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Identification of MADS Genes from a Brown Alga, Sargassum fulvellum
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The conserved region of numerous MADS genes in gulfiweed (Sargassum fulvellum) was cloned by PCR with degener-
ate primers. Analysis of seventy individual clones resulted in the identification of nineteen types of nucleotide
sequences. There sequences encode portions of the MADS domain in four distinctive groups. Six clones belong to the
AGAMOUS subfamily, ten to AGL2, and two to AGL12. The remaining one clone is distinctive and appears to be
diverged from an ancestor of the AGL2 and AP1 groups. There were no A or B class MADS genes. These results suggest
that, as found in land plants, MADS genes also play major roles in controlling the development of algae.
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In most lower plants, there is a distinct alternation
of haploid (n) and diploid (2n) generations. Unlike
higher plants, most algae have longer haploid periods
and as plants have evolved, the sporophyte genera-
tion have remained dominant in the life cycle (Albert,
1999). However, the exact mode and molecular basis
of life cycle alternation are not yet known. Studying
the regulatory genes that control alternation of the life
cycle may help to darify the issue.

It has been well established that a group of tran-
scription factors that contain a conserved MADS
domain plays a major role in controlling the repro-
ductive-organ development of higher plants (Theiben
et al., 1996; Tandre et al., 1998). These transcription
factors have also been iound in nonflowering plants
as well as yeasl, animals, and fungi (Shore and Shar-
rocks, 1995; Munster et al., 1997; Hasebe et al,,
1998). Recently, it was found that MADS genes also
play a role in the vegetative phase, i.e., in root devel-
opment and repression of flowering (Zhang and
Forde, 1998; Sheldon et al., 1999). Although MADS
genes are ubiquitous in land plants, their presence in
algae has not been exploited yet. Therelore, in this
study we investigated MADS genes in a brown alga
gulfweed (Sargassum lulvellum) which spends its life
as a diploid sporophyte, like the higher plants.

Higher plants contain approximately thirty to forty
different MADS genes in each plant species. MADS
genes can be divided into subgroups based on func-
tional roles and sequence similarity. Each MADS
region is highly conserved and contains unique
sequences typical to each subfamily.
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Partial clones of the MADS genes from gulfweed
were obtained by PCR using gulfweed genomic DNA
as a tomplalo and a pair of degenerate oligonucle-
otide primers encoding the peptides EIKRIEN and
VLCDAEY, which are the most conserved sequences
in the MADS domain. This resulted in amplification
of 69 bp sequences (excluding primers) in the MADS
region. Sequencing sevently individual clones resulted
in the identification of ninetecn different types (Fig.
1). As observed in land plants, encode amino acid
sequences in the MADS box region were highly con-
served.  However, cight  clones encode MADS
domains that have not been reported in other living
organisms.

The guliweed MADS genes can be classified into
four groups based on amino acid sequence similari-
ties. The first group consists of six clones that belong to
the AG subfamily. In higher plants, the AG subfamily
genes determine the identity of gametophyte-produc-
ing organs. Since algae also produce gametophytes, it
i intriguing to speculate that the alga AG homologs
are involved in controlling gametophyte  develop-
ment. Twenty-three amino acid sequences of two
gultweed AG homologs (SFMADS12 and SfMADS13)
are identical to those of Arabidopsis AG and rice
OsMADS3, and are closely related to several MADS
genes in the AG subfamily (Fig. 2). The other four genes
(GIMADS14, SEIMADS1S, SIMADS16, and SEIMADS17)
showed deviations from other AG genes. In particular,
replacement of asparagine with serine in SfIMADS14,
SIMADS15, and SIMADS16 is unique to algae. The
fact that there are at least six AG homologs in gulf-
weed suggests that algal AG genes may play diverse
role in alga development.

The MADS box domain is involved in DNA binding
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Figure 1. Nucleotide and deduced amino acid sequences of
gulfweed MADS domain. The unique residues are marked
with shaded box. Asterishs (*) indicale gulfweed MADS
genes that encode for the amino acid sequences not found
in land plants. Dots () indicate conserved ammno  acid
sequences in SIMADS proteins. Forward primer 5'-GARAT(
GAARMUGIIGATHICIGARAAY-Y and 1everse primer 5'-
ACYTCIVGIGCRTCRCANCIAGI/GIAC- 3 (where R = A or
G; ) = innsine; M = A or C; Y = C or T) were utilized for
PCR amplification of 69 bp sequences excluding primers) in
the MADS region using gulfweed genomic DNA as a tem-
plate. PCR conditions were: as folfows: denaturation at 9-4°C
for 3 min; 6 cydes of touchdown PCR, 94°C for 20 s;
annealing (gradually reduced from 56"C to 51°C by 1°C¢
cyde) for 20 s and 72°C for 30 s; 30 cveles of amplification,
94"C for 20 s, 56°C for 20 s, and 72°C for 30 s; and fingl
extension at 72°C for 5 min. After primary PCR, the corre-
sponding band was reamplificd with the Tollowing primens
containing an enzyme site {(FcoR1 or Hindih at the end; for-
ward primer 5-CCGAGGAATTCGARATIAARMGGATMG-
and reverse 5-CGGCGAAGCTTACYTCNCGCORTCRCANAG-3
twhere N = C, A, T, and C:. Reamplified products were cut
with L oRl or Hind 11V and cloned into pBlueScript SK(-) vee-
lor (Stratagene, USA). These clones were sequenced by a
BigDye Terminator Cycle Sequencing Ready Reaction Kit
iApplied Biosystems, USAI,

