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Abstract

A novel CDNA corresponding to a gene designated PnMADSI and encoding a MADS - box protein

was isolated from the short - day plant Pharbitis nil (Japanese morning glory) cv. Violet. Phylogenetic

analysis of the amino acid sequence encoded by PnMADSI indicated that PnMADSI does not belong to

any of the major sub- groups of MADS - box proteins. The protein exhibited some similarity to proteins

in the so - called 'orphan group' of unclassified MADS-boX proteins that are mainly expressed in

vegetative organs, The most similar MADS- box genes were AGL24 and StMADS16 (53.2% and 52.3%
identity at the deduced amino - acid level, respectively). We obtained evidence that PnMADSI mRNA
accumulates in both vegetative and floral meristems but not in any other vegetative organs. Our results

indicate that PnMADSI is a novel MADS-boX protein in terms of both structure and pattern of

expresslon.
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Footnote: The nucleotide sequence reported in this paper has been submitted to the EMBL, GenBank and

DDBJ Nucleotide Sequence Databases under accession number D84512.

1. Introduction

Numerous MADS-boX genes have been found in

a wide variety of eukaryotes, from yeast to plants

and man (Shore and Sharrocks, 1995; Hasebe et al.,

1988). Each MADS-boX protein contains a DNA-
binding domain, known as a MADS box, which

consists of 57 strongly conserved amino acids

(Schwarz-Sommer et al., 1990; Ma et al., 1991).

MADS-box proteins play key roles as transcription

factors. In plants, the control of flower development

by floral homeotic genes, which include MADS-
box genes, has been studied extensively in Arabi-

dopsis and Antirrhinum (Coen and Meyerowitz,

1991; Yanofsky, 1995). Several MADS-boX genes
have been isolated from various plant species and

characterized, and some of them have been shown
to be expressed during vegetative development (Ma
et al., 1991; Pnueli et al., 1991; Mandel et al., 1994;

Heard and Dunn, 1995; Rounsley et al., 1995;

Zachgo et al.
,
1997).

Pharbitis nil cv. Violet is a short-day plant that

has been used as a model plant for studies of

photoperiodic induction of flowering (Imamura,

1967; Vince-Prue and Gressel, 1985). Seedlings of

P, nil cv. Violet grown under continuous light (i,e.,

under ideal non-inductive conditions) are induced

to flower by a single 16-h exposure to continuous

darkness. Thus, almost absolute states of vegetative

growth and reproductive growth can easily be
established (Imamura, 1967; Vince-Prue and
Gressel, 1985). We postulated that this feature

would be useful for studies of MADS-boX genes
that are expressed in apical meristems during

vegetative growth, as well as during reproductive

growth. Analysis of such genes should provide

fundamental information about the induction and

development of flowers.

In this study, we isolated a novel MADS-boX
gene from Pharbitis, which is expressed in vege-
tative and reproductive apical meristems. This gene,

PnMADS1, seems to be unique in terms both of

amino acid sequence and pattern of expression.
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2. Materials and Methods

2.IPlant materials

Seeds of Pharbitis nil Choisy cv. Violet (obtained

from Marutane Co., Kyoto, Japan) were soaked in

concentrated sulfuric acid for 30 min, with occa-
sional stirring, and then rinsed in running tap water
for I h. The seeds were then soaked in a large

volume of distilled water for 16 h and sown on wet
vermiculite for germination. Germination and

growth of seedlings were allowed to proceed at 25

i l~C with continuous illumination from cool-

white fluorescent lamps (FLR80H-WA; Matsushita

Electronics Co., Tokyo. Japan; 13.6 W m~2) in

cultivation chambers (CU-350; Tomy Seiko Co.,

Tokyo, Japan). When the cotyledons had extended

maximally (6 days after treatment with sulfuric

acid), photoperiodic treatments were applied (Sage-

Ono et al., 1998). The seedlings were divided into

two groups and subjected to SD treatment (16 h of

continuous darkness, namely, flower-inductive

conditions) or to LD treatment (continuous light,

namely, non-inductive conditions). Apical buds,

including flower buds, young leaves and stems,

were excised 2, 3, 4, 5, 7and 10 days after induction

of flowers, frozen in liquid nitrogen and stored at

- 80 'C.

