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qRT-PCR analysis of SQS gene expression during microtuber formation
of Dioscorea bulbifera
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Abstract: Objective In order to provide a theoretical basis for clarifying the mechanism of synthesis of saponins during different
induction formation period of Dioscorea bulbifera microtubers, squalene synthase (SQS) gene expression of D. bulbifera microtubers
was analyzed in this paper. Methods Using Actin gene as a reference gene, Real-time quantitative PCR (qRT-PCR) analysis
technology was applied. The amplification curve and solubility curve of SQS (target gene) and Actin (reference gene) were
successfully constructed by SYBR Green I after RNA was extracted from different formation period of D. bulbifera microtuber and
cDNA was obtained by reverse transcription. Result Quantitative results showed that: During the initial stage (18—36 d) of D.
bulbifera microtuber formation, the expression level of SQS gene increased significantly. During the mid-term (36—72 d) of D.
bulbifera microtuber formation, the expression level of SQS gene decreased significantly, and tended to be stable. During the later stage
(72—90 d) of D. bulbifera microtuber formation, the expression level of SQS gene decreased significantly again. Conclusion In
general, in the process of D. bulbifera microtuber formation, the expression level of SQS gene shows the trend of
“low-high-low-constant-low”, which indicates that SQS is a key enzyme of saponin biosynthesis during the different induction
formation period of D. bulbifera microtubers.
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B Jit Dioscorea bulbifera L. 4  #i B ALK, XIREFRI AR 40 AT R A A
(Dioscoreaceae) %75 )& Dioscorea L. #i#), HisF  HIP2L, fYo b8 R F 70 S B At sl i v I 2 Ak T
P GEZ ) WALy, ERHURIEMOC, WA RS EE . EAENE FR B A E SE AT L
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Wi BE: 2015-01-03

EEWH: ERAORBEEERIIE (31360072); {LAAHHTE T 2014 FERERLHAB R M H (GII14713)

EEEN: FHIEE (1973—), &, LHRHN, B, EIEER, O iR,
«REEE YUK U, Wi, @IBdR. 0P oK.




¥4

Chinese Traditional and Herbal Drugs %% 46 % 35 10 8] 201545 A

* 1521

H F sk 28 B =28 (R 32 BB TR AR AN TN
A IR I S OV 1 i He R i
o) OCBREE TR RAE  D o (R IR AR ARG
A8 v Rl Tl S DR 11 o B 5 Dy RE A KT AR = 1
A BOR AR A S VN LE T s e w4
EE /RN P e s Y e S LBV o ) e T
hg ek, B R =, SmdE. HERE
SRS IO IL T4, %07 Gl (squalene synthase,
SQS, EC2.5.1.21) /Wi A 28 7 N dsA Qi i
A8 1) S5 TR il 2R ) G A ) B — AN DGR,
RN b, ERefEA 2 501 1032 e SE AR IR
(FPP) Zfi45 HE B 4 1 IE [ R — il S5 4 A5
(5 1 NRTA—% 4 (SQ) Pl it4h, FPP LTS
VE R ILADER IR, iz S MRS
PEVI T o PRLREAL T 23 3247 2517 SQS LR fr ik /KT
FNEPEX T3 w4, JUHOE SRR B AT I
A E Y, PRI, SQS N A H AL
Yy A T R b R A

Hul, A= g, maEs,
HEAEPLL sl Fon ™ e R ek U, - st
SEREY) 1Y SQS FE PRI IE AT A SGHRIE - 1A KB
M SQS PR ¥ A IA Tl 2 B A B 2K B R
IR SQS HE A IA AR WARE o S 58 i 1
PCR (quantitative real-time PCR, qRT-PCR) f&7Ef%
2t PCR AR bR M R (1 — Mo A% R o
HR, BAREE S EEMEL . FrmthimAlmm
HAREAL, ORIz M T R R ik Rl s 4
SIMTEEREGT T, AT L B RO B 25 ik b
FIH qRT-PCR M HTHIAR, Xf SQS 7L Al
P I BSOS AR P RIE AT, DU RN
TR )R8 5 EHUR AT A O Ok R ALK
s [V A 12 A SO 0 P A FE A A Y.
PR G o
1 #RFAZE
1.1 w4

#iph Dioscorea bulbifera L. i@ 1 (1 320058
2l iy Rl B A U R = 3R, L
0 B AR R 2 B SO B ST .

