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Abstract PCR technique was employed to isolate
gene homologous to the MS2Bnap (X99922.1) from
two rapeseed (Brassica napus L.) dominant digenic
male sterile lines, namely 220A (male sterile) and 220B
(male fertile), 6A (male sterile) and 6C (male fertile).
The isolated 2,581 bp sequences from 220A (named
220A-gDNA, GenBank accession number AY288778),
220B (220B-gDNA, AY257490), 6A (6A-gDNA,
DQ060318) and 6C (6C-gDNA, DQ060319) all con-
tained six introns. Forty-one single nucleotide poly-
morphism (SNP) sites were detected by alignment of
these four sequences, seven of them dispersed in the
exon regions. Two SNPs (1247, 1656) were detected
between 220A-gDNA and 220B-gDNA, and the one at
nucleotide 1247 of 220A-gDNA with A replaced by C
was a missense mutation, which may be the putative

male sterility site in 220A. All eight SNPs identiWed
between 6A-gDNA and 6C-gDNA were located in the
third intron, so the proteins encoded by them are the
same. The one SNP between 6A-/6C-gDNA and 220A-
/220B-gDNA at nucleotide 2474 of 220A-/220B-gDNA
with C replaced by G was a missense mutation. Muta-
tion site of BNMS2PROT (CAA68190.1) encoded by
MS2Bnap in 220A(254) and 6A/6C(584) is diVerent,
which indicated dominant digenic male sterile line
220AB and 6CA have some diVerence in the molecular
level. Comparison of structure of MS2Bnap in B. napus
with that of MS2 in Arabidopsis thaliana revealed that
the similarity of exons between these two genes is
higher than that of introns.

Introduction

Male sterility is an inheritable trait characterized by
the inability of a plant to produce functional pollen.
Two main types of male sterility in plant were discov-
ered: cytoplasmic male sterility (CMS) and genic male
sterility (GMS). In oilseed rape, both type of the male
sterility have been widely used in the breeding pro-
gram for utilizing heterosis.

Remarkable progresses have been made in isolating
and cloning CMS-related genes and their restoring
genes (Cui et al. 1996; Bentolila et al. 2002; Brown et al.
2003; Desloire et al. 2003; Koizuka et al. 2003; Komori
et al. 2004), and understanding molecular mechanisms
of sterilization and restoration (Hanson 1991; Bentolila
et al. 2002). However, there is a little information avail-
able on the molecular mechanism of GMS, although
GMS has been a valuable system for hybrid seed
production and improvement of plant populations

Communicated by H. C. Becker

S. W. Hu · Y. F. Fan · X. L. Guo · C. H. Dong · 
S. Y. Liu · H. Z. Wang (&)
Oil Crops Research Institute, 
Chinese Academy of Agricultural Sciences, 
Wuhan, Hubei 430062, People’s Republic of China
e-mail: wanghz@oilcrops.cn

S. W. Hu · Y. F. Fan · C. Y. Yu
College of Agronomy, Northwest A&F University, 
Yangling, Shaanxi 712100, People’s Republic of China

H. X. Zhao
College of Life Sciences, Northwest A&F University, 
Yangling, Shaanxi 712100, People’s Republic of China

G. L. Sun
Department of Biology, Saint Mary’s University,
B3H 3C3 Halifax, Nova Scotia, Canada
123



398 Theor Appl Genet (2006) 113:397–406
(Rao et al. 1990). Up to date, several types of GMS
have been reported in rapeseed (reviewed by Fu 2000),
such as monogenic dominant GMS (Mathias 1985;
Wang et al. 2003), digenic dominant GMS (DDGMS)
(Li et al. 1985; Dong and Du 1993; Wang et al. 1999; Hu
2003), monogenic recessive GMS (Chowdhury and Das
1967; Das and Pandey 1961; Luo et al. 1992; Takagi
1970; Zuberi and Zuberi 1983), digenic recessive GMS
(Hou et al. 1990; Pan and Zhao 1990; Sun et al. 1997)
and multigenic recessive GMS (Chen et al. 1998; Sun
et al. 2002; Wang et al. 2001). Molecular markers associ-
ated with male fertility-related genes in rapeseed GMS
have been identiWed (Tu et al. 1999; Gan et al. 1999; Jiang
et al. 2000; Lu et al. 2004; Hu et al. 2003; Ke et al. 2005).

