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Cloning and expression analysis of the laccase gene RCLACL5 from
Rosa chinensis
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Abstract: Laccases (LACs), belonging to the multicopper oxidase family, are closely associated
with various biological functions including lignin synthesis and responses to biotic and abiotic
stresses in plants. However, few studies have reported the laccase genes in China rose (Rosa
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chinensis). Prickles cause difficulties to the management and harvest of R. chinensis and have
become a trait concerned in the breeding. To investigate the expression patterns of laccase genes
in roses, we cloned a laccase gene from an ancient variety R. chinensis ‘Old Blush’ and named it
RcLAC15. The expression level of RCLAC15 in prickles was significantly higher than those in
roots, stems, and leaves. Fifty-eight laccase genes were identified in the genome of R. chinensis,
and bioinformatics analysis revealed that RCLAC15 was a homolog of AtLAC15, predicting that
RcLACI15 was a stable hydrophilic protein without transmembrane structures. The recombinant
expression vector pBI121-proRcLAC15::GUS was introduced into Arabidopsis, and GUS
staining results showed that the RCLAC15 promoter specifically drove GUS gene expression at
the edges of Arabidopsis leaves. In summary, RCLAC15 is a gene specifically expressed in the
prickles of R. chinensis. This discovery provides a reference for exploring the biological

functions of laccase genes in the prickles of R. chinensis.
Keywords: Rosa chinensis; RCLAC15; prickle-specific expression; GUS staining
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A S5 i F AR 0 R Rk v L 2 H 2R
‘H A ¥’ (R chinensis ‘Old Blush’ )Rt T-dt 5iAk
W K ZE IR E e iR %, LES T (Arabidopsis
thaliana ‘Columbia’)7E N TS AEFE h 555, 1R
(25+2) °C, AHRHZLE 50%—60%, J:EM] 16 L/8 D,
ik pBI121 M ARBFEAIRAT .
1.2 BZ 2 RNA REUNERE &

hvibE H R, LA H A Ry ik
RO AT EE, FIFH SV Total RNA $2BUR ] &
(Promega A F]), KH TRIzol E#IH =R
RNA. ¢cDNA &R R ILE 1, BAREAE
T: ¥ RNA 5 Oligo(dT);s R4 5, 70 °Chink
5 min, FASSIVEHE T K LFER 2 min, #HK
WIMA RN 45y, ARG T 42 °CRb
50 min, #J5 95 °C 5 min £k N, BTk L
B,

BT IR T ST, AR H 2=k D 21 4L
P J% (https://lipm-browsers.toulouse.inra.fr/pub/
RchiOBHm-V2/) 1 iy {5 B, i i DNAMAN
(version 93t 2 KIFIITIH, 519)F5 L
2. ffi F§ KOD-Plus B i (TOYOBO A )
HATY S, % KOD-Plus i 5 #] PCR [
{AZ (50 uL). PCR WV FEJF A : 94 °C 5 min;
94°C30s, 56 °C 30's, 72 °C 2 min, 32 MEH;

x2 KMRFAASIY
Table 2 Primers used in this study

%=1 ‘BA¥ cDNA &RIKZE

Table 1 cDNA synthesis system of ‘Old Blush’
Component Content

RNA 1 pg
Oligo(dT)s 100 pmol
RNase inhibitor 25 units
M-MLV buffer 5uL

M-MLV reverse transcriptase 200 units
dNTP 40 mmol
RNase free ddH,0 Up to 25 uL

72 °CHEfH 5 min, PCR J= ¥l it 1%B AR HH5E it
HEL DK AR A R 0 - FH 38 38 B B WE E . DNA [l
W) G [RAR A AL B (b ) A7 BR A Fl AT
Ml atifl, K RIS 4 % 22 At 50 i 8 56 DX 4 o
FEH A BR 2 /T .
1.3 EREFTESH

A R 2R R m 2R B, A
AR L Bl HERE L BERER 4 AN
BRI A A6 0 B RHE B RNA FE4 1 cDNA, fiff
A CFX Connect Real-Time System, =% TB
Green® Premix Ex Taq™ II (TaKaRa 2\ & )ik 7] &
UL AT IR IR b . B IE 3 K
HypEE S, L ReActin NS IS 51y
FEONLE 20 RVFEFF . 95 CCHUETE 30 s;
95 °CAEME: 5's, 60 °CiR K 30's, 40 PMEH; 95 °C
5s; MEMIIZRIREE A 65-95 °C, L 0.5 °C/s By
JE T o HEPR BAR Tk R 27 C kAR,
IS N TR ReActin ()25 i iE 17 15— L Ab B

