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Abstract: MADS-box genes involve in various developmental processes in plant,and play an important role in the reg-
ulation of floral development. In this paper,mads3,a member of MADS box gene family was cloned by RT-PCR in
maize. Sequence analysis showed that 8 sits single-base substitution mutations in CDS region were found in CMS-C
line in comparison to maintainer line, which may result in 5 individual amino acides change. Furthermore, real-time
qPCR analysis showed that mads3 was significantly down-regulated in CMS-C line at tetrad stage,and was signifi-
cantly up-regulated at uninucleate stage. These results laid the foundation for further studying the relationship be-
tween MADS-box genes and CMS-C in maize.
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MADS box genes encoding MADS-box transcrip- structure(Fig. 1) ,containing a MADS-box(DNA bind-

tion factors are very important for plant development, ing),I intervening, K keratin like (protein interaction)
and they are promising candidates for researching cru- and C-terminal ( transactivation). MIKC-type genes
cial regulatory networks in plant(Yuan ez al.,2013). have been classified into two types: MIKC -type and

MIKC-type MADS domain proteins all share the same MIKC" -type (Henschel et al., 2002). MIKC -type
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MADS box genes may involve in the regulation of the
development of sporophyte ( Gramzow et al., 2010;
Smaczniak et al.,2012), and MIKC -type genes play
key roles in pollen development of plant. ( Verelst et
al.,2007 ; Adamczyk et al.,2009; Yuan et al.,2013).
Increasing numbers of MADS box genes were charac-
terized in rice, Arabidopsis thaliana ,tomato and maize.
These study may contribute to understanding of the
mechanism of floral architecture (Coen et al., 1991;
Nagasawa et al.,2003; Yamaguchi et al., 2006 ; Dreni
et al.,2007; Yao et al.,2008).For instance, CFO1, a
MIKC”™ -type MADS box gene, plays a key role in the
regulation of floral organ identity in rice (Xianchun ez
al.,2012). The loss of functional CFO1 generated chi-
meric floral organs, defective marginal regions of the
palea and ectopic organs phenotype.

A large amount of MADS-box genes were identi-
fied in maize,most of them were involved in floral de-
velopment, pollen tube growth, anther dehiscence and
pollen maturation(Schreiber et al.,2004 ; Danilevskaya
et al.,2008; Thompson et al.,2009). Some of them are
tissue specific expresssed genes, such as ZmMADS?2
which is expressed restrictively in pollen and roots(Si-
grid et al.,2000). And some MADS box genes were
regulated by abiotic stress,such as ZMM7-L in maize
(Zhang et al.,2012). The objective of this study is to
clone mads3,a MADS-box gene in maize,and analyze
the expression patterns of mads3 gene in anther at dif-
ferent stages. Which will lay the foundation for further

understanding the mechanism of CMS-C in maize.
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Fig. 1 The structure of MADS-box

1 Materials and methods

1.1 Plant materials

C type CMS line of maize (C48-2) and its main-
tainer line (N48-2)were planted in the research field of
Sichuan Agricultural University. CMS-C line (C48-2)

was generated by successive backcrossing with N48-2.
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Fig. 2 The RT-PCR amplification of mads3
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Fig. 3 Expression of mads3 revealed by gqRT-PCR 1-4:
at the pollen mother cells (PMCs) stage,the tetrad stage,

the uninucleate stage and the binuclear stage,respectively

The nuclear background of C48-2 is consistent with
N48-2. The anthers of maize tassels were collected at
the pollen mother cells (PMCs) stage, the tetrad
stage, the uninucleate stage and the binuclear stage,re-
spectively.
1.2 RNA extraction and ¢cDNA first strand synthesis

Total RNA of anther was extracted from N48-2
and C48-2 at four stages using Trizol kit according to
the manufacturer’s instruction. RNA was subjected to
reverse transcription using PrimeScript ® RT reagent
Kit (TaKaRa). The genomic DNA was completely re-
moved from total RNA before reverse transcription.
1.3 RT-PCR of mads3

RT-PCR amplification of mads3 was performed
with TAR ® HS DNA Polymerase (TaKaRa) using
specific primer, PCR reaction system (20 pl.) ;:¢cDNA 1
pL,DNTP Mixture 1.6 pL, PCR Forward Primer (10
pmol/L) 0.4 pL, PCR Reverse Primer (10 pmol/L)
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Fig. 4 Alignment of mads3 nucleotide (A) and amino acid (B) sequence between C48-2 and N48-2

Red box is initiation codon,yellow box is termination codon.

0.4 pl., Prime STAR Buffer (Mg®') 4 ul., Prime
STAR HS 0.2 pl.,ddH, O 12.4 pl. PCR reaction
condition: Initial denaturation at 95 °C 5 min,denatur-
ation at 98 °C for 10 s,anneal at 58 °C for 5 s,exten-
sion at 72 °C for 1 min,35 cycles,re-extension at 72 ‘C
for 8 min. The recovered PCR products were connected

with pEASY-zero, and then transformed into E. coli.