MS2 gene determines a nuclear male sterile mutant
(monogenic recessive) phenotype in Arabidopsis and
was isolated and characterized using the En/spm-I/
dspm transposon-tagging system (Aarts et al. 1993).
MS2 gene encodes one open reading frame of 616
amino acids, which probably located in microbodies of
tapetum cells at the time of exine wall deposition on
the young microspores. The possible function of the
MS2 protein was proposed as a fatty acyl reductase in
the formation of pollen wall substances (Aarts et al.
1997). The homologue of MS2 in Brassica napus,
MS2Bnap, is isolated by cold plague screening from
B. napus anther speciWc cDNA library (Hodge et al.
1992). Li et al. (2002) isolated a fragment homologous
to MS2Bnap gene from digenic recessive GMS line
S45AB of B. napus using RT-PCR technique, and
found that there existed an amino acid diVerence
between fertile S45B and sterile S45A, which may be
the putative male sterility site in S45A. However, the
full-length genomic DNA sequence corresponding to
MS2Bnap has not been reported.

So far, four DDGMS accessions have been reported
in B. napus (Li et al. 1985; Dong and Du 1993; Wang
et al. 1999; Hu 2003). The previous investigations indi-
cated that the maintainers and restorers of DDGMS
Qianyou 2AB were diVerent from those of 6CA (Wang
et al. 1999), while Shaan-GMS has similar maintainers
and restorers with 6CA (Hu 2003), however the molec-
ular markers for dominant male sterility gene Ms was
diVerent from each other (Hu et al. 2003). In this
paper, we used two DDGMS lines, namely 220AB, and
a F1 between 6CA (Li et al. 1985) and a breeding line
220, to clone the genomic DNA sequence correspond-
ing to MS2Bnap. The objectives of this study are (i) to
compare the genomic DNA sequence corresponding to
MS2Bnap from 220A, 220B, 6C and 6A (refers to the
male fertile plants and male sterile plants in the F1
between 6CA and the breeding line 220, respectively),
with the MS2Bnap to reveal their MS2Bnap gene

structure; (ii) to reveal if there exist any diVerence
between MS2Bnap gene in 220A and 220B, and that
between 6A and 6C; (iii) to compare MS2Bnap genes
in B. napus with MS2 gene in Arabidopsis thaliana to
reveal their relationship in the molecular level.

Materials and methods

Plant materials

Two kinds of rapeseed DDGMS accessions, namely
220AB and F1 between a DDGMS line 6CA and a
breeding line 220 were used in this study. 220AB was
derived from a DDGMS Shaan-GMS crossed with the
line 220, followed by successive backcrossing to the
line 220 (Hu 2003). In the population 220AB, male
sterile plants 220A (Msmsrfrf) and male fertility plants
220B (msmsrfrf) are isogenic lines, which diVer in the
fertility-related locus Ms–ms. In the F1 population
derived from a cross of 6CA and the line 220, male ste-
rility plants (called as 6A) with genotype Msmsrfrf and
male fertility plants (called as 6C) with genotype msm-
srfrf are also isogenic in the locus Ms–ms.

Isolation of genomic DNA

Five plants were randomly collected from each of 220A,
220B, 6A and 6C at the Xowering stage. The total geno-
mic DNA of each plant was extracted according to the
protocol of Saghai-Maroof et al. (1984).

PCR ampliWcation

Six primers (Table 1, synthesized by BioAsia Corpora-
tion in Shanghai, China) reported by Li et al. (2002)
were used to amplify the genomic DNA fragment cor-
responding to MS2Bnap gene in all Wve plants of each
of 220A, 220B, 6A or 6C. The total reaction volume for
DNA ampliWcation was 20 �l. Reaction mixtures con-
tained 10 mM Tris–HCl (pH 8.8 at 25°C), 50 mM KCl,
1.5 mM MgCl2, 200 �M each of dATP, dGTP, dCTP
and dTTP (Promega, Madison, WI, USA), 0.5 �M each
of the two primers, 1.0 units EX Taq DNA polymerase
(Takara Biotech. Co., Dalian, China) and 50 ng geno-
mic DNA. DNA ampliWcation was performed using
MJ Research thermocycler, Model PTC-200 (Water-
town, MA, USA) with a program of 3 min at 94.0°C,
followed by 35 cycles of 30 s at 94.0°C, 30 s at 60°C and
1 min at 72.0°C, then ended with the Wnal extension for
10 min at 72.0°C. After ampliWcation, PCR products
were separated by electrophoresis in 1.5% agarose gel
with 1 £  TAE buVer, stained with ethidium bromide
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and photographed by Image Master® VDS (Pharma-
cia, Sweden) under UV light.

