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Abstract: Objective Saponin is the primary effective component in Paris polyphylla var. yunnanensis. The aims of this study are
to obtain the full-length cDNA sequence of a key gene (i.e. MVD) in the saponin synthesis pathway and to analyze its bioinformatics
and expression in different tissues. Methods Conserved fragments of MVD c¢DNA in P. polyphylla var. yunnanensis were obtained
by homologous cloning, and its full-length cDNA sequence was acquired by RACE, which was temporarily named PpMVD.
Bioinformatics analysis was then conducted and the expression of PpMVD in different tissues of P. polyphylla var. yunnanensis was
detected by real-time fluorescence quantitative PCR. Results The total length of PpMVD cDNA was 1 583 bp, and the length of
ORF was 1 269 bp, which encoding 422 amino acids. The molecular weight of this protein was 46 820, isoelectric point was 5.69,
and the instability index was 45.40. It contained 159 alpha-helix (accounted for 37.68%), 19 B-pleated sheet (accounted for 4.50%),
69 extended chains (accounted for 16.35%), 175 irregular curly (accounted for 41.47%) in the secondary structure of PpMVD protein
which had no transmembrane helical region and signal peptide. This gene contained a conserved structural domain of
MVD1-Superfamily which belonged to GHMP kinase protein family. The qRT-PCR results showed that the expression of PpMVD

gene was significantly different in seed, leaves, stems, and tubers, i.e. tubers > leaf > seed > stem. The highest expression was
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observed in tuber, which was about 3.3 times of that in stem. Conclusion In this study, we first cloned the full-length PpMVD cDNA

sequence, and found that it was highly expressed in tuber, which was the major medicinal organ of P. polyphylla var. yunnanensis. This

study laid a foundation for the further study on the effect of PpMVD gene on the saponin biosynthesis, and facilitated the efficient and

sustainable utilization of P. polyphylla var. yunnanensis.
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HEM Paris polyphylla var. yunnanensis (Fanch.)
Hand. -Mazz. s&9 EfEGuEth 244, BAHME
i, BET, PUMIESEDI, B (MOEARRIE)
b AICE, AEEARZGR LY. rakm, &
RV EEERER F A sy, HETFERR
R S R R B R B oA R TE B UG, R R
#4% (mevalonate pathway, MVA) &%, 7€ MVA
BEd, FIX )G FERER (soprenyl diphosphate, IPP)
FE I RS RO O E R AR, T IPP 2
HH FH 0 IR AR B IR I FR 8 ( pyrophospomevalonate
decarboxylase, MVD) 4k 5 B AR H 2 R 25
BRI PEAER, PRI MVD JE R 2 IA T KX %
KA A & R EEEAY. e
MY MVD (R Fe thisokis s, kI
RIW, BTN MVD ()3 558 B M2 & 2 7] AR
FREMIEAMRR, WERACL o, Azl
REPL g earamt. AP s
SY ARy B MVD S, (FURAEAERS
BRI RIS, K, SHEEM MVD FIRFRA Bl
T 1R B B A RN, A
AR AT RESER F B A 2 R ST

ARSI DIEE MO MR, R AYE B
PG HARAEY) Bk A BERF. NS A
TUnEE) MVD SR RS A Boist i 514, JEid RACE
LIP3 S X, H IR EE AR
MVD ] cDNA 2K, I HIB I SLm 50 € &
RT-PCR BRI fERZE . 25, mEAIFh 1 iR
BTG, AWEIE MVD SRR E AL B A P
AV AL A0 0 1 428 B4 7 JE Al
1w

HEERXE T aMEEEME AR, &7
wizfE LR % e NEERE P pobphylla var,
yunnanensis (Fanch.) Hand. -Mazz.. BT EERDT-
7 ZEPA SRR AR 9 IUS RNA fIFP KL, Trizol
PR & LN, B3k LEE. PVP. Trans
Script All-in-One First-Strand cDNA Synthesis Super
Mix, Trans Start FastPfu Fly DNA Polymerase [ 43\
& (JEED EVEARAGRAF], 3°-full RACE Core

