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Preliminary Study on Cloning, Structure and Expression of TaMBD4 Gene in
Wheat
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Abstract: In order to provide an insight into molecular characteristics and putative epigenetic functions of MBD
in wheat, a gene with complete open reading frame (ORF) designated as TaMBD4 was identified in wheat by in
silico cloning approach and its fragment was cloned by RT-PCR. Amino acid sequence analysis showed that
TaMBD4 contained a conserved methyl-CpG binding domain, which might play a putative role in epigenetic
mechanism. Spatial expression analysis showed that the expression level of TaMBD4 was higher in dry seeds
and endosperm than that in other tissues tested. The compartive analysis between cDNA and genomic DNA of
the gene showed that a short intron was included. Interestingly, we found that the intron was composed of 2
tandem simple sequence repeats, which might be involved in the posttranscriptional regulation of the TaMBD4.
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DNA LAY 2 4 Yk A T 77 78 1 —Fh 3 A
EAFIE . HEYREA T DNA FEA— KA
mCpG. mCpNpG Fl mCpNpN (N=A. C&HT)
(Gruenbaum %¥ 1981; Matzke %5 1989; Tariq 1
Paszkowski 2004), fEMYAL s REH KT RE
HENRATEEZEH, aFHEYAREAS
AR EREMBR AT AR EEAELR,
DNA HEAL AT R EFEY M ER £ K
KRB R4 FIRENLEIZ —(Cao % 2000; Finnegan
% 2000; Takeda fl Paszkowski 2006). EHHFT
*W, DNA BEMSEFRFRAFEEYIMEX. B
B F R FE R 4ah3 X 3501 DNA B AL B H A4k o]
LI sBUE L R R 5%, DNA B AL IR R
R FHLEI 2 FimTRe: —& DNA FEALE
ETHEXETS5RB3ITH4 A (Eden M Cedar
1994) ; 2 HHELE DNA LREREES T HFRE

4 & H(methylation binding domain protein,

MBD), A FHFZMHE & kG RHIHIH
THAEAMIBAERSS), FRAEQMKOE
W, T B4 B K SS R B R AL R SR 9
(Springer Fl Kaeppler 2005; Ballestar 1 Esteller
2005), ZHHILRICHFE 2 MylHl. FES
GFHEAOMBDE S FELDNAR 74 A 1R AE
ARF, TERREREREREYERESEK
KETREH. FESIYT, o835 M
S MBD HHMER, X MBDI. MBD2. MBD3
M MeCP2 HE¥:5 5 DNA FEMKEZINE; ™
MBD4 & (15 MBD R 73 AP S b Bs B MR <F
B, FEABERAPEEM, S5HERRIELX
(Nan % 1998; Ng % 1999, 2000; J¢rgensen Fll
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Bird 2002). IEEX, 1Y) MBD HIBFA CEUE Y]
SR, Bl K. EXRERA S 5 RE
13. 16 1 16 ™ MBD % [ (Zemach 1 Grafi 2003;

Springer Fl Kaeppler 2005), /)% MBD 854k %
b ATHITMFEH MBD BE W EWESThEE, &
SCLARLR R4S MBD 2R EST R %A, KA
B F 5 fE 45 A RT-PCR 7T TE NN 40 85 s B2 3
— & SE B A L HE (open reading frame,
ORF){I MBD # X TaMBD4, i HmIBEAN
G5 KRR 5T TaMBD4 F 40 44638 45 1 DL e 5
Kety, AifE— B8t/ MBD B H PI4EY 2 Ih
RERLE T ERE R,

M#57E

PLYE 3@ /N (Triticum aestivum L)FhFP ¥ 3
9023° ‘THrF MK, BiT/h3E MBD KK
B, TR . BA5 24 h MAERBETL.
A5 48 h MMM FIRE 25, =t fAnE R 28, $R
H{ RNA HIFHI3 TaMBD4 3R AR k45 .

& RNA {2 BUCR A ETE(R 4855 2000), FF
£ Lohmann (1995)/) 7772414k .

cDNA #J& BCRF 20 L RV AR R 2 ug &
RNA. 5 mmol-L"' Tris-HCI (pH 8.3). 75 mmol-L"’
KCi. 3 mmol-L"' MgCl,. 10 mmol-L"' DTT. 50
mmol-L"' dNTP. 50 pmol #i€5/#J. 200 U M-
MLV k¥ %E], 37 CHEE2 h, B2 uL kMW
WA F PCR 18,

LA R 37 MBD % [RIf) EST 48 A 2EREF5, H
BLASTN xf dbEST #1TRIEHE R, REFHE
EBMREFEEEN/NEESTs; RELSH, R
ERAEHFERREEN, HERTETINES
Bf(contig), LAHTIRTEM contig y BARTHIE K
ITLRS ST, BEERERBEMN I &
JGi, BT BLASTX ¥ % fH h B A 1A 1.