Cloning PCR products and data analysis

The expected bands of PCR products were harvested
and puriWed using DNA harvesting kit (Sangon Corpo-
ration, Shanghai, China), and then cloned into pGEM®-
T easy vector according to the manufacturer’s instruc-
tion (Promega, Madison, WI, USA). The plasmid DNA
was isolated and sequenced by Sangon Corporation.
The sequence data were analyzed using the DNAMAN
software Version 3.0 (Lynnon BioSoft, Quebec, Can-
ada). For each sample, Wve clones were randomly
selected for sequencing. The sequences of the genomic
DNA fragment corresponding to MS2Bnap gene in
220A, 220B, 6A and 6C were Wnally conWrmed by
sequencing Wve plants, each with Wve clones.

Full-length genomic DNA ( + 48172 to + 51053 of
AP002040.1) for MS2 (X73652.1) gene in A. thaliana
was obtained by searching DDBJ database with Blast
program (http://www.ncbi.nlm.nih.gov/entrez/nucleo-
tide.html). The gene structure of MS2Bnap in B. napus
and MS2 in A. thaliana was compared using the DNA-
MAN software Version 3.0 too.

Results

PCR ampliWcation

Of the primers tested, three pairs, P1/P2, P3/P4 and P5/
P6 ampliWed DNA fragments from the genomic DNA
of 220A, 220B, 6A and 6C (B. napus). Three expected
fragments (about 1.1 kb, 1.0 kb, 570 bp) were obtained
from both 220A and 220B (Fig. 1), and from 6A and
6C. (The Wgure was not showed.)

Sequence analysis of genomic DNA corresponding 
to MS2Bnap

Three fragments (Fig. 1) ampliWed from male fertile
220B and male sterile 220A, and from male fertile 6C

and male sterile 6A were cloned and sequenced. The
sequence analysis indicated that fragments I, II and III
were 1,122, 1,017, 570 bp in length, respectively. By
overlapping the sequences of these three fragments, we
got a full-length of genomic DNA sequence corre-
sponding to MS2Bnap from 220A and 220B, and from
6A and 6C, and named them as 220A-gDNA (Gen-
Bank accession number AY288778), 220B-gDNA
(AY257490), 6A-gDNA (DQ060318) and 6C-gDNA
(DQ060319), respectively. These four sequences all are
2,581 bp in length from transcription initiation site to
end site. Comparison of these sequences with the
reported MS2Bnap detected six introns with total
length of 654 bp (Fig. 2). These six introns positioned
at + 504 to + 738 bp (235 bp), + 843 to + 930 bp (88 bp), +
1,131 to + 1,223 bp (93 bp), + 1,325 to + 1,399 bp
(75 bp), + 1,764 to + 1,842 bp (79 bp) and + 2,335
to + 2,418 bp (84 bp), respectively. Each intron had a
typical structure of GT/AG dinucleotides at the both
ends. The AT content ranged from 66.67 to 76.19%
with an average of 70.18%.

Alignments of the sequences of 220A-gDNA, 220B-
gDNA, 6A-gDNA and 6C-gDNA detected 41 single
nucleotide polymorphism (SNP) sites. Of them, seven
SNPs were located in the exon regions (Table 2). There

No. of 
primer

Sequence of primers Primers’ place
in the sequence 
of MS2Bnap-cDNA

P1 5�-AATGGAATGGACAGTTTACTGTC-3� 1–23
P2 5�-GAAGGTTGTATTGGCAGCTGAG-3� 778–799
P3 5�-CAGATTCAGCAGAGGAGATTGC-3� 732–753
P4 5�-GAAGCTCAGCTAAGTCCTCG-3� 1,483–1,502
P5 5�-CGTGTATCAGATCGCTTC-3� 1,441–1,458
P6 5�-TTTGACCTAAGCCCTTCC-3� 1,909–1,927

