
B. rapa genome sequencing (http://brassicadb.org/brad/),
these can then be comparatively mapped in A. thaliana
genome and thus provide gene location in B. oleracea.
He et al. (2008) reported Wne mapping results for the
BnMs3 gene in 9012AB using AFLP-derived SCAR
markers and making use of the collinearity between
B. napus and A. thaliana. Lei et al. (2007) mapped a
recessive male-sterile gene (BnMs2) in B. napus L. and
identiWed a collinear region containing 68 A. thaliana
genes using syntenic region identiWcation based on the
A. thaliana genome sequences, in which the orthologue
of BnMs2 might be included.

In this study, we screened a large-scale BC4 population
segregating in male fertility with SRAP and SSR markers
in order to identify markers closely linked to MS-cd1. The
identiWed markers were converted into dominant SCAR
markers and were used to identify the collinearity between
B. oleracea and B. rapa. The synteny region was further
mapped to A. thaliana chromosome 5 to Wnd the candidate
gene. This strategy may be useful for marker-assisted selec-
tion in breeding programs and map-based cloning.

Materials and methods

Plant materials and population

The Ms-cd1 gene originated from the cabbage male sterile
mutant 79-399-3. A BC4 population Ms79-07 consisting of
2,028 individuals,using Brassica oleracea var. alboglabra
as a recurrent parent and a male sterile B. oleracea var. ita-
lica line harboring Ms-cd1 as donor. Plants were grown in
the open Weld and greenhouse and management was con-
ducted normally. During the Xowering period, fertility was
characterized based on the criterion of the observation of
pollen grains in anthers of opening Xowers at least three
times (Fang et al. 1997; Wang et al. 2000a). Sterile plants
were those with non-viable pollen, abortive stamens, and
degenerate stamen. The �2 test was performed on two
grouped data to check the goodness of Wt of the segregating
populations to the expected Mendelian phenotypic segrega-
tion ratio.
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DNA extraction and bulked segregant analysis

Genomic DNA was extracted from freeze-dried leaf tissue
of individuals from the Ms79-07 population according to
the CTAB method (Doyle and Doyle 1990). Bulked segre-
gant analysis (BSA, Michelmore et al. 1991) was employed
to identify SRAP and SSR markers linked to the Ms-cd1
gene. Four bulks were established: two fertile DNA bulks
(BF) and two male sterile DNA bulks (BS), each of them
containing DNA from 20 individuals.

SRAP analysis

Eight-hundred SRAP primers from published papers (Li
and Quiros 2001; Budak et al. 2004; Wang et al. 2005a,
b; Riaz et al. 2001; Lin et al. 2003) were screened for
polymorphism between BFs and BSs. Primer combina-
tions with consistent ampliWcations and clear banding
patterns were selected and used to screen 226 randomly
selected individuals of the BC4 population to conWrm
polymorphism. The conWrmed primer pairs were run for
the other 1,802 individuals of BC4 population. The
SRAP procedure was performed as described by Li and
Quiros (2001). The located markers were named after
primer combination, for instance, AB represents the
combination of primers A and B. In order to expand
the resources of SRAP primers, random primers of
SRAP, AFLP primers, and SSR primers were combined
as new SRAP primers in addition to standard SRAP
primers.

SSR analysis

Three-hundred SSRs derived from B. rapa (Suwabe et al.
2002; Choi et al. 2007) were used for SSR analysis. A set
of SSRs designed from published EST sequence of B. oler-
acea in NCBI (Dr. Mu Zhuang, personal communication)
were screened for polymorphisms between fertile and ster-
ile bulks. SSR ampliWcation was performed as described by
Lowe et al. (2002), and the ampliWed products were
resolved on 8% polyacrylamide gel.

