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

Seonghoe Jang and Gynheung An*
Department of Life Science, Pohang University of Science and Technology, Pohang 790-784, Korea

A cDNA clone, NsMADST1, was isolated from Nicotiana sylvestris. 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, NSMADST appears to be a new member of the MADS 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 factors (Singer and
McDaniel, 1986). Recent studies have revealed that
the determination of floral meristem and organ iden-
tity in angjosperms is controlled by a group of regula-
tory genes belonging to the MADS family (Yanofsky,
1995; Kang ct al., 1997). The MADS box genes also
play a major role in controlling a variety of plant
development factors.

We have isolated a ¢DNA clone from Nicotiana
sylvestris, in which floral primordia formation is induced
by long day conditions. The clone, NsMADST, con-
tains an open reading frame of 245 amino acid resi-
dues (Fig. 1). The NsMADS1 protein consists of the
56 amino acid (aa) MADS-domain, 35 aa | region, 65
aa K domain, and 88 aa C terminal region, which are
found in all plant MADS proteins. The protein is
highly homologous to other MADS proteins in the
SQUA subfamily, including potato POTM1-1 (82%
identity), wild potato SCM1 (78% identity), Arabidop-
sis AP1 (77% identity), and Antirrhinum SQUA (65%
identity) (Figs. 2 and 3). The NsMADS1 protein con-
tains 51* K and 60™ 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 based 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 AP1, CAL,
and SQUA, which are known to be activated early in
flower development to specify the identity of floral
meristems (Huijser et al., 1992). NsMADS1 belongs
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to the RHIN-motif group, which seems to play
diverse roles based on its expression pattern. For
examples, the POTM1-1 transcript was found ubiqui-
tously distributed in plants (Kang and David, 1996)
and the MdJMADS2 transcript was  preferentially
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Figure 1. Nudieatide and deduced amino acid sequences of
the NsMALDIST ¢DNA. MADS box and K box regions are
underined. A ¢DNA library was constructed using Lambda
ZAPII vector (Stratagene, La jolla, CA) and mRNA prepared
from young tloral buds (< 5 mm in lengthi of N. sylvestris.
The initial plague forming unit was 1.6 x 10°. The probe was
Arabidopsis APLTALAT (APT) ¢DDNA which was obtained by
PCR using two primers, 5" TCAAMAATGCGCAAGGCGTAG--
GGTTC 3" and 5 CTTCATGCGGUGAAGCAGCCAAGGT 37
The positions of nucleotides and amino acids are shown on
the left and right, respectively. The Nsil site, which was used
to generale the gene-specific probe of the 500 bp iragment,
is shown in italics. An asterisk (*) indicates a stop codon. The
Cenbank accession number of Ns\MADST is AF068725.



86 Jang and An

:'}'._}U‘\ L S A

R I e
ek k k ok ok kA ok ok ok ko kow ok ow ko
DR R R
PRk kN kR Nk Rk Rk w Rk ok ok r kR Qe R h ok ke kR ke ke k Rk x
Wk ok hhk okt ke kk hkh ok ok ok ko kb

Ch ko ks Ak kk kk ko k ok ke bk bR ADR K ks ks ko h kR ke b
I ¢

R R R R

J. Plant Biol. Vol. 42, No. 1, 1999

MADS-box

MGRGRVQLKRIENKINRQVTFSKRASGLLKKAHEISVLCDAEVGLIVFSTKGKLFEY

kR AQEk Ak Ak ok khkk Rk ke h ke k ke k ok ok ok xk

D R ok ok ek ko ko ok W R Y ® % *
Bk ok ow ok ow ko ok kR ow ok * ko * * * ok * % * hox ok ok ok ok * ok ko

Kk Rk kK r ko k ok w ok Kk ok Sk ok Wk ko ok kA ok ok ok k ko k

FAkk ks kkkkk sk bk kb kb bR A D kR r b E ok ke Rk kR kR ks TH Rk ko wk

R N AT Rl s R

ok ok ok ko

HERAQOA SR Ak ke k kR ok kA kDo ko ko k ko e

AR AR RS RS

Wk koW k[ F ok k ok ko kt*wl’vl\tlVAL',IT‘"l")l'-l(\i-i*titlit‘.'l‘tll‘lii w ok e w W
b, s () H

L = T B I VR

K-box

NsMADS1 LEHAKLKARLEVLQRNQRHYAGEDLDSLSMKELQNLEHQLDSALKHIRSRKNQLMHESISELQKK

_',\f‘)"r‘l.lli_] A ESEEEEEESEEEEEE N ERATEE R RSN .wr‘;-*.t.a+a1*-,,.‘-.ww«i««a—*kw*»-r»ﬁ*(f*ir@

