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Abstract: Objective To study the structure and function of phosphoenolpyruvate carboxylase (pepc) gene in Dendrobium officinale,
pepc was cloned and gene sequence was analyzed. Expression of pepc gene in H and F type of D. officinale was analyzed. Methods
Primers were designed by analyzing the homologous sequence of pepc gene in GenBank, and complete pepc sequence in D. officinale
was cloned by RT-PCR and RACE. Expression of pepc gene was detected by fluorescent quantitative PCR in two kinds of D. officinale.
Results The complete sequence (3 560 bp) of pepc gene in D. officinale was cloned (Genebank accession number: JF423930),
including 2 895 bp cds sequence, and shared 80% identity with orchid plants and 70% identity with other plants. The pepc cDNA
encoded a precursor protein of 964 amino acids. Expression of pepc gene of F type D. officinale was 5.55 times as that of H type.
Conclusion The complete sequence of pepc gene in D. officinale is cloned, and expression of pepc in F type D. officinale is higher
than H type.
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(phosphoenolpyruvate carboxylase, pepc) & C4 i
Y e A AER R 8 COL I M & 4 ANk
M IRIR, MOk Cu- —IRIRIEAR, TR Cyi12,
XEERIYIREIR N Cy R RISErE SRR 12
(CAM) HHPCE AU UL OC BN, 72 C4 Al
CAM HYEEAE R R AR CO, Pl E 3 —
B i, 1984 4F, 1 O EL e 2 K KT B pepe
JEDRHEIN Y PEP JRAL B IE DR 1R — 2 45 4P H AT 2
A 60 FlRLY AN R PEP ¥R ALEEIE X 1 4K 5 21 o
RN, BT CAM KA, Bl FAE 4
PRI AL, HOGEETE CAM 5 C3 @42 421k,
FEE ISR CAM 4% 5 i . 3 % 5 NCBI
R, RIEEA A pepe FER 4751, ASLE
SRR B AR pepe SERIFEXFILAE F ARUFD H R4k
FeA R IR AT b, k2B T R A it
pepc SERLER . TRE S 305w A7 255w SEal,  [FIRS A
PR A i 22 B AR R A S A 4

1 #Rl55%

1.1 ##

B S A1 8t Dendrobium officinale Kimura et Migo
TR T~ 2000 PN 8% A AR A PR W)k B A b i
bel, FEARZ 22 A SRR 2544 2 28 KR 2L
FLUIE o pepe BRI SO IRIER KA fifti i FOBREK 2
A1 RO, pepe FERIZR IR HT T F AU
H BBk A i v 1 8 SRS, 3400 2 4F4, HOR
FHFEMAL B, fRA7E T80 ‘Cuk#E, M+ RNA
FEHL
1.2 FHiE
1.2.1 RNA $2H0 KA F 2R vl FHFE A RNA $2HL
R B HC 2 A 51 RNA, 31/ Fermentas 23 7
) DNA JHALiRFA &4k DNA, [ Fermentas 2\ 7]
(1) J5 e RTINS  RNA AT S e 55
122 pepc FEPF D F B efE M4l GenBank
pepe FERFILRF X 3k, FIFH Primer 5 3R 443X 4E
SEMEY 514, F1: TGGGCGAGGTGGAACTGT,
R1: GATGCCTGTGCTGCCTTT, LA#k % £ fish i1
cDNA ST PCR §7314, PCR R4
94 °C.5min, 94 ‘C.30s, 54 ‘C.45s, 72 °C. 1 min,
35 AMIEFR; 72 °C, 10 min. 3k#3—%< DNA B, ¥
A B S PMDI9-T b, $EHL 2 A safiiy.

1.2.3  pepc SERIT) 3 0 F 570 34 K4l 3’ RACE

WG WA KEFEY A D BRI CANT1 pepe
ey, Wil arER T (F2: GCCTTCC-
AACCTTCGCCACAGT; F3: CGGCATTTAAACAC
GTCATCGAA). MR IR, 4T 5 PCR
B, LA F2 MR 50 & 4 1 outer primer BEAT 26
1 % PCR, MNFEFUWIT: 94 'C. 5Smin, 94 C,
30s, 55°C. 30s, 72 ‘C. 2 min, 30 ME¥H; 72 C,
10 min. HUZE 1 X PCR 7= 1 uL N2 2 % PCR X
MBI, A F3 J% inner primer 514, &NAET
WR: 94°C. Smin; 94 C. 30s, 55°C. 30s,
72 °C. 2 min, 30 /MEH; 72 °C, 10 min. 3Rf5—
Z H 1t DNA J B, M T, W)y,

FR 4 B G221 pepe ZER T4, K H Primer 5 X
B R 514 (R2: CGGCATTTAAACACGTCAT-
CGAA; R3: ATGTTCAAGAGTAGCAGCAGTA),
FEARYE R pepe FER P HIBET— 45 1E 17 514
(F4: TTGTCTCAGCCACCAGATACCAT), P cDNA
AT $150 PCR e MY, RN FRF U094 C.
5min, 94 °C. 30s, 55°C. 30s, 72 °C. 2 min,
30 MEFR; 72 °C, 10 min. K34 H ¥ DNA
FrB, AT, .