Primer name

Primer sequence (5'—3")

Product size (bp)

RcLAC15-CDS-F ATGTGGTCTGCTAAGAAGTGGAAATCAG 1803
RcLAC15-CDS-R TCAACACGGCGGCATGTCTAG

RcLAC15-promoter-F AAGCTTTGTGCATCATAAATTACAGTC 1200
RcLAC15-promoter-R GGATCCCTTCCTTAATTTGAATTGAAT

RT-qPCR-RCLAC15-F TCCGAGTAATCAACGCTGC 141
RT-qPCR-RcLAC15-R CAACGGTTTGTCCAGGAGAT

RT-qPCR-RcActin-F CAATGCTCCCGCTATGTATG 158
RT-qPCR-RcActin-R AGGTCAAGTCGCAGAATGG
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org/tools/meme ) PR3k 73 M7 J 2 % il 5 X 5 1k G
526 1 ) FE 7 (motif) ; /i FH iTOL v5 (https://itol.
embl.de)7E £k T H &5 b7 T AL PR
1.5 FEHEREL M RS A8

ff H ProtParam [ ¥} (https://web.expasy.
org/protparam/) 7 M7 4 1 Jit B9 BLAL P 5T 5 A ]
TMHMM 2.0 (http://www.cbs.dtu.dk/services/
TMHMM/)7EZ R A T30 25 11 5 7 125 RS 235 4 Bl
fdi 1] Clustal X 2.1 3K {2047 26 17 91 2 8 LT
JEHIH] GeneDoc Hi 4k A5 R
1.6 Bl TFRERFIISH

KM CTAB %, 2% 8% DNA 2
177 & (Omega Bio-Tek 2\ F)) Vi B 4542 M H &
DNA. Ll A Z5: 20 DNA J#4 , % KOD-Plus
A UL R H PCR W AR £ (50 uL), LU
F R LGS T 107 1 200 bp JF8 A BA BT
SIHATY RS, SERESIYI L 2. X PCR Y
HEFT I, 4 =% 23] pEASY -Blunt (dk
e e EYEARARA G wERIL, ik
Trans1-T1 KIBH EEZ SIFRITORL, &5
W PF P o 2 5T R 6 2 A e A AR Ak DR 4 A

http://journals.im.ac.cn/cjben

OAFRA T, 4508 87 Bl i HTEZ M
v} PlantCare (https://bioinformatics.psb.ugent.be/
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TE proRcLACI15 5 K& | 9 3 sy fin g B 467 1
Hind 111 #1 BamH I, 7 5cfE)E s F)v50, #
FHRR 2 P9 DI Hind 11 FT BamH 1 X %551 il
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Figure 1  Quantitative expression analysis of
RcLAC15 in different organs of Rosa chinensis ‘Old
Blush’. FB_GP: Green petal stage; FB_TP:

Turning-color period; FB_RP: Red petal stage;
OF_RP: Petals in full bloom.
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HE R BRI E, A 23 1. TR RE R
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X H R K 58 Ml e K&
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¥ RCLAC15 5 [a]— K 15 17 9 A~ H 2R3 i
SR 2 SR IT R B AR R AtLAC14 I
AtLAC15 1T IR T 5 2 & LLxf (K 4), 45
7%, RcLACIS #H 15 AtLACI4 & 1 Ml
AtLACI1S & H M ORSF A B R, ARG 1)
VR Tl AR 11 A LR AR B8 45 5 3 Cu-oxidase .
Cu-oxidase 2 Fll Cu-oxidase 3, ¥iHH RcLACIS
EARARMEANEATIR., ARMZE, H
ZE L PRl Rehi OBHMChr 290120941 4 % 1
F&k/> Cu-oxidase 2 2% #43,,
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Figure 2 Phylogenetic tree of the Rosa chinensis and Arabidopsis thaliana laccase gene family. The
Arabidopsis laccase proteins are represented in red font; The rose laccase proteins are represented in black

font. Pink represents subfamily I; Yellow represents subfamily II; Green represents subfamily III; Blue
represents subfamily IV; Purple represents subfamily V. The blue circle represents the bootstrap value.
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Figure 3 Motif analysis of rose laccase protein.
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4 FRBIFREIVERIERFIINSELLS  FRILFER LAC EHAM 3 MRSF X ; Cu-oxidase
Cu-oxidase_2 fl Cu-oxidase 3 N LML ; “o RN G IR T H BIH] B ; B IRk Fm @ LW 7 5 7]
TEVERY K AtLAC14: L E5 5T LAC14 & 1(AT5G09360); AtLAC15: #IF5 5+ LAC15 &1 (AT5G48100);
RcLACI15: HZ= LACI15 & FH(RchiOBHmChr3g0473941).