£t % ORF X % 1157 5+ PCR 51T 15,
S F% J TaMBD4-L: 5' GCAAGATCCCAA-
CGAAAG 3'; TaMBD4-R: 5' AGAGGCATCATA-
AAGTCCATAC 3'. PCR RMNCRA 40 uL AR, 1L
hALYE 4 pL REER Y EE 40~50 ng DNA,
10xPCR M 4 uL. 10 mmol-L"' dNTP 1.6 pL.
%5 5314 TaMBD4-L H1 TaMBD4-R % 80 ng. Taq
DNA R E&B2U. ¥ 8%/ AH 94 C 5Smin: 94 C

I min, 53 °C 1 min, 72 ‘C 1 min, 40 MEH;
72 ‘C/5#E4# 10 min.

PCR= ¥4 1% 3 B8 Bk s e vk /s [mAc o 5% )
T AR FHITIF . BRERFHIEERY
IFAX 2 51 ) DNA B ORI G, SR E R
Promega /> 5} ] pGEM-T Easy #{&, MlFfEb5T
= E A AT cDNA FEHI4E GenBank i#4T
BLAST #%, #iTRUEHLE, cDNAFTHIHY]
Fori. FERBERXH DNAMAN 8%, 75|
MR LR X 287 K Clustal X % 4F; EEFET
FI LA R 2549 73 7 ik ExPaSy (http://www.expasy.
org)i#17,

FA¥™ 1% ORF B #5143 1T RT-PCR 4387, A
Brily 35k 2 F &5 81, oraldkiT 28, 30 1354
BAMY 1, BEERNZ 30 MEHRARNLE
R ERNZBNSEDEFANE, 5075
A Actin-1: 5' CAGCAACTGGGATGATATGG 3'
M Actin-2: 5' ATTTCGCTTTCAGCAGTGGT 3'.

AT HAWERAPHERNEH, XH
CTAB 77i%(Saghai-Maroof % 1984) 12BN 2 4 1)
F DNA. LA TaMBD4-L 1 TaMBD4-R 4514, %
140 DNA h#iH, PCR ¥4 T TaMBD4 [#13:H
WP B, JF4dhld. &8, Bk, EEHEY
TLEEIE AT MR, TaMBD4 Y] cDNA J751 55K
R Xt F DNAMAN #AF 3T

ZR5i1E

1 /& TaMBD4 2 [& cDNA RIS FEFIF TS 47

CALFLEI T MBD # K EST £ 4 #ad75), A
BLASTN Xt dbEST AT RIVEMH# &, KGR
mHAEWHERMN2 /DL EST (BI241681
BJ236657), #ATHEEMNE &M E 58 ORFH
FFHl, @4k TaMBD4, $REUNERF H3E
9023" T I RNA, £&REFE2H cDNA K
%, L TaMBD4-L f1 TaMBD4-R A5, 3k
HBEHEND -BRZFT(E ). 2P, %
BRMTFF D EY, TaMBD4 [F5KEH 507
bp, H-H 45X H 300 bp, 5' IFEHIFX N 143 bp,
3 JEBNIEIX 5 64 bp (B 2). HMBEERKST
#X11.25 kDa, FHAMNHEILER 9.34,
2 /vE TaMBD4 EHMEES

BLASTX # £ 4R B/R, /N& TaMBD4 &H
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<4— 1000 bp
4—— 500 bp

1 2

B 1 BKZEER PCR ™Y
Fig.1 PCR product of targeted gene
1: ¥#/™¥; 2. DNA 4 FEH#.

