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B OE: L O9E 49 M RIS 807 SEEZEANMEL, K RT-PCR #l RACE 3K v fE 3515
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o SERETT IR BEAE Dy 1929 bp, Wi 642 NEEERR, HHXT 7 H4 71.55 kD, FLESEHLA (pDD 4 5.87;
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Cloning, Sequence Analysis and Expression Profile of Protein Arginine
N-methyltransferase Gene BrcuPRMT5 in Flowering Chinese Cabbage
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Abstract: The full length cDNA and gDNA of BrcuPRMTS5 were obtained by using RT-PCR and
RACE amplification from flowering Chinese cabbage (Brassica rapa syn. campestris ssp. chinensis var.
utilis) ‘Youqing 49’ and ‘Youqing Tiancaitai 80" stem apex. BrcuPRMTS5 was 2 117 bp in full length and
encoded a predicted protein of 642 amino acids (ORF length 1 929 bp) with a molecular mass of 71.55 kD
and an isoelectric point of 5.87. Amino acid sequence analysis showed that it contains one conserved
domains of PRMT family of protein arginine N-methyltransferase in higher plants. Phylogenetic tree
analysis showed that the flowering Chinese cabbage had the closest evolutionary relationship with Chinese

cabbage, rape and broccoli. Subcellular localization analysis indicated that it might be targeted to the
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mitochondrion without transmembrane region. The corresponding gDNA was 4 151 bp in length which
harbored 23 exons and 22 introns. The longest extron was 140 bp in length and the length range of introns
was 50 - 150 bp. BrcuPRMTS5 was expressed in the root, stem, leaf and flower by the tissue-specificity
expression. The expressive content in different tissues was different: the highest was in flower, the next
was in stem, and the lowest level was in root. The semi-quantitative RT-PCR and qPCR analysis revealed
that no detectable levels were expressed during the first stage of sampling, then transcripts were detected
during the two true-leaf, the four true-leaf, the five true-leaf and the flowering stages. This suggests
BrcuPRMT5 may play an important role in flowering Chinese cabbage flower development.

Keywords: flowering Chinese cabbage; protein arginine N-methyltransferase; clone; sequence

analysis; expression

AR NATTHE RS 2 B 3L #5751 (Protein arginine methyltransferase, PRMT) [IhEER T £ 71
AR PRMT ZGAT 11 Apid, o [ RO R WA M 55 PRMT1. PRMT2. PRMT3,
PRMT4/CARM1., PRMT6. PRMTS Al PRMT10; I A {u$f PRMT2. PRMTS5/SKB1. PRMT7 A
PRMTY9/FBXO11 (Wolf, 2009; Yang & Bedford, 2013). PRMT 7Esh# % & MG & AT Fe b k4%
HEEAEH, 41 PRMT1 Al PRMTG6 J2 M8 40 i 4= K i 75 1) (Yoshimatsu et al., 2011); @k PRMT1.
PRMT4 i, PRMTS5 S BUNRAET-%5 (Bedford & Clarke, 2009; Teeetal., 2010).

ST, KT 9 4~ PRMT MFRIUEEH, 7050 AtPRMTla. AtPRMT1b. AtPRMT3,
AtPRMT4a. AtPRMT4b. AtPRMT5. AtPRMT6. AtPRMT7 #1 AtPRMT10 (Ahmad & Cao, 2012;
Hang et al., 2014). #f7i& M, KLE APRMT Al 155 RNA i CHISCH PRI R RACRES, &5
FIFEIHEETFIELRE, W AtPRMT4a F1 AtPRMT4b 8 it | FFAE ]+ Flowering Locus C (FLC) )
FKIEMHIFIEIEAT (Niuetal., 2008); AtPRMTI0 IhREH RS FEEU R IF AL [ IR, I HIX R 4t
IRJE FLC KM (Niu et al., 2007); AtPRMTS GEWSMELAL R 1 HAR3 {7 SO FRPEXCH 4L,
W FLC [NZRIEMEHEFFIE (Johanson et al., 2000; Searle et al., 20060, Z 5T E4R1E, AtPRMTS
J2 H HTOL R I P R B ) e FE R ) 1T BY B 1 JBORS 2 R L e o iy, — HLGR R S B AR KO E I
Z 7, ik B AR Bk, AEKIBRH, 7E FRIGIDA (FRD #5t FXFRUAEUR, I
TEI T HER , AR FA AR AL, o) R0 i 8 B DL RO 4 J8 75 IR AL 5 5 45 (Wang et al., 2001;
Dengetal., 2010; Hongetal., 2010; Fanetal., 2013; Fuetal., 2013), {H2iZZEHNS5EYEK
RE W TFHLEAAGGEE .