Three positive clone were sequenced. The sequence
was analyzed by DNAMAN software. Transmembrane
helices in proteins was analyzed using TMHMM Serv-
er v. 2.0 Chttp://www. cbs. dtu. dk/services/ TM-
HMM/). Spatial structure of protein was estimated by
SWISS-MODEL homologous modeling Chttp://swiss-

model.expasy.org/) The primer sequences were as fol-
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lows: F 5" CACGCACGCTCATCACACAGAC 3 and
R 5" CCCTCATTCAACCCCTACACA 3’
1.4 Real-Time qPCR

To detect the expression levels of mads3 between
C48-2 and N48-2 at different development stages, real-
time qPCR was performed using a commercial kit (Ac-
cuPower ® 2X Greenstar qPCR Master Mix, Bioneer).
Specific primers were designed in the conservative re-
gion.18s and f-Actin were assigned as internal control
genes for real time qPCR. The protocol of reaction was
as follows: denaturation program at 95 C for 10 min,
95 °C for 5 5,58 °C for 20 5,72 °C for 10 s with a sin-
gle fluorescence measurement, 44 cycles. All reactions
were performed in triplicate. The primer sequences
were as follows:

185: F 5' CTGAGAAACGGCTACCACA 3" and
R5" TCTGAGAAGGAAGTATTGGCTATGC 3’

BActin: F 5" GTCCCTCACCCTCCCAAAAG 3
and R 5" GCTGCCTCAACACCTCAACCC 3'

mads3: F 5" GAAGCACATCAGATCAAGAAA-
GA 3'and R 5’ GAAGCAGATGTTTTGTGGAGGT 3’

2  Results and discussion

2.1 Sequences analyses of mads3

The mads3 in anther at uninucleate stage was
evaluated. Two transcripts were cloned and sequencing
(Fig. 2),the first is 997 bp, the second is 350 bp. Se-
quences analyses of the first transcript showed that 8
sits single base substitution mutations in CDS region
were found in C48-2 compared to N48-2, which may
result in 5 individual amino acides change (Fig. 4).
The physical and chemical parameters of its products
(MADS3) might be different from the normal MADS3
in N48-2 based on primary protein structure prediction.
the space conformational of C48-2 putative protein is
slightly different form N48-2 (Fig. 5). However, the
predicted transmembrane domains and conservative
structure domain of MADS3 in C48-2 was the same
with N48-2. The function of altered MADS3 remains
to be seen and further explored by reverse genetics ap-
proach. In addition, the second transcript was identified

as a novel transcript of mads3 by means of sequences

sequence alignment, which underwent alternative spli-
cing. The sequence of novel transcript in C48-2 is the

same with in N48-2.

Fig. 5 Tertiary structure prediction of

first transcript in mads3

The AG homologs MADS3,a C-class MADS box
gene in rice,regulate floral organ identity during early
flower development. OSMADS3 was necessary for sta-
men specification in rice, developmental defects were
observed if the function mads3 was impaired or lost
(Yamaguchi et al.,2006). MADS3 mutant displayed
defective anther walls, aborted microspores, and com-
plete male sterility (Hu er al.,2011). Interestingly,a
specific amplified band was found in CMS-C line (Fig.
2). The specific fragment in CMS-C line was identified
as a nonspecific amplification by means of sequence
analysis. Why the nonspecific segment only present in
CMS-C line was ambiguous for us. One more special
product of madsl was found in rice CMS Zhenshan
97 A compared to its maintainer line Zhenshan 97B at
the same developmental stage(Yuan et al.,2000). It il-
lustrated that the expression of MADS-box gene in rice
CMS line was different from its maintainer line.

2.2 The expression profiling of mads3

The expression patterns of mads3 at the pollen
mother cells (PMCs) stage, the tetrad stage, the uni-
nucleate stage and the binuclear stage were determined
(Fig. 3). It was up-regulated at the uninucleate stage
and the binuclear stage, while was down regulated at
the pollen mother cells (PMCs) stage and the tetrad
stage in the CMS-C line in comparison to maintainer
line. Except binuclear stage, the differences of mads3
expression level between CMS-C line and maintainer

line are remarkable. Especially, the expression level of
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CMS-C line at uninucleate stage was nearly tenfold as
compared with maintainer line. This phenomenon just
was good fit with pollen abortion stage in C48-2.
Therefore, the relationship between mads3 and anther
pollen abortion is amusing,and this results laid a foun-
dation for further research.

MADSS3 is a key transcriptional regulator for male
reproductive development in rice, which is highly ex-
pressed in the tapetum and microspores during late an-
ther development (Hu et al.,2011). ZMM4,a MADS-
box gene in maize, was significantly up-regulated in
shoot apices after the floral transition, and over-ex-
pression of ZMM4 have changed the flowering time in
transgenic maize (Danilevskaya et al., 2008). Cyto-
plasmic male sterility was caused by nuclear genes
which was mediated by retrograde signaling emitted
from mitochondria (Yang et al.,2007). The immense
amounts of studies have demonstrated that pollen a-
bortion is responsible for cytoplasmic nuclear incom-
patibility. As a consequence, the expression of MADS-
box genes would be regulated by a detrimental interac-

tion between nuclear and mitochondria.

3 Conclusion

RNA sequence analysis of mads3 showed that 8
sits single base difference in CDS region were detected
in CMS-C line in comparison to maintainer line. qRT-
PCR analysis showed that mads3 was significantly up-
regulated in maize CMS-C line at uninucleate stage.
The differenced expression of mads3 gene during an-
ther development may contributes to understanding of
the mechanism of CMS-C in maize.
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