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BiFRWiE SR X 1 AR S AR Y AT AL, T —
111 BARY#kmam pRBUEK R KA
— B AR BT, B ORI R R W
12 h Y6 (250 ~ 270 pmol - m ™2 - s ) FI 12 h
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TS TR HEL A 200 A A5 35 458 A b B A P
FIALCO h) VE Xt iR, AR E A 10 RRBATSE
AT, B0 3 RERE . B AR A B AR
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TETBAT 5 K 4408 % ( BambooGDB)  (hitp://
www. bamboogdb. org/) 2 3 CPD By IR JE F 5
DL Eirr R 319 AR 4RSI F A Primer
Premier 5 43 H|i% 34734 CDS £33 4) , PeCPD-F
(5’-ATGGACGCGGACGCGGACGCGC-3") 1 PeCPD-
R (5'-GCAAATAGATTCCAATCGCTGCGTGATT-3") ,
DL 3 I 3h 7 7 50 19 51 ), PeCPD-pro-F (5'-TA-
AAGTGCATATGCTACTGGAG-3") FiI PeCPD-pro-R
(5’-GTGGCTGATAAAATAACGGA-3") , i§ EiF A T
HARA R AW G

4390 DL B AT 4% cDNA P 34 45 i X, DL L R 4]
DNA SRk 4 1 %of i 19 3 R 2H 7 371 . PCR B A4
%(20.0 pL) :2.0 pL 5 x Primer STAR Buffer (Mg**
plus),2.0 L dNTP Mixture (2.5 mmol + L.™" each) ,
0.5 pL B354 (10 pmol + L™") ,0.5 wL FiHFg |4
(10 wmol + L™"),1.0 L ¢DNA (40 ng - mL™"),
12.8 L ddH,0,0. 2 pL Prime STAR fiff (5 U -
pL™'), 1.0 L DMSO, R A2 ¥ : 95°C T 25 4 4
min; 4% T 96 35 Z AT §7 1 SOz 95°C 1 min,
60°C 4 min,72°C 1.5 min(cDNA)/ 3.0 min ( ZEH2H
DNA) , & 433 35 ¥ )5, 72°C 10 min, 4°C {1+
PCR =9y i Yk o3 A i, FH1GR) & ( BIOMIGA, /1 [&)
Ml B /Y 4670, dEA7 i A KL, BV AR & (10. 0
wl):1.0 pL 10 x PCR Buffer, 1. 0 wL dATP (2.5
mmol + L7'),7.9 wL i B ™= 47,0, 1wl LATaq
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P E BV R oo, 3F A ProtParam (http ;//web.
expasy. org/protparam/ ) 73 At H 4 [H 4 fith £ 1 ) 70
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[R5 51 1) 2@ BE R L X, {6 F MEGAG. O B & 4%
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1.5 XHKEE PCR

W4 PeCPD [#) CDS Jp3 it e i 514 qCPD-F
(5'-GTGGTGGACCTCGGTTGTG-3") #1 qCPD-R (5'-
ATTGACAGGGTATCCTTTGAGA-3") , LIF4T PeNTB
( PeNTB-F: 5'-TCTTGTTTGACACCGAAGAGGAG-3',
PeNTB-R: 5’-AATAGCTGTCCCTGGAGGAGTTT-3") 1%
VERNZSIEE 7350 IAS ) i B2 B AT 5 A DG IR Ak
B BAT R DA KT BRI B AR FER R A
A cDNA St , Xf PeCPD HEA7 € 7 o3 #r o R H]
Roche Light Cycler R ®R 480 SYBR Green I Master iz,
I GAE IS E 2> 7] QTower {X 4% b #E4T qRT-PCR &
B, VAR Z (10 L) 47:5.0 pL % 2 x SYBR Green
I Mastermix,0. 8 pL ¢DNA,qCPD-F F1 qCPD-R £%0. 2
pL(10 pmol - L™") ,fi ddH,0 % Jz i A FH 4 10.
0 L, qPCR #/3:95°C10 min;95°C 10 s;60°C10 s;
3840 AMEFR . B 2700 TR AT AR