AT DL EE AR, AR#EM L (http: //www.ncbi.nlm.nih.gov/nuccore/NM_119262.6) it
WL R, R YR 7 B VAR AT T %L [ 4K cDNA fil gDNA, fir4 h BreuPRMTS . )0 ik
K )P S AR AR, TS DIRE s 0BT B AN [ A K R BB B AN R 2R 8% T IR R IA AR
RN BreuPRMTS P35 58 224 22 5 6 4> T WL B AL 5 w5kt

QY ViR SRS DARES

1.1 iR R EAE

B R A 5K E [ Brassica rapa L. ssp. chinensis (L.) Mokino var. utilis Tsen et Lee] -2 hFf € i
497 MR RGEAR RIS EL 80 K7, M) AR AR BE S ST TR M . I AR R AR
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A Z ARG N . 2015 4 4 R RERNTE IR, B TGRSR, fRERS, g
BEZEFRAIERE, HIT A RNA 421

DNA 3 BCR SR CTAB 2 (MBI 4%, 2012). &4 RNA $2HU% M MAGEN 2 Al fii#) RNA
ANEFERCAA SV A, BIREE R VK AL IR 8 R Il DNA AT RNA 58388 AR JE . ¢cDNA 2
— 44 IS I TaKaRa 24 7 PrimeScript™ ™ I 1st Strand cDNA Synthesis Kit 46 B 45445, -20 CLA7
#%H.

1.2 BrcuPRMTS 1RF X BRI EFN L KFFIFESE

DA 7 55 A3 2 1) 8% cDNA B, PCR BMAR 25 uL, A5 1 pul #E, 2.5 pL ANTPs V54,
0.5 puL Prime STARGXL DNA %4, 5 pL 5% Prime STAR GXL 28, . TS IW& 1 ul (&
1), 14.5uL ddH,0. SNFEFA: 94 CHAETE 2 min; 94 °C 30s, BRI 55 CHi 57 C 305,
72 CHEMH 2 min, 30 MEHJEHF 72 C 7 min ZEffi. PCR P24 1.2%35 IERHBENS F vl =,
DNA &P & (TaKaRa) [FI, KR H 7 BLS PMD-19T #ifk (TaKaRa) 4%,
KA, BREBCR e, AETAY TR R BOaRA T .

F1 RESIYRFT
Table 1 Sequence of primers used in BrcuPRMTS5 clone

JHi& Usage

5|4 Primer

JF¥%1 (5'-3') Sequence

155 75111 Conserved sequence isolation

3" 3iii cDNA #"H 3'-cDNA end isolation
5" ¥ifi cDNA 8% 5'-cDNA end isolation
FF IR SAES 1 ORF isolation

SEI ¢ %2 7 PCR Real-time quantitative PCR

WSR3 B-actin

BrcuPRMTS-S
BrcuPRMTS5-A
BrcuPRMTS5-GSP1
BrcuPRMTS5-GSP2
BrcuPRMTS5-U
BrcuPRMT5-D
BrcuPRMT5-q-U
BrcuPRMT5-q-D
B-actin-F

B-actin-R

CTCTCCTTCAACATTTCCAC
AAGACACCGACCATTCATAC
ATCACTTGGACGCTGGATGGGAGA
ATCACTTGGACGCTGGATGGGAGA
AGTAGAGATGCCGCTCGGAGAAAG
CTTCATCATCAGTCCATGCTCTTC
CAACAAAAGCCAACAACCAACGC
GACACCGACCATTCATACCAAAC
GGTCTTGTTCCAGCCGTCGTTCG
TCCACACACTGTACTTCCTCTCG

1.3 H¥MERFESH

I B EH KA HEARME B O T 4 RIUETERLZR (http: //www.nebi.nlm.nih.gov/blast) Fl{x
S 45 K383 #1 Chttp: //www.nebi.nlm.nih.gov/Structure/cdd/wrpsb.cgi); K H Expasy it %5 %% # Protparam
A1 ProtScale T H TG FEA TR JT; AELRHAF (http:  //www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc/) il
W A A e A7 s R SignalP 3.0 Serve 27 T {5 5 Ik ; PlantCARE (Chttp: //bioinformatics.
psb.ugent.be/webtools/plantcare/html/) FI DNASTAR #4453 #r N & 7 2 &1 K H DNAMAN # A4 Ltb
X 1P A0 () RIS AR A

