
V
D
A
IS
C
A
h

 
 
 
 
 

Re
 

1

 
 
INT
 
Am
flow
Abo
con
initi
in A
gen
me
gen
play
and
 

*C
 
#T
 
Au
Int

Vol. 13(52), pp
DOI: 10.5897/A
Article Numbe
SSN 1684-5315
Copyright © 20
Author(s) retain
http://www.ac

eview 

Think

1College of Bi

2Key Labora

Due to the 
study of de
gained wor
of the gene
lags behind
characteriz
area. 
 
Key words:

TRODUCTION

mong the mult
wer formation
out 20 years
ntrol of flowe
ially based o
Arabidopsis th
netic regulat
ristem also b
nes, transcrip
y crucial role
d Fletcher, 2

Corresponding a

These authors c

uthor(s) agree t
ternational Lice

. 4673-4679, 24
AJB11.3885 
r: xxx 

5  
014 
n the copyrigh
cademicjourn

ing ou

Na Li1,2#,

iological Scie

atory of Agricu

3Liaoning Ac

importance 
evelopmenta
ldwide attent

etic control o
d that of dic
ation and fu

 Maize spikel

N 

titude of deve
n is the most
s ago, the A
er developme
n the analysi
haliana and A
tory network
egan to be el

ption factors, e
s in the whol

2005). Poace

author. E-mail:

contributed equ

that this article
ense 

4 December, 

ht of this article
als.org/AJB 

t of th
sp

, Yanfei Liu

nce and Tech

ultural Biotech

cademy of Ag

Receiv

of maize as
al biology in 
tion. Unfortu

of the maize 
cots. Here, w
unction of MA

let, ABC mod

elopmental ph
t exciting and
ABC model f
ent was prop
s of floral ho

Antirrhinum m
k of floweri
ucidated upo
especially MA
le regulation 
ae (grasses)

 hgli20108@gm

ually to this stud

 remains perm

 2014  

e 

e box:
pikelet 
u1,2#, Ming 

hnology, Shen

hnology of Lia
Liaoning 1

gricultural Scie

ved 1 December, 

s an agricult
monocots, 

unately, altho
spikelet ove

we review th
ADS-box gen

el, MADS-box

hases in plan
d complex on
for the gene
posed and w
omeotic muta
majus. Later, t
ing and flo
n. Among the

ADS-box gene
network (Kriz
) is one of t

mail.com.  

dy. 

anently open a

 MADS
develo

 
Zhong1,2, M

 
nyang Agricult

China. 
aoning Provin
110866, P. R.
ences, Sheny

 
2011; Accepted 

 

ural crop an
it is natural

ough much p
er the last de
he developm
nes with the

x genes, regu

nts, 
ne. 
etic 
was 
nts 
the 
oral 
ese 
es, 
zek 
the 

most 
many
are a
and l
basis
Ambr
wheth
of dic
of gra
the g
the m

access under th

Afric

S-box 
opmen
Min Jiang3

tural Universi

nce, Shenyan
 China. 
yang, Liaonin

24 November, 2

nd its stature
 that resear

progress has
ecade, the d
ental feature

e hope of sti

ulation. 

species-rich
y economical
arranged in sp
lodicules are

s for the cla
rose, 1998). 
her they are 
cot flowers. Th
ass spikelets 
genetic contro
molecular evol

he terms of the

can Journ

genes
nt 
3 and Haog

ity, Shenyang

g Agricultural

g 110161, P. 

2014 

e as an idea
rch into its g
s been made 
depth of rese
es of the ma
imulating fur

h flowering p
ly important 
pikelets, in wh
 characterist
assification o
However, it 
equivalent to
hus, more res
will provide 

ol of monoco
lution of the g

e Creative Com

al of Biote

 and m

ge Li1,2* 

g, Liaoning 11

l University, S

R. China. 

al model plan
genetic struc
in our under

earch in this 
aize spikelet
rther researc

lant families 
crops. Flowe
hich glumes, 
ic organs an
of grasses (
still remains 
 the bract, se
search on the
a further und

ot flower deve
grass-specific

mmons Attributi

echnolog

maize 

0866, P. R. 

