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Abstract

Plant MADS box genes were first recognized as floral homeotic genes. The MADS box genes are
found in many flowering and a non-flowering seed plant and form a large gene family with several
subfamilies. Most of these genes are expressed at flowering or in similar organs. Considering the
existence of the MADS box motif in taxonomically distant organisms, plants, animals and fungi, and
its function as a transcriptional factor, it is possible that every plant lineage originally has this motif,
participating in functions other than that of the formation of flowering organs. In this study, we
show the existence of MADS box genes (CMADS) in a fern, Ceratopteris richardii. This is the first
report of MADS box genes in a non-seed plant. These genes conserve the MADS box, the L region
and the K box from flowering and non-flowering seed plants. They are expressed in sporophytes
but not detected in gametophytes. Phylogenetic analyses indicated that these genes do not belong to
any subfamilies found in seed plants; some of them form a new subfamily. This suggests that a
separation of A, B and C subfamilies of floral homeotic genes occurred after the ancestors of ferns
and seed plants diverged.  The functions of CMADS genes might be distinct from the known
functions in seed plants because of the structural differences between seed plants and ferns.
Sequence analyses showed that the cDNA from each CMADS gene has sequence variations. The
comparison of these variants suggested that these variations are generated by frequent alternative

splicing.
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pteridophyte gymnospem angiospem

Fig.1 Comparison of reproductive organs between vascular plants. Hatched n regions mean
nucelli and curved lines and open circles are protective organs. In the right scheme, the left half
shows a male organ and the right half shows a female organ.
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Intron Ee 750p

4 CCAGTATGG===AGA@‘AATI‘CA===TGGCTTCC@GTGTTG===GAGCAGCAAT'I'TCA’I’G===GCAAAAGATG
§ * CCAGTATGG==cAGAG- -~~~ -~ -====--=---uounoy TGTTG===GABRBAGCAATTTCATG=c=GCAAAAGATG

7 CCRBEATGO===AGAG------~~=sS-~==-=-cmmeooooomcmeaa CARTTTCATG===GCRRAAGATG
§ COAG-----w-wu-- mmeeemee- mmmmemceooaoo R it T L L E ST R T T R ATG
534 656 667 727
Intron Be 239bp
5 *» TGCAAAAGATGGCAGATACAAGGAGAACAACGAA 8 GCGGGACGBIGAGGCTCTATTATAC=== TE@GGATT
7.8 TGCAAAAQGATTTTTTACCTACTACCCGAAGAGG § * GCGGGACG----—-w-ccmmmem—em Smmescc——mm GATT
808 a7 g7i
.mnss CMADS9
§ * CGTCGAERAC===GGCCEAFTTA 1 « GAGAGTATTG~==CABHGCTGTA
2 CGTCGA----===------- TTA 2 GAGAG----- Ssm-eo-- CTGTA
709 954 434 497

1 Intron ke 1150p

GTTAAGGAGATTCTGCTCATGTTCTC I TCTCCTTCAAGCTT TCATCAGTTCTGCGACT CTTCCTGTCTGTGACTTACGTT
TCGCCTGTGTTTTCGACGATGTCTGCTGACAG

4 Intron ke 75p

GTAATTCAGCCCCTTTGACGTTITCTGGCATATCTTITGATCCTTCTITT TTGT ITTTATTCATGGCTTCCAAAG

8 Intron ke 23%p
GTGAGGCTCTAT’IATACCACTAAAACCTIGTGCATAGACTTGAATCCAGTCCAGCCCGTGCTAATGTIGTGCTATTCAGC

TACTTTCAARGGATTGTCTGAGCTCATTTTG TTGCARATTTATCTCATCCGCTCCAACAAATTGTCTATCTAGTTTTCCTT
TCGTAAGATACTTCTAGGCAGGAAAGGAGAGGARACCATGTGAGCGCTTCATCTACTTGACTTCTCTGARATGTACAG

Fig. 3 Summaries of the various cDNA from CMADS genes. A. Schematic diagrams of cDNA
variants. Common sequences between variants are shown by thick lines. Inserts and deleted regions
are indicated by hatched lines above thick lines and bent lines, respectively. Hatched lines in
CMADSG6-7 and -8 mean alternative cDNA sequence. Hatched boxes and closed boxes indicate a
putative start codon and a stop codon, respectively. Three conserved motifs (MADS, L and K) are
indicated at the center. B. Sequences of putative alternative splicing sites. The numbers under
sequences indicate the nucleotide positions. Asterisks are attached to putative exon sequences.
Broken lines: sequences spliced out; double broken lines: shortening. Shaded letters show consensus
sequences of intron ends. Thick underline shows an alternative cDNA sequence. C. Complete
intron-like sequences of CMADS6. T nucleotides are emphasized by boldface.
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