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KRB RAEA RIS T IRIE I, B KA RACE HRJAFH M2 cDNA; FIFH A5 B3Pl 2 A R 34k 1k
Jt GERIE K TN M A 254> T4 ] DNASTAR 6.0 F1 MEGA 4.0 43 BB T & IR £ e 71 Lt M AL e 220 HT: A58 r s
INf%¢3% (real-time quantitative) PCR (RT-qPCR)/MTHIFEARFZE B IR IA I &R FbE31S DoPK (GenBank 1%
KC178572) ) cDNA 4:K: 1 895 bp, Zmil—4cm 511 MRFEMALEMIZ K, HI% TN 55040, Z5Hi 4 7.00; DoPK K]
VTR U IT . DR 4 SR PR FERAT 71%. 86%- 89%AN 91%HIAHBITE:; DoPK 2R F AL & 5T (1K) N TR AR ik
LI (21~497) FIEHEAL AT (235~247); DoPK J& TMUFALY) CYTOSOLIC-1 W2, ST HEYIRG K RENT; DoPK
TR R RIE, S AR A 2 h B RB S m, R 2.29 %, W, e 1.28 £%. 258 sibE T M
SRR B2 A1 8 DoPK HEPRIIA A cDNA J741, ik SR HAR Ak B AR R 7 P 4 F B AR fil

KHEIR: BB AWM SR TORE: RET AR R

FRESES: R282.12 MERFRSRS: A XEHRS: 0253 -2670(2014)07 - 0990 - 06

DOI: 10.7501/j.issn.0253-2670.2014.07.018

Cloning and expression analysis of pyruvate kinase gene in Dendrobium officinale
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Abstract: Objective To clone the pyruvate kinase (PK) gene DoPK in a rare and endangered medicinal plant Dendrobium officinale, followed
by bioinformatic analysis and to detect the expression in different organs. Methods RT-PCR and RACE technologies were used to clone the full
length cDNA of DoPK gene. The molecular characteristics such as physiochemical properties, conserved domain, and sub-cellular localization of
the deduced DoPK protein were determined using a series of bioinformatic tools. The analyses of multiple alignment and phylogenetic tree were
performed using DNASTAR 6.0 and MEGA 4.0 softwares, respectively. Real time quantitative PCR (RT-qPCR) was used for gene expression
analysis in different organs. Results The full length cDNA of DoPK was 1 895 bp in length (GenBank accession KC178572) and encoded the
protein of 511 amino acids with a molecular weight of 55 040 and an isoelectric point (PI) of 7.00. Sequence analysis demonstrated that DoPK was
similar to PK genes from Selaginella moellendorffii, Arabidopsis thaliana, Solanum tuberosum, and Vitis vinifera with the identities of 71%, 86%,
89%, and 91%, respectively. The deduced DoPK protein contained the conserved PK domain (21—497) and the active site (235—247).
Phylogenetic analysis indicated that DoPK was grouped into the CYTOSOLIC-1 subfamily and was closely related to monocots. The
transcription level of DoPK in the stems of D. officinale was the highest (2.29-fold higher than that in the leaves), followed by that in the roots
(1.28-fold). Conclusion The full length cDNA sequence ina CYOTOSLIC DoPK gene is identified, facilitating further functional analysis of the
gene involving in the growth and development of D. officinale.
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PEREME (glycoylsis) & BT A9 40 b A Qi i
FEFP AT A AR, RIVHT 20 B 40 i i 28
— RIS N A R N R, A /bR ATP Al
NADH )4 . IR % (pyruvate kinase, PK)
SR A R fa — A O Rk I, A IR A 1
A AHIER (PEP) & RemiR L4 ADP Ak
ATP Fl—7pF IR, TN 8 A DAy 2 1 i A A
MZ 50 M = IRBRIGIR (TCAD i 2 H I JiR e i 1l
fRiE T (MEP) FI o> S HE MR & 15 22 M AR AR A
SR AR, PR, PK RS0 IR AR S R i T
ZEH

fE4) PK A7E ML AL (CYTOSOLIC) FJsit fA:
(PLASTIDIAL) 2 Fj[F] Lf§: PK. Al PK,, % H
PK DR ST IR AN ) Jl 172 i, DA A2 A A E KR A
FFER, KRS PR AERAAN A 34 QA
AR B RS E o DR =
PK. SFHHIMRAEK . BICZRIBEPIR s, i
RNAi FoARHNG PR FE 1) S8 bk, I
18 AR & DL S I ) A1 A8 B A A K-
TR, SR TR SE PO
WO BT RIBTSR R I, AKEE OsPKT FEIR 1)
T-DNA i N RIGRARMIEAN . AR, 45505
PR G, LRI ABA/GA P (A5 LU K
PrEALE S T, PR 40 MR
Ae AU L AR (R 5 4 355 2 A S ) 15
MAEKKE

