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Cloning and expression analysis of PeLAC in Phyllostachys edulis

Li Li-Chao, Sun Hua-Yu, Lou Yong-Feng, Yang Yi-Hong, Zhao Han-Sheng, Gao Zhi-Min~

(International Center for Bamboo and Rattan, State Forestry Administration Key Laboratory on the
Science and Technology of Bamboo and Rattan, Beijing 100102)
Abstract. Laccase (LAC) has many functions in plants, playing important roles in both
growth and development. The cDNA, genomic DNA, and promoter sequences of PeLAC were
isolated from Moso bamboo ( Phyllostachys edulis (Carr.) Lehaie) using PCR techniques. The
open reading frame (ORF) and genomic DNA sequences of PeLAC in Ph. edulis were
1692 bp and 2785 bp, respectively. There were six exons separated by five introns in the
PelLAC genomic sequence, which were in full compliance with the intron splicing principle of
GT-AG. PeLAC encoded 563 amino acid residues with a calculated molecular weight of
62. 3 kD and theoretical isoelectric point of 9.056. Phylogenetic analysis demonstrated that
PeLAC had high identities with LACs from other plants. Prediction showed that a putative
miR397-targeted site was found in the coding region of PeLAC, which was further validated by
RLM-5" RACE. The sequencing result of cleavage products showed that the cleavage site was
at the 10th base of miR397 complementary to PeLAC in Ph. edulis, confirming that miR397 can
guide mRNA cleavage of PeLAC. Tissue specific expression analysis showed that PeLAC was
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expressed at the highest level in the stem, followed by the root and leaf sheath, but hardly at
all in the leaf blade. With increasing shoot height, the expression abundance of PelAC
increased to a maximum at 15 cm, and then declined at 30 cm; whereas the expression of
miR397 showed the opposite pattern. The promoter sequence of PeLAC was also isolated, and
was 2000 bp and included many responsive elements such as ABRE and MBS related to
abiotic stresses, indicating that PeLAC might be involved in responses to hormones and
drought. Further experiments confirmed that PeL AC was obviously upregulated in roots under
ABA (100 umol/L for 24 h) and NaCl (400 mmol/L for 4 h) treatment, but was downregulated
after treatment with GA,(100 umol/L for 3 h). The isolation and expression analysis of PeLAC
presented in this research has laid a foundation for further study on the biological functions of

LACs in Ph. edulis.
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BRACIHST 7RI g ik KRS ( Oryza sativa
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JH, HARRZE & /L, R miR397 i@ it i
FEREE N R IR S 5 AR E A R E R,

YR | RFEMEAYE R A A 35
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BT BEY R 30 om, ASHFSEREER 3 AR [ —
ARG BT E AR & B (2, 5, 15,
30 cm) FYEER (K 0.5 cm) Ak RE, BF9E H 1t 3t
IRIAE S5 AN ] % B I3 0 Sk i e

R KA BATEA N (0.5 4R4) , 439l
FH 20 mL J7% R (GA;) (100 umol/L) | JiE#& IR
(ABA) (100 pmol/L) R mEIM F . GAAL B 7
BIHE 0, 0.25, 0.5, 1. 3 h XY EAREUE,; ABA
WCFRIS AR RIZE O, 1., 3. 6, 12, 24 h XY EHER
BECY AN, B BATIRENR A 400 mmol/L 4 NaCl
B, SR AIAE 0, 2, 3, 4 h JE i EARBURETS
JITBRE RS, T - 80°CIR E. &M
1.2 DNAEEL, RNA 55 cDNA BI& R

LB B # ok, SRR CTAB 35 #2 HL
EATHPE DNATY, F-20°C & H ., KA R
Trizol yEFRE_IRAS[A] 5 B 55 S 45 b B IS A i 1)
RNA 34 5 cDNA.,
1.3 ERRESHSH

DL RIS AR R R SE N BDLACE ™ ¥ 51 h 5
%, AR YR AT AN A B E (http ./ www. bam-
boogdb.org/) H iy [F] #5551 (PHO1001798G0410)
T H R B FE [ 25 DNA 5133151 %) LAC410-F
I LAC410-R(% 1), PCR i Bk & M 20 ul,
f135. 5 x Primer STAR™ Buffer 4 puL, dNTP
Mixture(2.5 mmol/L) 2 uL, LAC410-F(10 umol/L)
0.5 uL, LAC410-R (10 pmol/L) 0.5 uL, FAT
cDNA =f 3£ K 20 DNA #i#iz 2 uL, Primer STAR™
HS DNA polymerase 0.2 yL, DMSO 1 uL, S
TEF . 98°C i 28 ¥k 4 min; 98°C 4% ¥ 30 s,
60°CiR+k 30 s, 72°CHEfH 1 min 50 s(FEF 4 DNA