1.2 7&

1.2 FOMGRPCEEMIE SR WA Y
HCSE M 5 7 AR BRI — ORBVERA—F0 4
1.0~1.5 em )7 2 25 B ARG K 2F 28 BU NIy
PR SR B B MS+KT 2 mg/L+

NAA 0.5 mg/L+60 g/L FEMi+5 /L Bieky . #hh o
o, BEEOMAT 2F R BCE TOLREE IR R . BIRA
PESEE MRS (25+1) °C, W 70%~80%, Y
I 1E) 14 h/d, SEHEERIZ 1 500~2 000 1x. 447 ER
ZIFURAEM A K S, REBS 18 d UM B 28 AT
SQS FEF KL qRT-PCR /34T 18, 36 54, 72,
90 d FLHL 5 AN AR R ZE 5 S5 1~50 AN
RE IR S MR IR S, S AR
T80 CHMRMLIKA TRA7 %

1.2.2 BN EZE RNA $REC RIS B
FYPZE 1ok AR 5 A8 ] RNA 2GR 7 & EASYspin
Plus Plant RNA Extraction Kit #E4THEEL .

1.2.3  RNA £ Ak {4 Nanodrop 2000 £l
RNA ¥, 1.5 uL RNA F1 1.5 pL R 4EHE
A), 4t 3~5 min JEAEH 1% IERER T 43
B, 180 V HLyK 10 min Ji5 BUKHA I .

1.2.4 ¥ ¥ RNA BB, Primer Mix. dNTP
Mix. RT Buffer. SuperRT F1 RNase-Free water i
HETUKESH . RIS RINAR R SRR 20 pL,
o ANTP Mix 4 pL, £ 500 pmol/L; Primer
Mix 2 pL; RNA Template 0.05~5 pg/uL; 5XRT 2%
% 4 uL; SuperRT (200 U/uL) 1 uL; RNase-Free
water 42 20 L. WRIER GRS, R LD, g RE
LRI R K .42 CHFE 30~50 min, 85 C
B¥E 5 mine JRMNETHJE, R EL, BETUKEA
W W] HHEH T PCR R N FISEOG E
PCR X, BET-20 CKWMELE. 1 SEEAAIMA
RNA 2 uL, 3 SFESIIAN RNA 4 uL, 2. 4 15 %
FEAINA RNA 6 uL.

1.2.5 5RO SY A LR actin 1E NS
FEDRL, IR AN T 1 AR i v R
3R H SQS 2 P JF 4] (NCBI GenBank
accession No: KC960673, fr5FIX A 243~ 640
bp), A primer premier 6.0 #5654,
5191 #%) (5°-3’) F: AAGAGGTAGAGACAG-
TTGAT, R: AGAGAATCTGAAGCAAGGT: 51¥
2 ¥4 (5°-3’) F: CGATATTACTAGGCGAATGG,
R: AGAGAATCTGAAGCAAGGT: 35|¥) 3 ¢4
(5°-3’) F: TCTTGACACTGTTGAGGAT, R:
TCCAGCCACATAATGACA; 5% 4 %1 (5°-3")
F: GACACTGTTGAGGATGATAC , R: ACTAA-
TCCAGCCACATAATG; 5145 7% (5°-3’) F:
TGACACTGTTGAGGATGAT, R: AGAGAATCT-