BB A8t Dendrobium officinale Kimura et Migo
J==Rt (Orchidaceae) f1ffHiE Dendrobium Sw. Z4F-
AEECARKEY), ZIHERAL e R, R A
HE BEOTE A . B HER S SRR, A
J& 25 IR B 4% S RO A e R i 7
AR FEMZE. RORIE. 25, AW A
M EREF RNy . 2R A s A
By —, HAPEN PUME. R s R
IR AT I B R L e T
P AT B BRI SR S o PKAE R 40 Mo A Qs 1)
FETTIE, ATREXT AR B R s R e R .
WY, AR 7 #1924 569 bp (1] EST CRAHR
ZERL, 5 EROK B R AR N (GenBank V15
NP_001150269) 1R m AR (92%). AWFFTE
AT R B A RN R R B BE XL (DoPKD ()31 50
B S A DA P oA, BAE AR AN OIZ I N A
AR LA AE KR & R IR AR A AR A

1 #MR5AEZE
1.1 ##

MELR B 2B AN, S8 5 e BT ARk
JZ A1 8k Dendrobium officinale Kimura et Migo 424K,
HCAMHR . 250 AL, WEUE% S E-80 C
RAE&H
1.2 RNA {2HUF0 cDNA &/

J% B8 BEASYspin fHY) RNA PR $2 Bt &
(Aidlab, "D #AE U B 6% % FE s RNA,
NanoDrop™ 2000 4396 Y6 Z - (Thermo Fisher, 3%
ED 20HT RNA ikt 2%, DiRpie e i vk
SCHEYE . % B M-MLV Reverse Transcriptase Kit
(Promega, EH) FEEULH, Wik 34 cDNA 2
—HE, 20 CHRAFHH.

1.3 RACE 5 RT-PCR &3

A IR EST J741, Bt PSR 51, 4%
I SMARTer'™ RACE cDNA Amplification Kit
(Clotech, HA) $iW]5134T 5°/3°-RACE PCR X W,
L1 pg 2% fA ks RNA B, R A
SMARTScribe™ Reverse Transcriptase (Clotech, [
A AT B sk A ) 57/3°-RACE ready ¢cDNA.
5°-RACE 51%)4 DoPK-GSP-R 5’-GCGTTGGGCG-
TGGAGACTTGATCATA-3’; 3’-RACE 54 % :
DoPK-GSP-F 5’-GAAATCCTACGGGAGACGGAC-
GCCTT-3’, DoPK-GSP-F/R 43Jj5 UPM 544145,
¥ B & Program 1 F2)¥ 13T 5°/3°-RACE. %
[NifA Z ;2.0 uL 10 X Advantage® 2 PCR buffer, 0.4
pL + 10 mmol/L dNTPs, 04 pL 10 pmol/L
DoPK-GSP-F/R/UPM, 0.5 uLL 5’-RACE ready cDNA,
0.4 uL, 5 U/uL 50 X Advatange” 2 Polymerase Mix,
4 ddH,0 % 20 L. PCR =& ik #r, [mliicH
R4kl wREIFIY, SEPIPHE TR, Bt
5 JT IR EHE Copen reading frame, ORF) 5|4
DoPK-ORF-F 5’-TCTTAGGTTTTGGCCGCG-3" #l
DoPK-ORF-R 5°-TCCCGGCGATGCTTATGT-3", LA
BRI cDNA 5585 B, Ex Tag™ DNA
R4 (Takara, H1ED #E4T RT-PCR. R NAKFR N -
2.0 uL 10X Ex Tag™ PCR ZEhi, 0.4 pL. 10
mmol/L dNTPs, 10 umol/L DoPK-ORF-F/R 5|4+
0.4 uL, 1 pL cDNA, 0.4 uL 5 U/uL Ex Tag™ DNA
Polymerase, fI ddH,O %= 20 uL. PCR #2374 95 C
3min; 95 C 30s, 60 ‘C 30s, 72 ‘C 1min, 32
AMEIR; 72 CHEH 10 min; 4 CRIE. PCR 774
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28 v [ I 2 AT LA IESE DR cDNA A K (] Sk
1.4 EEEFRFFIOH