Conversion of SRAP markers into SCAR markers

Putative SRAP fragments were excised from the dried
polyacrylamide gels and the DNA was puriWed following
Cho et al. (1996). PuriWcation products were cloned into
the pMD18-T vector (TaKaRa) and sequenced. SpeciWc
primers were designed with the software Primer 5.0 and
ampliWed in sterile and fertile individuals. Finally, the
PCR products were fractionated on 2.5% agarose gel to
conWrm polymorphism between sterile and fertile indi-
viduals. PCR was carried out in a total volume of 20 �l

containing 200 ng of genomic DNA, 0.2 mM dNTPs,
0.3 �M of each primer, 1 £ PCR reaction buVer and 1 U
Taq polymerase. The PCR running program was 94°C
for 3 min, followed by 35 cycles of 94°C for 1 min, 58°C
for 1 min, 72°C for 1 min, and Wnal extension at 72°C for
10 min.

Linkage analysis

In total, 2,028 BC4 individuals were used for Wne mapping
of the Ms-cd1 gene. 226 individuals were initially used for
mapping the Ms-cd1 gene and a rough map was con-
structed. Based on this primary mapping, we obtained the
two Xanking markers and determined the recombinants
plants in 2,028 plants through the Xanking markers.
Increasingly greater numbers of new SRAP primer and ran-
dom primer combinations were screened with bulked segre-
gant analysis (BSA) to get more polymorphic markers. To
determine the relative distance between the polymorphic
markers and the target gene, we genotyped 1,802 individu-
als of the Ms79-07 mapping population using the two
markers most far away from the target gene. The individu-
als showing recombinant events were selected and subse-
quently used to analyze all of the new markers obtained
though Xanking marker analysis (Dixon et al. 1995). Once
an Ms-cd1 linked marker was identiWed, all recombinant
individuals of the BC4 population were screened for the
marker to verify the linkage between the marker and
Ms-cd1. The presence or absence of each SRAP fragment
was coded as “1” and “0”, where “1” indicated the presence
of a speciWc allele, and “0” indicated its absence, with the
letter “u” designating missing. Only unambiguous bands
were scored and analyzed. Data from phenotype survey and
SRAP, SCAR, and SSR analyses were combined for link-
age analysis using the JoinMap® 4.0 (http://www.
kyazma.nl). Map order was based on maximum-likelihood
estimates. Map distances were estimated by the Kosambi
function (Kosambi 1944).

Sequence similarity analysis with the B. rapa 
and A. thaliana genome

After genetic mapping of the Ms79-07 population,
sequences of the three SCAR markers were used to identify
putatively homologous sequences in the B. rapa genome
(http://brassicadb.org/brad/) using BLAST searches (http://
www.ncbi.nlm.nih.gov). The linear arrangement relation-
ship of these markers in B. oleracea genome was then com-
pared with that of their homologues in the B. rapa genome
to decide whether the synteny exists around Ms-cd1
between these two related species. Once the syntenic region
around the Ms-cd1 gene in the B. rapa genome was identi-
Wed, we BLAST the sequence of this region to the genome
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sequence of A. thaliana (http://www.arabidopsis.org/) to
Wnd the syntenic region.

Results

Fertility segregation in BC4 population

A total of 2,028 individuals were obtained from the Ms79-
07 population; 1,064 individuals were male-fertile and 964
were male-sterile. The �2 test showed that the segregation
ratio of fertility and sterility was consistent with the
expected ration of 1:1 (�c

2 =2.4  and P > 0.05), conWrming
the deduction that only one male sterile gene segregates in
the BC4 population (Fang et al. 1997).

Screening SRAP markers linked to the Ms-cd1 gene

Out of 26,417 SRAP primer pairs, 14 markers showed
polymorphism between fertile bulks (BF) and sterile bulks
(BS); both BFs and BSs were consistent in ampliWcation.
All of these 14 polymorphic markers ampliWed single clear
polymorphic band (Table 1), and all were dominant mark-
ers. These markers were then veriWed by ampliWcation in 80
individuals comprising the bulks and 226 randomly
selected BC4 individuals.