Shenyang, 

nt for the 
cture has 
rstanding 
field still 

t and the 
ch in this 

and include
ers of grasses
lemma, palea

nd serve as a
(Schmidt and
 controversia
epal and peta
e developmen
derstanding o
elopment and

c floral organs

on License 4.0

 

y 

s 
s 
a 
a 
d 
al 
al 
nt 
of 
d 
s.  

0 



467
 
 
 

 
 
 
As 
wor
mo
pos
abu
gen
Add
ma
dev
und
reg
cula
rev
spik
zat
flow
 
 
TH
SP
 
Ma
inflo
res
stag
Eac
low
flor
sta
pist
two

74         Afr. J.

 
Fig
ea
in 
sta

one of the 
rld, maize (Z
del plant for 
ssesses all of
undant deve
nome, and a 
ditionally, unli
ize is a mo
velopment of 
derstanding m
ulation mech
ar evolution o
iew, we sum
kelet develop
ion and funct

wer organ dev

E DEVELO
IKELET 

ize is a mono
orescence on
pectively (Fi
ge, tassel a
ch spikelet c

wer floret, wh
ret consists o
mens and a 
tils cease to d

o unisexual flo

. Biotechnol. 

gure 1. Maize 
arly developmen
the floret of ma

amen; lo, lodicu

most importa
Zea mays L. 

grass develo
f the followin
lopmental m
good synten

ike rice produ
onoecious pla

maize spike
monocot pla
hanism of se
of the grass-s
marize recen

pment, mainly
tional study o
velopment. 

PMENTAL 

oecious plant
n a terminal 
igure 1A). A
nd ear both

contains two 
ich are subte

of a lemma, a
pistil (Figure

develop in the
orets form as 

plant and floral 
ntal stage, the s
ale spikelet (up)
ules; pa palea, l

ant agricultur
ssp. mays) 

opmental bio
g: a rich gen

mutants, a fu
ny with other 
ucing hermap
ant. Thus, re
lets will contr
nt flower de

ex determinat
specific floral
nt findings co
y focusing on
of MADS-box 

STRUCTURE

t that forms m
tassel and o

At an early 
h initiate bise

florets, the 
ended by two
a palea, two 
e 1B). Later i
e floret of mal
a result of th

development. (
spikelet is bisex
) and the stame
e lemma; gl, glu

ral crops in t
is an importa
logy because
etic history a
ully sequenc

grass specie
phrodite flowe
esearch on t
ribute largely

evelopment, t
tion, and mo
l organs. In t

oncerning ma
n the characte

genes in ma

E OF MAI

male and fema
on lateral ea

developmen
exual spikele
upper and t

o glumes. Ea
lodicules, thr
n developme
e spikelets, a
e pistil abortio

(A) Mature maiz
xual. (C) Mature
ens arrest in the
ume. 

the 
ant 
e it 
and 
ced 

es. 
ers, 
the 

y to 
the 
ole-
his 
ize 
eri-
ize 

ZE 

ale 
ars, 
ntal 
ets. 
the 
ach 
ree 
ent, 
and 
on; 

while 
stame
spike
There
the p
stame
appro
 
 
THE 
  
MADS
that p
the re
(Ciaff
revea
sever
box g
mono
struct
venin
so ca
2002)
termin
the 
activa
MADS
been 
major
AG, A
TM3, 

ze plant. (B) M
e spikelet.  Late
e floret of female

 in female 
ens in the up

elet bearing 
efore, unisex
rocess of sele
en primordiu
opriate time (T

CHARACTER

S-box genes 
play crucial ro
egulation of 
fi et al., 2011
aled that the 
ral defined ge
genes that a
ophyletic sup
tural organiz

ng (I-), keratin
alled MIKC-ty
) (Figure 2)
nal domain p
MADS-box 

ation (Theiss
S-box genes
identified in a

r subfamilies 
AGL6, AGL1
 AGL2, AG

Maize floral deve
er in developme
e spikelet (below

spikelets, t
pper floret ab
a single fe

xual flowers i
ective arrest 
um within a
Thompson et

RISTICS OF 

encode a fam
oles in highe
floral develo

1). Previous 
MADS-box g
ene clades. A

are currently 
perclade of 
zation, includ
n-like (K-) an
ype domain 
). Some con
play an import

protein co
sen et al., 

s that regulate
angiosperms 
by phylogeny

12, AP3/PI, G
GL17, AP1/S

elopment. At an
ent, pistils arrest
w). Pi, pistil; st,

he lower flo
bort, resulting

emale floret 
in maize are
and abortion 
a bisexual 
t al., 2009). 