Table 1 Primer sequences 
and their positions in the 
MS2Bnap complete sequence

Fig. 1 Agarose gel electrophoresis pattern of three pair primers.
Lanes 1 and 2 the PCR products ampliWed with primer pair P1/P2
for fragment I, lanes 3 and 4 the PCR products ampliWed with
primer pair P3/P4 for fragment II, lanes 5 and 6 the PCR products
ampliWed with primer pair P5/P6 for fragment III, M � DNA
marker digested by EcoR I and Hind III, lanes 1, 3 and 5 DNA
pattern from 220B plants (male fertile), lanes 2, 4 and 6 DNA pat-
tern from 220A plants (male sterile)
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existed two SNPs (1247, 1656) between 220A-gDNA
and 220B-gDNA, and the one at nucleotide 1247 of
220A-gDNA with A replaced by C was a missense
mutation. There existed eight SNPs between 6A-
gDNA and 6C-gDNA, which all located in the third
intron region. The one SNP between 6A-gDNA/6C-
gDNA and 220A-gDNA/220B-gDNA at nucleotide
2474 of 220B-gDNA with C replaced by G was a mis-
sense mutation.

Each of 220B-gDNA, 220A-gDNA, 6C-gDNA and
6A-gDNA contained an open reading frame of
1,848 bp (CDS:71–503, 740–843, 932–1,131, 1,225–
1,325, 1,399–1,762, 1,842–2,333, 2,418–2,580 bp) that
encodes a putative polypeptide of 616 amino acids. The
protein, 220B-PROT encoded by 220B-gDNA showed
100% identity to the protein, BNMS2PROT
(CAA68190.1) encoded by MS2Bnap. Alignment of
220B-PROT and the protein, 220A-PROT encoded by

Fig. 2 Structure of MS2Bnap gene from rapeseed “220B” (B. napus). Sequence underlined exons, sequence without underlined introns,
sequence under-arrowed primers, ATG start codon, TAG stop codon
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220A-gDNA detected one amino acid diVerence
located at 254 in BNMS2PROT (Fig. 3), which is corre-
sponding to the location 1247 in the nucleotide
sequence for 220A-gDNA (Table 2). The protein, 6C-
PROT encoded by 6C-gDNA is the same as the pro-
tein, 6A-PROT encoded by 6A-gDNA, however, one
amino acid diVerence between 6C-PROT/6A-PROT
and BNMS2PROT was detected at the location of 584
of BNMS2PROT (Fig. 3) which corresponds to the
location 2474 in the nucleotide sequence of 6C-gDNA/
6A-gDNA (Table 2).

Comparison of MS2Bnap genes in B. napus with MS2 
gene in A. thaliana

The reported MS2 gene (X73652.1) was 2,126 bp in
length, which contained an open reading frame of
1,848 bp ( + 72 to + 1922 in MS2) that encodes a poly-
peptide of 616 amino acids. The full-length genomic
DNA sequence corresponding to MS2 gene locates in
the region from + 48172 to + 51053 of the DNA
sequence (AP002040.1). Alignment of MS2 gene with
its full-length genomic DNA detected eight introns with
total length of 770 bp (Fig. 4). These eight introns

positioned at + 66 to + 242 bp (177 bp), + 682
to + 765 bp (84 bp), + 870 to + 946 bp (77 bp), + 1,147
to + 1,237 bp (91 bp), + 1,339 to + 1,407 bp (69 bp), +
1,610 to + 1,683 bp (74 bp), + 1,846 to + 1,951 bp
(106 bp) and + 2,444 to + 2,355 bp (912 bp), respec-
tively. Each intron had a typical structure of GT/AG
dinucleotides at the both ends. The AT content ranged
from 60 to 76% with an average of 68.25%.

