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Abstract It was previously proposed that the Arabidop-
sis MEI1 gene encodes a small protein with some simi-
larity to an acrosin-trypsin inhibitor of humans [He and
Mascarenhas (1998) Sex Plant Reprod 11:199-207].
Here we show that the complement strand of the MEI1
gene region encodes a predicted protein that fits better
with the chromosome fragmentation phenotype of the
meil mutant. By aligning their partial cDNA sequence
with the two sources of genomic sequence available for
the region, we deduced a predicted protein that contains
three BRCT domains. Proteins with BRCT domains are
involved in DNA repair, recombination, and cell cycle
checkpoint control. This newly proposed annotation for
MEI1 suggests that it might regulate the repair of DNA
double-strand breaks during male meiotic recombination,
which is consistent with the chromosome fragmentation
defect found in early diplotene in the meil mutant.
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Introduction

For recombination to occur during meiotic prophase I, it
is essential that the chromosomes undergo double-strand
breaks and repair. If chromosome breakage is not suc-
cessfully repaired, chromosome fragmentation can occur,
resulting in polyad meiotic products and sterility. An
Arabidopsis T-DNA line, designated as line CS2343
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(Arabidopsis Biological Resource Center, Columbus,
Ohio), has been described as a male sterile mutant by
both He et al. (1996) and Ross et al. (1997). The T-DNA
insertion mutation in this line, named meil by He et al.
or mcdl by Ross et a., exhibits chromosome fragmenta-
tion during male meiotic prophase | (Ross et a. 1997),
and subsequently produces polyad meiotic products (He
and Mascarenhas 1998). Thus, a reasonable prediction
would be that the wild-type MEI1 protein is involved in
maintaining chromosome stability during meiosis |.
However, He and Mascarenhas (1998) reported that the
T-DNA disrupted an open reading frame predicted to en-
code a protein of 89 amino acids. This 89 amino acid
peptide showed some similarity to a human acrosin-tryp-
sin inhibitor. As these authors noted, it is difficult to ex-
plain how a loss of such a protein could cause the meil
phenotype. Moreover, the genomic DNA fragment
(8.0 kb) used by He and Mascarenhas to complement the
meil phenotype was much larger than the proposed
MEI1 gene, leaving open the possibility that another
gene resides on this fragment. Lastly, He and Mascaren-
has isolated a cDNA from the region disrupted by the T-
DNA and deduced the positions of two introns by se-
guence alignment with the WS ecotype genomic se-
guence, but noted that these introns did not comply with
the :GU...AG: rule (Brown et a. 1996).

In the course of studying another meiotic mutant, tar-
dy asynchronous meiosis (tam), we found that tam maps
in the vicinity of MEI1. The tam mutant is not an allele
of meil (Magnard et al. 2001). We noticed that the Arab-
idopsis Genome Initiative (AGI; The Arabidopsis initia-
tive 2000) had predicted a hypothetical protein
(F2P24.3), which is encoded by a region encompassing
the proposed MEI1 protein, but in the opposite coding
orientation. The F2P24.3 predicted protein has BRCT-
domains. BRCT-domain-containing proteins are required
for double-strand break repair during meiotic recombina
tion in prophase | in S. cerevisiae and in mouse (Herr-
mann et al. 1998; Garcia-Diaz et al. 2000). The molecu-
lar nature of F2P24.3 and its chromosomal location
raised the possibility that F2P24.3 is actually the protein
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encoded by the MEI1 gene. To explore this possibility,
we analyzed the related sequences further.

Database search and sequence analysis

The sequence of BAC F2P24 (AC078898, Columbia ecotype) was
retrieved from GenBank. The second gene (F2P24.3) on the BAC
overlaps with the proposed MEI1 gene (WS ecotype). We used the
Pairwise Blast program (http://www.ncbi.nlm.nih.gov/BLAST) to
align the genomic sequences of F2P24.3 and the corresponding
region sequenced from the WS ecotype (accession AF074849).
We predicted the gene structure of F2P24.3 using the
GeneScan program (http://genes.mit.edu/GENSCAN.html). We
used the predicted protein sequences for Blast searches
(http://www.nchi.nlm.nih.gov/BLAST) and searched for con-
served motifs with the ProfileScan program (http://www.isrec.
isb-sib.ch/software/PFSCAN_form.html).

Results and discussion

The sequence of F2P24.3 was compared to the reported
MEI1 cDNA. The positions of the two introns predicted by
He and Mascarenhas (1998) were the same as the positions
predicted for two of theintronsin F2P24.3, and in F2P24.3
these introns comply with the :GU..AG: rule. Thus, it is
possible that the cDNA reported by He and Mascarenhas
corresponds to a partiad cDNA of F2P24.3 (Fig. 1). Note
that the first intron predicted by the AGI annotation is not
supported by the partial MEI1 cDNA from the WS ecotype,
and istherefore likely to be mis-annotated.