Set with Prime Script ™ (TaKaRa), Trans Start TOP Green
gPCR Super Mix (ZRXEEMHEAREGRAFD,
SMARTer RACE (Clontech ), Peasy-Blunt #% {4,
Trans1-T1 BZAS400, 5B ERAVATIRA RS R
2 FE
2.1 SEE#MVD EE (PpMVD) RFXEZRIFRES

2% 4 PPERUHEMRZE S RNA AR,
PABCEL Trizol v I S RSB I L 250647 1 RNA 2
0, FHEERRREEER VKA RNA SE88:, JFHR%
AN BE TR R B o AR 4 e I Sl &
Trans Script All-in-One First-Strand ¢cDNA Synthesis
Super Mix UL, B3 pL & RNA {EAREAR, LA
Oligo (dT)s N3 Wi 554 S —%5% cDNA.

R O 2 o ) AR A CRIFOI . NS5
) MVD 2K HET 751 EL ) (DNAMAN #4F), £
R X Bt —XEZERL Y, LiEs Y.
MVD-F1 (5’-GACCGCATGTGGCTCAACGG-3"),
TU51%: MVD-R1 (5-GTGCAGACAGCAATC-
AGTTCCATGC-3"). DA Trans Start FastPfu Fly DNA
Polymerase JJ DNA &1, X PpMVD K fR55 X
BOdATY 8. RNAARIT: B cDNA 1 pL, 514
MVD-F1, MVD-R1 % 1 uL, Trans Start FastPfu Fly
M 0.5 uL, 5X Trans Start FastPfu Fly /4% 5 uL, 2.5
mmol/L dNTP 2 uL, ddH,O %M 25 pL. NN
95 C+ 2min; 95 C. 20s; 58 C. 20s; 72 C. 105,
35 MIEAZ )G 72 Cy 5 min. PCR P4 1% g H
BRIk 5, VIR E 827, Haiilr=y e
% Peasy-Blunt £, ¥4l 2 B2 454000 Trans1-T1 5
PEHCE AL, 2% 2R TR A R AT -
2.2 PpMVD E[H 5 FKimF5l

YR “2.17 Oih ARG HEERE MVD cDNA
Wit 5 ¥ : GSP1 ( 5-TCCGAATCCCCTTCT-
TCTCG-3") 3% Clontech A & ) SMART™ RACE
cDNA ¥ #1857 &3 4T 5" RACE ¢DNA S—4Ef14
B AR S U, B2 uL & RNA 24730
B N, L GSP1 (5°-TCCGAATCCCCTTCTTCT-
CG-3") Hl UPM GAGRIEHAD 51T PCR X
R, A R ) 1.5 ul, Hepda iR &
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VAN, RPN 94 C. 30s; 68 C. 30
s; 72 °C. 2 min, 25 /MEH. KILZJEH] PCR 724
2 1% IEHEE Ik e 1 IR “2.17 BUHAT IR, 5
B, SREik bR R A A w AT .
2.3 PpMVD E[H 3 KimF5

HRYE “2.17 T CIRTGH] PpMVD He A1)
cDNA F B, #it 3-RACE Hr7tEaMul5 4 GSP2
(5’-GTAT GCGTGAGAGTGTTGAAACAAG-3") #l
W 5% GSP3 (5°-CGAATAACGCAAATGGAAG-
AAGC-3’), XF] TaKaRa 2 #]ff) 3’-full RACE Core
Set with PrimeScript™ {7 &47 3*-RACE cDNA 5
—HEA L, MRS R, L2 pL & RNA
AT N, PL GSP2 (5°-GTATGCGTGA-
GAGTGTTGAAACAAG-3")#1 3>-RACE Outer Primer
REIPHEATER PCR M5 1 5o, HU BRI 5%
P 3 ul, HARIBU BT . &R 94 C
3min; 94 °C. 30s; 60 C. 30s; 72°C. 90s, 354
PEFR; 72 °C. 10 mine HUEE 1 %2 PCR 7“4 1 uL, LA
GSP3 i1 3>-RACE Inner Primer }y5| #3347 55 2 4 PCR
S, SR R HAMA S SRR . SRS 1
AR, 30 MEF Z S5 PCR W4 1%35 b
B KR TEIR “2.17 BT, Wk, SRE%E
IR ER AW A R HHATINT -
2.4 PpMVD EFEEKHHHESIIE