S5k BARYMHFERESSEOREREE —EN
A, HeS5HEIF AAMBDI13, K MBD113
1 MBDI114. 7K# MBD704 1 MBD705 i [R)¥5 %
FHMBRE(E3). REBRFINSTRHA,
TaMBD4%wtSE A R+ A FEL S EAMRTI
BEIR(ER 4~T4 NEER), HRA RAFA o/p K
JE4E#) . 1% H Springer 1 Kaeppler (2005)#)4r 2K
ik, MizETE VIS, 3 MBD EAN
X FREEUD, HEE S MBD {RTIEHLM.
55k, /NE TaMBD4 EAREEENMES
B s 2 NEEEEC MRS, 1A
B B BAERAL S, EDNEPRETHR
BrERE.
3 /& TaMBD4 £ BB LQTXFE D
ARIE & LS RNA RER YT R cDNA

1 GCAAGATCCCAACGAAAGAGGAGTTCGAGACGATCCGCGAGAGCTTAGCCGAGGACCCC
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TGGTTCTGCTGGCAGGGACCCCAGCGCCGGCCGTTCCTGCAAGCAGCCGGAGGACATTCCG
TGCGACAGCAGCTGCATCTGGGTCATGGACAAGCCAGGCATCCCGCGCCCGCCACCTGCG
M D K 2 _G I P R P P P A
ACGAAGCGGCTGGTGATCATGCGGCGTGACCTGTCCAAGATGGACACCTACTACTTGCTG
T K R L Vv T M R R D L S K M D T ¥ ¥ L L

CCCAACGGGAAGCGCGCGCGGTCCGGCAACGACGTGGAGAAGTTCCTCCAGGAGAACCCG
P N G K R A R S G N D V E K F L 90 E N P

GAGTATAGGGCGAACCTGCCGGCATCAAAGTTCTCCTTCGCCACGCCCAAGATCGTTCCG
E ¥ R A N L P A S K F S F A T P K I VvV P

GCGACTATTGGAGAGAGCTCACTATGGAGGGTTGCCCAGGCCGAGGGGGAAAAGTTTGAG
A T I G E S S L W R V A Q A E G E K F E

GAGATGGACGTGTTCGGATTCTGATTACTATTACTATCCGAGCGGCAGCAACTAGGTACT
E M D V F G F *

ATGGAAGTATGGACTTTATGATGCCTCT

B2 /)NE& TaMBD4 B RAZ T B R B R T )
Fig.2 Nucleotide and deduced amino acid sequence of TaMBD4 gene wheat
TR A MBD fR5F .

LEM—HM, LUNEBEEBEEK RT-PCR
TR AR, SRRE, Rt 7 MR
H) TaMBD4 RIEBH X R, THFMHZI24 h
FIEFLPIRIERE S, 653048 h (A ZFFEAZ) 24 h
HEPHRERIRZ, =M FHZE, 8537148 h
FIREAR P R IE EARC(E 4). X5 Springer 0
Kaeppler (2005) T FKk MBD 2 [H B 7 58 F 44
FIF R & RMLL, EXMBDII4. MBDI119 F

MBDI120 TERR3.. #F. %1, BR. $HH
BAHPTEEARAERREAR, KRKREX
MBD EH7EFR &AL P HRIE, HRFAAR
MREEFER. Berg %(2003)%F#I5F+ MBD 1]
RIXFEMEIItLERH, AtMBD1. AtMBD2.
AtMBD4. AtMBD5. AtMBD6 1 AtMBD11 TE4£ .
wF. TR, A MEFSEALRFHRE, E
ARAERNNREEEARNARPHEREER,
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Bl 3 /& TaMBD4 5K AR fF. B KFKREM
MBD & & EE T3 F Rt
Fig.3 Homophylic comparison of TaMBD4 in wheat with
MBD proteins from Arabidopsis, corn, and rice
AtMBD1~13: #{#f: MBDI1I3~MBD114: % X;
MBD704 K#; TaMBD4: /h#F. 4 X FRFREMEUE,

21:1#5%%%% TaMBD4 1L T AR I FiX

T HAMAR, XHEAEKXTRSHAMNT
%*?EP%IE’J@%EM%%?&(Gemmg 2004),
AR S RIIFTRANMNERAOLTHT X

(Grossniklaus 25 2001), TaMBD4 H4 43 %Kik
—-..—.-:::: TaMBD4
T IR

B 4 /NF TaMBD4 AL FRIEFEE 4T
Fig.4 Expression patterns of TaMBD4
in different wheat tissues
Ve Wl 2 % 3: BMMW: 4: HBE; 5: K.
6: BH: 7: THT.

W RHEATRES SR LA T 5 7 AH X E A
ER. 2T TaMBD4 &5 R 54t DNA ) B R AL/
EMTRETEVNEYE TN LR BT
s
4 /¥ TaMBD4 RIE R A
F/N#EFI4H DNA AR, FIA PCR 77k
¥ 48 TaMBD4 FIZE KA 75, WI#RH TaMBD4 ]
DNA /7% 5 LT3R5 19 cDNA 75 H#E1T L3 i 45
REY: WENAELXEFLTRER 3 UTR &EF—
12 bp A ET(E5), #H—EaEu, 1t
HE TR 2AREBFEY GGCAGT (R ER, #
ML & FATRES TaMBD4 ¥R G REA *. *
FHERN G FRERDGARENMNEKAET
BRI EY IR EEHRT.