Screening SSR markers linked to the Ms-cd1 gene

In total, 1,300 SSR primers were screened to the four bulks,
resulting in one dominant SSR marker 8C0909 (Fig. 1)

Table 1 Markers linked to the MS-cd1 gene and their characteristics

App. Size marker approximate size of the marker

Primer combination Primer sequence (5�–3�) Primer type App. size 
marker (bp)

CoEm17R-E37 GACTGCGTACGAATTCCA SRAP 210

GACTGCGTACCAATTCACG AFLP

OD3R-Ni2E12F CCAAAACCTAAAACCAGGA SRAP 153

TTATCTGCTTGTCTTGGGGC SSR

BMe12F-BC64F TGAGTCCAAACCGGAGA SRAP 248

TTCCGTCCCTTCCCTAAACA SSR

ENA14F-CoEm7R CTTACGGTGGAAATGCTG SSR 141

GACTGCGTACGAATTATG SRAP

ENA20R-rem2 TCTGAACTACCAAAGCCAAC SSR 144

GACTGCGTACGAATTTGC SRAP

nssr016F-nssr037F TTCATCCACTTTGTTCAATACAAGA SSR 223

GCGGTTAATAGGTTCCGGTT SSR

8c00909 GTTTTTGTTCTTTTGCCATCACT SSR 190

ATAAACTCCGTCTTCCACCATC SSR

FITO57R-nssr017F AGTAGGTTGATTGTATTGACCAG SSR 150

GGTTAAGCAGACGATGGAAGTAA SSR

M83-BEm10R GATGAGTCCTGAGTAATCA AFLP 140

GACTGCGTACGAATTCAT SRAP

FITO109L-BEm14R CAAATCAACCCAAGAGGAC SSR 170

GACTGCGTACGAATTCTT SRAP

FITO163L-CoEm11R GTGCTGTTGAATGTAGTCCTG SSR 140

GACTGCGTACGAATTTCG SRAP

nssr014F-nssr051F CATGATACTTTCCCAAAACCAAA SSR 183

AAATCCCGCATTTTTACACG SSR

nssr030R-nssr052F TGCTCTCCTCAAGTGAATCAAA SSR 140

AGTTGGATTCTCGTTGGGAA SSR

nssr016F-nssr039F TTCATCCACTTTGTTCAATACAAGA SSR 348

GCATATGACCAAAGCAAGAGAA SSR

FITO7.1R-CoEm16R TAAAATTTAATCGCAGCGCG SSR 105

GACTGCGTACGAATTCGG SRAP
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which distinguished the phenotype of male sterility and
male fertility. This marker was further mapped on the link-
age map of Ms-cd1 gene.

Conversion of SRAP markers to SCAR markers

To facilitate marker-assisted selection, the identiWed SRAP
markers were converted into SCAR markers. Ten SRAP
markers were sequenced. Based on the sequence data of
these ten markers, primers were designed for direct ampliW-
cation from genomic DNA. Three of the ten SRAP markers
(ENA14F-CoEm7RSC, ENA20R-rem2SC and CoEm17R-
E37SC) were successfully converted into SCAR markers
(Table 2), locating at the positions of 0.18, 0.39 and
4.23 cM to Ms-cd1, respectively. The ampliWed band of
these three SCAR markers was present almost exclusively
in sterile individuals and absent in fertile individuals. All of
the three markers were dominant.

Genetic mapping of Ms-cd1

Polymorphic bands that appeared in BS, but not in BF,
were potentially linked to the gene Ms-cd1. Therefore, 226
individuals in the Ms79-07 population were screened for
primary linkage analysis (data not shown). According
to the primary analysis, two Xanking markers (OD3R-
Ni2E12FSC and FITO7.1R-CoEm16R) were identiWed as
the outside markers Xanking Ms-cd1, at distances of 4.23
and 2.61 cM from the Ms-cd1 gene, respectively. For the