2 HREA

2.1 PeCPD ERE I RINEETTH I
TEBAEAE % BambooGDB i £ 453 2 AT [F]
PR K ( PHO1003419G0030 ) , cDNA 4> K i 1 584
bp, £ % 5" 3" AR 41X 7250 110 bp H1 64 bp,
ZiiGIX 1410 bp, §7344R13 89 CDS 51 | L5
B 1y 51 LA R % R Y 5 TR 2R Ry 51 03 35 g 1410,
19992 796 bp, M 5 3k 4% 17 51 5 K4 Jog v o 2 —
B AE 6 AT S ANE T (E D), & 15
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G aED 0 & ab o
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Fig. 1 Gene structural diagram of PeCPD
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PAS0 BT 48 T 55 % AL 5L, iy 44 9 PeCPD ., F1) H]
PlantCARE 7% W sk 2381 PeCPD 3[R FiiE 1 999 kb
A 3778, a5 RERW . B T a3 EEA T
Hb ISR Z R S IEOCHPE I OTHE, i 2 SRR
&Y LTR 5400 L 1 MBS | 7 %5 3= b 25 1 oo 1
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TCT-motif) &5 (52 1) , #E PeCPD W] G825 56 L
DYSEI a7/ SR
2.2 HEBFIILE ST

FIIH] DNAMAN [a]35 541 F X 45 5 i 7R : PeCPD
LAY KRS E K (Zea mays L. ) (45T ( Se-
taria italic (L. ) Beauv. ) . " fJE 5L ( Brachypodium
distachyon (L. ) Roem et Schult. ) H A AL 454 B fE
ok, 24405 il 2R 5 4 X I8 ( Proline) 45455 X ( Do-
main A) ZREEELEE X ( Domain B) FIALLLRES & X
(HEME-Binding) (|8 2) , #EM £ PeCPD 254 (1) 45
H Al RES Al ST Ay b CPD BT 2R S fE,
I BRI AEY & MR A A K EE .
[l PRAF AR #E— 2B UE T PeCPD J& T-40 il (4
PA50 FRIL O

ML T AR 4 Fl CPD [) 6 35 [ 4t L) 4 i 1R
FEHNRIHEALRY , 25 W] . BAT S R AN R KA
EARFA FEEL T YR LR DR, H
BT 5 AR R SR G OC R B 5 T RS AR
Y10, &5 22 ( Solanum tuberosum L. ) . L I%. K &
( Glycine max (Linn. ) Merr. ) B35 —70r X (A
3) ,3X 5 HLF R P RN AR B AR O3 R O R
HH—2
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Xf 5 PeCPD Ht 3% 35 1 3 X 73 #r &5 2R R W
PeCPD 5 Myb 2544425 5 33 (PH01000029G1950) |
FAD/NAD ( P) 45 & % 1k i& J5 B % % & A
( PHO1003417G0090 ). 2% 1SDI % 3 B T
(PHO1001063G0080) .FAD/NAD ( P) 4& & &AL if &
filg 5 e i 1 (PHO1003417G0070) | WU 3 H 28k 3R
£1( PHO1000581G0290) .NRAMP 4 Ji 55 T4 2 & 1
6 ( PHO1006209G0030 ) ., 41 & 1 # %K & & H
( PHO1000016G1090 ) A1 PHO1004334G0050 4% 8 4~
SR B 10 4L 3R, 5 6-H R I E IR N T 1
( PHO1004456G0020 ) . Fi $L-CPC %5 & 45} 1 9
(PHO1002436G0190) \DNA J K va N K ot 45 #4 Ik
% 11 ( PHO1000002G3050 ) . ¥ 3 1% B i 2 B
( PHO1002176G0130 ) . 14 4 e 4 3t % %% B 2
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(PHO1000799G0060 ) ¥ 5 FAy 4% 12 PN DI Il sl 2 7K
fi i ( PHO1003187G0090) il PHO1002872G0260 % 7

