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Cloning and Characterization of MASD-Box Gene in
Camellia oleifera, Abel

[Abstract] Genus Camellia is famous for its flower ornamental value. In this study, the primer pairs
were designed from highly-conserved regions of B function genes. Three MADS-Box genes were cloned
from Camellia oleifera and were named COMADSI, 2 and 3, respectively. In phylogenetic tree, these
three genes were cataloged to B function gene family, which affected development of petals and stamens.
The cloned genes were sequenced, and their amino acid sequences were predicted. The alignment data
showed that three predicted protein sequences had specific sub-family consensus domain as evolutionary
synapomorphies and had high similarity with C. japonica L.. The predicted protein structures all had thep-
sheet and a-helix showing three proteins having specific DNA binding function as transcription factor. This
study provided basic information for further understanding of floral molecular mechanism in C. oleifera.
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Table 1  Similarity of amino acid with other sequences from different species. (Cj: Camellia japonica ~ Ac: Actinidia
chinensis ~ Vv: Vitis vinifera ~ Ck: Cornus kousa ~ Tc: Theobroma cacao ~ Pm: Prunus mume)
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Table 2 Computation of various physical and chemical parameters in COMADSI-3.

Negatively | Positively Number of | Molecular |isoelectric | Aliphatic | Instability
charged charged amino weight point(pl) index index
residues residues acids
(Asp + Glu) | (Arg + Lys)
COMADS1 |34 33 209 24619.0 6.77 63.53 63.53
unstable
COMADS2 | 29 36 226 26132.7 9.11 82.79 11.05
unstable
COMADS3 |27 37 208 24306.7 9.48 73.61 4131
unstable
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FIERA > R  = REE AR TEN
BRYItLE - BBEEQBCH U BT EERRIEL
BEHIRFIEESE (COMADS! 5Pl motif ~ COMADS?2
FyeuAP3 motif ~ COMADS3 FypaleoAP3 motif » &
3) -
(V) 25 LB &S BT RE T B AT
R 282 L E P YT 0 i - B IBEXPASY
& FES AT TR E B3 R E L E R VIRV R
COMADSI ~ COMADS2F;COMADS3WE H'E 7
AN E24.619kD ~ 26.1327kD 5224.3067kD ;
S (pl 0 isoelectric point)43 7 F56.77
9.14}29.48 ; B (i) MERE A BE BRI 7l Fs34 (33) ~
29 (36) 1227 (37) » AIEEFFEE KR40 (R2) - 11
& EEAGERETEN - COMADSI ~ 254311
E HE AL FsMyocyte-specific enhancer factor 2A
(PDB code: 3mu6.1.A) » COMADS3EAIINIE T
BRI EMCMI transcriptional regulator (PDB code:
Imnm.1.C) » FEZAYEE LB R4S i 2 B A3

ALMRERNEZR = RED BT ROE A
H—HBFAR L R ol ZFEI4ERS » H Myocyte-specific
enhancer factor 2A%R I e & % i BE B B 45 1
(homo-dimer) ©

g -~ 5@

EREYPEZENEE > BRNETRAEEE
FNEE > MBS B2 LA EY )
BEEEARS - BUFEEEREREFNERE
TEYIRS NI BT AT > R DR
BEREE ~ LI SR NF E RN E AR
FZENER - EHERFIIGE - B St A5
B RIIREIERAEE o AW RS B R 12
FEHE (petal) KRR (stamen)AYAP3/TM6 K PIR IR
BT YIS - FEABCHERIdh > BEEELIA 53 Hll
AIDAFOA ~ CHEERILFEEATEE ~ STz -
B2 TRAEBIIMELE » EESICHITMO K IEN
SRR TS T I (Rijpkema et al., 2006) > fff
DL {ERIEFZER E YRR S e Eas ThRE AR N Al A

AW FRFTHRIVCOMADS -3 K > &l
FE S LG 3 o A > 38 3R BRAT (1 55 19 & IR A B i
EER99% (1) > MEFCOMADSIHLLEH
FIZE (C. sinensis)H99% MMM E 1B 51
(AIC75373.1) » HERWIRE HE & R EL B EI H AR IR
WA EHEYBEER » BURARERN = GEH




ERERMIFIHRSE29(1) 2015535

COMADS3
C._japonica[ADM08179.1]