&1 PCR¥IGETASIY

Table 1 List of PCR primer sequences

GIL/E2 S F1MF5(5'-8")
Primer name Primer sequence (5'-3")
LAC410-F ATGGCCGTGCCGCCGCCATCT
LAC410-R TTAGCACTGCGGAAGATCTTTGGGTG
OUT410R1 GTTGTCAACCTGTAAGGGAGCATC
IN410R2 GGCCTGGAGTGATGAGCAGGGTATCGGT
410P-F CTCCTAATTCCCCTGTAGAGAG
410P-R ACCGGCTGTCGGAGCTAGCT
gLAC410-F ACACCATCAACGGTCACCCTG
gLAC410-R GTCTGGCCTGGAGTGATGAG
gLAC410-F1 GGGGCCGACCCTATACGCAAG
gLAC410-R1 GAGCGTACCACGTTGGCCGATAAT

PG EE 2 min 30 s), 3t 35 MEIR; 72°CHE(
10 min, 4°C{#47, PCR j=¥ B 5 #4710 A &
M, RN AKZ K. 10 x LA PCR Buffer 1.0 L.
dATP(2.5 mmol/L) 1.0 uL. ™4 7.8 L. LA
Taq fif§ 0.2 L, R FEF M. 70°C, 30 min, Hm
A Y% pGEM-T easy #iAk, AL KHHT i
DH5¢x, e HRBH P s Bl T

M4l PHO1001033G0410 |3 2000 bp J&i 3k
T XA 5549 410P-F Al 410P-R(% 1),
DI 4] DNA Ak, KA Primer STAR™
HS DNA polymerase #1744, PCR & ¥ 1.
98°CAEME 5 min; 98°CAEY: 30 s, 64°CiRk 30 s,
72°CHEAH 2 min, 335 MMEH; 72°CHEH 10 min,
ACIRAE, P15 2607

K H DNAstar 4% 1y 45 S #E 1791 28 50 97
K H BLAST (http:/blast.ncbi.nim.nih.gov/Blast.
cgi) BJP AT P A R US4 g, AR 25 A 3 R
A TMHMM 2.0 ( http:#/myhits. isb-sib. ch/cgi-
bin/motif_scan) S i, F|FHTEL A (http ./ pla-
ntgrn.noble.org/psRNATarget/ ) Filill 4T miR397
IR 85 . R DNAMAN 4% 26 1 i k4714
SINTE IR Z 75 i, R MEGA 6.0 814
TR T I RGO
1.4 RLM-5' RACE 1%

W RLM-5" RACE HZ AR X miR397 s il 1
PRI AT V) HN S0 E AR 4 #0009 miR397 #L 5L A P
3, FEDVEM S R F BT RLM-5" RACE $E51: 51
) OUT410R1 #i1 IN410R2 (% 1), % IE RLM-
RACE i & (TaKaRa) #:/F 3K, 4k45 cDNA,

Outer PCR & W& & h. 2 x GC Buffer 1
10 uL, 1 x cDNA Dilution Buffer 8 uL, F£ 47
cDNA #i#r 2 uL, #¢ 5 ¥ 51 ¥ OUT410R1
(10umol/L) 2 uL., 5" RACE OQuter Primer
(10 ymol/L) 2 pL, LA Tag(5 U/uL) 0.25 L,
dH,O 25.75 pL. Jx W #2 ¥ h. 94°C Fil 42 1
3 min; 94°C 781 30 s, 60°CiE k 30 s, 72°C4E
30 s, 3£ 30 MEH, Inner PCR LI —% PCR
PR AT, WK FR . 2 x GC Buffer 1
10 uL, dNTP Mixture (2.5 mmol/L) 1.6 uL.
Outer PCR W #k 1 uL, #3514 INA10R2
(10 ymol/L) 1 uL, 5 RACE Inner 5[47(10 pymol/L)
1uL. LA Tag(5U/uL) 0.2y, dH,05.2uL, &



55 2 1)

DR BITERMHLR PeLAC WY ye ke 53k Hr 255

MAEF A 94°C WiAEPE 3 ming 94°C 48k 30 s,
60°CiR -k 30 s, 72°CHEAi{i 30 s, H£ 30 MEHA,
1.5 ERERESH