MADS-BOX 

mily of transc
er eukaryotes
opment in flo
phylogeny re
ene family is

Almost all the
known are m
genes with 

ding a MADS
nd C-terminal

structure (M
nserved moti
tant role in th
mplex and 
1996). Man

e floral deve
and can be d

y reconstructi
GGM13 (Bs),
SQUA, AGL1

 

n 
t 
, 

oret and the
g in each ea
(Figure 1C)

e achieved by
of the pistil o
floret at the

GENES 

cription factors
, especially in

owering plant
econstruction
 composed o

e plant MADS
members of a

a conserved
S (M-), inter
 (C-) domain

Münster et al
ifs in the C
e formation o

transcription
ny MIKC-type
lopment have

divided into 12
ons, including
, STMADS11
15 and FLC

e 
ar 
). 
y 

or 
e 

s 
n 
s 
s 

of 
S-
a 
d 
r-
n, 
., 

C-
of 
n 
e 
e 
2 
g 
1, 
C



 
 
 

 
 
 
(Be
box
rep
reg
me
(Ta
gen
gen
awa
 
 
MA
 
Stu
Ant
tha
wor
hold
flow
who
alo
who
bee
res
al., 
the 
for 
200
whi
som
(Go
gen
type
act 
Ara
APE
gen
C g
one
in A
kno
(SE
gen
flor
the
the 
hav

 
Figure 

ecker and The
x genes, be
ported from 

ulation of flor
ristem, flowe
ble 1) (Zhao
nes are functi
nes in dicot p
ait verification

AIZE HOMEO

udies on the t
tirrhinum hav
t explains ho
rk together to
ds that A-cla

wer whorl, A p
orl, B plus C 
ne are need
orl (Coen and
en expanded 
ponsible for 
1995), and 

 normal expre
the formatio

00; Ditta et a
ich will deve
me scholars 
oto et al., 20
ne AP2, all of
e MADS-box
by forming d

abidopsis, th
ETALA1 (AP
nes, APETALA
gene, AGAM
e class D gen
Arabidopsis a
own as AGL2 
EP1, 2, 3, 4)
nes will result
ral organs in
se genes are
 candidate cl
ve been obtai

2. Domain stru

eissen, 2003
elonging to 
maize and a
ral organ iden
ring time and

o et al., 2011
onally conser
plants, while 
n. 

OTIC MADS-B

wo model eu
ve led to the 
ow three clas
o specify flora
ass genes sp
plus B genes 
genes give ri
ed for carpe

d Meyerowitz,
to incorporat
the developm
E-class gene
ession of A, B
n of function

al., 2004). D 
elop into see

define the 
001). With th
f those genes

x family of tra
dimers and co
ere are two

P1) and APE
A3 (AP3) and

MOUS (AG) (T
ne, SEEDSTI
are represent
subfamily), n

) (Ditta et al.
t in homeotic 
to organs of

e also called 
lass A, B, C, 
ned by cDNA

cture of plant M

). So far, at l
9 subfamilie
are widely i

ntity, determin
d the develop
1). Some ma
rvative with th
the function

BOX GENES 

dicot plants A
classic gene

sses of gene
al organ iden
pecify sepal 
specify petal
se to stamen

el developme
, 1991). Later
te D class ge

ment of ovule
es, which are
B , C and D c
nal complexe
class genes 
eds after po
model as “A

he exception 
s are membe
anscription fa
omplexes of 
o different c
ETALA2 (AP2
d PISTILLATA
Theissen et 
IK (STK). The
ted by SEP-l
namely SEPA
, 2004). Mut
conversions 
f adjacent flo
homeotic gen
D and E ge