<1522+ XX

Chinese Traditional and Herbal Drugs %% 46 % 35 10 8] 201545 A

GAAGCAAGGT; actin 51#/7%1] (5°-3’) HD-actin-F:
CCGGTGTCATGGTTGGTAT, HD-actin-R: GCAG-
GCACATTGAAGGTCT. 7|4ttt = eim &4
ARG BRTHAE AT G . M7 PCR 714, 1A%
20 uL, IBKIEE K 53 °C, ¥GLE R E AT RS
¥ VK. {3 ] Boer LifeEco (96 FL) PCR {Xik4T4E
934 . PCR [ VAR R SAAF A 20 uL, Hrp 2 XEs
Taq Master Mix 10 uL, 29K/ °4 1 pmol/L; Forward
Primer (10 umol/L) 1 pL, Z¥KJEEK 0.5 pmol/L;
Reverse Primer (10 pmol/L) 1 uL, Z9KREEH 0.5
umol/L; Template cDNA (¢cDNA), 1 puL; RNase-Free
water, 7 pL. 4% Mix FI5|¥RA, RGN cDNA,
FZKANSF 42 20 pLl. WEFEF A 94 C. 2 min AR
PE, 4RJ5 94 C. 30s, 53 C. 30s, 72 ‘C. 30s,
35 MG . 5 72 CCIEM 2 min JFEEHREET . K
241 95 min 5 FTA LT

1.2.6 qRT-PCR f#i}l] LineGene 9600 (96 L) 5
B 98t 58 Ft PCR AT 3L PRI ZRIA AT I . qRT-PCR
VAR R ARl 20 uL, H 2XUltraSYBR

Marker 1 2 3

4500 bp
3000 bp
2000 bp
1200 bp
800 bp
500 bp

200 bp

Mixture 10 uL, 244 1 umol/L; Forward Primer
(10 pmol/L) 1 uL, Z9K%°4 0.5 umol/L; Reverse
Primer (10 pmol/L) 1 uL, Z3KRJE N 0.5 pmol/L;
Template cDNA (¢cDNA) 1 pL; RNase-Free water 7
uL. 3 SYBR Mix M5 Wi 1T, S5 cDNA,
KA 42 20 L. W EFEF N 95 C. 10 min AR
P, SRJ595 'C. 15s, 60 ‘C. 1min, 40 M.
B AT R R M L AT, AR 2 B R N
95 C. 15s, 60 C. 1min, 95 C. 15s, 60 C.
15 s. 40 MEER, K5 100 min 5EpITH . il
R CAl . 26T IR M2k
2 HRE5DH
2.1 5|4 PCR &7

MT €= PCR 51904 1 i BUE W1 21
Ztd, HBAT MBI R R 519 — R4k, %18 PCR H
VKR EE R (B 1D R, 1R 2 S5 4, M
SeRR o7 RN B SRR S, 3 S B L,
4 SHATR, 5T T IIRCR B, TRIA S0 f 24
P55 55137 SQS A qRT-PCR 5E .

5 Marker actin

4500 bp)
3000 bp
2000 bp

1200 bp|
800 bp

500 bp
200 bp

1 1~5S3|¥MASERS| 48 PCR BkER

Fig.1 PCR electrophoresis results of Primers 1— 5 and reference gene primer

2.2 SQS EFEEEMBERZEZFSHAMITIEHH
RIEED

CLEE S 55190514, CABOIS S8 Bt (] 4
18+ 36+ 54 72, 90 d T B[] cDNA JyA¥EAR,
B 3 NEHE, 4 qRT-PCR Ji, 3788 Lk 3
EW, PRUERE, BAEPATIEL, RBEZrmk b
WIS, &R IR I H A SR actin B
HIJE SQS LRk . NS actin filH
(1) 55 DR SQS i IR 94 fiff M1 £ 35 2 B Ay 45 i 0eg 1. —,
HA#EA G RARR A B, 2R &R R R
PEY 48 B Py 2 I K actin AT H KL K SQS FE [
H =4, ul 5| P e ki, uk B9 38 pr 43
17 8 h R R 4N o B R SREN C M, R