FIHGI4) LAC410-F Al LAC410-R( % 1) % F&
AR LI Pel AC 3 M [ ik E 4721 22 1 RT-
PCR /47, LAEBAT Actin JERH &% 5
Y1 qLAC410-F fil gLAC410-R (% 1) DI & E AT
miR397 sE & 591" 43 BIXT Pel AC Fl miR397 1
ANV R B S R Rk T T AT, BRANA R
51 % gLAC410-F1 FI qLAC410-R1 & & 7 #r
GA,. ABA FI1 NaCl £ 315 PelLAC ikt 7284k,
miR397 Fl PeLAC & f& 43 Ht it I P 2 3 [543 5
Jy U™ F NTB'™' | PCR Jz i £ qTOWER2.2
(Jena, Germany) ¥ #% I ¥ 47, S M &1k R
10. 0 uL, f3#%. 5.0 L LightCycler® 480 SYBR
Green I Master Mix ( Roche, USA), 0.8 uL
cDNA, IE. m5[#4 0.2 uL, 3.8 pyL ddH,O,
KRR A . 95°CHIAE M 5 min; 95°CA: 1 30 s,
60°CiRk 10 s, 340 MEH; KM EE 3 K, 5
IEE PR 27405 P T G b

2 HBRENH

2.1 PelACHIRIESFFINHT

FH51 % LAC410-F, LAC410-R X AT A
20 DNA Fl cDNA #4793, MF 25 R Wony 147
FIK 55k 2785 bp 11692 bp, HiK1G)/751 5
BT R L B 2 ot iz Y PHO1001798G0410 i

80 1L1*f: 75 Aegilops tauschii EMT26873 1
100 I_—/J\iTriticum urartu EMS48198

o7 Lk Hordeum vulgare BAJ98144

PR 2 9) R F 0 1 G RS X 8 56 42— 38, P9 2454
ST, IS 5 A& AT 6 AN T,
W& GT-AG B (Bl 1), Al & 3L H cDNA
f 55 679 ~ 698 fif A (5'-ATCAACGCTGCACT-
CAACGA-3') 5 miR397 ( 3-UAGUUGCGA-
CGUGAGUUGCU-5") S BAMIE A5, ) 25 ]
Z N miR397 Ry ILA

—1—HH 1
0 500 1000 1500 2000 2500 2875 (bp)
ey s weEr: =—.  Exon: s Intron: = .

1 PelAC EEZMTEE
Fig. 1 Structural diagram of PeLAC

ZHEEN B A it 563 NEIERR, FRISZE R
KN 9.056, HEMIR ik 62.3 kD, HHHS
Boras R R, mEAEA 3 MRS E 4
FAJIR T1( %5 36 ~ 152 131) . T2(55 162 ~ 314 {i1) Fil
T3(% 413 ~ 547 i), AL BRBHE PR rh O 2y
10 NHARRIRFE S A IR, SR L,
FRFEARSRT &, IR a2 PeL AC,

1E NCBI X} PeLAC M 751117 BlastP 7E4k
LEXTo0AT, ARzt N i ) 2 37 4 5 e
TR R A B R g — 8k, o SRR —
Btk e = oA 92%; HLvk 5 R AR R ) — By
IN%; S IT LACS 1 —3tEh 63%, FH 4Rk
(Neighbor-joining ) 9 # i) R e kAL i, B
HRF-IHEYI LACA KGR 2 KL (K 2)

RS i Brachypodium distachyon XP_003558760 } LI
.71 Phyllostachys edulis PeLAC | M

onocotyledons

100

/K& Oryza sativa XP_015616796

99 T 1625571 9 Oryza brachyantha XP_006663136
%1 Setaria italic XP_004980096 /
i % Nicotiana tomentosiformis XP_009624727 A
Wy K4 Populus trichocarpa XP_002322961
24 T - A
o XF )
K Glycine max XP_003551299 > Dicotyledons
98 _| 4.5 Vigna angularis BAT9724 7
45 1115 J+ Arabidopsis thaliana NP_565881 /
—
0.05

BAL EAECTR 1000 IRE IR A RAE,

Numbers on major branches indicate bootstrap estimates for 1000 replicates.