The alignment of the WS ecotype and Columbia eco-
type genomic sequences revealed differences at 16 sites.
These differences make the predicted gene structures in
the two ecotypes very different if the exon/intron junc-
tions used by the AGI annotation are followed. There-
fore, it is likely that there are sequence errors in one or
both of the genomic sequences. To better predict the
gene structure of F2P24.3, we used the cDNA reported
by He and Mascarenhas but in the opposite orientation,
and we made two assumptions. First, we assumed that
both the beginning and end of the open reading frame
predicted by AGI were correct. Second, we assumed that
the amino acid sequences of F2P24.3 in the Columbia
and WS ecotypes should be very similar, if not identical.

It was impossible to find a single open reading frame
with the same exon/intron positions that would code for
two identical or similar proteins in both ecotypes. The
AGI sequence might have an error or errors of nucleo-
tide duplications at 11 of thel6 locations, in addition to
mismatches with the WS sequence at the other 4 loca-
tions. In contrast, there are only two possible errors in
the WS segquence: missing nucleotides at positions 2,827
and 8,336. We therefore primarily used the WS genomic
sequence to predict the structure of F2P24.3, with refer-
ence to the AGI annotation. The composite prediction
identified an open reading frame that encodes a peptide
of 812 amino acids. This version of F2P24.3 has 12 int-
rons. The predicted F2P24.3 in GenBank encodes a pep-
tide of 783 amino acids and has 13 introns.
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Fig. 1 Diagram aligning newly proposed F2P24.3 structure with
the previously proposed MEI1 structure. The lengths of exons and
introns are drawn to scale
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Fig. 2 Proposed F2P24.3 protein sequence. The three BRCT do-
mains are indicated by highlighted bold letters. Arrowheads Posi-
tions of exon/intron junctions

Alignment with the partial cDNA of MEI1 suggests
that the first intron in the composite and GenBank ver-
sions of F2P24.3 were incorrectly predicted, and there
are no obvious intron donor/acceptor sites farther up-
stream. However, eliminating the first intron disrupts the
open reading frame of F2P24.3. The open reading frame
can be restored by insertion of a T nucleotide at position
2,827, a possible error in the WS sequence. By eliminat-
ing the first intron and adding the nucleotide T, F2P24.3
would encode a peptide of 842 amino acids and would
have 11 introns (Fig. 1). The larger version of F2P24.3
has three BRCT domains (Fig. 2). It is worth noting that
even when numerous other possible versions of the
F2P24.3 protein sequence were used in the analysis,
three BRCT domains were aways predicted. The
F2P24.3 amino acid sequence predicted in GenBank has
three typical BRCT domains and one shorter BRCT do-
main of half the typical length. Thus, it is highly likely
that there is indeed a BRCT domain-containing protein
encoded in this region. Unfortunately, except for the



cDNA reported by He and Mascarenhas (1998), there is
no other cONA available in any EST database that can
be used to validate the proposed F2P24.3 structure; this
is reflective of the probable low abundance of the
MRNA. As noted by He and Mascarenhas (1998),
screening of an inflorescence cDNA library was not suc-
cessful and it was only possible to isolate the cDNA they
obtained via a PCR-based approach.

The meil mutant phenotype was complemented by an
8.0 kb genomic fragment (He and Mascarenhas 1998).
The coding region (including introns) of the newly pro-
posed F2P24.3 gene is 5,957 bp, and it is entirely con-
tained within the 8.0 kb fragment used for their comple-
mentation experiment (Fig. 1).

Blast searches revealed that the 842 amino acid ver-
sion of F2P24.3 is most similar to a human protein (ac-
cession number D87448) that is similar to the
rad4+/cut5+ product in Schizosaccharomyces pombe
(Nagase et al. 19964, b), and to a human DNA topoisom-
erase Il binding protein (accession number XP003014).
The similarity (38%) is largely due to the conserved
BCRT domains in these proteins. BRCT-domains were
first described in the protein encoded by the human
BRCA1 gene, mutations in which result in susceptibility
to breast and ovarian cancers (Feunteun and Lenoir
1996). BRCT domains are flexible modules that can in-
teract with other BCRT domains, with non-BRCT pro-
teins, and with DNA strand breaks (Bork et al. 1997;
Huyton et al. 2000). Although BRCT domain-containing
proteins seem to have diverse functions, their participa-
tion in DNA damage-responsive checkpoints appears to
be a unifying theme (Bork et al. 1997). In meil, the
chromosome fragmentation seen in early diplotene is the
first noticeable defect (Ross et al. 1997). It is therefore
reasonable to hypothesize that MEI1 isinvolved in repair
of double-strand breaks during meiotic recombination.
Such afunction would be consistent with MEI1 encoding
a BRCT-domain-containing protein. If this is true, it
would suggest that the mechanism of repair of double-
strand breaks during meiotic prophase | is likely to be
conserved in yeast, mammals, and higher plants.

In conclusion, it is possible that MEI1 is F2P24.3 and
therefore encodes a protein with BRCT domains. How-
ever, confirmation of both the newly proposed MEI1
identity and the structure of F2P24.3 will require further
experiments. In Arabidopsis, there are at least ten genes
that are predicted to encode proteins with between one
and four BRCT domains (Butcher et al. 2001). It will be
interesting to determine the roles that these proteins play
during plant development.
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