4 ], EFET 3 AWM ESENEY, EH
QTANCUEISIH AT M AL BE . KT 1.5 IR oRRIL
M, /NT 0.5 MRRRIEE T, 1.0 W
RRKEEEAEERM. 450 0E 2. WE 2
ALLEL, HSEMN 36 d M H2E SQS ALK
FIEB N, 54 d 172 d ) SQS FEK KL A AL
fb, 90 d 1) SQS FEFFIAF F . XA UL
Y, SQS Ik PR 76 B i Ak 284 He 25 5 3 B 19 %) 0
(55 18~36 KD, RIEFEEBFEWIN. 76 MiHA
PLiF SR W (28 36~72 XD SQS A
PMRIEEEE N, G TRE. 70EMmm ik
EHESHRN G (5 72~90 K) SQS FE K )
Tk wmFIREE T
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Fig. 2 Relative quantification of SQS gene expression in

formation of D. bulbifera microtuber
3 g

H AT AR ) = A2 & Ot s h, T
SQS JEFEAF M FPP KA =il , 23 5 WA 2l 2K
I SRAF MG U OSBRI SQS IR B 1
Yo TSR R, X SQS FEIN K ik
IRFFE 2 A . SEI 2 E 7 PCR (qRT-PCR)
PRLERR S RO SRS I LT AR,
ez N T SQS FE R AW G,

FERERPY, 2P b, SQS SN HAT 1
Rl e AL A PSR R, SQS HEHAT 2
Fie ASPVERIYI SQS JEN M3k 3 B, 75 H
FAHY)— M E RIS T, SQS RN HA —
PR, V2T, S 2% B SQS SN
IEEEN A AEEMEE, 2z sQs
PRI it v T R, BRI TP R A I
JRCAIT o SQS SN[ F ik s T4l U qH
FERR BTt SQS FEPFRIE EA/IMKUCH IR > 25>
M, 3% 5 =k SQS SR IAMRARL, /£ =6
T, MR SQS R kR IE E A, TRk
(ke FRIRAE R, R TN A A K
Wirh, SQS LR AIA B ILH “AR- K- -7
A S . TIASER G5 SRR W], RS 2k
BRI AT, SQS DA [ ik & I
R-EAR-ARAR” AR SR, ATEE
F IR T R R 2 A O BB, AR R AR KR R
ity S 2 W ES WE R . R e H ] R S I 2

PCR /7598 (SYBR Green 1) 7£F1 TagMan
BRE 2 RO, AKBFSTIERE SYBR Green Yeklik.

SYBR Green I 5 DNA XUBE/NA 57, M'E 5 DNA
WURESE A I H9e . PCR adFErh, 5 PE I 4
IR} J J5 XU DNA, SYBR Green I & Hi%¢ 6. R,
E—MERW, HAG 5 EAE T X5 DNA 401
MIACR, X200 i R I R IA L, i 21T
FLAT R 0 A v PR &4 T, {H SYBR
Green [ bl AN WERENE, T ZL5 M i £k
W PCR 474 S W S 757 520 AR sz e 75169 H
F1R) S5 DRI P 2 5 DK ) 47 At o 2 A 5 o — e, 97 349 oty
L IR G 8 R, GRS
B, JF H3HET 3 IRES, ORIIEE 45 R .
FEJE M 2 SQS MM EKIE T, KA SYBR
Green I Jubhvk, WHUAG T LLAUH BN S5 25 R .

FIH qRT-PCR J7 V2t AL A0 Rk g, T8 %
T A— DN RIE AT WE R ERE NS5
R o 76 3R A 0 SE R R IARE U, B R e
F K WA G AT H I -3- 1 R - N A S TR
(GAPDHD. WLah&E AN (actin). J5 & I3
(tubulin). H1 18S rRNA 45128291 75 J& 1H- 2 $5 54 o]
ol i A B R PO SQS Mk ak 43 BT
F 18S rRNA 11 GAPDH £ K A S FE A, RO AT
7E AL RS (ANS) FERPU K3 g
A (SuSy) e PRP2URILE 111 24 8 o i -3- 32 Ak
(DaF3H) JEHPIERIE DT, BAF NS AL
N actine IXSURFFLE H G AL 45 KL —8. HAl,
qRT-PCR i A H T~ 2 15 Ja A 40 25 DR R 2 08 S 1)
TR D o ARSI B YIS P Z A3 A X 3 Bl il 7R B
EFESFERGERE T SQS FERAEH s/ LRI AT
RIE BT 0T, WARG T %8 D AE M R B 250
SRR R, NPT SQS FEHT
ettt 7 AH Ak -
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