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Sequence and expression analysis of DNA glycosylase in castor bean ( Ricinus communis L. )
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Abstract; To reveal the potential function of DNA glycosylases mediating DNA demethylation leading to gene

imprinting in the growth and development of castor bean ( Ricinus communis) , the putative genes encoding DNA

elycosylases were identified and characterized based on castor bean genome reference data. 3 genes ( ReDME,

RcROS and RcDML) encoding DNA glycosylases were identified. Their structures, conserved domains, and subcel-

lular localization were characterized. Gene expression was inspected based on the high — throughput transecriptional

sequencing data and RT — PCR. Results showed that the amino acids coded by the 3 genes were unstable ones, and

the sequences contained typical DNA — binding conserved domains and domains related to base excision repair.
Phylogenetically, DME, ROS and DML were homologous and evolved independently in plants. Both ReDME and

RcROS exhibited a similar expression pattern among different tissues with the highest expression in endosperm,

while the expression level of ReDML was not detected in all tested tissues.
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XY ploy A + RNA gEF7 R 5%, FIH prim-
er3. 0 7£ 28 # {4 %t ReDME , RcROS1 il ReDML )
CDS FFA AT 51t (R 1), BT 51 Yyt i
T TR PR A A G . AR EU e 1)
cDNA M5tk #E4T RT — PCR( Semi — quantitative Re-

altime — PCR) , PCR Jz i £&14F 20 94°C 1 728 44 4min;;
94°C A5 1 30s,55%C 1B k 30s,72°C #E4# 30s,35
W 72C 4 fift Tmin, X} R 3L 4 15 2 19 ReDME |
RcROS1 \ReDML (%) PCR i1 7 2l Ak -0 7 B ik

&1 PCR3E|#FF
Table 1 PCR primer sequences

GIEZEg 17 Elk712] PIKE B E
Primer name Primer sequence(5’ -3) PCR product length/bp Annealing temperature/ C
RcDME - F AGGATTTCCTAAACCGACTGGT 432 58.9
ReDME - R CAAAATGTCTGCATTCTGCTCT 57.4
RcROSI - F GCAACCAGAAAAGCAAAGAGCA 467 62.3
RcROSI -R AACTGAAGTGATTCGGGCAGTG 61.6
ReDML - F AGACAAGAAAGACAACCAAAGG 475 55.7
ReDML - R ATGACTGGGTACTCTTCCAAAA 55.9

2 HEREH
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B2 7 51l b X

FIFH LR T BRI AL AIDME (AT5G04560 ) | At-
ROSI ( AT2G36490 ) . AtDML3 ( AT4G34060 ) Fl At-
DML2( AT3G10010) () 8 [ /5 51 7 B PR 3 [N 4 %5 4
JEREAT IR 51 L X, B 203K A5 T =S H L A9 B IRk
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(29092. m000452 ) Fl ReDML(29991. m000674 ) , 4%
FER E 9 R R 43 B R 50% 42% i 48% ., Rl
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WEIEAG R 2 127 9 HE X 45 2R R 3 = B RROME
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FTTAF RIS 8 — S/ I 2R & R 5 — IR T
IR EIR (8] 2) , X BLZE ST 0Ny & DNA B
b B D B R A R 0 RSP IR
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SRR IS L

1 B DNA R EEE B 511

Fig.1 Predicted protein domains of DNA glycosylase of Ricinus communis

{1 :ENDO3c 54880 : *e AR n RSP R AR, V i B RERE 2R AL B DR <7 R AN
O 1757 hairpin [ ERF HZ L ; FES Z5H3 . Jr HE BUR R<FE B AR

Note;: ENDO3¢ domain: % represents conserved aspartate residues, V' represents conserved asparagine residues

in monofunctional glycosylases, @ represents conserved glycine residues. FES domain: conserved cysteines in boxes