2.2 Construction and screening ofa CDNA Iibrary

Total RNA was isolated from each sample as

described by Ozeki et al., (1990). Poly(A+) RNA
was isolated by chromatography on oligo(dT)-cel-

lulose (Amersham - Pharmacia, Tokyo), as described

originally by Aviv and Leder (1972). A cDNA
library was constructed from the poly(A+) RNA of

apical buds of P. nil, 2, 3, 4, 5, 7 and 10 days after

induction of flowering, using commercial kits for

synthesis and cloning of cDNA (Amersham-
Pharmacia) in accordance with the instructions from
the manufacturer. Screening of plaques and prepa-
ration of phage DNA were also performed accord-

ing to the instructions from Amersham-Pharmacia.
The molecular probe used for screening the cDNA
library was a 32P-labeled fragment of DNA encod-

ing a MADS-boX domain. For preparation of the

probe, two oligonucleotide primers were synthe-

sized and used for amplification by PCR of the

DNA fragment that encoded the MADS-boX
domain of theAGAMOUS (AG) gene ofArabidopsis

(Yanofsky et al., 1990). One was identical to nu-
cleotides (nt) I through 27 and the other was
complementary to nt 149 through 175 of the pub-

lished sequence of AG CDNA (Yanofsky et al.,

1990). A genomic clone ofArabidopsis DNA con-

taining the AG gene (cloned, sequenced and gene-
rously donated by Dr. J. Imamura, Plantech Re-
search Institute, Yokohama, Japan) was used as

template for amplification. During the screening of

200.000 recombinant phages in the P. nil library, we
isolated several positive plaques. The insert DNAS
were subcloned into the ECORI site of pBluescript

lIKS+ (Stratagene, La Jolla, CA, U.S.A.) and se-

quenced. One of the clones that we characterized

was designated PnMADSI (for the gene for MADS1
of Pharbitis nil ). Because the cDNA Iacked an
initiation codon and the 5' non-coding sequence,
the full-length cDNA was prepared with a 5'-

RACE kit (Clontech Lab. Inc., Tokyo, Japan) using

specific primers (Frohman et al.
,
1998).

2.3 Sequencing and analysis ofDNA
The nucleotide sequence of PnMADSI CDNA was

determined with fluorescent primers and an auto-

mated DNA sequencer (model 373A; Applied

Biosystems, Chiba, Japan). Nucleotide and amino
acid sequences were analyzed with GENETYX-
MAC software (Software Development Co. Ltd.,

Tokyo, Japan). Databases were searched with

TFASTA 3.08, TFASTX 3.09 and TBLASTN 2.0.7

(DNA Data Bank of Japan, Mishima, Shizuoka,

Japan; Altschul et al., 1997; Pearson and Lipman,
1988). The phylogenetic tree was obtained with the

neighbor-joining method (Saitou and Nei, 1987).

The amino acid sequences of MADS-boX proteins

were aligned by using the Clustal X program
(Thompson et al., 1997) and then were revised

manually. Bootstrap values were also calculated

using the same program. The resulting phenogram

was drawn with Niplot program (M. Gouy, Univer-
site Claude Bernard-Lyon 1, Lyon, France). Nodes
with 50% bootstrap support were collapsed as
described previously by Purugganan et al.

,
(1995).