A cloning, but 

MIKC-type MADS

east 32 MAD
es, have be
nvolved in t

nacy of the flo
pment of see
aize MADS-b
heir orthologo
s of others s

Arabidopsis a
etic ABC mod
s (A, B and 

ntity. This mod
fate in the fi
ls in the seco

ns, and C gen
nt in the fou
r, the model h
enes, which a
es (Angenent
e necessary 
class genes a
s (Pelaz et a
specify ovule

ollination. Th
ABCDE mod

of the A-cla
ers of the MIK
actors and th
higher order.

class A gene
2), two class
A (PI), one cla
al., 2000), a

e class E gen
ike genes (a

ALLATA1, 2, 3
tations of the
of the regulat
oral whorls, 
nes. At prese
nes from ma
it is still uncle

S-box protein. 

DS-
een 
the 
oral 
eds 
box 
ous 
still 

and 
del 
C) 
del 
irst 

ond 
nes 
urth 
has 
are 
 et 
for 

and 
al., 
es, 
us, 

del” 
ass 
KC-
hey 
 In 
es, 
 B 

ass 
and 
nes 
lso 

3, 4 
ese 
ted 
so 

ent, 
ize 
ear 

wheth
with 
(Mün
indica
functi
Koba
 
 
Putat
 
By cD
Müns
relatio
and O
to con
al., 2
sepal
gives
that Z
but n
patter
Addit
ZMM
(Itoh 
corre
befor
ment
functi
 
  
Putat
 
Comp
genes
mono
ortho
expre
type 
stame
struct
homo
homo
there 
ZMM
in Ar
(2004
intera

her the functi
the homolog
ster et al., 
ations have 
ional analysi

ayashi et al., 2

tive A-class 

DNA isolation
ster et al. 
onship amon
OsMADS15 in
ntrol the diffe

2010), two flo
ls, whereas 

s us a limited 
ZAP1 was ex
ot in anthers 
rn of AP1 in
tionally, two 

M15, are ortho
et al., 20

sponding mu
re it can be
ioned maize 
ions. 

tive B-class 

pared to clas
s have been
ocots and e
logous gene

essed in anth
plants, si1 m
ens to carpe
tures, which 
ologous org
ologous to pe
 are at least 

M18 and ZMM
rabidopsis (W
4) have dem
acting in vitro

ion of these g
gous genes 
2002). Desp
been gaine

s of rice ort
2010; Wang e

genes in ma

n and phylog
(2002) have

ng ZAP1 in m
n rice. OsMA
rentiation of l
oral organs p
until now on
clue of ZAP1

xpressed in le
and carpel, s

n Arabidopsi
other MADS

ologous gene
005). Becaus
utants, more s
e determined
MADS-box 

genes in ma

ss A genes, 
n proved to 
udicots. Silk
e of AP3 i
hers and lod

mutants showe
els and lodic
suggest that 
ans to sep
tals (Ambrose
three class B

M29, which ar
Whipple et a
monstrated th

with Si1, as w

Li et

genes is fully
of dicotyled

pite this, so
ed from the 
thologs (Cui 
et al., 2010).

aize 

genetic seque
e found an
maize, AP1 in
ADS15 has be
lemma and pa
positionally o
nly northern 
 as a putative

emma, palea 
similar with th
is (Münster 
S-box genes
es of AP1 and
se of the 
supporting da
d whether o
genes have 

aize 

the function
be conserva

ky1 (Si1) in 
in Arabidops
icules. Comp
ed homeotic 
cules to pale
palea/lemma

pals and l
e et al., 2000
B genes in m
re orthologou
al., 2004). W
hat ZMM16 i
well as with th

t al.         4675

 

y conservative
donous plants
me importan

comparative
et al., 2010

ence analysis
n orthologou
n Arabidopsi
een confirmed
alea (Wang e

orthologous to
blot analysi

e A class gene
and lodicules
he expression
et al., 2002)

s, ZMM4 and
d OsMADS14
lack of the

ata is required
or not these
strict class A

ns of class B
ative between

maize is an
sis. Si1 was
pared to wild
conversion o
ea/lemma-like

a in maize are
odicules are
). Additionally
aize, ZMM16
s genes of P

Whipple et a
is capable o

he orthologou

5 

e 
s 

nt 
e 
0; 

s, 
s 
s 
d 

et 
o 
s 
e 
s, 
n 
). 
d 
4 

e 
d 
e 
A 

B 
n 
n 
s 

d-
of 
e 
e 
e 
y, 
6, 
PI 
l. 

of 
s



4676         Afr. J. Biotechnol. 
 
 
 
Table 1. MIKC-type MADS-box genes in maize. 
 