Wne mapping of Ms-cd1, the two Xanking markers were
assayed Wrst in the extra1,802 BC4 individuals to identify
recombinants, In total 139 recombinants were identiWed,
including 47 individuals displayed recombination between
the Ms-cd1 gene and OD3R-Ni2E12FSC, and 92 recombi-
nants of the Ms-cd1 gene and FITO7.1R-CoEm16R. The
polymorphic markers were then analyzed using only the
139 recombinants. Linkage analysis was performed with
the 11 SRAP markers, one SSR marker, and three SCAR
markers and revealed that all these markers mapped to a
6.88 cM region around the Ms-cd1 gene. The three SCAR
markers distributed at both sides of Ms-cd1 with a distance
of 0.18, 0.39, and 4.23 cM, respectively, and the SCAR
marker located 0.18 cM to Ms-cd1 was the closest one.
BMe12F-BC64F was the most closely linked one on the
other side with a distance of 2.16 cM. The SSR marker
8C00909 was located at the distance of 2.06 cM to Ms-cd1.

Ms-cd1 linked markers match B. rapa genome

We BLAST the sequences of the three SCAR markers to
the sequence assembly of B. rapa (http://brassicadb.org/
brad/) and found that two of them having highly conserved
homologues on ScaVold000010. This scaVold was assigned
on B. rapa chromosome A10. The corresponding region
was on A. thaliana chromosome 5, containing 108 pre-
dicted genes of which 54 genes had homologues in B. rapa
genome. Through the Genevestigator, we found At5 g
22940 in this region, which was reported to be expressed

Fig. 1 PCR products of SSR marker 8C0909 in the individuals segregating in male fertility. BF male fertile bulk, BS male sterile bulk, ck fertile
parent. M 50 bp DNA ladder. The genotype of male fertile plants is msms, while it is Msms for male sterile plants

M

200bp

300bp

M BF BS ck

Male Fertile

(msms)

Male sterile

(Msms)

Table 2 SCAR markers devel-
oped from SRAP fragments 
linked to the MS-cd1 gene

SCAR marker Primer sequence (5�–3�) Size (bp) Character

ENA20R-rem2SC F: GTACGAATTTGCAGGACTAGG 135 Dominant

R:GAACTACCAAAGCCAACAAAC

ENA14F-CoEm7RSC F: TTACGGTGGAAATGCTGGTGA 138 Dominant

R: CTGCGTACGAATTATGAGTC

OD3R-Ni2E12FSC F:CTAAAACCAGGACCGCCAACTAA 128 Dominant

R: GCCACCCGCTTTCCTTCCTCF forward primer and R reverse 
primer
123
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largely in stamen and pollen, but less in other organs (Lee
et al. 2009). The order of the molecular markers linked to
Ms-cd1 was consistent with the physical distance of their
homologues in B. rapa (Fig. 2a, b; Table 3). This suggests
that the syntenic region was perfectly collinear between
B. oleracea and B. rapa. Accordingly, we concluded that
SCAR markers that are tightly linked to Ms-cd1 gene in
B. oleracea should match this 600 kb genomic region on
chromosome 10 in B. rapa and that some speciWc PCR
primers from this region are expected to map the Ms-cd1
gene more closely.

Discussion

In the present study, SRAP and SSR technology were used
in combination with BSA to identify markers linked to the
Ms-cd1 gene. We screened 800 SRAP primers, 25,617
SRAP combined random primers, and 1300 SSR primers

and identiWed 14 SRAP markers and one SSR marker linked
to the Ms-cd1 gene. We constructed a high-resolution map
around the Ms-cd1 gene and found there were 16 markers
around the Ms-cd1 gene region. In previous studies by Wang
et al. (2000a, b) and Lou et al. (2007), RAPD, SCAR, and
AFLP markers were identiWed as being linked to the Ms-cd1
gene using a small population and located on one side. In the
present study, the closest SCAR and SRAP markers Xanking
the MS-cd1 gene on each side were at distances of 0.18 and
2.16 cM, respectively, which are much closer than the previ-
ously reported markers. The resulting high-density genetic
map would be useful for map-based cloning of the male ste-
rility gene Ms-cd1. We used a large BC4 population to allow
Wne mapping, which not only provided information on some
available SCAR and dominant SSR markers, but also
allowed us to locate the Ms-cd1 gene on chromosome A10
in B. rapa, a very close relative of B. oleracea. Fine map-
ping and cloning of the Ms-cd1 gene in B. oleracea will deW-
nitely promote the molecular-based study of the DGMS.