PCR /"% 1.5%I ke HiK, TianGen Ji%
[ (TianGen, HED glifk H (141, &4
% pMD18-T vector (Takara, H1[E), F4b KM B
Escherichia coli IM109 &2 241, BEHLPkIE 3
yofERk B AR T . A BLASTX. ORF Finder
W4T cDNA J¥4143#7; InterProScan F1 PROSITE
SCAN 7E£ 73 #t DoPK 25 14 )5t (1) 45 My 1 A L T
Protparam F1 SOPMA 7} #7 £ 1 st BEAL 11 oA — 21 &5
¥J; SignalP 4.0 F1 TMpred il & [ 545 5 kRS
JEEDX 35, PSORT #EAT 25 1 5TV 4 M i 57 43 4« R
DNASTAR 6.0 ZEAT 231741 LL x40 #r s fr D
MEGA 4.0 it R G
15 EREE PCR o4

S 2 pg MR ZEL RS RNA RS A
% cDNA, L8k J 41 it 2E 51~ 1o Celongation
factor, EFla) PWEJpZIEN, gPCR 4347 DoPK
FER AL KB . gPCR 514 DoPK-qPCR-F
5'-GTGGTGGTTCCTGTGCTGAC-3" 1 DoPK-qPCR-
R 5-CCTAAGTATGCTGGTGTTCGCT-3" {4 1 ™
YK 376 bp. ¥ cDNA 28 AR 20 f51E N
gPCR M [ HR . F] ABI PRISM 7500 I %¢ )6 &
i PCR 1% (Applied Biosystems, 3%[E) #4T gPCR.
R NAKZ 25 pL f14% 2X SYBR® Premix Ex Taq™
Master Mix (Takara, "'[E) 12.5 pL, 1E&H 514
(10 pmol/L)0.5 uL, ROX 0.5 pL, cDNA 2 uL, ddH,0
9 uL. MANRNELR 3K, BFEA IR 6],
S 3. PCR A 95 C. 30s, 95 C.
10s, 60 ‘C. 45s, 40 MFFL, V4 W4 hilbs i
fizk. 4 ABI PRISM 7500 SDS #ft (Applied
Biosystems, 3% [E) A= sl (1)1 4 [ F Ccycle threshold,
CT), HI 272C oy M spr ) ik &
2 “BR55H
2.1 DoPK EREFEEFAEKIIUE

Znk 5°/13’-RACE N, ¥/~ EKEL N
1200 bp HI H RS (B 1), gk P4 3545
1035, 1041 bp (/5751 PHZHTERAF T —4% 1895
bp 1) cDNA. BLASTx Zr#1# i, 15 GenBank
WO M YL B B M Selaginella moellendorffii
Hieron.. #l#i7+ Arabidopsis thaliana (Linn.) Heynh.
A% Solanum tuberosum Linn. A% Vitis vinifera
Linn. ¥ PK JEP (XM_002982399. NM_120944.

P22200. XM_002270364) 4} 5lH 71%. 86%. 89%
FTOL%IRIAHALLE: , DRI L 5 44 4 DOPK, 242 GenBank
HIREEN S KC178572. DoPK KA ORF K
1533 bp, 5-UTR K 101 bp, 3’-UTR K 233 bp,
A B WEAT 10 polyA JB ELEh 1, AR IR 3 i 1
BT BRI Y51 GTGATGG i1 KOZAK HE, R
AIGNNATGG™ . {§i | DoPK-ORF-F/R 5|4y,
RT-PCR ¥ 38 /= Ae  Hbn 450 (B 1), ZelE. il
JP3kA3 1 712 bp HIPAIEE 524 ORF, S5t
F 3, HERE K D) 315 DoPK A 1 4 K
cDNA.