B2 BREELEZEAMMRTHEQBANR

Fig.2 Two conserved domains of DNA glycosylate of R. communis
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3 RcDME 5HAthig%) DME SE R 5 Lbxt
Fig.3 Alignment of amino acid of ReDME and DME homologue of other species
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DME 5/ i (Jerd4S02159. 10 /partial ) JURG ST At-
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008G025900. 1) HHEL( Theccl EG043681t1 ) f\) DME 4§
1 ) PP 2 ) 2 64% ,50. 1% \52. 9% ,52.6% .
60.9% F161% ., Z KW 75 Rt 45 R B os (& 3),
DME A =AM5-5F B4 77 1) [X 38, Domain A, Glycosylase
Domain il Domain B®! | Frp Glycosylase Domain 3,
1 DNA WEHEAREG 1) 4~ PR <7 D) e, B ENDO3c
1 FES DR BR b 2 4h, £ ReDME F1 ReROSI 2
FIY N Siigid i, & — RS Y 2 R = 5 X, 1 X

AN SRt TR A A A Y
2.2 ERDNABENBEANRZELE

N T2 03 BT B R DNAKE L1 I i) i 1k ¢
B IRA TR T 5 OO AL A B R B s ) B
Pob i [A) 9528 1 (35 2), Al MEGA 5. 0 B rp
Neighbor — Joining (ARG K F . WK 4 45
RIR , =L R U] 0 SR IS AE = A7 52
I, HAE ROSI F1 DML 43 3¢ |, B~ I W - A6
Y EAT B 9434k, T DME {UAEZE W F A
TE B PR L0 K A L R S v A e B
[ . BRI =Fh DNA BEEALEEAE & S H3 5
HRIRHE AR/ 5~ AREAT I RGO R TS5
AAEPIHA R IT I R 5 O RO , 75 45 BE R DNA B
SEACTAE DN RE bl e S T AL — E R 25+
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Table 2 Basic information of related species in the phylogenetic tree

AT AT E DT AT E
Name Short Classification Name Short Classification
B K Castor Re D AR Papaya Cpa D
/M Jatropha Jer D K& Soybean Gma D
A2 Manioc Mes D %4 Grape Vvi D
IFFFT Arabidopsis Ath D AL Cotton Gra D
ZEMUEI ST A. lyrata Aly D LA P. trichocarpa Ptr D
F7% Turnip Bra D E K Maize Zma M
# JIl Cucumber Csa D JKFE Rice Osa M
ZAHk Peach Ppe D % Sorghum Shi M
HHEL Tobacco Tca D SR Brachypodium Bdi M

D BT AR s M ) Note: D, dicotyledon; M, monocotyledon

4 ER DNA EELBEARGATEH

Fig.4 Phylogenetic tree of DNA glycosylase from R. communis and other species
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T B K = F [ & . RcDME, ReDML A
RcROS1 (gt 2 HE R 5 B f 2 Tk d 5L 1R,
HHE AE L 5 20072 6.90 6. 88 (6. 88, H L AT A,
BRI =AY e T mme R e (3%
3) o XFHEE TR/ B K PR HEAT B0, GF A R R W
R K , FE R R TR K , i IR = AN A
AR 1, o ReDME (9 38K P . =
AEAMARTEESECH 49. 92 47. 11 i1 56. 83,
HAFRE R o XL PP T 43 B 0] 2 G Y
sy Stalig EEME X, M SignalP 4.0 Xf H#

JFRWE ALl 1 2 B R R A T 5 5 IR T, 45 2R i /R 3X
SRR AAEEE SRR R ProtComp v. 9.0 7E
LRI AR BRI A Tt A 7 IV 248 L o7 503000 43
Mr, 42 4 Fr/R, ReDME 25 (58 A7 T 240 A% i 752
k1 9.76 AT AN LT A5 434 0. 02, 5 v T4 AL
45530, 23, T 78 48 H AR 2 19 18 1245 43 1
4000, M T 4 0 % B 1 AT R e 280 or T Al A
Vil ReDME A BB A A28 [0 8 . 25U, ReROS1
AW AT REE A T4 A%, {H ReDML 2 1 3176 44
UL ) 5 S A5 40 B e, TR 5 ReDML 2 [ A REAE 4
JHL 5 b R HETNRE . A ] SOPMA X B ol 5L 4k it 114
TR (K S), SR EAFEEEH o -
BEHE RN TSI 5 1 ) 152, T A e B R B — A A HICAT
FRAEA T,

®3 HKDNABEENBERREEDFIINELER
Table 3 Physical and chemical properties of protein coded by DNA glycosylase genes of R. communis