WHECBRIN 5-3 K s, #it sy
PpMVD 2K ) 5¢ % ORF 351 #7541 F: OF1
(5’-TATCACTGTACCCGCTGCCA-3’), OF2 (5°-
CGAATAACGCAAATGGAAGAAG-3’ ) , Jf LA
“2.17 WUH R R S ) cDNA N AR AT
PpMVD cDNA 4= K474, PCR N AARFR N 25 L,
H#i ¢cDNA 1 pL, OFI Al ORIl %& 0.5 uL,
5X FastPfu Fly Z&#1¥% 5 uL, FastPfu Fly fi§ 0.5 L,
Bi ddH,0 % 25 puL. R 2644 95 °C 2 min, 95 C.
20s, 54 °C.205s, 72 C.20's, 35 MEHZJ5 72 C.
5 min. PCR “#I% 1% JERE R ik 2 fa, [,
SibE, SR G IR R ACGTEREERAE Y AR AT I o
2.5 PpMVD EREMELRTKIEDT

HFIH primer 5.0 #itE & RT-PCR KRG %51
)5 Al & QF1 (5°-CGTGGACGAGAAGAAGG-
G-3’)H1 QR1(5’-CACCAAACAGGCTACGACA-3")
Py 233 bps ARAE SCHRRIE, e EER
Actin 2 E NN S HE, 51 F: AFl
(5°-CAGCAG ATGTGGATCTCAAAGG-3") # ARI

(5-GCGAACAATCATAACCAAGCA-3’) . $ZHE
B L 2R RERS RNA, HiZ3 4N
VB, R 207 DR, BT S RN,
DL cDNA A7%¢ )6 & PCR Mk, #R#E TransStart
TOP Green qPCR SuperMix {FH UL, KNAKRN
cDNA 4R 1 uL, 247 51404 0.5 ul, 2 X Mix 10 L,
IIZKAMZ 20 Lo JRIBLZEAFH 94 °CL 305, 94 C.
5min, 58 ‘C. 15s, 72 C. 105, 40 ME¥H.
2.6 PpMVD EFEMEMMEEESR

#/F DNAMAN #/F4 PpMVD %=X ] cDNA
FP BB IR R 741, IF TR R 2 741 L
X, F AR s FIF Blast #44 Chttp://blast.ncbi.
nlm.nih.gov) X% H IR FIBEAT [FVEPE EERT: ] H
1E £ 53 #r 1. B Chttp://www.ncbi.nlm.nih.gov/gorf/
gorf.htmD) AFRIFTHHFAHE (ORF); F|H ExPASy
[] ProtParam Tool fEZL#fF (http://web.expasy.org/
protparam/) 73 AT EIERREEAL M . B H R ARXS 0 F
;s L 28 TH SOPMA (http:/npsa-pbil.
ibep.ft/), BEAT R KA I T
3 ZR5SH
3.1 PpMVD EEK T [E