2 ETLAC EBFIMENREHLK

Fig. 2 Phylogenetic tree based on sequences of LAC
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2.2 PelAC RahFRFIIMNEES SR

F B S 51 ¥ (410P-F F1 410P-R) ¥ 4%
PelLAC L iita o 7 X3, 9738 7= 9 )7 5K B
2000 bp, #HHAL N PeLACp., ¥ 3h oot
ST R, PSR & A TATA-box, CAAT-box
GIANERTTHL, BEH 2505 MHa A e
W R CHE, AR LTR, HSE, T2 MBS, 7R#
% ABRE, St 3-AF1 binding site. ATCT-motif il
Box 4 S Byl (K 2) . KW PeLAC K ] fig
YRR TR O, RER . REEE YN E
F—EEH,

= 2 PelAC BahFREGIAETESH

Table 2 Regulatory element analysis in promoter
region of PeLAC

Wy o e
Responsive element
3-AF1 binding site, ATCT-motif |
Box 4, CATT-motif

SMERIN T

External factor

)t Light

LTR, HSE R Temperature
ABRE I:FE % Gibberellin
MBS +5 Drought

2.3 miR397 EMmIIEIFERE PeLAC

RLM-5" RACE % AR J& 51k microRNA 1 ]
EMBERAA  kZ —, @i X RLM-5" RACE 1y
PCR =¥yt 41 ¥, 10 NFEM IR T —BUF 51,
KRN 148 bp, A& %¢ 51 Inner 514 INA10R2
(22 bp). 5" RACE Inner 5|#) ( TCGACTGATCA-
TCAGTAGGCTGTGGATCCGCGTG) 34 bp #ilk
HF 51 92 bp (CGCTGAATGATGACCTATTCTT-
CAAGATTGCCAGGCATGAACTAACTGTGGTTGA-
GGTTGATGCAATCTATACCAAGCCATATAAG, H:
HOIREL I 30 R D S B ST 8 o F 8 A b kB
miR397 WY BY I 2 3407 F ¥ P B 2E 10 ~ 11
Iz | (K 3) .

110/10
miR397 3’-U AGUUGCGA CGU GAGU UACU-5’

Pel AC4105:X#l/74) 5'-A TCAACGCTGCGCTGAATGA-3/

Wik TR UIEINE , BFFRom 5 RACE TalE I 7 DI EI 7 a5 K il
F AL E AR
Vertical arrows indicate the 5’ termini of miRNA-guided cleav-
age products, numbers represent the frequency of the se-
quenced clones.

3 miR397 Xt$BEE PeLAC HIHIEIL R IGHE
Fig. 3 Cleavage site verification of PeLAC
targeted by miR397

2.4 PelAC BARFHFHRMED

DIBATH, 25, k859 cDNA AR,
HEFT 5 RT-PCR Rl H AR AN [ 21 2 Ay e kA
K, BREIR, PeLAC TEZE KR F B i,
FLURAMR, EREACAR, miE R LT R A 2 2
K(E4), N PeLAC TEEATZEMMAERK LB
AIRE L E AR,

1 2 3 4

PeActin

1. M5 20 255 3. M 4. M,
1. Root; 2; Stem; 3. Leaf blade; 4. Leaf sheath.

4 PelAC EEMELRHHRAEFREST
Fig. 4 Tissue specific expression of PeLAC in
different tissues of Ph. edulis

ARWFFEHE— % Pel AC JEIAEA IR AR K 5 i
PR FaR SIS T TR, S5, BEE S
JEMBEM, PelLAC Fikw 5t FIHE T RER
FAEK E 15 om B AT R GE IR B R R (E, MfE
30 cm AT IR TRE(EI S, A) o [RlIAG I
miR397 MFATEM, LBHAE S5, 15, 30 cm &
IR FIRER S PeLAC tH I, BIVBE 2 & B A58
hn, miR397 ik ZHT T, % 15 cm mETikE)|
wAKME, £ 30 cm BF XA F (K 5. B),
mMiR397 FKik e fE ik, FHIMEL N PelAC )ik it
ETF, X5 Xiao Z BB AE R 8, Wik
P miR397 n] X HAUIE N Pel AC ik AT,
[ 2B PeL AC #E AT AR Ak i i F2 vh nl B
R EEER
2.5 ARE4AEX PeLAC FRikHIS M