2.4 Southern hybridization

We prepared a DNA fragment specific for

PnMADSI as a molecular probe. To avoid cross-
hybridization with other MADS-boX genes, di-

gestion at the Pstl site located 279 bp from the 5'

end of PnMADSI cDNA was performed to remove
the MADS-coding sequence. The rest of the CDNA
(the 630-bp Pstl fragment) was used for all hybrid-

ization experiments. Genomic DNA was isolated

from apical buds with small leaves of P, nil as
described by Rogers and Bendich, (1985), It was
digested separately with EcoRI, BamHI, HindIII and
Xhol. Digested DNA was fractionated by electro-

phoresis on an agarose gel and bands of DNA were
transferred to a nylon membrane filter (Biodyne B;

Nihon Pall, Ltd., Tokyo, Japan). The DNA on the



filter was allowed to hybridize with the 32P-1abeled

630-bp Pstl fragment of PnMADSI CDNA in

hybridization buffer that contained 6x SSPE (1x

SSPE is 0.18 M NaCl, 0.01 M sodium phosphate,

and ImM Na2EDTA, pH 7.7), 5x Denhardt's solu-

tion (1x Denhardt's solution is O.02% Ficoll, 0.02%
polyvinylpyrrolidone, and 0.02% bovine serum
albumin) plus O.5% SDS and 150 /tg ml-1 salmon

sperm DNA at 65 ~C for 16 h. The filter was washed
twice with 2x SSPE plus O.1% SDS for 5 min at

room temperature and then twice with 0.1% SSPE
plus O.1% SDS for 30 min at 65 'C (high-stringency

conditions) (Sage-Ono et al., 1998). For visuali-

zation of ballds on the filter, we used a bioimaging

analyzer with an imaging plate (BAS2000; Fuji

Photo Film Co., Ltd., Tokyo, Japan).

2.5Northern hybridization

Total RNA (20 lLg) was fractionated by electro-

phoresis on a formaldehyde-agarose gel and then

bands of RNA were transferred to a nylon mem-
brane filter (Biodyne B). The RNA on the filter was
allowed to hybridize with the 32P-labeled 630-bp
Pstl fragment of PnMADSI CDNA. The conditions

for hybridization, washing and analysis were as

described previously by Sage- Ono et al.
,
(1998).

2.6 Reverse transcription -PCR
Total RNA was prepared from various organs as

described above and was then treated with RNase-
free DNasel (Promega) to eliminate contaminating

fragments of genomic DNA. Purified total RNA (1

llg) was reverse transcribed with an oligo(dT)

primer. The reaction mixture for reverse transcrip-

tion (total volume 20 !ll) contained 10 mM Tris-

HCI (pH 8.3), 50 mM KCl, 5mM MgC12, 2.5 ,lM
oligo (dT)3G Primer, ImM dNTPs and 20 U of

RNase inhibitor (Takara, Tokyo), and reactions

were performed as follows. The mixture was heated

at 65 'C for 5min and then at 37 'C for 10 min, after

which 5U of AMV reverse transcriptase XL (Life

Sciences Inc., St. Petersburg, FL, U.S.A.) were
added. The mixture was heated at 42 'C for 60 min
and at 95 'C for 5min, and then it was stored at - 20
'C prior to PCR. One or two microliters of this

mixture were used as the source of template for

PCR in a reaction mixture that contained the

PnMADSI -
specific primers 5'

- CAGCAGTTGGAG-
AGGTC - 3' and 5'

-AACTTCATAATAATCTTG-
TG-3'. The solution for PCR (total volume 50 Ill)

contained 10 mM Tris-HCI (pH 8.3), 50 mM KC1,

1.5 mM MgC12, 0.001% (v/v) gelatin, 0.2 ,tM

PnMADSI -
specific primers, 200 flM dNTPs, and

1.25 U of AmpliTaqT~1 DNA polymerase (Perkin

Elmer Cetus, Norwalk, CT, U.S.A.). PCR involved
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30 to 40 cycles of incubation at 94~) for Imin, 54~)
for Imin, and 72 'C for 2 min. Aliquots of duplicate

reaction mixtures after PCR were subjected to

electrophoresis on a 5% polyacrylamide gel to

separate amplified CDNAS. Then cDNAs were
blotted onto a nylon membrane filter, allowed to

hybridize with a 32P-labeled specific probe and
visualized by exposure to a X-ray film. The ex-
pected length of the product of PCR was 285 bp and
the products corresponded to 410 to 695 bp of