FIH 514 MVD-F1 A1 MVD-R1, Hi RT-PCR #”
BRI R/ANZH 600 bp HIZT, ILE 1-A, SCRED
JPA3E] 620 bp B B, 18IS 5 H A4 B A
fRHEE 2 Y MVD B[R P HIE T EoxS, o —8k
LF) 79%, HULHIPHE N PpMVD HIEE 73 O/ 5F 7
Bt. 3-RACE £3{ PCR /~#Hykss LA 1-B,
i K/ANZIN 500 bp, HoA s &k w i
5’-RACE PCR F“#JHLIKZE R ILE 1-C, 271 K/
79550 bp, HrhEERGEENT. KE 1-A 1 1-C
ST, R, FAEI, I g R
Fp 5]y B E S S 7 81 5 43 A5 2 490 bp.
470 bp ML IRIT A, ¥4 2 %7 5I4E NCBI AT
BLAST Lbxf, 45 REIITHE T G500 B
A AR MVD ¢cDNA 51— 815 3
70%, HIHEE N PpMVD LRI 3281 57K, #
R FPAS 3 S K T HHE, R eK. FIH
514%) OF1 (5’-TATCACTGTACCCGCTGCCA-3’),
OF2 (5’-CGAATAACGCAAATGGAAGAAG-3") §~
I PpMVD cDNA 4=, 25 ILE 1-D, HEIK N 1
500 bp £ A IR ERIT A, Kizskar i, wakE,
M, KRRIRFESS Lk Pthes Rkt th, #
HramE. FIEEWE 2 .
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A-PCR amplification of PpMVD conserved sequence B-3-RACE C-5-RACE D-full length cDNA sequence of PPMVD  M-Marker 1—4-amplification produces
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1 PpMVD EFEHEE
Fig.1 Cloning of PpMVD from P. polyphylla var. yunnanensis

TATCACTGTACCCGCTGCCATTATTTCCTCACCGACATCAAAGAAMATGGOGATCCT
AATCCTCTGTTAMATCTCCATCTCCGUCGOCCTCOUCGHAAMACCGCTCTCTCTOC TCACCOGUCGTOGGARAACCTCTCTCTCOTCACCC
GACGTOGLGAARCCGUTTTUCTTCTCGCCG L ARACCOGETATCTAATCCUGGTTTTOTOGGGAACGAGG L AACT AGGGTTTCACTTTAL
CTOGTAGAAATCTOOGGUATTTAGGGTTTCGGACTCCGGCGUACT TTAACTCG TAGAAATCTCCGGCATTTAGGG TTTCGGACTOCGECG
ATGGCGALGGAGTOGUAGAMATGLATCC T AAT GG TG ACGLGEAGAGC TCUC A ARC AT TGUGGTCATCAAG TAC TG GGG AAMGUGTGAC

M ARESQEWYILNVYVTGEREAPTINTIALVIKETYWGEEERTD
GAGAACCTAACCCTCTCCATAMATGACAGCATCAGCGTCACGCTGGATCOCGACCACCTCTOCGCCACCACCACCGTOGCCGTCAGCCCT
ENLTLSIUHNDSSIGSSY¥TLDPDHLTSATTTUVALEVSPE
AGCTTCGACAAGGACCGCATGTGLCTCAAC ARG ARGGAGAT TTCGATTTCOGGGGAGAGAT ACCAGAGCTGTTTGCGGGAGATTOGAMGC
s FDEDRMNYLNEZEKETIS SIS SOGETRTYTOQSCLEETLITRS
COGGCGGLGGAATTOGTGRACGAGAAGAAGGGAT TCGGAT AMAGAAGCAAGAT TGGGAGAGGTTGCATGTCCACATTGACTCGTATAAT
EAGEPFVDEEKZE XSGIERETIETEETDYERTLIHYVHTITDGSETHN
AT TCCCAACGGCAGCCGGAT TG CTTCATCOGCGGU TG TTTTGCTTGCTTOG T TTAT TCTCTTGCAAAACT AATGAATGTGALAATG
NFPTAALGLASSAAMLGF ACF VYT SLAELNNVEN
GAACTOGL O AGCTTTCTTUTAT TGO AAGGC ARG TTU TG AG TG CAT G TG TAGCC TG TT TGO TGGATTTOTCAAGTGGACAATGGGA
ELGELZSSGSI ARG S G s ACRSLFGGFVEWYTNG
AGTGATGUTAATGGATGTGACAGCARAGC AL TC AN TG T TAATGAT AU AC AT TG AN TGAC T TGGTTAT TATCATAGCAGTGGTHAGT
= D ANGCD S EAVOLYNDTHUWYNTDLVYIIIATVWVV S
TCGAGGCAGAAGGAAMCAAGTAGCACAACTGGTATGCG TEAGAG TG TTOAAACAMGTGCTCTTTTAGAATACAGGGOCAAGGTGGTAGTC
s ROQEETSSTTOGNRET SV ETSSALLETERSLSEVVY
CCAAGTCGAAT AMCGUAAATGGANGAAGCCATTAGAMATCETGATTTTGCATCATTTGCCOGAT TAACATGTGCAGACAGCAATCAGTTC
P 5 RITOMNEEATIERDNEKETDTFAZSFARLTZCGCADESHNG GQTF
CATGCAATATGCTTGGACACAAMGCCCGCCAAT AT TCTACATGAATGATACATCTCACAGG AT AATCAMCCT GO TTGAAMGATGGALCAAT
HAI CLDTSPPIFTYTWNNDT SHERETITIMNLVET RUYHNHN
AATGAMGGAAC ACCACAGG TGO TACACAT CTGATGUAGGGCCTAATGCCGTTATGATTGOGCCGAATCGAAAAGCTGCTGCTCTTCTT
NEGTPOQV AT TOSDAGPNAVNEI LP NREASALALL
CTTC MGG T T T TTTAT TTCCCTCCACCT GU A AT AATGAG T TATCCAGCTATCTAT TAGG GG ACAAAACC AT ACTGUAMGAATCT
LoRrRLLFYFPPPADNETLSGSSTYTLLGDUETTITLIQEZS
GEGATAGAGAGT TTGAAGAT G TG ARG T T TG TG T ACC TG AAATCAATGACAAGG TTCCACCGAT TCAGAGGACCACAGG TGAT
I EsLEDVYVEALCPPPETILIUNDEYPPIOQORTTTGD
ATCAGCTATTTCATGTGCACTAGGCCTGGGAGGGETACGATGETGCTACCO AACGAAGATGAAGCTCTTTTAAGCG TG ARACTGGECTT
I s Yy FfF M2 CTRPGRGTNVLPNETDEWSALLTLTSVETT®GL