Figure 4 Multiple alignment of amino acid sequences of laccase subfamily IV members. Underscores
represent the three conserved regions of LAC protein; Cu-oxidase, Cu-oxidase 2 and Cu-oxidase 3 are
protein domains; “®” represents amino acid gap; The different color depth indicates the homology of amino
acid sequence. AtLACI14: Arabidopsis thaliana LAC14 (AT5G09360); AtLAC15: Arabidopsis thaliana
LAC15 (AT5G48100); RcLAC15: Rosa chinensis LAC15 (RchiOBHmChr3g0473941).
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Figure 5 The prediction results of transmembrane
structure of RcLACI5 protein. The abscissa
represents the amino acid sequence number of the
protein sequence, the ordinate represents the
possibility of amino acid transmembrane.
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Table 3 The cis-acting element of proRcLAC15

W . CAT-box 1 HD-Zip 1 7H-# S HEK &
BIRE, 255 HE 14, Hpb CAT-box 543/
HLFSRA S, T HD-Zip 1 W2 5 ML 4 4t
WA A 431k, MBS TS 5 TRIESH
MYB %545, J& proRcLACLS JF51) e —
—A15 [ilp36 M 7 A S A I A FH T
2.4 proRcLAC15 7RI FiasE
SFMHFRIX

J T $E—B0IE proRcLAC1S 1 #5854,
¥yt T pBII21-proRcLAC15::GUS H4 K iA%,
PR IE X ICHEAT T BB RN, 25 R ANl 6 s .
¥ pBI121-proRcLAC15::GUSZE AR AL IR IF ,
2 W % I AR AT AR E ALk R B BT AR U
TEkR ZRAE AR B 23 S DS A RN 2 A B A
PRZA PR 3 BRET I 20 d B9RIRE TR BR, X
HPE T GUS e fr &/ 7 /R T GUS Y45 5 .
g FO], WPAE RN RR R B YL 1, pBII21-
proRcLAC15::GUS it L b Si stk &2 1 it lrik
SR = i ok 2 T AR A R B Y (L, SIS
PRAR 2 i i & 35 mt IBKCRI A AL (B Sk 46 )
2 € T LAt 7 AR e

Classification Name Function Quantity
Light response ACE Cis-acting element involved in light responsiveness 1
Box 4 Part of a conserved DNA module involved in light responsiveness 2
chs-CMA2a Part of a light responsive element 1
LAMP-element  Part of a light responsive element 1
GATA-motif Part of a light responsive element 1
G-box Cis-acting regulatory element involved in light responsiveness 2
GTI1-motif Light responsive element 3
Hormone response ~ ABRE Cis-acting element involved in the abscisic acid responsiveness 3
CGTCA-motif Cis-acting regulatory element involved in the MeJA-responsiveness 3
TGACG-motif Cis-acting regulatory element involved in the MeJA-responsiveness 3
TATC-box Cis-acting element involved in gibberellin-responsiveness 1
TGA-element Auxin-responsive element 1
Development CAT-box Cis-acting regulatory element related to meristem expression 1
HD-Zip 1 Element involved in differentiation of the palisade 1
Stress response MBS MYB binding site involved in drought-inducibility 1
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Figure 6 Double enzyme digestion detection of
recombinant expression vector. Lane M: 1 kb DNA
Ladder; Lane 1: pBI121-35S::GUS vector; Lane 2:
Products obtained by double digestion of the
pBI121-35S::GUS vector using Hind IIT and BamH I;
Lane 3: Products obtained by double digestion of

the pBI121-proRcLAC15::GUS vector using Hind III
and BamH I
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Figure 7 GUS staining phenotype observation of transgenic Arabidopsis thaliana. A: Wild type; B:
proRcLAC15::GUS transgenic line 1; C: proRcLAC15::GUS transgenic line 2.
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