1.4 BrcuPRMTS5 Rt RiEH

WS PSR GRE (Y IIE 25, 2008), 4> BITRECEAL L. I3 5 F o A il 22 T AR I
WA, 250 Ae. W 4 ANERAE RN N B A 22 S8 A B TR (38 1 ~ 5 et R D 6 M A
[F R B I 2E R 6 RNA. SRH e i PCR FISERT 286 € 1 PCR AR 2> AT BreuPRMTS B 4%
FIEEE . 2Ot B PCR K] SYBR Premix Ex Tag ikj# (TaKaRa), WL NSEEN B-actin.
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2 HiIR 5

2.1 BrcuPRMTS5 BB R EETEES &K 18

WA 7T 497 R T EISEAE 807 AR LR ARG BreuPRMTS W) IR v B4 (KJE
91779 bp) #it RACE 514, 43R 3"F1 S'RACE BARIAF TN 1421 bp H1 257 bp 1) 3'F1
5 e A, KX 2 S5Fe A0 S )y BOR ST HHE S RO R A K G 1), 3RS H I EEA ) cDNA I
DNA KJF41, 435104 2 140 bp A1 4 151 bp (Kl 1), KK A4 4 BreuPRMTS5 (GenBank 35
h KX073606) . 7ELHAT M1 K I, BreuPRMTS () cDNA 4145 K 2 117 bp, JFHHEHE 1929 bp,
il 642 NEIER, SmAEgRIGIX K 70 bp, 3 KudEGRiGX Jy 118 bp.

WG B MR, BreuPRMTS 9l i) A (A JBUAH X 73 154 71.55 kD, FREEHLAL (pD
h 5.87, AEE RECH 43.65, BT AREEA, NRIIRIEECY 83.33, MFHSEAKME (GRAVY)
- 0.260; FIH] ProtScale #AFTM o, H MR RS K PR EL i A PRSP 70 LAl K, HEMI i 2R
FIR SRR MRS o 2 A 40 AL T000 55 40 A 45 SR, iR A ORIk, AR AR, AT
SENL T ERLAR T R D e

M, 3'RACE M, 5'RACE M, c¢DNA M, DNA

Ml 1 1
2000 bp 2140 bp
1779 bp 1421 bp 3000 B

1000 bp

750 bp

500 bp

200 bp 1257 bp

100 bp

3000 bp
1 3B BrcuPRMTS Hy52 e B3k E
M;: DL2000; M,: DL5000; 1: H[E] B4,
Fig. 1 The full cDNA and DNA amplification of BrcuPRMTS5 in ‘Youqing 49’
M;: DL2000; M,: DL5000; 1: Middle segment.

4151bp

2.2 BrcuPRMTS 5NBF5 RN E FEWEESD

X H LR DNA 2 KJF5004 4 151 bp. 28 Blast XFECR I, ZFERSH 23 ANME TR 22
MG T SR THRKEIN 140 bp, HHIA 40 bp, KR 50 ~ 150 bp 2 08). W& FHRKMH
H5SWNET, A 227bp, HARMKILE 50 ~ 150 bp Z [A]

PlantCARE %A1 73 4t BreuPRMTS JERIKI N & 1 Joft, B T &4 11 4~ CAAT-box .26 /I TATA-box
SEFEARFESLICIEAN, AT 6N e Box 1« Box 4. AE-box. CATT-motif, MYB 45 &7 AT 2 i5
S0 3 S A F oA MBS, 28 %7 25 W M. JG 1 GARE-motif, B F1 S #0576 4F TC-rich repeats,
AR F W N ICAT TGA-element LA AW LI TG Skn-1_motif S5 A AE H Jo A«

2.3  BrcuPRMTS HIZREEL 75 53 #h R ER K & b3

¥ 1S 2 BreuPRMTS Pt ) 2 251 17 41 3EAT Blastp 2047, KIL BreuPRMTS 9ty s 218 7
5 s (XM _009139744.1). KA (XM_013894964.1). H ¥ (XM _013737683.1). Jr ik
XM_010449315.1). 11Z% (XM _006412567.1) FfUF S+ (NM_202918.2) ] PRMTS %t 2
AR IE R T 97% 99%- 96%- 91%-~ 92%F1 91%.
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N T 538 BreuPRMTS [y AR~ A8 F DR~ 85 M (e 3 A1 HL B A 2 BRI 7 41
HABIR B F P AT, G55 KB, BreuPRMTS 25 A4 i@ LM e 5 &4 S - IR PR & i 1
AN (AdoMet-MTases) RN Kk R S5 R S g g5 M3, A7 7 PRMT. PTZ00357. COG4076 %F
PSS S (B 2), HBLUER T BreuPRMTS R5FIX & R 4wl 118 1 U8 T 206 AdoMet-MTases
RELR K, (EAHDI AN AT 22 5y R P b R SR .