Subfamily Gene Expression domain Putative function References 

AG 

ZAG1 Carpel, anther AG orthologous gene Schmidt et al., 1993 
ZAG2 Mature carpel STK orthologous gene Schmidt et al.,1993; Theissen et al., 1995 
ZMM1 — STK orthologous gene Theissen, 1995 
ZMM2 Anther AG orthologous gene Theissen, 1995 
ZMM23 — AG orthologous gene Münster et al., 2002 
ZMM25 — STK orthologous gene Münster et al., 2002 

AGL2 

ZMM3 — SEP-like gene Kobayashi et al., 2010 

ZMM6 
Developing kernels and vegetative 
tissues 

SEP-like gene Lid et al., 2004; Kobayashi et al., 2010 

ZMM7 — SEP-like gene Fischer et al., 1995 

ZMM8 Upper floret meristem SEP-like gene 
Cacharrón et al., 1999; Kobayashi et al., 
2010     

ZMM14 Upper floret meristem SEP-like gene 
Cacharrón et al., 1999; Kobayashi et al., 
2010     

ZMM24 Spikelet meristem SEP-like gene Kobayashi et al., 2010 

ZMM27 
Developing kernels and vegetative 
tissues 

SEP-like gene Lid et al., 2004; Kobayashi et al., 2010 

ZMM31 Spikelet meristem SEP-like gene Kobayashi et al., 2010

AGL6 

ZAG3 
Floral meristem, palea,  lodicule, 
carpel 

meristem gene 
Becker and Theissen, 2003; Thompson et 
al., 2009 

ZAG5 Carpel — 
Becker and Theissen, 2003; Thompson et 

al., 2009 

AGL17 
ZmMAD
S2 

Anther, pollen tube Anther dehiscence Schreiber et al., 2004 

PI 
(DEF/ 
GLO) 

SILKY1 Anther, lodicule primordium AP3 orthologous gene Ambrose et al., 2000 

ZMM16 — PI orthologous gene Whipple et al., 2004 
ZMM18 — PI orthologous gene Whipple et al., 2004 
ZMM29 — PI orthologous gene Whipple et al., 2004 

SQUA 

ZAP1 Lemma, palea, lodicule AP1 orthologous gene Münster et al., 2002 

ZMM4 
Leaf primordia, young 
inflorescence 

Early  flowering Danilevskaya et al., 2008 

ZMM15 — — Danilevskaya et al., 2008 
ZMM28 — — Münster et al., 2002 
ZmMAD
S3 

Stem node, egg cell Meristem gene, fertility Heuer et al., 2001 

STMADS11 

ZMM19 — Tunicate1 Han et al., 2012; Wingen et al., 2012 
ZMM20 — — Münster et al., 2002 
ZMM21 — — Münster et al., 2002 
ZMM26 — — Münster et al., 2002 

TM3 
ZmMAD
S1 

Egg cell, central and antipodal 
cells 

— Heuer et al., 2001 

Bs ZMM17 Inflorescence, ovule 
Reprodutive organs 
evolution 

Becker et al., 2002 

 
 
 
AP3. They have also shown that maize B-class genes are 
capable of rescuing the corresponding Arabidopsis B-
class mutants, providing additional evidence of class B 
conservation (Whipple et al., 2004). Though there is still 
lack of studies on maize PI-genes related mutants, 
several lines of evidence from rice give us clues about 
their possible functions. Using RNAi and yeast two-hybrid 

strategy, OsMADS2, rice orthologous gene of ZMM16, 
has been proved to play an important role in lodicule and 
stamen development; in contrast, OsMADS4, orthologue 
of  ZMM18 and  ZMM29, mainly takes part in stamen 
development (Prasad and Vijayraghavan, 2003; Yoshida 
et al., 2007; Yao et al., 2008). Thus, at least to some 
extent, we can make an easy speculation that, as putative 



 
 
 
 
class B gene, duplicated PI clade MADS-box genes may 
function redundantly in maize stamen and lodicule 
development. 
 
