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Sequence and Gene Expression Analysis of DNA
Methyltransferase in Castor Bean ( Ricinus communis L. )
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(Cash Crop Research Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China)

Abstract; DNA methylation, which can protect plant genome from adversity stress and regulate gene
expression, is one of epigenetic modification. DNA methyltransferase is key enzyme for maintaining
DNA methylation and de novo methylation. In this research, 8 putative genes encoding DNA methyl-
transferase were identified and characterized from castor bean ( Ricinus communis) genome. These
genes have been classified into MET, CMT, DRM and DNMT2 subfamilies based on phylogenetic rela-
tionship and domain organization, and their structures, conserved domains, and subcellular locations
were also characterized. In addition, the gene expression was inspected through the high-throughput
transcriptional sequencing data and RT-PCR methods. Results showed these proteins encoded by 8
genes were located at nucleus, and catalytic C-terminal domain with 6 conserved motifs have common

methylation function, while the N-terminal domain of these proteins showed diverse structural features
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between different subfamilies, meanwhile, the lacking N-terminal domain presented in the ReDNMT2.
Phylogenetically, the MET, CMT, DRM and DNMT2 were conservative and differentiated after mono-

and dicot-cotyledon. The expression level of all genes in developing endosperm was higher than other

detective tissues except ReDRM2, and hypothesized that endosperm hypomethylation can induce the

high expression of these DNA methyltransferase genes during this period. These results contribute to

understanding castor bean DNA methyltransferase comprehensively and provide a guidline for epigenet-

ics breeding.
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3/~ DRM FiI L 4~ DNMT2 [@J5)¢51, Hrp MET 4% A )505 051 7 [ I8 17 1) /9 [R) I AR AE 40% LA
MRS, 70l | 542 Fi 1584 NIk R. Bk, EfA/MT 1E-100,

&1 PCREIMFT
Tab.1 PCR primer sequences

AR Gk 20 PHERE/bp 1B/ C
primer name primer sequence (5’ —3") PCR product length annealing temperature
ReCMT1-F CCTATTGAGGGCTTGAGTGA 431 52.2
RcCMT1-R GTGTTGGCAATGGATACTGG 52.5
RcCMT2-F TTTCGGTTGCGTGTCTTCTT 487 54.0
RcCMT2-R GCACTTGCTCCTTTGTTGGA 54.6
RcDNMT2-F TTCACCTCCTTGTCAGCCCTAC 421 57.7
RecDNMT2-R GGCTCACATGACTGGAGCAA 55.9
RcDRMI1-F TGCTCTGGGTAGGCAGGAAT 442 56.1
RecDRMI-R CCGCCAACAACAAGATCAAAT 53.6
RecDRM2-F CCAAGACCACCACTCACCAT 475 55.2
ReDRM2-R GCGGTATCCCAAGTCTATGC 53.9
RcDRM3-F GTCCATATTAGATGCAATGCCACA 460 56.0
RcDRM3-R AATGCCAAGGCGGTGTAAAG 54. 8
RcMET1-F CCACGCAGGTTAAGATTCGG 429 54.7
RcMETI-R ATCCCTCTGACAAGCCACCA 56.3
RcMET2-F TCTTATCTTTCGCTGATTACTTCC 468 53.2
RcMET2-R TTAGGACCAGTGCATCTCCC 54.4

&2 EDNA REHBBERNRRSEMLRE

Tab.2  Obtaining and locating DNA methltransferase genes from R. communis

TURITT DNA HILAERS I . WWEAKE/aa IR I PR
- SEH P wt % SfEt E
DNA methltransferase ) length of coded homologue from
) ) gene loci . homology S value E value
of Arabidopsis proteins Arabidopsisb
AtMET1 29983. m003308 1542 62.3 1818.1 0 AT5G49160/MET1
AtMET2b 29609. m000606 1584 54.8 1609.7 0 AT4G14140/MET2
AtCMTI1 28582. m000332 845 52.7 808.9 0 AT1G80740/CMT1
AtCMT2 29827. m002677 734 63.8 946 0 AT4G19020/CMT2
AtDRM1 29631. m001043 479 58.5 500 4.6E-171  AT5G15380/DRM1
AtDRM2 29917. m001982 686 56. 00 638.3 0 AT5G14620/DRM2
AtDRM3 29889. m003366 678 40. 50 678 9.20E-138 AT3G17310/DRM3
AtDNMT2 29848. m004665 404 66. 80 404 7.70E-175 AT5G25480/DNMT2

e a FH Blast HoXTBPRE P BRI 5 b. Blast UL RS IT 8 F1UREUE I

Note: a. Blast with Ricinus communis database; b. Blast with Arabidopsis protein database.
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Fol 4 2, XA N w22 e AAE TIHALa A 600, Motif VIR ] Mg 25 & MOtlfV]]IIE
fErh ™ o Rk MEME S04 ZBUFTA DNA FIERE  DNA ot X B, Motif IX 2 HL T 51 3 47 3 51 X
MHFEATE C b XA 6 N mIERTF AL B R Pafm 18 23K 45 B 2 /I\ MET
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Fig. 1 Predicted protein domain of DNA methltransferase of R. communis
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Tab.3 Basic information of related species in analyzing the phylogenetic tree

Yrkh 2 FK fai 5 24 K VS YrFh 24 K (LSS i
species name short classification species name short classification
BEJFR castor Rco D K& soybean Gma D
KZ manioc Mes D 0¥ P. trichocarpa Ptr D
WAFEST Arabidopsis Ath D E K maize Zma M
S8 HL capsella Cru D IKFE rice Osa M
n]A] cacao Tca D E i sorghum Shi M
i tomato Sly D
e D WFrHAEY); M. RFHAEY .
Note: D. Dicotyledon; M. Monocotyledon.
33 U
% EEB o
Ly S5 d
%% 552
39