1 250 500 750 1000 1250 1500 1750 1932bp

B A b =R B L FEREPRMTS Protein arginine N-methyltransferase PRMTS
3L FEHEPTZ00357 Methyltransferase PTZ00357

COG4076
AdoMet MTases#B 28 %% AdoMet MTases superfamily
PRMT5#848 %% PRMTS superfamily

B2 BreuPRMTS HiiBRERFIIHRTHEHE
Fig.2 Conserved domains of BrcuPRMTS5
RPN B, SRS RS, T s Aol ar s RS 2R TR A2 il PRMTS (1A
PRARBOL, MASHIN, . B K EARGR AN B (8 3),

WIET3E Eutrema yunnanense
98 100 KA Brassica rapa ssp. pekinensis

100 %% Brassica rapa syn. campestris ssp. chinensis var. utilis
09 WISE Brassica napus
93 —
HWE Brassica oleracea

—— ¥ Camelina sativa

100 EFF Thellungiella salsuginea
BT Arabidopsis thaliana

100 Bk Sesamum indicum
% Nymphaea

81
95 A Prunus mume
88 B Ricinus communis
499: X Cucumis sativis
KE Glycine max
BB Gossypium raimondii
—_—
0.1

E 3 BrcuPRMTS 5Hfth PRMTS ZER RGH R 547
FH 1000 AN FE A HEAT bootstrap A, B AR LML S0%II7ERE B AARH o
Fig.3 Phylogenetic relationship of BrcuPRMTS and other PRMTS

The numbers next to the nods indicate bootstrap values of 50% or more support from 1 000 replicates.

2.4 BrcuPRMTS5 EAREHE I RIE

A E B PCR 1952 i PCR AN 1 H A R A SR AL AN R AL P (ke SR (181 4D, 45
KL, AR AR RS EE dh b b 2 BT B PR RS e R AR, SIRAHLE, =%,
- (R RGR TR B 22 5 KT, AR P R B 1A 22 57K AR RIS EAN L, 2. 1
RIS RANBUR, R JLPIeRIL, B B R ALRIEIERL e > > 2 > .
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A $- B
. O B 5H#P The early variety oo
(=] (=] B
L= AT Wah b g W 2 The late variety s
The early variety The late variety . g 6r
B =
®Oo%E o o R OE W %2 57
Root Stem Leaf Flower Root Stem Leaf Flower ;&J % 4
%
BrouPRMTS ® o 3
=z
= 2
0
S £ m &
Root Stem Leaf Flower

4 3XE BreuPRMTS BEFRBAARIEEER PCR (A) FAEE PCR (B) Hill)
) AR LR B LU, *RIRTE 0.05 KF 1225w B3, **RIRTE 0.01 /KPR REE.
Fig. 4 Semi-quantitative RT-PCR (A) and quantitative RT-PCR (B) analysis of BrcuPRMTS5 in different tissues of two varieties
Comparison among different tissues of the same variety, * indicate significant difference at 0.05 level,

** indicate highly significant difference at 0.01 level.

2.5 BrcuPRMTS A E A BT EIRIFRIE

g PCR MG E B PCR Kl 4h W], BreuPRMTS {E 2 Rkt RHE) 6 AN K W dh 2438547
PIAAFRRERRE (K 5, HREEARN . £ 1 BN RIAEERK, 5 2. 3. 4.5
FEM Az, FAMAREE R ER R, A2 eMETeRiAEi s, BN EEE
S5 FEANR] I BAPSAS H L  ie 20 ARAR —E, Rl ZR T AR A i 2 A e 2 1 B AT 58.13
1 93.82 1%,