) P e e ik 4 L . 2
gl e ROWMRIER ) rRBIVEER IR e o
ne loci protein odec ammo na N P Hydrophilicity Stability 18na
ge acids /kD amino acids amino acids ’ peptide
20428. m000327  ReDME 1876 212279.8 230 236 6.9 _0.784 A2 ARGE
Unstable
29092. m000452  ReROSI 1634 183 163.6 195 199 6.88  —0.673  LILARGE
Unstable
29991. m000674  ReDML 1712 1913619 222 226 6.88 ~0.6 56.83 ARUE
Unstable

*4 B DNA BEAEERRDEQNLHMBENSH
Table 4 Subcellular localization prediction of protein
coded by DNA glycosylase genes of R. communis

—
Subci%fﬂgﬂloﬂjjl%zation ReDME ReR051 ReDML

Y HiA% Nuclear 9.76 9.52 2.43

AL Plasma membrane 0.10

M4k Extracellular 0.22

AL Cytoplasmic 0.02 5.10

Zekif& Mitochondrial 0.23 0.20

FEREAAR Golgi 2.36

WS Vacuolar 0.06

x5 ERDNABEABERRKRDEQN _REMDH
Table 5 Secondary structure analysis of protein coded
by DNA glycosylase genes of R. communis
TR
Secondary structure
o - 1RE
Alpha helix
(Hh)
B -
Beta turn
(Tv)
SEAE
Extended strand 169 (9.01% ) 218 (13.34% ) 253 (14.78% )
(Ee)

TR Hh

Random coil

(Ce)

ReDME RcROS1 ReDML

527 (28.09% ) 441 (26.99% ) 514 (30.02% )

61 (3.25%) 52 (3.18% ) 98 (5.72%)

1119 (59.65% ) 923 (56.49% ) 847 (49.47% )

2.4 E K DNA BEEAEERNRIESH
DLVEE R A ZB306 S SEIG A L, K5I ReDME |
RcROS1 1 ReDML FEAR | 25 | it | M 4 FiE 46 | 1R AN
JRFLAHZ S R BFEME. RT - PCR A I 45 SR 5%
W], ReDME F1 RcROST FEREAL  MEFE IR FNIR L H 1
ARk, I HAEMEAL T AR X 358 S5 Ik, ZEARFL
FRRR X 26 35 8 A i3 5 1T ReDML 75 48> 2H 21 24 R A6
F(WME SA) o R T =R = Fh R AR
[ IR TE DL, FATTAN GenBank 348 2 rp 48 1 B
IR T2 2R 5% SR 20 B0 (http . //www. nebi. nlm. nih.
gov/sra accession SRX007402 to SRX007408) ')
KTE AT & B, BERR ReDME 1 ReROS1 7E4544140
ar e IS HEAR T A R A R TR L B A K
BB A RS, FEIRFLA S b R A AR HAE
KRB LRI R A B, RO TE AL A BT
FIk | JSAEM R R R A AR AR . T EE
Jik ReDML K& 5 7E A (1) o7 A 4 2 R A e LA g
sk (8 5B) , 5 RT - PCR &5 R —3,

3 ZibE5itib

DNA 1 F 3l i A i B A ) AR KR F, T
OB 35 72 A R DR 28 7 e A v 4 A R B A
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TE:A:RT - PCR 25 BRI BERR DNA BESCALREIE R k. 1 AR 2 25,3 0,4 MEJE,5 MEFE .6 B8, 7 HEFL;
B o J S R A0 M BB DNA B BE AL AR 5k

Note: A:RT — PCR analysis of DNA glycosylase genes expression level in various tissues.

1 :root; 2:stem;3;leaf;4 :female flower;5 :male flower;6 :embryo;7 : endosperm.