V. vinifera[CAN66176.1]

A. chinensis[ADU15473.1]
D._involucrata[ACY08883.1]
T._cacao[E0X90933.1]
A._eriantha[ADU15474.1]
C._kousa[AGA61754.1]

A. majus[BAI68389.1]

-LRLA
~=YAFR-======= LHHGGG-FGSNELRIA- 208
—=YAFR-=————== LHHGGG-FGSNELRLA 208

NLYAFRLHQAHPN-LHHDGG-YGSHDLRLA: 225
NLYAFRLOPNHPN-LHHHGGGCGSHDLRLA: 227
NLYAFRLHPSHPN-LHHGGG-FEPHDLRLA:- 214
NLYALRLHONHQVNLLHHGGRFGPNDLRLA- 224
GILALRLOQPDHHN--LHTGAGSDUTYFEYTE: 226
SVLALRLQPNMQLGGVHVGAGSDLTTFALLE} 228
RIIALRLPTNHHP-TLHSGGGSDLTTFALLE; 227

L paleoAP3 Motif

COMADS2 GILALRLOPNHEN--RHDGAGSDLTTYALLE; 226 [~ €uAP3 Motif
C._japonica[ADL57412.1] GILALRLOPNHHN--LHDGAGSDLTTYALLE: 226
T._cacao[EOY14906.1] RIFALRLOPNHPN--LHSGGGSDLTTYPLLE: 225
V._vinifera[ACZ26526.1] PVFALSLQPNPPN-DLHSGVGSDLT_FTLLE; 226

COMADS1 MPFRFIVOBTOPN-~LikRT-- D= 1T=ALLE 509

C._japonica [ADX86812.1] MPFAFRVQPIQPN--LQERI-=========~ 209
C._sinensis[AIC75373.1] IMPFAFRVQPTQPN--LQERT ——————————— 209 | p; Motif
A._chinensis[ADU15475.1] IMPFAFHVQPIQPN--LQDRI-—————————~- 208

C._kousa [AGA61757.1] iMPFSFRVQPIQPN-—LQDRM-—————————~- 210

V._vinifera [AFR53063.1] IMPFAFRVQPIQPN--LQERI-—————————~- 212 |

MPF-FRVQP-QPN LQE

FELLIZE 88 Hh EAM A DS -Box PR B i ot e 2 v

4157 (Rijpkema et al., 2006) ° [fieuAP3 motiffyXk

B2 RFHZECOMADS -3 ZZ AR Py ILL Y (B EHCIHRALE) - AR TTER RIRT P ILE -
Fig. 2 Alignment of C-terminal regions of COMADS-3 and other relative MADS-box genes. The boxes label the

consensus motifs.
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Actinidia chinensis HQ113358.1
Saurauia zahlbrucknern GQ141167.1
Samacenia drummondii GQ141165.1
Clethra tomentosa GQ141166.1
comapss =ill]
Camellia japonica HM748646.1
Davidia i GQ141153.1

M Brassica oleracea KC896403.2

M Brassica napus AF124814.1
| | A DQ493933.1
L M Nyssa sylvatica GQ141170.1|

I: M Halesia diptera GQ141184.1
M Styrax japonicus GQ141185.1

Pl family

| x 1
M Synsepalum dulcificum GQ141179.1
I Stewartia pseudocamellia GQ141182.1

m comaDs2 ==l

M Camellia japonica HM773024.1
M Diospyros digyna GQ141173.1

@ Arabidopsi i 1) D30807.1

@ Betula pendula AJ488589.1

# Actinidia chinensis GQ141124.1
@ Saurauia zahlbruckneri GQ141122.1
@ Symplocas chinensis GQ141127.1
9 Halesia diptera GQ141120.1
@ Comus kousa JQ753781.1
@ Comus florida JQ753793.1
# Hydrangea
@ Nyssa sylvatica GQ141111.1
@ Camellia japonica HQ141342.1
@ Cameliia sinensis KJ830569.1
@ Stewartia pseudocamellia GQ141125.1
4 CoMADS 1 ==l
# Camellia japonica HQ141341.1
@ Camellia sinensis KJ630568.1
@ Arabidopsis thaliana(AP1) Z16421.1
® Arabidopsis thaliana(CAL) L36925.1

o idopsi i GL8) AY072463.1
—___ @ Petunia hybrida(FBP26) AF 176783.1

AB454441.1

[ J i L6) M55554.1
® Arabi i i GL9) AF015552.1
@ Arabidopsis thaliana(AGL2) M55551.1