I la J ok ok ko ok ko P RERT k1w w Tk N ek Fowh ok kR Tk ok ok k ok Rk ok ke ok b ok Rk Rk E ' 'Te
5CM1 el Ve * kardEKLAVr A REFCN * A AT Y]

Bpmusf: k**i—tt*lt*ﬁ*l—tvttKwF-‘Jwtwiw\kvy.lkqp*tvicr\lﬂ‘&wq*"‘-..‘\;,‘,(“\{vv-“_**}{'

MAMADS 2 i1&w**-«w.\I_Ixtiﬁ-t‘*e-&wa—?_{t.kaka+:Jt~-:&xo;-_rw--w-—tﬁk-(n-a-ﬁr'\_'*Yk.ﬁwiitrw

3 M*ERR*AG
*EYNR* R AR

M*YNR* * * K]

Mt\‘/:\'Ri*'}\-::iLtEkfﬁkithottQm‘.:

M*YSR***KIYL*E*****x+[**E*EP

TP w [ ok ow ok Rhow R T "l.wt'ﬂ‘tﬂr;"l—q*tkﬁf'tti""iotivi"‘ttt ok oW N e tiQw*j &
V¥ L H L*D**E 1 o I Y

1

I*E=* "***:4*'*"‘2;\}"-* SAAAEENIIERS LS AL RS EANERAI LRI LRSS S

'tl_"rnt*ﬁtquth;ﬂ'"k"'—'w&t‘vig.wil”rwkﬁw*}l-rvk-ﬂ\,'l-ttN*'jr{t

*.'itwr"wc;’t&"‘ﬁik}'\l APk b ek kY kN Ak

14 I’[:b-’ni—th)(E":‘i‘-l(*'rﬂttv'&'ﬁ:\iﬁiszHt*;‘:*

FAYGR AR A L TR ke AR R kP kR R APk A R TR R CE kR T A R RN E AT Rk kA YRk kR

C-terminal end

NsMADS1 YPTAG------ DNGEVEG--SSRQQQ--QNTVMPPFWMLRHLNG
:.:_')"'"‘M'l_'l tQN.I:_\IJ"r'__ _""\'r‘-‘.’*‘*~<:‘lN**Q‘. *(:;\_{A‘b]*tk"wow*imw
SCM1 SONTHV === xdxx s s v GN* QX CRAN* * * * * O~ *VRHLN*
BpMADSS ~ == =SQQAR*NGR-VDEGTPPHRA* ALLY * ** *RHLNQ
MAMADS2 SNYQAIRISEGIP*DNOQOYGDETPTPHRP*MLLL*A* IVRHLNE
EpMADS 3 L*CLNI----- -G*NYQ-EEAPEVRRNELELTLE* IYSC* *GCFAT
Saapl S*FLNM=== =~ =G*[,YQE PMEMRRNDLDLSLE* VYNCN*GCFAR

SQUA

S* FLNM---

JOMAMRRNDLII

VYNCN*GSFAR
MAMR-NDLE JYNCN*GCFAA
-G*LYQ*EDOTAMRRNNLD [YNY-*GCYAA
-GHTY * *ESANEDRRNELDLY Y *GCFAR

- =(3*

Figure 2. Multiple alignment of the amino acid sequences deduced from NsMADST and other MADS proteins in the SQUA
subfamily. The MADS-hox (A), K-box (B3, and C-terminal endl (C) regions were aligned. Gaps (hyphens) were introduced for the
maximum sequence homology. The asterisks (*) indicate identical amino acids to NsMADST.

present in developing fruit. The results in Figure 4
demonstrate that the NsSMADST transcript is present
in flowers, especially in sepals and carpels, but not in
vegetative organs such as leaves, stems, and roots of
mature plants and in seedlings. A similar expression
pattern was observed in a rice MADS gene,
OsMADST1, if palea/lemma were regarded as the first
whorl (Chung et al.,1994).

The tunctional role of the NsMADST 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 et al., 1988). Among the 10
transgenic plants tested, we did not observe any phe-
notypic abnormalities (data not shown). RNA blot
analysis showed that the NsMADST transcript was
detectable in leaves from all of the transgenic plants.
lhus, this method was unable o reveal the functional
role of the NSMADST gene. It is possible that
NsMADST may need another organ-specific factor to
control the expression of the larget 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.
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Figure 4. Expression of the NsMADST 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 *?P-labelled NsMADST 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 NsSMADST gene.
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