Comparison of full-length genomic DNA of
MS2Bnap in B. napus with that of MS2 gene in A. thali-
ana revealed that the similarity between exons of them
ranged from 50.8 to 96.3% with the average of 85.6%
and the similarity between introns of them ranged from
48.0 to 76.8% with the average of 60.7% (Figs. 4, 5).
The Wrst exon of B. napus MS2Bnap gene was corre-
sponded to the second exon of A. thaliana MS2 gene
with the similarity of 83.9% (which is shorted for Ebn-
1-Eat-2), Ebn-2-Eat-3 (90.4%), Ebn-3-Eat-4 (90.%),
Ebn-4-Eat-5 (92.1%), Ebn-5-Eat-6 + Eat-7 (91.1, 96.3%),
Ebn-6-Eat-8 (88.6%) and Ebn-7-Eat-9 (87.7%). And
the second intron of B. napus MS2Bnap gene was
corresponded to the third intron of A. thaliana MS2
gene with the similarity of 64.9% (which is shorted for
Ibn-2-Iat-3), Ibn-3-Iat-4 (76.8%), Ibn-4-Iat-5 (64.2%),

Table 2 Single nucleotide polymorphisms (SNPs) among four MS2Bnap genomic DNA fragments between two diVerent DDGMS
accessions in B. napus

I intron, E exon
a Refers to missense mutants

Locations of
SNPs

I3 E4 I4

1142 1145 1147 1179 1183 1184 1187 1196 1207 1221 1247 1320 1328 1336 1337

220B-gDNA C C C A A A T G C A A C T G G
220A-gDNA C C C A A A T G C A Ca C T G G
6C-gDNA C C C A A A T G T C A T C C C
6A-gDNA A T T T T T C A T C A T C C C
MS2Bnap A T

Locations of 
SNPs

I4

1348 1349 1351 1352 1353 1355 1356 1358 1367 1370 1373 1374 1378 1379 1380

220B-gDNA G A A G C A A G C C C A G A A
220A-gDNA G A A G C A A G C C C A G A A
6C-gDNA A T T T T G T A G T T T A T T
6A-gDNA A T T T T G T A G T T T A T T
MS2Bnap

Locations of 
SNPs

I4 E5 I5 E6 I6 E7

1381 1390 1391 1394 1656 1175 2077 2083 2206 2412 2474

220B-gDNA A A C G A A T T C T C
220A-gDNA A A C G G A T T C T C
6C-gDNA T T A A A T C C C G Ga

6A-gDNA T T A A A T C C C G Ga

MS2Bnap A T T A C
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Ibn-5-Iat7 (63.2%), Ibn-6-Iat-8 (63.2%) and Ibn-1-
Iat-1, Iat-2, Iat-6 (48.0, 48.0, 54.1%).

Discussion

Four genomic DNA sequences corresponding to
MS2Bnap (x99922.1), namely 220B-gDNA and 220A-
gDNA in rapeseed DDGMS line 220B and 220A
(B. napus L), and 6C-gDNA and 6A-gDNA in the F1
between 6CA crossed with the breeding line 220 were

isolated by PCR technique. These four sequences are
2,581 bp in length, and composed of six introns with
total of 654 bp in length compared with the sequence of
MS2Bnap. A typical structure of GT and AG is present
at the both ends of each intron. Blasting in NCBI indi-
cated that the sequences of 220B-gDNA (AY257490),
220A-gDNA (AY288778), 6C-gDNA (DQ060319) and
6A-gDNA (DQ060318) were the Wrst cloned genomic
sequences homologous to MS2Bnap in B. napus.

MS2 gene in A. thaliana was the Wrst cloned and
characterized fertility-related gene using the maize

Fig. 3 Comparison of the 
predicted amino acid se-
quence of BNMS2PROT 
(CAA68190.1), 220B-PROT, 
220A-PROT and 6A-PROT. 
Sequence boxed related motif, 
letter dotted with Wlled square a 
putative male sterility amino 
acid residue of 220A, letter 
dotted with Wlled upper trian-
gle a mutant amino acid resi-
due of 6CA, letter dotted with 
Wlled circle a putative male 
sterility amino acid residue of 
S45A (adapted from Li et al. 
2002)

Fig. 4 Comparison of the structure of MS2Bnap gene in B. napus
and MS2 gene in A. thaliana Ebn-1, Ebn-2,...,Ebn-7 refers to ex-
ons and Ibn-1, Ibn-2,...,Ibn-6 refers to introns of B. napus