@ Arabidopsis thaliana(AGL4) M55552.1

@ Picea abies(DAL2) X79280.1
l. Picea manana(SMADS42C) PMU69483
® Ginkgo bi AY114304.1

@ Arabidopsis thaliana(

) X63579.1

[E]1

@ Petunia ADS3) X72912.1

@ Petunia hybrida (FBPS) X68675.1

i i L11) U20182.1
@ Petunia hybrida(FBP7) X81651.1

® Petunia hybrida(FBP11) X81852.1

B Prunus pseudocerasus KM243374.1
[ M Prunus serrulata JF710371.1
W Arabidopsis thaliana(AP3) NM 115294.5

o M Eutrema salsugineum XM 006403524.1

— B function

A function

E function

—~ C & D function

COMADS-3/7: A Ca RN o T R BE (iR E - B ORI ACOMADSI-3HLE - BIPEIR R

ACDEETEN ; IES I E = AP EIR AP/ TM6 R ~ ZE BN FsPIR S »
Fig. 1 Phylogenetic tree of different MADS-box genes in different functional gene families. Arrows are COMADS1-3;
round shape depicts function ACDE genes; square and triangle depict AP3/TM6 sub-family; rhombus depicts PI

sub-family.
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COMADS?3) -

Fig. 3 The predicted protein structures for COMADS1-3. (A: COMADS1, B: COMADS?2 and C: COMADS3)
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B AIREEE R EIHARREM: -

EIBCOMADS -3 VB VL AS &S S TEA] (Tan
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PBEUERRAYITE - AR > B R DA FE B LS
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of flowering) 2 [HEEFH{L (prevention of flowering) » 7,
o DAE L R P HIC & A V)& s A R PR AT
SRR - RREPNAEREEMADSERAIHSE » 7]
DAz L2 BB i Y AH REBAAC I FE Ay e R B RLERE -
PRUSEBIIMARETE (BESEEEER) ~ FCD
THHE - RE KRR ST -




5~ 5l FSRER

L SR - R 1986 JHIZSHECETE (—)TEE
BB ROl 2R 12 (3) © 29-30 ©

2. Chang, S., Puryear, J., Cairney, J. 1993. A simple
and efficient method for isolating RNA from pine
trees. Plant Mol. Biol. Report. 11 (2): 113-116.

3. Coen, E.S., Meyerowitz, EM. 1991. The war of
the whorls: genetic interactions controlling flower
development. Nature 353: 31-37.

4. Jayathilaka, N., Han, A., Gaffney, K.J., Dey, R.,
Jarusiewicz, J. a., Noridomi, K., Philips, M. a., Lei,
X., He, J., Ye, J., Gao, T., Petasis, N. a., Chen, L.
2012. Inhibition of the function of class [lTa HDACs
by blocking their interaction with MEF2. Nucleic
Acids Res. 40 (12): 5378-5388.

5. Kramer, E.M., Jaramillo, M.A., Di Stilio, V.S.
2004. Patterns of Gene Duplication and Functional
Evolution during the Diversification of the
AGAMOUS Subfamily of MADS Box Genes in
Angiosperms. Genetics 166: 1011-1023.

6. Rijpkema, A.S., Royaert, S., Zethof, J., Weerden,
G. Van Der, Gerats, T., Vandenbussche, M. 2006.
Analysis of the Petunia TM6 MADS Box Gene
Reveals Functional Divergence within the DEF / AP3
Lineage. Gene 18: 1819-1832.

7. Tan, S., Richmond, T.J. 1998. Crystal structure of
the yeast MATalpha2/MCM1/DNA ternary complex.
Nature 391: 660—-666.

8. Vandenbussche, M., Theissen, G., Van de Peer, Y.,
Gerats, T. 2003. Structural diversification and neo-
functionalization during floral MADS-box gene
evolution by C-terminal frameshift mutations.
Nucleic Acids Res. 31 (15): 4401-4409.

9. Wu, Y., Dey, R., Han, A., Jayathilaka, N., Philips,
M., Ye, J., Chen, L. 2010. Structure of the MADS-
box/MEF2 Domain of MEF2A Bound to DNA and

SERAE — RFHA TMADS-Box AN 2 BEFH /17

Its Implication for Myocardin Recruitment. J. Mol.
Biol. 397 (2): 520-533.