 
Putative C-class genes in maize 
 
The typical class C gene of Arabidopsis AG is involved in 
controlling of floral determinacy and specification of 
carpel and stamen identity (Yanofsky et al., 1990; Coen 
and Meyerowitz, 1991). Such C gene activity may be 
diversified in maize because of gene duplication event. 
Maize contains two subclades of putative C-lineage 
genes, ZAG1 and ZMM2/ZMM23 (Kramer et al., 2004; 
Zahn et al., 2006; Dreni et al., 2007). The speculation 
about maize C function diversification is supported by the 
observations from their rice orthologous genes. A 
knockout line of OsMADS3 (orthologous to 
ZMM2/ZMM23) and OsMADS58 (orthologous to ZAG1) 
showed that both gene function as C-class genes. 
However, OsMADS3 had a stronger role in specifying 
stamen identity and OsMADS58 was more relevant in 
conferring floral meristem determinacy and in regulating 
carpel morphogenesis (Yamaguchi et al., 2006). Similarly, 
in the maize zag1 mutants, floral meristem determinacy 
was partially lost, whereas stamens were almost normal 
in male flowers, suggesting that other class C genes, 
such as ZMM2 and ZMM23, may be responsible for 
stamen specification. The expression pattern of ZAG1 
and ZMM2 was consistent with this hypothesis; ZAG1 is 
mainly expressed in carpels, while ZMM2 is mainly 
expressed in anthers (Schmidt et al., 1993; Theissen et 
al., 1995; Mena et al., 1996). On the basis of these 
indications, ZAG1 probably specifies floral meristem 
determinacy and ZMM2/ZMM23 may specify organ 
identity of stamens, though mutants of ZMM2/ZMM23 
have not yet been identified. 
 
 
Putative D-class genes in maize 
 
Arabidopsis contains only one D class gene STK, which 
is involved in ovule development and seed dispersal 
(Pinyopich et al., 2003). By contrast, maize has three 
duplicated D class genes: ZMM1 and ZAG2, together 
with rice OsMADS13, Brachypodium BdMADS2 and 
wheat TaAG-3, belongs to one subclade, and ZMM25 lies 
in another subclade with OsMADS13, BdMADS2 and 
TaAG-4, according to phylogenetic analysis of D-lineage 
gene among grasses (Pinyopich et al., 2003; Paolacci et 
al., 2007; Ciaffi et al., 2011; Wei et al., 2013). Similar to 
STK gene, ZAG2 primarily expressed in carple and ovule 
(Schmidt et al., 1993; Lopez-Dee et al., 1999). However, 
till now no more information have been gained about 
maize D class genes. Fortunately, recent studies on their 
grass counterparts may provide some interesting clues. 
Besides, expressing with a similar pattern with ZAG2, the  
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osmads13 knock-out mutant was completely female 
sterile, and its ovules were converted into a reiteration of 
ectopic carpels or into more amorphous structures with 
carpel identity (Dreni et al., 2007). Interestingly, knock-out 
of osmads21 had a normal phenotype; moreover, 
osmads21 could not modify the osmads13 phenotype 
(Dreni et al., 2007). These data suggest that OsMADS13 
plays a role in ovule identity determination and floral 
meristem determinacy, while OsMADS21 has probably 
lost this function during evolution (Dreni et al., 2007). In 
line with this, expression pattern and functional diver-
gence have also been revealed among D lineage genes 
in wheat and Brachypodium (Paolacci et al., 2007; Wei et 
al., 2013). More or less, such divergence may also lie in 
the putative maize D class genes. 
 