MS2Bnap gene, respectively; Eat-1, Eat-2,...,Eat-9 refers to exons
and Iat-1, Iat-2,...,Iat-8 refers to introns of A. thaliana MS2 gene,
respectively; ATG start codon,; TAG/TAA stop codon
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Enhancer–Inhibitor transposable element system
(Aarts et al. 1993). The expression of MS2 is conWned
to the tapetum during the period starting at the time of
microspore release from tetrads and ending before the
Wrst mitotic microspore division (Aarts et al. 1997).
MS2 gene encodes a polypeptide of 616 amino acids,
which has two important motifs. One is a conserved
motif [I, V, F]-X-[I, L, V]-T-G-F-L-[G, A] at positions
133–150 which has a proposed role in NAD(P)H bind-
ing, and another is an addition C-terminal microbody
targeting signal. The MS2 products are probably
located in microbodies of tapetum cells at the time of
exine wall deposition on the young microspores. The
major component of exine is sporopollenin. Reduction
of fatty acyl groups to fatty alcohol groups may be one
of the steps in the formation of sporopollenin. A possi-
ble function of the MS2 protein as a fatty acyl reduc-
tase in the formation of pollen wall substances was
proposed by Aarts et al. (1997). Mutation of ms2 is
caused by frameshift or stop mutations resulting from
the excision of the inserted I element in the target
region AAA of ACA AAC (position + 1793 to + 1803
of MS2, corresponding position + 600 aa to + 601 aa of
MS2 product), which resulted in the products of these

mutants missing the last three amino acids (Gly-Arg-
Ala, + 614 aa to + 616 aa), a C-terminal microbody tar-
geting signal, and unable to locate in microbodies of
tapetum cell. Thus the functional pollen cannot be
formed in these mutants. MS2Bnap, a homologue of
MS2 in B. napus, coded a very similar protein
BNMS2PROT (CAA68190.1) involved in the forma-
tion of functional pollen. Li et al. (2002) reported that
there were four diverged nucleotides dispersed in the
coding region of the fragment homologous to
MS2Bnap in rapeseed digenic recessive GMS line
S45AB, three of them were synonymous mutations,
one was missense mutation, which maybe the male
sterile locus of S45A (Fig. 3). Our results showed that
sequence of 220B-gDNA contained an open reading
frame of 1,848 bp and encoded a polypeptide of 616
amino acids, which showed 100% identity to
BNMS2PROT. However, owning to the mutation
occurred at + 1,274 bp in the sequence of 220A-gDNA,
220A-gDNA encoded a polypeptide (220A-PROT),
which has one amino acid diVerence compared to
BNMS2PROT (Fig. 3). In the population of 220AB,
220A and 220B are isogenic lines with only diVerence
in the fertility-related locus Ms–ms. It could be

Fig. 5 Comparison of 
MS2Bnap gene in B. napus 
with MS2 gene in A. thaliana. 
a Dendrogram of exons. Ebn-
1, Ebn-2,...,Ebn-7 refers to ex-
ons of MS2Bnap gene and 
Eat-1, Eat-2,...,Eat-9 refers to 
exons of MS2 gene. b Dendro-
gram of introns. Ibn-1, Ibn-
2,...,Ibn-6 refers to introns of 
MS2Bnap gene and Iat-1, Iat-
2,...,Iat-8 refers to introns of 
MS2 gene
123
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inferred that the one amino acid diVerence of 220A-
PROT in 220A plants may be one of the reasons that
220A plants express male sterility. However, this
hypothesis needs to be conWrmed by further evidences
such as gene transformation. The protein encoded by
6C-gDNA and 6A-gDNA is the same. While, there was
one amino acid diVerence between 6C-PROT/6A-
PROT and BNMS2PROT, which indicated that this
amino acid diVerence may have no relationship with
the male sterile of 6A plants. Furthermore, mutation
site of BNMS2PROT encoded by MS2Bnap in
220A(254) and 6A/6C(584) is diVerent, which indi-
cated DDGMS 220AB and 6CA have some diVerence
in the molecular level. This was also consistent with the
result of Hu et al. (2003), who found that the molecular
markers for dominant male sterility gene Ms in Shaan-
GMS was diVerent from that in 6A.