and protein dimerization. Figure 2 shows that the
amino acid residues involved in dimerization are con-
served in the AG subfamily (Pellegrini et al., 1995;
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Figure 2. The comparison of MADS-domains between gult-
woeed AG homologs and various AG subfamily members,
Amino acid residues that are involved in dimerization and
DNA cotacting are indicated with asterisks (*). Dashes indi-
cate identical rosidues with Arabidopsis AC.

Theiben et al., 1996). However, some DNA-contact-
ing amino acids are variable. These results imply that
selective pressure on - protein-protein interaction in
the AG subfamily is more stringent than protein-DNA
interaction. In the gulfweed AG homologs, substitu-
tions occurred in residues not involved in DNA bind-
ing or dimerization.

A majority of the gulfweed MADS genes belongs to
the ACGL2 subfamily. The twenty-three amino acid
sequences encoded by four gulfweed genes (S(MADST,
SIMAIS2, SIMADS3, and SIMADS4) were identical
to Arabidopsis AGL2 and other AGL2 family genes,
including FBP2 and MdMADST. The other six genes
(SEMADSS, SIMADS6, SIMADS?, SIMADSS, SIMADS9,
SIMADST0) were split into three distinct branches.
Aspartic acid at the third amino  acid  residue
ISIMADST0), alanine at the sixth residue (SFMADS9),
and arginine and glutamine at the tenth residue
(SIMADSH and SIMADSS8) are quite unusual in land
plants. Funclional roles of the AGL2 family have not
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Figure 3. Phylogenetic tree of guliweed and land plant MADS genes. The tree was established based on the neighbor-joining
method using 23 amino acid sequences in the MADS box domain. The horizontal branch length is proportional to the estimated
number of amino acids substitutions per residue. Subfamilies are labeled by brackets at the right margin.
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been well elucidated, but it is speculated that genes
in this family are involved in diverse roles during plant
development since AGL2 genes are expressed in a
wide variety of organs.

Two types of genes (SFIMADS18 and SfMADS19)
can be classified into the AGL12 subfamily. The gulf-
weed MADS proteins differ from AGL12 by one
amino acid at the 13™ residue (methionine instead of
threonine). It has been reported that AGL12 was
expressed preferentially in nonfloral tissues, such as
roots in Arabidopsis (Rounsley et al., 1995). There-
fore, gulfweed MADS genes may function in nonre-
productive organ development.

The remaining one clone (SfIMADS11) is unique
and contains four substitutions from AGL2. This gulf-
weed gene appears to have diverged from an ances-
tor of AGL2 and AP1 family genes.

To elucidate the evolutionary relationship between
the gulfweed MADS genes and other MADS genes
from land plants, phylogenetic analysis was carried
out using the 23 amino acid sequences within the
MADS domain (Fig. 3). Although only 23 amino acid
sequences were used for the analysis, the result is
overall in agreement with the results of a previous
analysis that was carried out with full-length MADS
proteins with a few exceptions (Hasebe et al., 1998).
In our analysis, we found that DAL1 and PrMADS3
are more closely related to AP1 than AGL2. In addi-
tion, TDR8, AGL15, and AGL17 are located differ-
ently. Despite their phylogenetic divergence of 380
million years between green plants and brown algae
(Pearson, 1995), MADS genes are well conserved.
Considering the resemblance of the life cycles of gulf-
weed and higher plants, this result seems to be rele-
vant. It is proposed that phaeophyta and tracheophyta
have common ancestors of AG, AGL2, and AGL12
subfamilies.

To further elucidate structure and function of these
regulatory genes, it will be necessary to isolate the
full-length cDNAs as well as genomic clones of the
gulfweed MADS genes. It will be important to deter-
mine whether there are class A and B MADS genes in
algae. Such efforts may add valuable information in
tracing back plant evolution.
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