 
Putative E-class genes in maize 
 
In Arabidopsis, class E genes function as cofactors with 
class A, B, and C genes, and in the absence of all four 
SEP genes, floral organs are transformed into leaf-like 
structures (Pelaz et al., 2000; Ditta et al., 2004). At least 
eight class E genes have been identified in maize and 
five in rice (Zahn et al., 2005; Arora et al., 2007; Cui et 
al., 2010; Ciaffi et al., 2011). Sequence analysis showed 
that ZMM8 and ZMM14 are orthologous to OsMADS1 
(LHS1) in rice (Cacharrón et al., 1999). ZMM3 is ortho-
logous to OsMADS5, ZMM6 is orthologous to OsMADS7, 
ZMM27 is orthologous to OsMADS8, and ZMM24 and 
ZMM31 are orthologous to OsMADS34 (PAP2) 
(Kobayashi et al., 2010). ZMM8 and ZMM14 are found 
expressed in the all floral organs of the mature upper 
floret, but not in the lower floret. Cacharrón claimed that 
ZMM8 and ZMM14 work as selector genes to distinguish 
the upper from the lower floret during spikelet 
development (Cacharrón et al., 1999). In other words, 
ZMM8 and ZMM14 may be involved in conferring the 
identity or determinacy of the upper floret meristem, or 
they may prevent the conversion of the floret meristem 
into a spikelet meristem. In situ hybridization experiments 
revealed that ZMM6 and ZMM27 are not expressed 
during the vegetative growth period of maize, weakly 
expressed in the development of inflorescence, and 
strongly expressed during maize kernel development. But 
neither single mutant nor the zmm6 zmm27 double 
mutant displays any obvious abnormities in kernel or 
flower development, suggesting that other SEP-like 
genes may provide functional redundancy with ZMM6 
and ZMM27 (Lid et al., 2004) . 

Rice has five SEP-like genes, OsMADS1, OsMADS5, 
OsMADS57, OsMADS8 and PAP2/OsMADS34, whose 
functions are similar to SEP-like genes in Arabidopsis 
(Agrawal et al., 2005; Prasad et al., 2005; Cui et al., 
2010; Kobayashi et al., 2010). However, it is still unclear 
whether the precise function of SEP-like genes in maize 
is  conservative to the orthologous  genes  in Arabidopsis 
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or rice (Malcomber and Kellogg, 2004). Some research 
shows that the SEP-like genes in grass have a complex 
genetic lineage and a variety of expression patterns. 
These findings indicate that the SEP-like genes in grass 
are likely to undertake more function than their orthologous 
genes in Arabidopsis (Malcomber and Kellogg, 2004). 
However, it is still unclear whether the precise function of 
SEP-like genes in maize is conservative to the ortho-
logous genes in Arabidopsis or rice (Malcomber and 
Kellogg, 2004). Some research shows that the SEP-like 
genes in grass have a complex genetic lineage and a 
variety of expression patterns. These findings indicate 
that the SEP-like genes in grass likely have additional 
functions to their orthologous genes in Arabidopsis 
(Malcomber and Kellogg, 2004). 
 
 
PROSPECTS 
 
Because of the agricultural and biological importance of 
maize, research on the roles of MADS-box genes in 
maize spikelet development has attracted worldwide 
attention. Although, research indicating that MADS-box 
genes regulate maize spikelet development has made 
great progress, it is still in the early stages. Many maize 
MADS-box genes were obtained by homologous cloning, 
but their expression patterns and function still remain 
unclear. The accumulating data from studies on MADS-
box genes in dicots provide a guideline for the research 
of MADS-box genes in maize spikelet development. 
However, because of the unique floral structure of maize, 
whether or not the research of MADS-box genes in 
Arabidopsis can be applied to maize and other important 
crops needs to be verified by more powerful and diverse 
technologies. These could include isolation of maize 
mutants in related to MADS-box related genes, 
expression profiling of MADS-box genes, and the 
comparative study of their regulatory networks, and 
implementation of the maize Floral Genome Project 
(FGP). All of these studies will help to explore the 
function of MADS-box genes in maize and broaden our 
understanding of the molecular development and 
evolution of maize and other grass spikelets. Acquiring 
more understanding of MADS-box genes in maize 
spikelet development will promote awareness of the floral 
developmental mechanism of maize and other monocot 
plants.  
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