PnMADSI CDNA. To confirm the quality of the

original samples of RNA and to serve as a positive

control, the same cDNA templates were used for

PCR with primers for the amplification of actin

CDNA, namely, 5'
-TCCATAATGAAGTGTGATGT-

-
3' and 5'

- GGACCTGACTCGTCATACTC -
3'. The

expected length of the amplified fragment of actin

cDNA was 259 bp and the products corresponded to

PnACTI (accession number in DDBJ, D78204),

PnACT3-1 (D78205), and PnACT3-3 (D78206).

To avoid saturation conditions, we determined the

appropriate number of cycles for each PCR.

2. 7In situ hybridization

Apical buds of 5 mm in length were fixed in a
solution of 10% formaldehyde, 5% acetic acid and

50% ethanol, embedded in wax (Paraplast plus;

Oxford Labware, St. Louis, MO, U.S.A.), and sec-
tioned. The 630-bp Pstl fragment of PnMADS1
CDNA was subcloned into pBluescript IIKS+ to

provide templates for T7 polymerase and T3 poly-

merase for the synthesis of sense and antisense

RNA probes. Probes for in situ hybridization were
labeled with digoxigenin- 11-rUTP with a nucleic

acid-labeling kit from Boehringer Mannheim Bio-

chemica (Mannheim, Germany). In situ hybridiza-

tion and immunological detection of the hybridized

probe were performed as described in the instruc-

tion from Boehringer Mannheim Biochemica.

3. Results

3.INucleotide sequence of PnMADSI CDNA and
the deduced amino acid sequence

PnMADSI cDNA was 906 bp long and contained

a 705-bp open reading frame that encoded a puta-

tive protein of 234 amino acids, as well as a 34-bp
5' non-coding region and a 167-bp 3' non- coding

region. The cDNA appeared to be nearly full-

length because it included a region that encoded a
complete MADS-boX domain, with a conserved
initiation codon and a polyadenylated tail. The
deduced amino acid sequence was typical of MADS
-box proteins from plants. The MADS-boX domain

was followed by an intermediate domain, a keratin-
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like domain, and a carboxy-terminal domain (Fig.

1; Ma et al., 1991).

3.2 Similarity to other proteins at the amino acid

level

The amino acid sequence deduced from

PnMADSI cDNA was used in a search for homol-

ogous proteins as described in Materials and Meth-
ods. Homology scores were relatively low but the

results of all searches were consistent (data not

shown). Similar genes, Iisted in descending order of

similarity, were AGL24. StMADS16. StMADS11,

AGL17 and AGL15. The amino acid sequence of

PnMADSI exhibits 53.2%, 52.3%, 46.4%, 32.5%
and 31.4% identical to AGL24, StMADS16,
StMADS11, AGL17 and AGL15, respectively.

StMADS11 and StMADS16 are MADS-boX genes
for vegetative proteins of potato that show some
similarity to AGL15 and AGL17 (Carmona et al.,

1998). AGL15 and AGL17 are members of the so
called 'orphan' group of MADS-boX genes that do

not belong in the well-characterized major family

of MADS-boX genes (Purugganan et al., 1995;

Rounsley et al., 1995, Perry et al.
,
1996). Results of

a phylogenetic analysis of amino acid sequences are

~
PnMADSl
AGL2 4
StMADS 16
StMADS Il

presented in Fig. 2. The phylogenetic analysis by
the neighbor-joining method indicated that

PnMADSI was distinct from other MADS-boX
proteins. We aligned the deduced amino acid se-

quence of PnMADSI with those of AGL24,
StMADS16, and StMADS11. As shown in Fig. l,

the MADS-boX domain of PnMADSI was some-
what different from those of the other somewhat
similar proteins.