Fig. 2 a The genetic linkage 
map of the Ms-cd1 gene and 
associated molecular markers. 
Recombination distances are 
indicated on the left side of each 
linkage group in centimorgans 
(cM), and the loci names are 
shown on the right side. b The 
distribution of homologous 
DNA segments on B. rapa 
chromosome A10

Table 3 SCAR markers of B. oleracea being aligned to B. rapa genome sequence

Scaf. scaVold

Marker Scaf. ID Marker size (bp) Aligned length (bp) Identity (%) Start position (bp) End position (bp)

ENA20R-rem2SC Scaf000010 153 120 89 2,759,177 2,759,296

OD3R-Ni2E12FSC Scaf000010 144 122 92 2,104,457 2,104,577
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Molecular markers linked to numerous agronomically
important traits have been reported, and a number of these
have now been successfully integrated into oilseed breed-
ing programs (Agarwal et al. 2008). The ability to convert
anonymous PCR markers that are closely linked to traits of
interest into sequence-characterized ampliWed region
(SCAR) or sequence-tagged site (STS) markers has pro-
vided a platform for the development of simple PCR-based
markers that meet the requirements and capacity of com-
mercial rapeseed breeders. SRAP technique has been
widely used in genetic diversity studies and in construction
of a linkage map in B. napus (Riaz et al. 2001; Li and
Quiros 2001; Sun et al. 2007; Gao et al. 2007). In this
study, SRAP primers were randomly combined with AFLP
primers or SSR primers, which proved to be a successful
strategy for polymorphism screening. This approach is a
valuable way to make more widespread use of SRAP.

In China, GMS has become an important hybrid system
and several GMS-based hybrids have already been regis-
tered in Brassica family (Fang et al. 1997). For MAS to be
practical in agriculture, simple PCR-based markers are
needed, such as those provided by sequence-characterized
ampliWed regions (SCARs). In the present study, three
SRAP markers were successfully converted to dominant
SCAR markers. In particular, we identiWed a dominant SSR
marker 8C0909 with a distance of 2.06 cM to Ms-cd1.
Hong et al. (2008) reported that two AFLP markers linked
with the Ms gene were converted to SCAR markers. The
SCAR markers and SSR marker obtained in the present
study will greatly facilitate the transfer of the dominant
GMS alleles into desirable genetic backgrounds via
marker-assisted selection.

Sequence information and genomic resources of A. thali-
ana is recognized for its usefulness in marker development,
map-based gene cloning, and candidate gene identiWcation
in Brassica crops (Snowdon and Friedt 2004). This strategy
has been successfully used to develop markers closely
linked to recessive genic male sterility gene (Bnms2,
Bnms3) in B. napus (Lei et al. 2007, He et al. 2008) as well
as to locate the homologous gene of Ms-cd1 on A. thaliana
chromosome 5 (Wang et al. 2005a, b). In the present study,
we constructed a Wne scale map of Ms-cd1 locus using a
combination of BSA, SRAP, SSR, and SCAR methodolo-
gies. Through comparative mapping with B. rapa and
A. thaliana, a syntenic region covering 108 genes was
identiWed in which the homologue of Ms-cd1 might be
included. We intend to exploit candidate gene strategy to
clone the Ms-cd1 gene in the future.

Even though the GMS system is an eVective alternative
hybrid system in B. oleracea, very little is known regard-
ing the molecular basis of the GMS trait, which limits its
wide application to hybrid breeding. Cloning and charac-
terization of GMS genes in the future will improve its

application in hybrid breeding. In our next step, we expect
to develop greater numbers of useful markers (including
Indel and SNP markers) from the identiWed region where
Ms-cd1 located in, by sequencing of the monomorphic
PCR products between the fertile and sterile plants. The
newly developed markers tightly linked with the Ms-cd1
will be very useful in MAS of male-sterile plants and will
facilitate the isolation of the Ms-cd1 gene by map-based
cloning.
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