AR LR GE, HEE S MAP B 4
(PH01000059G0730) &A= H FH HAE(K4) o

F1 PeCPD B FF 5 #
Table 1 Analysis of PeCPD promoter

AT Feol (5" -3") Titig B/ A~ ek (A
Regulatory element Sequence(5’ -3") Function Number Strand Position
23,109,116 ,147 175,183,248 (367 .
Jia Bl ARG DX LRI E A e 392,394, 450, 596, 621 842 944
CAAT-box CAAT Common cis-acting element in promoter and 31 + - 946 958 .1 130.1 149 .1 150.1 152,
enhancer regions 1163.1 197.1 285.1 3391 342,
1480.1 599 .1 695.1 938 .1 940
TATA
TATAA
TATAAA
TATACA 1491 728 |1 639 .1 852,217 .1 793,
TATAAT . 1 605.1 958 411 412 413 414 415
SR R AL P 2 n S V411,412 (413 (414 (415,
ATATAA 35 30 bp ¥ RE I K AR LR FILAF 496,497 , 522,523 524, 695, 696,
TATA-box Core promoter element around - 30 bp of 34 + -
ATATAT . 991,992 .1369.1 371, 1 415.1 430,
transcription start
TATAAAT 1431, 1 4321 4331 446, 1 448,
TATAAAA 1 547 .1 603, 1 604
TACAAAA
TAAAGATT
ccTATAAAaa
5 5 GRRE A AT
LTR CCGAAA Cis-acting element involved in low-tempera- 1 + 1 899
ture responsiveness
W BT 55 MYB 456507 8%
MBS CAACTG MYB binding site involved in drought- induc- 1 + 1768
tion
e BB AREIA T
TC-rich repeats ATTCTCT Cis-acting ele.ment involved in defense and 2 + 558.1 783
stress responsiveness
DRE 55 L AR e
ARE AAACCA Cis-acting regulatory element essential for the 2 +, - 338 .1 961
anaerobic induction
Z: 5 IR R AL RCH:
GCN4-motif TGAGTCA Cis-regulatory element involved in endosperm 1 - 1 068
expression
RE 90
GARE-motif TCTGTTG jﬁ:ﬁ?m Aot . 2 - 300.1 267
Gibberellin-responsive element
N AN
P-box cerrrre  NRRAETLAE 1 + 1402
Gibberellin-responsive element
) pagegpispin
AE-box AGAAACTT JCRUEMAf _ 3 +, - 441521719
Part of a module for light response
B ARy
TCT-motif TCTTAC R - et . 2 + 797 .1 700
Part of a light responsive element
TE + 1E4%;-. 71%%, Notes: +: Sense strand; — : Antisense strand.

2.4 ETEREAHIBH PeCPD EERIES B HERIRF AR — 2 B 225, Joh B A

F AT ARG 04 B AT e SR L , X PeCPD 1y
FEIRBEIAT TG o DA DR ) 22 55 15 T A
A LLFEH, PeCPD FErt B HR .20 ecm 25 .50 cm 24,
HACHAAE T FIeAE A AE 7 55 BAT 7 DA A 3R

FESIAE Y B BB, L 20 em S AR B g, TR
I RB IR (E 5) o PeCPD fEA[RAH L K
ARG B FRE 25, RVE BT AT S+
PeCPD [ IIREFFAER —E 25T o
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#: BACPD: —f#JEAp 5 (XP_010238746. 1) ;ZmCPD1 : 2K (NP_001140596. 1) ;ZmCPD2 ; >k (XP_020404008. 1) ;
SiCPD1 : 44 F (XP_004977504.2) ; SiCPD2 : 7+ ¥ ( XP_004978643. 1) ; OsCPD1 ; 7K £ ( XP_015616657. 1) ; OsCPD2 ; 7K

fE(XP_015619622.1)

Notes: BACPD: Brachypodium distachyon ( XP_010238746.1) ; ZmCPD1

Zea mays ( XP_020404008.1) ; SiCPDI ;
1); OsCPD1 .

& 2

. Zea mays ( NP_001140596. 1) ; ZmCPD2 .

Setaria italica (XP_004977504.2) ; SiCPD2 ; Setaria italica ( XP_004978643.
Oryza sativa (XP_015616657.1) ; OsCPD2: Oryza sativa (XP_015619622.1).

ETFTARREWF B CPD F5IHILLR 247

Fig. 2 Alignment of CPD sequences in different plants

2.5 PeCPD ERMTEERIEDTH
BET A 53 20 A 1 R DR R R =0 o0 B R
PeCPD TEF P43k by, PRI, UTI—JmF 25
BB, W qRT-PCR J5 {24 PeCPD B3R 3178 1
I3HT. AR WIR B BATF R LRGN, PeCPD 1
i AR R R B E BN 1.0 m
HmE] 3.0 m gy IX A EE IR AR RO, 7E 3.0 m
T PeCPD fURIXTZN 1.0 m m PRy 2 4%,
MEFEA02mB1.0m ZELIE3.0mF 6.7
m Z [ T AL (&1 6) o