3.3 Results ofSouthern and Northern analysis

To deternrine the genomic organization of the

Pn"~4:ADSI gene, we performed Southern hybridiza-

tion using genomic DNA from P. nil that had been

digested with EcoRI, BamHl, Hindlll and Xhol. The
probe that we used was part of the CDNA, namely, a
630-bp Pstl fragment that excluded the coding

sequence of the strongly conserved MADS domain.

Under stringent conditions, single hybridization

bands were obtained (Fig. 3). Our results indicated

that there was only one copy of the PnMADSI gene
in the genome of P. nil and confirmed that the probe

was highly specific to the Pn-a(LADSI gene. To
characterize the temporal and organ-specific ex-

pression of the PnMADSI gene, we performed

~

pnMADS1 61:~~:~ ~i::~~~~ali~~D~

..

AGL24 61:~~~N~ ~!S~~~~~~i~~~E-RD:~JsMDM'DE~'~~HH~+~

StMADS 16 61: VD
StMADS 11 61: RDSMDNPEQLHSS

StMADS16

Il8t:~~:~~ ~~
__

K~pnMADSI 12O;~LL ELQQL
AGL24 ll9

HKMEIM_K_GKL

* * * * * *

~-
1'~-'StMADSll 121 LVE

~NS

F~N~~A' N snj~1~S

T ~ ~~ ~ s~ ~ ~~ ~

l78:
PLL~Q~FTllD~:

--
S~l

TPQD~I' ~~j'e'~~;~8i.~i~~i.;:~~t TGpnMADSI 178:GQ L S
GL24 S174:~~~~~~~L

EEGQSSESII~TTNNPDQDDS
l73:-1'~

~{~JN~;GQ~VI~~~~~aD~IT

Fig' I Alignment of the amino acid sequence deduced from pnMADSI CDNA With those of

similar proteinst The amino acid sequences are giVen in the one-letter code and have

been aligned, With the introduction of gaps (---), to maximiZe possible hon]ology'

Amino acids that are identical in pnMADSI and other proteins are boxed. The MADS-
box domain (residues Ito 57) and the carboxy - terminal conserved motif are enclosed in

shaded boxesl Asterisks indicate common hydrophobic amino acids (L' I' V' and M) in the

region of the keratin- Iike domaini Asp at position 4 and Ala at position 52 are indicated

by vertical arrows



67

1oo
1oo

1Oo

78

1oo
94

~

1oo

AG
AGL1

AGL5

AGLI 1
AGL2

AGL4

AGL9
AGL3

AGL6

AGL13

AP1

CAL
AGL8

AP3

AG

AGL2

57

1oo

AGL6

1oo

60

AGL14

AGL

AGL15

AG

s
st1oo

53

82 Pn

Pl

^･,

lAP3
lPl

AGL12 orphan

AGL17

StMADSI 1
StMADSI6
AGL24

o,os PnMADS1
F!=1

Fig. 2 A phylogenetic tree of plant MADS - box

proteins based on the neighbor-joining method
(Saito and Nei, 1987). PnMADS1, StMADSll,
StMADS16 and characterized MADS - box pro-

teins from Arabidopsis were presented. The
horizontal branch length is proportional to the

estimated number of amino acids substitutions

per residue. (Bar=0.05 aa substitution per resi-

due). Numbers at the branch points represent the

bootstrap values for percentage of 1,000 replicate

trees. This is an unrooted tree. Nodes with

50% bootstrap support are collapsed. Sources of

the amino acid sequences are as follows: AG
(Genbank accession number P17839), AGL1
(P29381), AGL5 (P29385), AGLI I(AAC49080),
AGL2 (P29382), AGL4 (P29384), AGL9 (022456),

AGL3 (P29383), AGL6 (P29386). AGL13
(AAC49081), API (P35631). CAL (AAA64789),

AGL8 (Q38876), AP3 (P35632). PI (P48007),

AGL14 (CAB44326). AGL12 (AAC49085), AGLI5
(Q38847), AGL17 (AAD15571). StMADS11
(AF008652), StMADS16 (AF00865 1) and

AGL24 (AAC63139). The different gene groups

are indicated on the right as described

(Purugganan et al.
,
1995. Winter et al., 1999).