A SRACE R & (A KERAEWA D
BR K QR P 50514, R4: ATTGCCATC-
ACGATCACCACCCA; R5: TGTATCAACCCGCC-
GCAGGAACT. Ml & 2, #4780 PCR
B, LAS 1) R4 SR 554 1 outer primer BFEAT 26
1 % PCR, NAFEFUWIT: 94 C. 5 min, 94 C.
30s, 60 C. 30s, 72 ‘C. 2 min, 30 MEH; 72 C,
10 mino U5 1 K PCR 774 1 uL 4% 2 % PCR X
SRR, LA RS )% inner primer 4754, KNFEF
WR: 94°C. Smin, 94 °C. 30s, 60 C. 30s, 72
‘C. 2 min, 30 MEH; 72 °C, 10 min. K74
H ¥ DNA B, #HTE, WF.
1.2.4  pepc 7£ H BRI F BYER B A ki B e (208
B W E &84 sl GAPDH K& N (1) 58 43 17 41
(GQ250049.1), A Primer 5 #AFHEHHES 7514
(F6: TCTTGAATTCCTCACCGCAG, R6: ATTAAC-
AGACCAGTGATTGCG), LI R A1 f5HK) cDNA by
AT PCR 974, PCR JVAAT41R 2 94 °C 5 min,
94 °C. 30s, 52°C. 45s, 72 °C. 1 min, 35 MEH;
72 °C, 10 min. 3kf3—4% DNA F B, B B bRl
PMDI19-T I, iEHL 2 A va T

AR A1 18 pepe I GAPDH F:R I E 41



* 768

¢ %% Chinese Traditional and Herbal Drugs 5 43 % 55 4 8 201244 A

G, KH Primer 5 AT 9 0 2 SRR |
Y, pepc FERIHISIMF%)4 QF1: CCGGCCATCA-
AAGAGGAAA, QR1: TTAAATGCCGCACCAAAT-
CC; GAPDH R M558 QF2: TTGGA-
GGGACACAGATTGCT, QR2: CACCGCCCTGT-
TATTACATG. PAZkEZ AT cDNA AR AT
18 PCR §1%, PCR RMNAMFUWIT: 94 °C. 5 min,
94 °C. 30s, 55°C. 45s, 72°C. 1 min, 35 M
W5 72°C, 10 min, AT HTHS 10004 .

KR RARARNEIAT IO 8 TR, PR
(SYBR Premix Ex TaqgTM 1D T EAY TR CK
) AMRATE, WA BIO-RAD %€ & PCR 1X
LHET . AR ddH,0 0B cDNA, oAtk
FIAZE, PCR JNAFEF A 95 C. 3 min, fHFF 11K,
TiARPE; PCR 0%, 40 XA, 95 C. 405, 55 C.
40s, 72 'C. 40's, 77 C. 10's, 95 ‘C. | min,
A1 X5 55 'C, 1min, 73 1k 55 C, 10s,
TEFE 80 Ko RIMVARFRILE 1.

#z1 WHTEE PCRREKR

Table 1 Reaction system of fluorescent quantitative PCR

Al & /ul
cDNA it 2
SYBR® Premix Ex Taq™ II (2 X) 12.5
PCR Forward Primer (10 pmol/L) 1
PCR ReversePrimer (10 pmol/L) 1
ROX Reference Dye II (50X)X3 0.5
ddH,0 8
ISELNA 25

2 BERE5HH

2.1 pepc R L FHIHITIE

211 BREAfR RNA 420 SRATIE H 4850
I AE ) RNA S U7 VA S BUER B AT fifk RNA, 1.0%
B MR MBS FL YK, Image Quant #E R A% 2 4t 1k
B, B 1A gn, SRR B AT i RNA SE 3L AL
4f, 28S FI 18S WGCHrIF I, WAy KA EREAR, HIJr
JEIGIETHIIAT Aoso M Azgo, THELILHLAB7E 1.8~2.0,
Al LA T S S 9T .