TERGCHOEIAAE T, BATH A PeCPD 11
%%L@%itffjmﬁﬂ’“%,,JZIK?%JJ\JJ'EM IR (1,
2.3) WA TR (4.5.6) 250t FEFDCIT
[ AYZE K, PeCPD %‘%Lgfﬂiﬂij‘}, 218t
12 h J5 X B RAA, 20906 BT HR I (10 min) (4.5
F s BEE R 5 F BT 4R, PeCPD W) F2 ik 25T
W, I Bt R (] B SR S B 1 T R, OR 4
1512 h J5 ik B 5 /ME, 2909 BT 46 (10 min) 1
35% (K 7).,
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94 EA4rPhyllostachys edulis EUGS8MXPRO14
97 R Wi R Brachypodium distachyon XP_010238746. 1
JK#E Oryza sativa XP_015616657. 1
100 100 /K%% Oryza sativa XP_015619622. 1 e
100 EKZea mays NP_001140596. 1 Monocots
FHKZea mays XP_020404008. 1
88 AT Setaria italica XP_004977504. 2
100 AF Setaria italica XP_004978643. 1 J
0448 Solanum tuberosum XP_006338854. 1
I+ Arabidopsis thaliana NP_196188. 1
100,— K& Glycine max XP_003545232. 1 SF MR
91 _ . ¢ Dicots
K& Glycine max XP_003519393. 1
'T‘ 98 KE Glycine max XP_014625807. 1
. 100 K& Glycine max XP_003538460. 1 J
3 ET CPD FIMEM RS HLK
Fig. 3 Phylogenetic tree based on the sequences of CPD
/ PHOlOdéTé\fIGOOQO ) {E‘E‘]ﬂ%’lﬂj}jﬂ %/ﬁ:_lt ’ PeCPD Z’ZE ":Eﬁ n+ H *ﬂ*ﬁ EFI E/‘J
PH0106445600020 1 PHO10g8R95G0190 HXFRBREWY R BT TR ES . fhr b
PHO10¢60I6(;1090 PHOld\V('/)/Zl\’\IJGGlSO TRt R AR R, 1 h B R IR H PeCPD B ARXT
T . o FIR LR IR 1.2 £5F0 2.5 % {HABTE 3 h
PH01003417G0090 . . o A . - SR .
PH0100005960730 A 32 B e KA, 43 29 Ry % BRI 5 A5 4 155 2 5 %8
PH0100002861950 PHO1003419G0030 Wi W, % 12 h B0 H R PeCPD BRIX A BE2h
PH010(§(;§9(;0060 Xof BEY 2 A TR r B AR 28 55 1 55 0 B ) BE AR R
PHO100341760070 bt (& 9) .
\ )| PH01O606b2G3050
PH0100}133\400050 PHOIOdEZ()/f)GOOSO ' 3 98
PIOLgOBBIcO290 e 1E BRI HE D, CPD 1 26 1K k75 A BB 3 )

PH0100106360080

R R IE PR iR R M PR B H BLAE
Notes: Pink: Positive; Blue: Negative; Yellow: Predicted protein-

protein interaction

B4 PeCPD £ FE $3REM %
Fig. 4 Co-expression network of PeCPD

T 538 25T, PeCPD FEBATI K AR H (1)
TR BB L THE TR %, 04 3 h
AL h GAE R KAE, 20 129 5t B AY 3 4570 14 5,
e KRAEZ G W H PeCPD [ ek i il T
B ,6 h Bk U X ERAY 20% (HZ 12 h Bf 5
6 h i [ ik i LT 254k ; AR o PeCPD ) A
X IR R B, {HZE 12 h B} PeCPD HyMIXT
AT R A 2 5 (15 8) .