Northern blotting using total RNA extracted from
apical buds and several vegetative organs of P. nil.

Most samples of RNA did not yield any positive

kbp

23.13 -

9.42 -

6.56 ~

4.36 ~

2.32 -
2.o3 -

1 2 3
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Fig. 3 Southern hybridization. Genomic DNA was
prepared from Pharbitis nil cv. Violet. It was
digested with ECORI (lane 1). BamHI (lane 2),

HindIII (1ane 3) and Xhol (lane 4) and subjected

to Southern hybridization. Results after washing

under high - stringenc)' conditions are shown.

The probe used was the 32P-labeled 630-bp
Pstl fragment of PnMADSI CDNA. The mobi-

lities of marker fragments are shown on the left

in kilobase pairs (kbp).

signals (data not shown). However, weak signals

were detected in the case of apical buds harvested 7
days and 10 days after short-day treatment (data

not shown). The mRNAS Were about 1.0 kb long, as
estimated from the mobilities of rRNAS, which were
used as size markers.

3.4 Temporal and spatial expression of PnMADS1
mRNA

Northern hybridization yielded only weak signals.

Therefore, we applied a more sensitive method,

namely, RT-PCR and detected PnMADSI mRNA
in apical buds at all stages of development (Fig. 4).

The RNA isolated from other vegetative organs,
namely, roots, stems, petioles and cotyledons, did

not yield any signals. By contrast, positive controls

with actin-specific primers consistently gave posi-

tive results. We also examined the spatial expres-
sion of PnMADSI mRNA within apical buds at

different developmental stages by in situ hybrid-

ization (Fig. 5). At the early stage of development

of flower buds (3 day.s after floral induction),

PnMADSI was expressed in meristematic domains
(Fig. 5A). This pattern of expression was indis-
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Apical buds

SD

PnMADS1
285 bp

LD

O 72 h R Pc

Fig. 4 Detection of P,eMADSI mRNA by RT-PCR.
Total RNA isolated from apical buds, roots (R),

hypocotyls (H), petioles (P) and cotyledons (C)

was analyzed for the presence of PnMdDS1
mRNA by RT-PCR. Apical buds were har-

vested at the times indicated. Primers for RT-
PCR were specific for PnM4DSI and a gene for

actin (as an internal control). Products of RT-
PCR were separated on a polyacrylamide gel,

blotted onto a nylon membrane filter, allowed to

hybridize with 3~P- Iabeled specific probes, and

exposed to X-ray film for visualization. The
lengths of products of PCR specific for

PnMADSI and actin were 285 bp and 259 bp,

respectively.

tinguishable from that in vegetative meristems (data

not shown). In the floral meristems collected 7days

and 9 days after floral induction, we observed the

preferential accumulation of PnMADSI mRNA in

petals, stamens and ovule primordia but not in sepal

primordia (Figs. 5C and 5E). However, we detected

no hybridization signals in floral buds collected 14

days after floral induction (Fig. 5F). No significant

signal can be detected with the sense RNA (Fig. 5B
and 5D).