B:expression analysis of DNA glycosylase genes from Brown’ s study

[25]

5 B DNA EEUBERARHRRIE

Fig.5 Expression analysis of DNA glycosylase genes from different tissues in R. communis

™. BAN ERY T DNA 3015 B 5L RES A 5%
HBELIE sTRNA 4515 DNA HUSE(E R A2 il
TERL Y T & BL T —#0 DNA #§ L4k g n DME™ |
ROS1'' i1 DML % 30 3o i 3 47) 6 16 52 WL 2%
Rk DNA | A bRIC . ASBT 5 A T4 R O 46
) DNA A 30 s ) VP 31 B X B PR I
P SEE T =R A PRI DNA AL, 2000l i 44
RcDME \RcROS1 #l ReDML, X = Fh 2 LR 1 A
Fa B BALIR , A K A AR 41, Hovhdu 5 1
TR 5 DNA 25 & TR B DI BR B 2 A7 A R ~1 41
1§, Domain A, Glycosylase Domain F1 Domain B> {H
TERILMRF I N S F (a2 e X . KT, 78
ReDME #1 ReROS1 Z B2 7 51 N SigfF7E— RS
(R 2 R s B X, S IX o oy S A% e B 4
K AL 5 SR8, T ReDML 78 N 3 it
ZAZ DI, AR E A5 R s HOE AR BT
UTAERAR Z0F97 & B DNA BEL AL DME /)&
) DNA 3= 2l it F Ak Ak A/ T X B 36 Ak P iy 3k
BT R R E A B EEMERT .
IRSEALRE A dme BT TR AT R H 2
WME" . Hk, AT — 4% ReDME H 3% 4k i (1
RERITY , ARG AR SUR Rk AT T3
A5rHr. MRk Choi 55 ARIHIESE , DNA BEEEAL RG] LA
O3 NP XU REAE LA I B AT T DD B A 3" W IR
TERMEE A I RE s SN RE AL TL B BAT DNA b
FEACTEEG P, DNA BT 00 77 A2 b 5 28 AP AZ 1R N 1)
25 Nk, #EWT ReDME 2 —Fh 52 g DNA
WEEEAL I, O TE R IR P Y 1 455 fij2—A K
KR (I REWEHAL TG AR ) o PRSFRYRA
TTRREHE B K 31, IR 5 T8 i S A% By R 48 52 4

Bk AEBC I BIE " . ARG L BEW KA, DME L
HH BAE XL AR A v, AL 25 SR 9 Zemach 4§
NAEKFEBE R 2 W AR 58 b & B, 16 DME 78X
TR R R SF . DME 75 87 R Y
B I] BB & DNA M 3% b g 5K 1 14 43 5 4k i 5
2 A TR A R A P R BT
DME [R5, 7wt DME ;&5 F 541 & 1 3
), T ROST 1 DML Ak il 76 20 R F
MR B Z Bk © 47 T o0k, BURR DNA M
SEACBRE AR 13 5400 T 2R B B 1) SR 2 K
F. RT - PCR Fl%% s 41 504 73 A1 .7~ ReDM 3L A
TEHELE MELE Tl T 0 IR AR L Fp R 28 3k, A TR 481
T DME 76 Je 41 i rpfe 5526 55, 168 ReDME F1
PIFGIT ) DME 7E D) R b A7 76— E 1 22 5, ReDME
Al RES 5 AN [R) 2 2 (14 35 PR A o HR Ak 1 T AL 21
B %8 o ReROS1 Fil ReDME FLH 22 B H AR (1) 22
B ARSI EAFAETUAYE T E R A R BT
5¥o MTERR ReDML F H 784~ 4L 21 A K 51
SRR R T AL PR I ) T DML2 1 DML3 [ 3%
5, 1 H I RE A 2 25 B P 4135020 X I A Y
FAb {2 DML (14 {52 28748 FF AN 5 WA AL 49 1) 1 5 A=
K&EE, FIIAH DML o] fEA 2 E Kk & i
T, T S AL e 2t B ks R e
BERRAE A —Fh S 2 0 AR & R OB E Y, AR
WL KT LAFSE B RRAE 1 & B T vk, e )2 AR
AL BTG B A R s EE ML E L
H, BIRRF B RN, BT LB
BCRREAEAE , AT 2 W I 428 PR R0 B 30 366 PR 7R iR
FLEE MR FIE G A 1 T RE 4R 4 T AR 4 1 &R
Gt BN BB DNA MESLACEGT /3y B %0 , Bk
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P B HT, V4RI 58 37 T 2 L 2H 20 3% 3K IR AT [17] Thompson J D,Higgins D G,Gibson T J. CLUSTAL W .
¥ HL T e 0 PR i A% ok B R AE T HRe LA improving the sensitivity of progressive multiple se-
quence alignment through sequence weighting, position
52Tk — specific gap penalties and weight matrix choice[ J].
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