GA I AR K R, 11 ABA W& Xt
Yt K EAHEERNHE T, & GALH)E,
EATHRA PeLAC HIAHXT Rk ETEALH 0.25 h BT
FEZEXTRE(O h) ) 42%, MG RERBHIKE, &
3 h AbFEHZ I Bk B SRR (K 6. A),
FIHEITRF PeLAC 11335 1 78 Ja i) (8] N B iR 32
FIZNE GA,IH] . 2 ABA ZbHS | R PelAC
(FEk BT ETh, 2P 6 h ik I E R KA,
2y R IREY 63 £, RISV T RE, 2 24 h BHEEA
PR 2N BRI R IK7KF (K 6. B), £ NaCl 4b 3
Ji, B PeLAC W 3kizg i L7, EALPE 2 h B}
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B 5 Ef1 PeLAC, miR397 EARE EFHHHNRIESH
Fig. 5 Expression analyses of PeLAC and miR397 in Ph. edulis shoots of different height

AR ERORME, A NXTIER 25 £%, BlER 2T
R, EHVAREH B E T X R A RIEAKFE (K 6. C),
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EATHRT PELAC 9423k, S2Iss B IE T %25 M
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>

o -
© o
T T

o
[}
T

PeLACHIN ik i
Relative expression of PeLAC

ol ] 5 U 3P 56025 M 2 1
L B B
0 0.25 0.5 1 3
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0 B A 03 4 O S 0 I 0 1 7
< 60| - %, PeLAC ML R MR 1 H A 3 AT I
=L sof BB T, R RS AR
L5 0 KA, &) PeLAC W g 5 H R R L
=i A0 ) B, 028 ik 4% 7 H 45 B O,
38 % PeLAC Ja#il R Rk HER, HIEZh RKiARZ,
Y2 O e viommee A s U e TR
€ o 136 a2 20 il HARBRATE RA RE B R 0h

ABA treatment (h)

A, BB T SO A B Y20 L BE P Rk AL

o % C P, B AT AR SR P
3 »f I KT, SV KRS TS, SME, i
2% o) KA, PeLAC #E 3 4F £ fEARE AT 2 om
=5 1ol | 5 om KYFFIK IR B, TR K E 15 om It
SE o AU LT, 30 om IRk REATIT FIE, 5 AT A
22 4l . 30 om RIS, HOR ALt B ASE AT
R — . . . %, (HHFKEHSR I 2 om BN 8.6 £, X —
¢ e 2 SR P A R R P AR R K AR

NaCl treatment (h) R
P LR PeLAC fEA T G it b HAT
6 GA,. ABA, NaCl &3t PeLAC RiXRI# M

: HE)EE
Fig. 6 Effect of GA,, ABA, and NaCl treatments o
on the expression of PelAC W &I LAC FEH 52 microRNA /- (1 % 5%
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JE I FE T ( Solanum lycopersicum L.) H
i3RIk miR397 J&,  HHMIE R LT A AS 1) 3% 5 [
k' ABFFEE T RLM-5" RACE JR I $AE T
mMiR397 BEME 7 55 sk K 7 X B 3L K PeLAC 47
KanfblE|, X 5H#4E( Citrus reticulata Blanco.) H
miR397 XffLIL K LAC4 F1 LACT7 MyHERA VI HIN 5
M— 8", mR397 T EMHEK E 5, 15,
30 cm WA XS R iE AR 5 PelAC J:HAH I,
i — RS T miR397 W $%E PeLAC Wik, I
Gh, BWHEER N RIIEZRNWER ., AEHFR#
Wi, AWEEH, ABA AbHERT PeLAC Fik i ARL I
BN, X4 5T LAC4 32 ABA i it}
R AR LT W] PeLAC XA ABA #4
SRS, R REAENE N ABA s B R & ¥ — e E
m7E NaCl Wit 5 F, PelLAC W3 ik 5 /K F
OsChl1'®) | Ek(Zea mays L.) ZmLAC1'™ | &
AL R 2 A5 78 o B A PR TR A S KT 4 v 1) 5K
IREE AL, X ATAESE NaCl Bhia S 30T K BB Al
PR FR O AR BE S R OR BT Ak, FEARR T 4 R BE ) SE
PEROT BRI IR TR A R AR A

BRMHEAE Y LU R A W R 5, R ] 3
LA TER )5 BRI 8 m AR ) R A SR rh A
Yy S AR A P, SR DGR L R R
KeARA Y38 me) 10 38 A H A D RE ATV FE ) BIF9E T e
B, E AT A5 P R A5 5] 23 A4~
BRI, ENTEE TR A fiift— 24
7N o HET AT 7K XA B A o2 228 i A 4
M, P AR TR B, it FRIAAE ( Gos-
sypium arboretum L.) GalAC1 Wy ¥i#4% ( Popu-
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