2.1.2  pepc FERE P A EBE  SRAT IR B A At
cDNA 5—5E 514 FI/R1 34T PCR 971, K431
FrBOR/AN R 600 bp (] 2), 55198 Hr A B
KANE o BT 413547 NCBI BLASTn 23 #r < 3R
LI S5WEA R D. moschatum Sw.. A1 il D.
fimbriutam Hook.. FAt At D. loddigesii Rolfe. K
Fif6k D. crumentatum Sw. 5> mRNA J751) 1] [ J5 14

28S

18S

1 HE (A) MFE B) %EAHA RNA
Fig.1 RNA of H (A) and F (B) types of D. officinale

1 000 bp
750 bp

El2 3| FU/R1 § 1% cDNA &8
Fig.2 Amplification result of cDNA by Primer F1/R1

7E 90%LL .

2.1.3  BRECATR pepe BEPRI 37wl 57 v g
I TaKaRa A/ 3’RACE 57 & ub 478k 5 A1 fisk
pepc FEF 3’ RACE 1, £ PCR Y14 1.2%
iR R HL YK, Image Quant HEiE g R 40 1%,
RIA 1 kb ZEA IR DNA BB (1 3-A), HY
DNA J Bl AT IR, JERREAL, W E B,
PhIE B AR 77 5 3EAT PCR RSN, SN A A
T, W7 )5 45 14T NCBI BLASTn 43
BT, RIS IADAEY) pepc FEDR RS PEE: &, @ RE
DNAMAN #AFHX, 3745 K74 908 bp 1) DNA
¥4,

MR ZEC A pepe FERFHI (AF530570.1) %
P54, 30 PCR P14 1.2%B IR HEES FLiK
Image Quant BEESUE RG KM, KA 1.5 kb Zifi
IR DNA F B (1 3-B), H I DNA JE TR,
TEFEANAY, W BEIEIL, PRIk BRRAR ST
PCR K, SEHCEAT BT IR, W5 i 45 3
T NCBI BLASTn 7041, AKIHEEK, F1 220
M BlHRR . BliE. TEASE pepe FERIMIRIVEPER &,
[FEJEMELE] 99%H 2 100%. it DNAMAN /Lt
XF, 3RAFK/NA 1365 bp (K] DNA 741,

K H TaKaRa 2] /) 5’RACE {7 &b 4748k B A4 fit
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pepc FERF] SRACE 71, £ PCR /W14 1.2%
B e R EE IR H YK, Image Quant HER NS 22 40 id%
KIA 1 kb ZEAT IR DNA B (B 3-C), HIY
DNA J BOlAT IR, ERRIEA, W LBk,
PhIE VB AR IR S HET PCR KL, JEHCE AT E 4L
F BV, WY S 45 R34 T NCBI BLASTn 43
My RS SE 5 724 1) pepe FE IR VT,
I AEE] 91%F1 71%. Bl DNAMAN %4 st
A5 KNy 944 bp [f) DNA H B

A B C

2000 bp
1 000 bp

A-3’RACE §1 (F2/F3) B-5’umiW[RIVEF4IP 1 (R2/R3) C-5°
i R R 5091 (RA/RS)

A-amplification result of 3’RACE  B-5’amplication of homologous
sequence (R2/R3) C-amplification result of 5’RACE (R4/R5)

3 3l Simi IR
Fig. 3 Amplification results of 3’ and 5’ ends

22 HEFMFEG%EAR pepc BEERKEE PCR
)

2.2.1 B A GAPDH FEIR (WS 57
Iy LUk Rz A cDNA AR, LL F6/R6 A5
YIHEAT PCR 43, BIEREAREE UK, K45 1 4% 600
bp AT A (B 4). W B4 5 DNA 4
WrEAT IR, JERRNEAL, W EABEmE, Phita
BEAART 7 55 04T PCR RSN, e AT 4L+ 1
W, 0 )5 45 37547 NCBI BLASTn 2041, A1
&80 GAPDH JERI 7 741 (GQ250049.1)