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

1-5"-RACE /¥ 2-3-RACE /=¥ 3-&KA:H  M-Marker
1-5’-RACE product 2-3’-RACE product 3-Full length gene  M-Marker

1 DoPK ERE £ cDNA k&
Fig. 1 Clone of full length cDNA of DoPK in D. officinale

2.2 DoPK ERFEHmILERIBLIFHELT
Protparam il DoPK A gwfith 85 11 (1) 415X
A Coap5H1021NessO735S295 5 LA 7.004 AHX 79 it
5 55 040; DoPK 5 [H47 IEHIsRIE (Arg+Lys) b
61, FHFREE (Asp+Glu) 4 61, iZE AN AR E
FRHECh 2952, NENiRECH 103.25, SRaKPERECH
0.066. SOPMA 131, DoPK & [11¥ — 2 45
Tl o 2)E (35.69%). ZEMHEE (20.98%). P #%
1 (8.63%) FIFENLE T (34.71%) 4ipk.
2.3 DoPK ERZMIE. EAEERX D H
InterProScan 3 #7 it 7~ , DoPK Lk 2 it 5 (7
A S P RS R PR R T 5 AL, (21~ 497 ) TR AEA 5
(235~247). PROSITE Scan 7> 7% ¥, DoPK %K [
A AARNLERITT (motif), 55 14 N-FEEAL,
(52~55), 1 cAMP-CGMP R HE A st i 15 1,
A7 5 (216~219), 8 M ER G C BERR A7 5
(116~118. 127~129, 161~163. 191~193. 307~
309. 407~409. 460~462. 476~478), 8 /MKiE
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I8 T WERRALAY A (189~192. 191~194, 239~
242, 311~314. 357~360. 377~380. 436~439.
464~467), 7 A~ N-djii [t HEA7 15 (45~50. 106~ 111,
121~126. 160~165. 202~207. 404~409. 459~
464>, 1 NMIMEE A (264~266) F 1 A~5)K
W IEGEAAT S (507~510), XUE{ESFIE e n] HEXT &
SRy AP IINEI R SR R (O

SignalP 4.0 fil TMpred 44T DoPK 2 A A& 15
5 Pk E A R 45 K2 . PSORT Tl DoPK 25 [ 5E A7 T
WS AA TR) JBE IR P e MRS R 63.8%,  3E A T AT A
JECR TS T B 530k 85% A1 44.0%, & T
SRR BRI IS A AR L5 500 30.6%
H130.0%.
2.4 SEBFY LSS S

i2 Jf] DNAStar 6.0 1 [) MegAlign F£/¥, %} DoPK
SR E S 4 B0 4 A PK EOSHTZ 7
L4 R E W (K 2), DoPK S5#i% (Vitis
vinifera L., Vv, XP_002270400). Z#iii (Solanum
Iycopersicum Mill., S, XP_004236881). F & (Lilium
longiflorum Thunb., L1, AAF44707) FIE K (Ricinus
communis Linn., Re, XP_002513157) PK &1 —
k2 h 90.6% 89.6%- 89.2 il 87.7%.

158 Oliver 25K PK R T-HHEW, T

L1-AAF44707 DIEGILKELPE
Re-XP_ 002513157 GTLKELEN
SI-XP_ 004236881 S 1gKEL
Vv-XP_002270400
Do-KC178572

L1-AAF44707
Re-XP_002513157
S1-XP_004236881
Vv-XP_002270400
Do-KC178572

L1-AAF44707
Re-XP_002513157
S1-XP_004236881
Vv-XP_002270400
Do-KC178572

L1-AAF44707
Re-XP_ 002513157
S1-XP_004236881
Vv-XP_002270400
Do-KC178572

L1-AAF44707
Re-XP_002513157
S1-XP_004236881
Vv-XP_002270400
Do-KC178572

L1-AAF44707
Re-XP_ 002513157
S1-XP_004236881
Vv-XP_002270400
Do-KC178572

HEAREERAURE T /KRG Oryza sativa Linn.. W
W % £F Saccharomyces cerevisiae Meyen ex E.C.
Hansen Fll U[#1} Saccharomyces bayanus Sacc. 4
PK Z LM P4, ] MEGA 4.0 #{F48 4%
(Neighbour-joining, NJ) 4 RGN (K] 3). 4
REW], 26 & PK #HH 7N PLASTIDIAL FiI
CYTOSOLIC Kk, DoPK 3§ )& F CYTOSOLIC-1
W, /KRS PK (LOC_Os4g58110) BAE—ile, #
L5 YRS ORI .
2.5 DoPK ERHEARFR[E RRIFTIESH