CCAAAGTGAAGAGTACCTGGCTGCTTCTTCCATTTGOGTTATTCG
P E *

2 PpMVD E[X cDNA 55K EEEEFS
Fig.2 Full length cDNA sequence and deduced amino acid sequence of PpMVD

3.2 PpMVD EEREMMERZ SR

PpMVD cDNA 4 1 583 bp, HH 5 dE4wAY
X 279 bp, 3’IEHAL[X 36 bp, ORF K 1269 bp,
Gty 422 ANEFERR o T 4 B 15 AR 4 TR B
N 46 820, ZEHL 5N 5.69, JHEE P IE H i I R ik Ak
(Arg+Lys) FfHLfF 2 IERR IR EE (Asp+Glw) (1)

BHSH N 46 AF 52 4, EAKS TN
C056H3266N57:0636S200 MVD 2 AR E Fa 5N
45.40, HEWGFEHCA 84.38. EIEFRF A 58k A7 it

Dendrobium catenatum Kimura et Migo. H & 4238 Ff
Lilium hybrid cultivar AMZ00815.1 . i i ==

Phalaenopsis equestris (Schauer) Rchb. f. Flji £5
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Elaeis guineensis Jacq. B—E1 7 5L 2] 80%-
78%- 77%- T4%.

fifi FIELL 31 T H. SOPMA, #HATE AR —
PEEMTM, SRER, ZEASH 159 1 a-
BENE, & 37.68%; 19 A B4, i 4.50%; 69
ANSEAREE, 1 16.35%; 175 DL, & 41.47%
(K 3), i F7EL T H TMHMM, SignalP 5 #7715
51, PpMVD £ & A B RIRIE X, HAFIEES

Bk, HAMEERAMA T4 RERT (K 4. 5.
] MEGAS.1, KA, M T 5T 25 R
51K PpMVD 5 HAh 20 MR MVD I R Gi it
i (6, dRER, HEREREEKREIR
PG HF, ZRHEMR RN N0, s
BPmEANET 03, SUTFHET MK
(533, HEMENYE T RMG 3, S5tk
g AR

MWW%WWMWWWWWWWWHMWWWWW|

ARy AR TR ik

Sta-p-r s B O-JTONAEH

blue-alpha helix red-extended green-beta turn purple-random coil

3 PpMVD ZREHITMLER
Fig.3 Predicted secondary structure of PpMVD
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Fig. 4 Transmembrane prediction of PpMVD
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Fig. 5 Signal prediction of PpMVD

