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NsMADS1, a Member of the MADS Gene Family from Nicotiana  veslris 

Seonshoe Jang and Gynheung An* 
Department of Life Science, Pohang University of Science and Technology, Pohang 79()-784, Korea 

A cDNA clone, NsMADS1, was isolated from Nicotiana syIvestris. Sequence homology analysis indicated that the gene 
is a member of the SQUA subfamily. Its transcript was detectable primarily in reproductive organs , especially in 
sepals and carpels. When the gene was expressed ectopically in tobacco plants, no phenotypic alteration was 
observed. Thus, NsMADSI appears to be a new member of the MAIDS gene family. 
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Reproductive success in plants depends on their 
ability to initiate flower development. Flowering is 
controlled by various environmental factors, such as 
photoperiod, temperature, and nutrient availability, 
and also by programmed genetic fac'tors (Singer and 
McDaniel, 1986). Recent studies have revealed that 
the determination o1 floral meristem and organ iden- 
tity in angiosperms is controlled by a group of regula- 
tory genes belonging to the MADS family (Yanofsky, 
1995; Kang et al., 1997). The MADS box genes al~) 
play a major role in controlling a variely of plant 
development factors. 

We have isolated a eDNA clone from Nicotiana 
sylve.stris, in which floral primordia formation is induced 
by long day conditions. The clone, NsMAD51, con- 
tains an open reading frame of 245 amino acid resi- 
dues (Fig. I~. The NsMADSI protein o)nsists of the 
56 amino acid (aa) MADS-domain, 35 aa I region, 65 
aa K domain, and 88 aa C terminal regi()n, which are 
found in all planl MADS proteins. The protein is 
highly homologous to other MADS proteins in the 
SQUA subl~mil~ including potato POFMI-I (82% 
identity), wild potato SCM1 (78% identity), Arabidop- 
sis APt (77% identity), ancl Antirfl}inum SQUA (65% 
identity) (Figs. 2 and 3). The NsMADSI protein con- 
tains 51~t K and 60 th D, which are characteristic of the 
MADS domain in the SQUA subfamily ~Theissen et 
al., 1996). The SQUA subfamily proteins can be 
divided into two groups bas{.vJ on conserved 
sequences in the C terminal region; one contains the 
GCFA motif and the other contains the RHLN motif 
(Fig. 3). The GCFA-motif group includes APt, CAL, 
and SQUA, which are known to be actiwCed early in 
flower development to specify the identity of floral 
meristems (Huijser et al., 1992~. NsMADSI belongs 
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to the RHI.N-motif group, which seems to play 
diverse roles based on its expression pattern. For 
examples, Ihe POTMI-I transcript was found ubiqui- 
tously distributed in plants (Kang and David, 1996) 
and the MdMADS2 transcript was preferentially 

Figure I. Nudeotide and dedu( ed amino acid .~quences of 
the N.sMAl)51 eDNA. MADS t~)x and K l~)x regions are 
underlined. A eDNA library was c:onstructed using Larnbda 
ZAPII vc~'tor (Stralagene, La jolla, CA) and mRNA prepared 
from young iloral buds (< 5 mm in lenglhl of N. sylvestris. 
The inilial plaque forming unil was t .6 x 10". The probe was 
Arabidop.sg APETAIA1 (API~ eDNA which was obtained by 
P('.R using Iw,)primers, 5' I'CA.%,M, ATGGGAAGGGGTAG-- 
GGI3"C 3' and 5' CTrCAJ(;CGG( :GAAGCAGCCAAGGT 3'. 
The position~ of nucleotides and ~lmino acids are shown on 
the left and right, respectiw, l~: l he N.sil site, which was u~.~d 
to general.e the gene-sl.~,cific prohe of the 500 bp fragment, 
is shown in italics. An asterisk (*) indicates a stop cr215 The 
C;enbank ac~ essi(~n number of N.~MAI.)51 is AF068725. 
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Figure 2. Multiple alignment of the amino acid S~luences deduced from NsMADNI and other MADS proteins in the SQUA 
subfamily. The MADS-IxJx (A), K-l~x (B.~, and C-lerminal end (C) regions weff~ aligned. Gaps (hyphens) were intrcx-luced for the 
maximum sequence homology. ]'he a.~terisks (*) indicate idenlir amin~ acids to NsMADSI. 

present in developing fruit. The results in Figure 4 
demonstrate that the NsMADS1 lranscript is presenl 
in flowers, especially in sepals and ~klrpels, but not in 
vegetative organs such as leaves, stems, and roots of 
mature plants ancl in seedlings. A similar expression 
pattern was observed in a rice MADS gene, 
OsMADS1, if palea/lemma were regarded as the first 
whorl (Chung el al.,1 994). 

The functional role of the NsMADS1 gene was 
investigated by ectopically expressing the gene in 
transgenic tobacco plants. The cDNA clone was put 
under control of the CaMV 35S promoter, and the 

chimeric molecule (pGA1577) was introduced into 
tobacco plants by the Agrobacterium-mediated trans- 
formation technique (An el al., 1988). Among the 10 
lransgenic plants tesled, we did not observe any phe- 
no,typic ,Ibnormalities (data n~t shown). RNA blot 
analysis showed that the NsMADSI transcript was 
deteclable in leaves from all of the transgenic plants. 
lhus, this meth~l w~s unable l~ reveal the functional 
role oI" the NsMAD51 gene. It is possible that 
N.~MADSI may ne~l another ~rgan-specific fador to 
control the expression of the larger gene (Chung et 
al.. 1998). Further studies are required to understand 
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Figure 3. Phylogenic tree for NsMADS1 and other MADS 
proteins in the SQUA subfamily. Shown is a neighbor-joining 
method tree based on the amino acid sequences. 

Figure 4. Expression of the NsMADS1 gene in different 
organs of tobacco plants. Twenty-five micrograms of total 
RNA was loaded on each lane. The RNA blot was hybrid- 
ized with ~2P-labelled NsMADS1 probe, which was prepared 
from a cDNA fragment lacking the MADS-box region. 1, 15- 
day-old seedlings; 2, mature stems; 3, mature leaves; 4, 
roots from mature plants; 5, sepals; 6, petals; 7, stamens; 8, 
carpels. Ethidium bromide staining of rRNAs is shown to 
ensure equal amounts of RNA loading. 

the function of the NsMADS1 gene. 
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