ATG TAG

469 6CAGTGGCAGT ® 481

B 5 /N& TaMBD4 1) 5 R 4145 4 1
Fig.5 Structure graph of TaMBD4 in wheat
RERIRFESHSEFXE, TAMMMLAT FXHEH,
BTREAETTHMNE.

S 30
IRAFR, I, RAIR(2000). M/ E Al 04 AL b A ST R
N T
1~8

Ballestar E, Esteller M (2005). Methyl-CpG-binding proteins in
cancer: blaming the DNA methylation messenger. Biochem
Cell Biol, 83 (3): 374~384

Berg A, Meza TJ, Mahi¢ M, Thorstensen T, Kristiansen K, Aalen
RB (2003). Ten members of the Arabidopsis gene family
encoding methyl-CpG-binding domain proteins are transcrip-
tionally active and at least one, AtMBDI ], is crucial for
normal development. Nucleic Acids Res, 31 (18): 5291~5304

Cao XF, Springer NM, Muszynskii MG, Phillips RL, Kaeppler S.
Jacobsen SE (2000). Conserved plant genes with similarity
to mammalian de novo DNA methyltransferases. Proc Natl
Acad Sci USA, 97 (9): 4979~4984

Eden S, Cedar H (1994). Role of DNA methylation in the regula-
tion of transcription. Curr Opin Gene Dev, 4: 255~
259

Finnegan EJ, Peacock WJ, Dennis ES (2000). DNA methylation,
a key regulator of plant development and other processes.
Curr Opin Gene Dev, 10 (2): 217~223

Gehring M, Choi Y, Fischer R (2004). Imprinting and seed
development. Plant Cell. 16: S203~8213



24 HYEEEER 45 F1, 200824

Grossniklaus U, Spillane C, Page DR, Kéhler C (2001). Genomic
imprinting and seed development: endosperm formation with
and without sex. Curr Opin Plant Biol, 4: 21~27

Gruenbaum Y, Naveh-Many T, Cedar H, Razin A (1981). Sequence
specificity of methylation in higher plant DNA. Nature,
292: 860~862

Jgrgensen HF, Bird A (2002). MeCP2 and other methyl-CpG
binding proteins. Ment Retard Dev Disabil Res Rev, 8 (2):
87~93

Lohmann J, Schickle H, Bosch TC (1995). REN display, a rapid
and efficient method for nonradioactive differential display
and mRNA isolation. Biotechniques, 18 (2): 200~202

Matzke MA, Primig M, Trnovsky J, Matzke AJM (1989). Re-
versible methylation and inactivation of marker genes in
sequentially transformed tobacco plants. EMBO J, 8 (3):
643~649

Nan X, Ng HH, Johnson CA, Laherty CD, Turner BM, Eisenman
RN, Bird A (1998). Transcriptional repression by the me-
thyl-CpG-binding protein MeCP2 involves a histone
deacetylase complex. Nature, 393 (6683): 386~389

Ng HH, Zhang Y, Hendrich B, Johnson CA, Turner BM, Erdjument-
Bromage H, Tempst P, Reinberg D, Bird A (1999). MBD2 is

a transcriptional repressor belonging to the MeCP1 histone
deacetylase complex. Na Genet, 23: 58~61

Ng HH, Jeppesen P, Bird A (2000). Active repression of methy-
lated genes by the chromosomal protein MBD1. Mol Cell
Biol, 20: 1394~1406

Saghai-Marcof MA, Soliman KM, Jorgensen RA, Allard RW
(1984). Ribosomal DNA space length pelymophisms in
barley: mendelian inheritance, chromosomal locations, and
population dynamics. Proc Natl Acad Sci USA, 81: 8014~8018

Springer NM, Kaeppler SM (2005). Evolutionary divergence of
monocot and dicot methyl-CpG-binding domain proteins.

- Plant Physiol, 138 (1): 92~104

Takeda S, Paszkowski J (2006). DNA methylation and epigenetic
inheritance during plant gametogenesis. Chremosoma, 115
(1): 27~35

Tariq M, Paszkowski J (2004). DNA and histone methylation in
plants. Trends Genet, 20 (6): 244~251

Zemach A, Grafi G (2003). Characterization of Arabidopsis
thaliana methyl-CpG-binding domain (MBD) proteins. Plant
J, 34 (5): 565~572