S ABEIUER B AR . 25 HHEEAE AL AL RNA,
FIH qPCR HiARK M DoPK FERIAEA R 2% F HH 3R
k. B4 851K, DoPK JENTE 3 Pl rh A4l
IR, RIS S, AR 2.29 1%,
WRrhkz (128 %), MrhRIEEHK.
3 itie

PR I P i e A2 U 2 A A B AR L e AR
WU RAERKEKEEFEZ M EaiEshd . WaAu
B B e 2 e SR K R
GG PK R OCHGE, 25D
HANH EEE Eriobotrya japonica Lindl. PK & [K w5
Je R TRAE S HT TS R PK A 2 B R 5K R,
WL TF HHE ., T A KRB S A A TR B R 4y

2 DoPK 5##) PK EBHIZ FFILL3T
Fig. 2 Multiple sequence alignment of DoPK and PK proteins from other plants
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100 — R PG % B} NP_009362
L L% B} AA032371
81 % K A fit KC178572

JKAE LOC_0s4g58110

LG IF At5g08570

L1 7T At5g63680 I

LI Atdg26390

LM 7T At5g56350

?i &% LOC_0s01g16960

I 7T A3g04050 '

MATTFAGR5960 |1 JU

LM 7T At3g55650

LM 7T At3g55810

LM 7T At2g36580

I At3252990

JKAG LOC_Os11g05110

JKAE LOC_Os12g05110

JK G LOC_Os11g10980

;{EE j[%OC_OsO7g0181000
LR 7 At3g22960 .

JKHG LOC_0s03g46910 PLASTIDIAL-2lp

JKAG LOC_0s10g42100 i}

JKF& LOC_0s0147080 ‘

U TF At5252920 PLASTIDIAL-beta

LRI Atlg32440

HLHE 7+ At3g49160

CYTOSOLIC2

CYTOSOLIC-2

3 DoPK 5R[REH#FKIR PK £ F 8Lt 547
Fig.3 Phylogenetic tree of DoPK with PK genes from other species

2 = 1.28
1.00

| J .

0
mf i =

4 qPCR 94 DoPK ZEA RS E FRIFKIE
Fig. 4 qPCR Analysis expression of DoPK in different organs

BT 144 94 64 9 A, AHEST LTI
(¥ cDNA L (4% EST R Enli®, FIH] RACE
AR T RIS 6 Wi fe 245 2k e A ik o B R4S — A
PK 4l HE K . DoPK 5 Z R PK FE DR 5 4 [+
U5, Dmht B 1 LA B (%) TR P 1 TR 4 ) SR i
Frsk, FCIREM PK FEE 8, Sty
M & W DoPK X DAl By £E 4r 3 3R J& 1 M Jot 2
CYTOSOLIC-1 W ( 4), XEegE R Ui DoPK
S 2R T B B Ay Sk AT T Bt (0 o B A AR 1
108 2 I P e AR AR A T2 A AT Ak B A Rk Dl e
PRI 2R g b s T, K 58 2 1 PR i 5 DR 4
Hor, AAT A BT PK 2 TAEH
HAT, RIS A48, RNAL B &
RIEEHA, CLYB WG T TP, Dt )
P IFOR KRBT 2 ) PR AR ThEE . W EE &

iz
Y

MIES

H

EjPK WA RIS M R, 7R A S — B B
58 BB (WS 135 d) I, %KL DA BRI vy i
FHTRIE, 5 TA BRIEFERIERE RFE — 2 A
[, EjPK DR 1k 3= FEAT srb i iz vy TR
AR, AR R G R A Y, AT
5% qPCR 73 H1 %W, DoPK MR KL, 7 3
N I E SV =/ I E-S (T [ T £
(1) 25 ] 0 AL 25 5 2 A W g R 22 Bl 45 22 Pl
o DoPK {EA Mt 25 ) i F R IAHRAE, BT
2R 220 () 8 IEAH OGN %Ik AR v g 7E
A k2 AT R e . ABFILN
Ja 4 TAE ARG DoPK ()% 3L DK Zh fig 40 Bt LA B Bk
FeA it PK ORI R IGILAR R 0 1 4 7 % e, HE—
WMt DoPK R Ath i 53 2 1] 2 A5 A7 £6 AH B AE
F 5 DU R 8k B A b AR R AE KOR & 14 7l
PRI EE AL o B il o

Sk
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