3504
250

150 4

—d (RFU) / dT

504

=50

5000 bp

750 bp
500 bp
250 bp
100 bp

E 4 3|%) F6/R6 ¥ 1% cDNA &R
Fig. 4 Amplification result of cDNA by Primer F6/R6

[FJEPE L 96%, 3 3P HIHC B 528 bp.
222 HOLEE PCRIFEMIMZ Tt S mr4m,
pepc HEH GAPDH SEDRI 155 gk ith e #5 A — W]
W, UL PO e B R I R AF, S
B4 RASSZARRE S Y 3 R0 5 |9 R AR T4
2.2.3 Pt ERE PCRARMEMZ& b HIWIER
(pepc B RN Z I (GAPDH KK %6
JE PCR MbrdEMi g7 ¥Y1=-3.268 X+
43.249, r1=0.999 8 1 ¥,=-3.398 X,+44.092,
1=0.999 7; Hf Y h Ct{H, X N IUH. K
IR it A T A [R] W R A B ) R RS 2 TR, o
HEHf; pepc JENF GAPDH FE R [ 3 2% 3R 43
il 102.3%11 96.9%, 1t B 2 AN JE DK %< ) 2 #& PCR
CIE7/R S P e T S =
224 POLER PCR § LM pepe M
GAPDH )58 )652 & PCR ¥ ih&k W1 6, wElmT
A, 2 ANEERIY I S B4k, pepc F:A
) Ct {H344F 15~30, 1l GAPDH FE[R[¥) Ct £F 15~
32, ULHHO R AR BOE AR S H, R AR T
PG R, P ARG B s A 1
2.2.5 PN E PCR B br  ARHE A FIAE S 1)
Ct {HFI 958 T AR N ZR VS FP ek B2 A Mt
4504
350:

250+

—d (RFU) / dT

5 pepc £F (A) ¥ GAPDH £ [F (B) /&R
Fig. 5 Melting curves of pepc (A) and GAPDH (B) genes
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PCR ¥ 415 A 41

B 6 pepc ZEE (A) 1 GAPDH &R (B) #ighsk
Fig. 6 Amplification curves of pepc (A) and GAPDH (B) genes

pepc JERIF GAPDH JER Ct (AR LG VL. F
AURI H AYBR B2 A it pepe FEIRITE CLAESY 70 26,49
28.95, ¥ ULH Wk 1.36X10°, 2.45X10%; F LA
H M8k 2 A 5k GAPDH FER () Ct B 4334 31.22.
31.25, #ULE Ik 6.14X10°, 6.00X10°. pepc
SERLE W PR ER B A fib it R R IA A AE 22 5, F O
BRZA pepe MIFRIARHE ST H B, §iH NG
F 1 5.55 5. 11 GAPDH FE KA AR B2 A fitt B

HPRIEEA Y.
3 g

3.1 HERARH pepc ERZLEFER S HthiEY pepc
HE &SRR

AT e T 8% A ) pepe FEIH, A KA
3 560 bp, H:r1 cds [741 4 2 895 bp, A/T 4 56.3%,
G/C 4 43.7%, 5 =R RIETES 85%, 55
AR AE A (0 [R5tk 2] 70% LA 1.
3.2 SRR AH pepc EEEHMIEY pepc EERIE
MEEFREA—H

Bk %A1 8t pepe FEIK] cds 7414 964 N IR
Hrhgmid ) /BB R RR 2, - R D,
IR T A5 2R RIE A 89%, Z KI5
TN 109 990, PFEIBAEHL RN 5.995. XF 2 kit
— TR AR S IR AT BT A 0.000, FE4T 45
FI TR, HAT pepe Siksk, Bl A g5 4
COG235, 5745 €3 FI C4 K pepe F:N
AR B b R —2K
33 pepc BEEREFEYEAMPHRIEZIES T HE

PEPC i1k C4 Al CAM fRUFEEH I —P
N, e GRS OGNS, KBt pepc FEIM R IX &
R AR AT R KW NER, s
ST R AEREVE ] o 2255 pepe LR IAIAE

Wb IR, pepe HEDR = 215 R R 2L e de mot &
R, WHRAR WIS T 8% pepe FERUKREIIE &4
R, 25 R pepe KK FEG PEPC 3k EE J5
R 20 £%, MWADCEHEE LIRS 55%, W
e HARME HAE 1 d P E, % pepe KEPKIK
FEIR 63 R ) i T Js R . 2 A kA CAM ),
FE ISR CAM BRI, mbar=4 (£
BERP D SR B A ) R BNy, AR
R AR 2 B, P S T pepe FERI IR IA =
e A EEIRE X F AR H A B A ARk A
BEACHIIR SL S pepe FEIRHEAT 9806 58 oM &5
LW, pepc KERITE F BUER 2 A b () 2eik &0 H
HY11) 5.55 fif, iIX— 45 R AT eV F 208k B2 A ek Cigk
FeA it oD mFAGEE Dy, LU AETE Z 1Ak
R (AR ZRERYIID MRS T GBREARED
B o (HAEXT TR A ik pepe FERFOAVE FHMLE] 22
fr L DR A 75 T3 — 5.

SE Ik
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