Cru Carubv10000468m
Gma Glyma02

0 so

909000W"6096Z 0°Y
0 V,znesse

80EE00W €866 00Y

WEBLOOD 1" peAessEy sep
wyZseZ

Ath CMT2 o CMT
Sly Solyc089 Clade-ll
Pir Potri.003G100000

Reo 29827.m002677

Tea Thece1EG0 16644

Gma g,
Sly Ymateg17720

2 BEHRDNAREHEBHBERRRAENM

Fig. 2 Phylogenetic tree of DNA methltransferase from R. communis and other species
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B 173 812.5 1 179 867 ku, R4 T &5
REG2 FEGEE; 5351 6 Fft LI AL i £ 1 2 )
IR AR 400 3] 850 Z (8], AHXF o ¥ 1R AE
1075 ka AW, N TREB/NIEEEH. ReC-
MT2 f R P B IR Ve A AR £ 1 4>, pl
h6.95, D RS I R 1k B2 B ReDRM2 (Y
pLE N 9. 21, JyBfMEEE A BT; h pl (BN AR
6 Fftlity i (1 O MR A B X E I OR /B K Pk

—%

HEAT YOI, I R AR B 7K M R, (B K SR
KRR R, H BL AT 8 Fh AR 1 O R KRR
Mo fat 8 M B 2% B]: RecCMT1, RcCMT2 Fi
ReDNMT2 ffasE 8 H, HAR S A EE A YA
FREHR M. DA AP BT A 43 B X5 B R DNA H
HERBBEAN T ERAAGFHEENE L. F
SRS R BN 8 AR AFHEG S
B, RUIEMASEEAKE, M27ERNE
FHTHIALEY . I SOPMA X B Jff HY 3L 4% 5%
Bty 26 1) RS R AT O, A5 R AN 5 iR
8 Ak 11 B 322 T il R o — R EAS
1M B — A e B FRAEAT.

&4 B DNA FEERBHBERMNEARFIIMNELER

Tab. 4  Physical and chemical properties of protein coded by DNA methyliransferase genes from R. communis

Orfa/ke BPEEIERR  RRIEESER

HE LR AL HH _ . . T oK FasE Tk fE ik
. . melocular alkaline amino acidic amino pl o T . .
gene loci protein : . . hydrophilicity stability signal peptide
weight acids acids
36.63 faE
28582. m000332  RcCMT1 95119.6 112 133 5.29 -0.573 no
stable
38.96 faE
29827. m002677  RcCMT2 83319.7 94 95 6.95 -0.451 no
stable
34.78 FasE
29848. m004665 RcDNMT2 45 680. 6 40 46 6.21 -0.383 b no
stable
42.66 AR
29917. m001982  RecDRM1 77 363.7 78 103 5.24 -0.379 no
unstable
43.32 SNFaE
29631. m001043  RcDRM2 541776.9 66 53 9.21 -0.405 no
unstable
43.43 fFasE
29889. m003366  ReDRM3 77 373.8 80 103 5.46 -0. 606 no
unstable
43.45 g
29983. m003308 RcMET1 173 812.5 205 226 6 -0.548 ARE no
unstable
42.05 AR
29609. m000606 ~ RcMET2 179 867 209 221 6.31 -0.428 no
unstable
x5 HFRDNA REEBHMERKHBESN _REETH
Tab.5 Secondary structure analysis of protein coded by DNA methltransferase genes from R. communis
HE TR AL HH o- R B-Fefh SEAfEE TR
gene loci protein alpha helix (Hh) beta turn (Tt)  extended strand (Ee)  random coil (Cc)
28582. m000332 ReCMT1 244 (28.88% ) 140 (16.57%) 51 (6.04% ) 410 (48.52%)
29827. m002677 RcCMT2 227 (30.93% ) 121 (16.49% ) 37 (5.04% ) 349 (47.55%)
29848. m004665 RcDNMT2 134 (33.17%) 62 (15.35%) 22 (5.45% ) 186 (46.04% )
29917. m001982 ReDRM1 270 (39.36% ) 59 (8.6%) 33 (4.81%) 324 (47.23%)
29631. m001043 RcDRM2 203 (42.38% ) 51 (10.65% ) 29 (6.05% ) 196 ( 40.92% )
29889. m003366 ReDRM3 265 (39.09% ) 56 (8.26%) 31 (4.57%) 326 (48.08% )
29983. m003308 RcMET1 523 (33.92% ) 244 (15.82%) 80 (5.19%) 695 (45.07% )
29609. m000606 ReMET2 598 (37.75% ) 276 (17.42%) 93 (5.87%) 617 (38.95%)
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Tab. 6  Subcellular localization prediction of protein coded by

DNA methltransferase genes from R. communis

24t

P i A% ) Mgk RUREE WOE
gene loci nuclear plasia - iracellular golgi  vacuolar
membrane

28582. m000332  9.98 0 0 0.02 0
29827. m002677  9.97 0 0 0.03 0
29848. m004665 9.9 0.09 0 0.01 0
29917. m001982  9.96 0.03 0 0.01 0
29631. m001043 8.48 0 0 1.44 0.08
29889. m003366  9.97 0 0 0.03 0
29983. m003308 8.8 0 0.03 1.1 0. 06
29609. m000606  9.95 0 0 0.05 0
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Expression analysis of DNA methltransferase genes from Brown’s study
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Fig. 3 Expression analysis of DNA methltransferase genes from different tissues in R. communis
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