BRs (& &, W ARSI 0 AE KRR T . AOF5EM
B RIS T — 4 R P4S0 HnR
LRGEEEIN PeCPD , G5 R 7 5 M R Lt AL o3t A
B, PeCPD 9™ 2 1 55 51 AR 4 v 114 [ 5 5% R 4
B8 L EAT R AR AU (85. 5% ), D RE 45 a3 £
SPiRb AL B S TR AN R R S OC R L A
PeCPD fESEA RE  BA & BE PRSPk . SRR3R
IR RN AR R N A A s I RE R R BUE X2
—o ERRRIITEREMN, PeCPD HeNAE BT
AFHL A W R IA 257, 78 20 em FFAP Y
FIR IR, AR A SR AR g, AR
IR AL, R PeCPD fE BT AR AL M AR
KB RIEEAF R GE. R, AU R, BEE
SR LN, PeCPD K FE 1 ETH S, X — M
TF) g A S BT 300 TS DR ) ekt s
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Fig. 5 Expression analysis of PeCPD in seven tissues of moso bamboo
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Fig. 6 Expression analysis of PeCPD in different

height moso bamboo shoots
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Cloning and Expression Analysis of PeCPD in Moso Bamboo
( Phyllostachys edulis )

SHAN Xue-meng, WANG Si-ning, ZHU Cheng-lei, GAO Zhi-min
(Institute of Gene Science for Bamboo and Rattan Resources, International Center for Bamboo and Rattan, National Forestry and Grassland

Administration/Beijing Key Open Laboratory on the Science and Technology of Bamboo and Rattan, Beijing 100102, China)

Abstract: [ Objective ] To study the molecular characteristics and expression pattern of constitutive photomor-
phogenesis and dwarf of Phyllostachys edulis (PeCPD) , a kind of the key rate-limiting enzymes in biosynthesis of
brasinosteroids, aiming at revealing the role of PeCPD in regulating the rapid growth of bamboo shoots and the re-
sponse to light induction and stresses. | Method | Primers were designed based on the CPD homologous se-
quence of PH01003419G0030 in the Bamboo Genome Database ( BambooGDB) and used for PeCPD cloning.
The bioinformatics method was used for further analyses, including the gene structure, the cis-elements, the bas-
ic physicochemical properties and the conserved domains of the protein encoded by PeCPD, the evolutionary re-
lationships, and the gene expression patterns in different tissues. Quantitative real-time PCR ( qRT-PCR) meth-
od was used to analyze the gene expression in different height shoots and that in leaves and roots under the circa-
dian rhythm light conditions and stresses of drought and cold. [ Result| PeCPD, a homologous gene of CPD in
Ph. edulis was obtained, which ¢cDNA was 1 584 bp in full-length including 5 untranslated region (UTR) 110
bp, 3°UTR 64 bp and coding sequence (CDS) 1410 bp. The corresponding genomic sequence to the CDS was
2 796 bp containing 6 exons and 5 introns. PeCPD encoded a 470 aa protein with a molecular weight of approxi-
mately 52.2 kDa and the theoretical isoelectric point of 9. 063. At the same time, the upstream sequence of
PeCPD (1999 bp) was obtained, which was completely consistent with the sequence in the database. Besides
the basic elements of the promoter, the upstream sequence of PeCPD also contained a variety of environmentally
relevant action elements, such as LTR involved in low temperature response, MBS in response to drought, and
light responsive elements ( AE-box and TCT-motif). Phylogenetic analysis based on the CPD amino acid se-
quences showed that Ph. edulis was clustered together with the monocotyledon plants such as Oryza sativa, Zea
mays , Setaria italica and Brachypodium distachyon , which was closed to B. distachyon. Expression pattern anal-
ysis based on the transcriptome data demonstrated that PeCPD expressed obviously different in the seven tissues
of Ph. edulis, with the highest level in 20 ¢m shoot and the lowest in root. The result of qRT-PCR showed that
the expression level of PeCPD in shoots increased with the increasing height of bamboo shoots, those in leaves
under the circadian thythm light conditions demonstrated an increasing trend in the daytime and a decreasing
trend at night ( darkness). Under both drought and cold stresses, the expression of PeCPD in leaves and roots all
showed similar trends of rising at first and falling then. [ Conclusion | CPD homologous gene ( PeCPD) is ob-
tained from Ph. edulis. The PeCPD is constitutively expressed in Ph. edulis. Moreover, its expression level in
shoots increases with the increasing height of bamboo shoots, which suggests that PeCPD may regulate the growth
of bamboo shoots by participating in the biosynthesis process of brasinosteroids. The expression of PeCPD in
leaves shows circadian rhythm changes, indicating that it may be involved in the photomorphogenesis of Ph. edu-
lis. The expression changes of PeCPD under drought and low temperature stresses indicate that PeCPD is helpful
to improve the ability of bamboo to adapt to stresses.

Keywords: Phyllostachy edulis; brassinosteroids; PeCPD; gene cloning; expression analysis
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