A FLA TR

The early variety The late variety
1 2 3 4 5 6 1 2 3 4 5 6

140~ B
| O B35k The carly variety o
W B3 F#h The late variety

Aok

_ =

® © N

=1 =1 =1
T T

X FRIEARP

Relative expression ratio

N
(=T =)

f=1

EEM

Different development period

5 3XE BreuPRMTS BETR R EMFEEER PCR (A) FAEE PCR (B) il
1. 20 3 40 50 6 0 RER 1. 20 34 4 5 T EUHHHIRUTAEN); o R AP F R 77 INHUITE 0.05 ZK-F 225 3,
*RIRTE 0.01 KV EZFHEE .
Fig.5 Semi-quantitative RT-PCR (A) and quantitative RT-PCR (B) analysis of BrcuPRMTS5 in different periods of two varieties
1, 2, 3, 4, 5 and 6: The periods of the one, two, three, four, five true-leaf stage and completed flowering stage, respectively; * indicate significant
difference at 0.05 level among different periods of the same variety,

** indicate highly significant difference at 0.01 level.
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MY TTAEIT ) 32 B Ch 52 A% BURE S i, R 2 h 4 MR E Sl O, Fh. A3
IREEER) 5 AR Y R JE R 2H s AR IR R I 4, o FLC 21209 25 Hh e B R AR o o A
o BEEVIFIIREN, AMIERIMKE S5 RNA ¥ 55010 RNA B T8 RNA 455 HE A2
YA L FE, X e RNA 1 LK 7 F RNA 454 5 A AR KRB E R AW 4 PRMT
AL IO 55, IR T A0 PRMIT L1155 RNA i TAHSC I R 7 1 AR S 2 5 PR R
IR (B %, 2015),

AtPRMTS s H i I ik — 3 (1) 11 BORS 2088 AR A B M . WEFUR M, AtPRMTS et ik
8 R E 2L B 1 BORE RO R A, T BRI X A H AR BE R FLC B 1) JH 3 X 3, )
H FLC H#I5, MWIMAEERYIT4E (Hong etal., 2010; Fanetal., 2013). ASHISTH 70 B4 E (38
# BreuPRMTS S5IFFF. Wz, KA. B IFEAL 252 m S Y1) PRMT 9y @ LR 741
A5 8 91%LA b o BreuPRMTS R 14 FiILABAEY) 3 &4 5 ARSI R M ootk (T,
post I, II, TIIFI THW loop XD, HEA 14 S - IR R Z P IEELH N (AdoMet-MTases) =&
fR5FI8, UL BreuPRMTS J& T PRMT R KiK. RGK G R, HARERT S, KE
v HME L tharsR RGO R EIE, File S KISk BruPRMTS P40 [RGB A (98%), SiREkk
FIAT, IR U IR R R BEAE AR 2 A () A i i 8l T R PEE AL D RE,  REARUEREIY) T AL, T
S0 W 7E A7 73 BT A0, BrouPRMTS 8 I GBS X 3, 1] e 7 T2 b i R FE D BE . 1K SR F0 45 JIE
SE3EEE BreuPRMTS K& PRMTS/SKB1 H & [AI LA

TERCGAIIRERE Y, S5 BreuPRMTS 15 FR4 B 25 ot R SRR sl b 3Rk, e e IRIA
W, X SR AR GRS TP R A R, mieTh R IA S S R GRAE, 2007; 4-TN
75, 2009) FEA—E. PEHHIESE (2008) HRIEMHIALE R, BreuFLC (WAZIRIBH N 2L,
(MERLHE m, AR RIAEDETERIE, Ut BreuPRMTS 0] e R R BreuFLC RIX,
AN T AR BE A A7) 4t 2 T AL

T W BreuPRMTS HE4)24 g, FIJH 2 %€ & RT-PCR Fll qQRT-PCR 7)1 BreuPRMTS {1365 5.
MR FIES 1. 24 34 4. 5 v B R B2 AR AR Rl kit 25 3000, FESREEMER 1 v Lt i,
PRA SRR AS RS 21 H R R R IA . BT i, H R R BB T =, B2 A
BIFER RIE ER . 8 2 B LR AR A S B AR AR K ) AR B AR K DG (R
U 55, 2008), H AL B AL AR WA RIA, HRE AW, Ui BreuPRMTS
BN 53BN B HE VA JeAh, ZIER AR BB KR F R IA B S CRE ) H 3
FHAEE I (BreuFCA~ BreuFLD. BreuFVE) ALl (Xiao etal., 2015), 1Y BreuFLC #Jx (4
JBIE %, 2008), WUFSET BreuPRMTS J&T H LB EN R, A7 THIEEK BreuFLC 1 L. &
T BreuFLC G0 i 21 85 FUORS 2B Y SE P R A5 1 177 B B A7 0, 38 /2 30 3 1 F M 42 BreuFLC 1K 1
UE B A 00 AU 4 DR R A A BrewFLC 338 TR BERE YIS ZE TFAELY), b 75 23k — P,
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