4. Discussion

We isolated the cDNA for a MADS-boX gene,

PnMADS1, from a CDNA Iibrary constructed from

apical buds of Pharbitis nil Choisy, cv. Violet after

the induction of flowering. The amino acid se-

quence deduced from PnMADSI did not correspond

to that of any of the major and well-characterized

MADS- box proteins. The most similar MADS-boX
gene wasAGL24, which exhibited 53.2% identity at

the amino acid level. Such homology was lower

than that between most MADS-boX genes in any
specific sub-family, which is usually more than

60% or 70%. MADS-boX proteins consist of sev-

eral domains, namely, a MADS-boX domain, an
intermediate domain, a keratin-like domain and a
carboxy-terminal domain (Ma et al., 1991,

Purugganan et al., 1995). These domains in

PnMADSI were distinct, as shown in Fig. 1. The

Fig. 5 In situ hybridization of PnMdDSI mRNA
Longitudinal sections of apical buds of Pharbitis

were allowed to hybridize with digoxigenin -
labeled antisense RNA (A, C, E, F) and sense

RNA (B, D) derived from a PnMADSI - specific

fragment of cDNA that excluded the coding

sequencc of the MADS-boX domain. Apical

buds were collected 3days (A, B), 7days (C, D),

9 days (E) and 14 days (F) after the short-day

induction of flowering. Bars indicate 50 /1 m.
Arrows in panel A indicate the meristematic

domains. Numerals in panel C refer to the whorls

that developed into sepals (1), petals (2), stamens
(3) and carpels (4).

most significant differences were an Asp residue at

position 4 and an Ala residue at position 52 in the

MADS-boX domain. MADS-boX domains in the

databases rarely contain these residues at these

positions. The sequences of MADS-boX domains
within a single sub -

family are usually much more
homologous to each other. It appears that PnMADS1
might be related to AGL24, StMADS16, and

StMADS11 but it is clearly not a member of the

same sub-family. This conclusion is supported by
the results of studies of gene expression. However,
there was a common motif in the carboxy-terminal

sequence (Fig. 1). This motif is weakly conserved

among members of the 'orphan group', namely,

AGL15 and AGL17 (Carmona et al., 1998). The

PnMADSI gene appears to be the gene for a novel

MADS-boX protein that is similar to members of

the orphan group of MADS-domain proteins

(Purugganan et al., 1995).

We studied the temporal and spatial patterns of

expression of the transcript of PnMADS1. Since

only faint signals corresponding to PnMADS1



mRNA were obtained by Northern hybridization,

we used RT-PCR and in situ hybridization to detect

transcripts. Expression of PnMADSI was restricted

to apical meristems during both vegetative and

reproductive growth. Expression of PnMADSI was
detected in meristematic domains fated to form the

inner three whorls, namely, petals, stamens, and

ovary, of the flower (Fig. 5). The pattern of expression

of PnMADSI at the late stage of flower develop-

ment is similar to that of TM5, a MADS-boX gene
in tomato (Pnueli et al., 1991) and to that of FBP2
of petunia (Angenent et al., 1992), in spite of the

very low degree of homology at the amino acid

level. However, TM5 and FBP2 are not expressed in

indeterminate vegetative shoot meristems (Pnueli et

al., 1991; Angenent et al., 1992). By contrast,

expression of TobMADSI
, a ubiquitously expressed

MADS-boX gene in tobacco is detectable in both

floral and vegetative organs of the tobacco plant

(Mandel et al., 1994). Similar results have been
reported for AGL3 of Arabidopsis (Huang et al.,

1995) and TM3 of tomato (Pnueli et al., 1991).

However, unlike PnMADSI
,
TobMADSI

,
AGL3 and

TM3 mRNAs are detectable in all organs of the

respective plants. StMADS16 and StMADS11 are

structurally similar to PnMADSI but their patterns

of expression are completely different. StMADS16
and StMADS11 are expressed in all vegetative

organs of potato plants, but not in floral tissues.

There are no reported data on the expression of

AGL24, to our knowledge. Thus, PnMADSI might

be a novel MADS-boX gene that is expressod

specifically in shoot meristems and that contributes

to the developmental program in both vegetative

and reproductive organogenesis
.
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