3.3 PpMVD ERERBELATIES
ANFEHLE AL PpMVD R R IE A 7
Fin, R ER, PpMVD EM 7. . ZERER
ERHAERE, BHREEFEEREER (P<
0.05), FRiLEHmmIMLKK: IZE>F>F

6 ET MVD [EBLFIILL R R Gt

Fig. 6 Phylogenetic tree based on amino acid sequences of

MYVD organisms
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Fig.7 Expression level of PpMVD in tissues
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F>2, HbZEPREER S, NREEKE
() 133 ff.
4 g

EEMN EEA R N SRR, BHATAA
AR RE NG RA 2 Mgt BRERER (MVA
pathway) FIAEHIRIESE (MEP pathway). {HJEHf
FRI, X2 NMEBEIEARBIAELEN, ENH
W =) PP (72 4E, L 2 484 I TPP A74E %8
FUCT, B, BEATIETE IPP & R SR B L A,
B MVD DR 5 3 IA 1 0T ) B 28 1) A P06 ik
HAHEEMEH. AL KH RACE HAR[E#GH]
PpMVD JEH {525 cDNA 541, H4mid i) 2 LM
A5 IR BRSE 26 RBUL I AR5 B
AR 22 ) MVD ] ) — B0 4 Sk 2
80%- 78%H 77%, 7&HH %Ik IR B A 4 i 3 A% A
SpPE. 7ESEK b, PpMVD 4K %A 5 EIZ e X,
HAEAEAZ FIE, I & B AR 40 M5 SR & i
G, ATREEAKE, EETHRETHREER,
ZEERGHMF (SBCAR RTINS S
) MVD EAZZsit—5". B PpMVD
MVD1-Superfamily ZJi [ O/ 55 2514938, J& T- GHMP
WG ARSI . MR EEIR 7 51 LA B 25 (] 4544
FIARALYE, PpMVD J&F GHMP H &4 A3 P 14
O O, AATRISEFIRHIE &AL o- iR e B-17 2
HFAELE 1 N Pro-Xaa3-Gly-Ser-Ser-Ala-Ala J7 51
(1 P IREEM, %4505 ATP HIgE&aA =", [,
PpMVD HHAETE AR ORI 1 AR, 1 AR
IR 3 AR, D IX R AR <y 454 5 1% R
PSR ¢ (Cn&BUA B HENNZ S M TR S
ATP 456, —hist DL B kM,

RT-PCR 455 % H, PpMVD 7EfpT-. M. 2%
MR HRIE, HAERZEPREER . R=E
S E ARG 2 AL, TRt 250 R BAE
JnH MVD ik 5 21 & AR 3 1E A G
KER, KOs R — Bir EE AL S,
PpMVD (A 2 i B & i B B[R], PRk
ZERISL, tAINNE] PpMVD UM Fr . ZEARD a5
finibhr ik, XRRTAMI AL R 8, Mk
FITohH, WAERBRZ AL (RZED BLAM HAR A
g1 (I AIZE) Al 3 MVD ZER 305 1
F R VR B O P R A e R, HA
B2, Rk, HEMTEEESET, BREIZES, A
PS50 B A & NG AL Tl g, AT

e

R EETIENA AR, REHTRERMA, &K
AR N R T I IR . HA A SCERIRIE , MVD 1)
=) IPP MU S 5B EHM AN G, R
Z 5k N AR A s, Blanises . ek
FAEPO2 S T R AR VR EE R P R D B e
PpMVD F:RIFRIAEN 55— RN, Fidk—SIhesk
WEHEATHA E

H A PpMVD 2 (K (0 50 1 R WARTE, AL
BRI T PpMVD 1 ¢cDNA K541, JFH
RINZIE R ZE R RIL T, A FOZEE R R
150 VL EE AR SR A IR R ) DA B G e R ] TR 2
T R O 25 IR AT 4t v VL R M 2 AR o) B B I T R
B T AR,

SEH
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