Arabidopsis thaliana (the model dicotyledonous
plant) is closely related to Brassica crop species.
Comparative genomics indicated that there exist
genome-wide collinearity between these two species
(Lagercrantz et al. 1996; Cavell et al. 1998; Bancroft
and O’Neill 2000). Furthermore, the similarity between
expression sequences in B. napus and their counter-
parts in Arabidopsis reach to 85%, and a large amount
of genes in A. thaliana have similar functions with their
counterparts in B. napus (Cavell et al. 1998; Sillito
et al. 2000). Li et al. (2003) reported a global gene for
gene alignment of the genomes of Brassica oleracea
and A. thaliana by construction of a transcriptome map
based on B. oleracea cDNAs obtained from leaf tissue.
The map consisted of 247 cDNA markers obtained by
the sequence-related ampliWed polymorphism tech-
nique. After sequencing 190 of the polymorphic cDNA
bands, FASTA detected 169 sequences with similarity
to genes reported in Arabidopsis. There was extensive
collinearity between the two genomes for chromo-
somal segments rather than for whole chromosomes,
often showing inversions and deletions/insertions.

Alignment of four DNA sequences (220B-gDNA,
220A-gDNA, 6C-gDNA and 6A-gDNA) detected 41
SNP sites, however only seven of them are dispersed in
the exon region. Comparison of full-length genomic
DNA of MS2Bnap in B. napus with that of MS2 gene
in A. thaliana revealed that the similarity between
these two sequences in exon region [85.64%, this Wgure
was corresponded to the results of Cavell et al. (1998)
and Sillito et al. (2000), who found the similarity
between expression sequences in B. napus and its
counterparts in Arabidopsis reach to 85%] is greater
than that in intron region (60.7%). These results are
consistent with the Wndings of Fourmann et al. (2002),
who used 32 ampliWed consensus gene markers to

amplify homologous gene sequences from one line of
A. thaliana and three Brassica species (four lines of
B. napus, one line of B. oleracea and one line of Bras-
sica rapa), and found that a very high level of conserva-
tion was observed between coding sequences in the
three Brassica species and A. thaliana. Furthermore, by
sequencing 58 of the 102 genes for more than one rape-
seed genotype and comparison the exons and introns
of 22–35 sequences for each available pair line, they
found that, as expected, there were many more (about
four-times more) changes in intron than in exon
sequences. Molhoj et al. (2001) also found that a mem-
brane-anchored endo-1,4-�-glucanase from B. napus
and its orthologous KOR from A. thaliana have identi-
cal exon lengths intercepted by the introns located at
the identical position in the coding region.

So far, four DDGMS accessions have been reported
in B. napus (Li et al. 1985; Dong and Du 1993; Wang
et al. 1999; Hu 2003). Genetic investigations have
revealed that male fertility of these DDGMS was con-
trolled by two pair of nuclear genes (Li et al. 1985; Hu
2003). If male sterility gene was designated as Ms, its
allele recessive gene as ms, dominant inhibition gene as
Rf, which can inhibit the expression of the Ms and
result in the restoration of F1, and its allele recessive
gene as rf, then genotypes MS_rfrf expressed male steril-
ity, and other seven genotypes expressed male fertility.
In the present study, we have employed two pairs of
isogenic lines diVerent in the fertility-related locus Ms–
ms in oilseed rape (B. napus) to analyze MS2Bnap geno-
mic DNA homologous to MS2 gene from A. thaliana
and reveal if there exist any diVerence in MS2Bnap
gene between two pairs of these lines, and to relate
these diVerences to male sterility. As concerned with
the role of the dominant inhibition gene Rf in
DDGMS, according to the classic genetic explanation,
the product encoded by Rf gene can inhibit the expres-
sion of Ms gene, resulting in the restoration of F1.
However, what the product of Rf gene is and how it
reacts in response to Ms gene in the molecular level is
not clear. The investigation is underway by using the
isogenic lines which diVer in the fertility-related locus
Rf–rf with microarray technique.

In summary, it could be concluded that the isolated
MS2Bnap genomic DNA homologous to MS2 gene in
B. napus was 2,581 bp in length and contained six
introns. The one SNP between 220A-gDNA and 220B-
gDNA at nucleotide 1247 of 220A-gDNA with A
replaced by C was a missense mutation, which may be
the putative male sterility site in 220A. Mutation site of
BNMS2PROT (CAA68190.1) encoded by MS2Bnap
gene in 220A(254) and 6A/6C(584) is diVerent. The
similarity of exons between MS2Bnap in B. napus and
123
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MS2 in A. thaliana is higher than that of introns
between these two genes.
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