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Real-time fluorescent quantitative PCR detection of key enzyme genes expression
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Abstract: Objective To establish a method of detecting the expression of Lysine decarboxylase (LDC) —a key enzyme for the
synthesis of alkaloid in the host promoted by the endophytic fungal elicitor of Sophora alopecuroides by using real-time fluorescence
quantitative PCR (qQRT-PCR). Methods Target gene primers QLDC-F/QLDC-R and reference gene primers Lectin-F/Lectin-R were
designed according to LDC and Lectin gene sequences of S. alopecuroids; Five-fold gradient dilution of cDNA was used as the
standard sample for the construction of the standard curve of target gene and the reference gene. Reaction system and reaction
conditions of qRT-PCR were optimized, and the sensitivity of semi-quantitative PCR and qRT-PCR were analyzed and compared.
Under different eliciting time of endophytic fungal elicitors NDZKDF,; of S. alopecuroides, the content of oxymatrine in the host was
determined by HPLC, the expression of LDC gene was detected by qRT-PCR, and the relationship between LDC gene expression and
the accumulation of OMA was analyzed. Results The results of qRT-PCR were better when the cDNA content in the system was 200
ng/uL and the annealing temperature was 61 ‘C. The standard curve of the target gene and the reference gene was constructed, in which

the cycle threshold and template concentration showed a good linear relationship, the amplification efficiency was above 99%, and

ks HEA: 2018-02-20

ESWMB: ERAREESTITH: 3 57 P9 E F e 1 3 v BV e A V0 & s R IHLEIRT L (31260452)

TEHRNT: IMUE (1991—), L&, FEERW-LHRA, R RALEYIBE S Y RIRFI A . Tel: 15809580774  E-mail: 1169158591@qq.com
*BIEEE  WUHE(1969—), &, i, Bz, i3I, TR 7 RAEYINA SR FIERI A Tel: 13995192081  E-mail: gupeiwen2013@126.com



. 4622 - tEd

Chinese Traditional and Herbal Drugs 2% 49 % 25 19 3 20184 10 A

the sensitivity was 25 times that of semi-quantitative PCR. Under the induction effect of endophytic fungal elicitor NDZKDF 5, expression
of host LDC gene reached the peak on the 6th day, which was 25.58 times that of the control. The increase of OMA content lagged the

change of the LDC gene expression and reached the highest amount on the 9th day after the induction. Conclusion The qRT-PCR

technique was successfully applied to the functional gene research of S. alopecuroides. Through the optimization of various conditions, a

platform for accurate and simple detection of functional gene expression in S. alopecuroides was established.

Key words: real-time fluorescence quantitative PCR; Sophora alopecuroides L.; endophytic fungal elicitor; lysine decarboxylase gene

expression; oxymatrine
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&) PP iS4  cDNA 55 148, RN
R ZN 20 uL, JIAFESLE RNA 1000 ng, fH#5FE
it cDNA ¥R BEL B — 2.
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2.5 qRT-PCR BMEESHNSEERERZRE
3R REE R

BT B A% B A i, % RiR
12 FRE S TR A cDNA IR AE ot BE, 28 A
HEIA BRI A 1000 ng/ul, % 5 556 SRR
K 50~5T 3 8 AMEREE, B cDNA BRIk IR
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BRGTHRD AR EC AR FE (P X R C A 26k
KRR, MWESLIRbsHEMLZ, BAES R4
Bl I Y AR . R R IR A H
f) % [l QLDC-F/QLDC-R #1725 & PCR Al
qRT-PCR ¥ 14, A& 75 H AR 5 4%t 09 3 ih 48



. 4624 - tEd

Chinese Traditional and Herbal Drugs 2% 49 % 25 19 3 20184 10 A

CLJ CAE, 3 2 FhO7 ik RE A tH M B AR PR A, If
ELis 2 PO i i) R
2.5.1 fEHE PCR M & PCR 7£ Bio-Rad
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£ 3 min, 94 ‘CA% 1 min, 57 ‘CiEk 45s, 72 C
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BB 2B (H3PO, 3.65 g/L) -HIEE (90 : 10); #
MK 216 nm; FE# 30 Cs; AR E 1.0 mL/min.
oxtilbritE iz, DUEIA () XRERE X0 i3
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3. 6. 9. 12, 15d

1—6-RNA of control sample (cultivated 0, 3, 6,9, 12, 15 d respectively);
7—12-RNA of endophytic fungal NDZKDF 3 elicitor from S. alopecuroides
(treaded 0, 3, 6, 9, 12, 15 d respectively)

1 HEFEEERE RNA IR KE
Fig. 1 Total RNA extraction of tissue culture seedling from

S. alopecuroides
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1) R i 2 (1] 2-BD, 1 78 HAth 5 P AIABEAR IR T
P b2 B AIR, ¥R R E .
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%: HEIFEK QLDC: Y=-3.325 1 X+31.321 5,
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27.195 4, R*=0.996 0. H I3EE QLDC MK Sk
Lectin 4 33037 Il /& 99.87%F1 99.01%, ™
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100%, 25 rT{5 Bt s, WOAR S H g 23 R A E



F49H F 198 2018E 10 H © 4625«

¢ £ % Chinese Traditional and Herbal Drugs
A 4
60{
]
40 b a
g
201
|
0+ : ; : . _
5 10 15 20 25 30 35 40
(EEDD
B 154
5 100
b a
g
0 o
60 65 70 75 80 85 90
BEEIC

AGHIML  BLERML

A-amplification curve B-melting curves

2 QLDC (a). Lectin (b) E[E qRI-PCR [ R4/ 1 #hik
FE AR 2
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(a) and Lectin (b) genes by real-time fluorescence

quantitative PCR amplification
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N 5%~57 R QLDC FE R 444 W R B A 1 iy
2, —MOAAY CAERT 35 B, qRT-PCR fill4h
RIS, FE cDNA Ji B KA 0.064 ng/ul CEIF;
B 50 I, G 3434, S qRT-PCR &l R
WPER TR, FEE PCR Ml QLDC F:H7E
cDNA W#KJEHN 1.6 ng/ul (EIFEERE 54 I, fEka
L9E BT, A ERE PCR TR, UiH
qRT-PCR Lt 252 & PCR R U R 25 fif
33 EETFAYXERE NDZKDF; S FxEE
OMA FREH N

P 4 7740, N4 B NDZKDF; %S A
[ (15 S IsF 0] R 6 BT AR T OMA &= 5
W ANE . i G A 22 Al R 2, SRR AL,
NDZKDF; %53 N3+ OMA & & B4 e,
ST 3~9d i, FFHSNBRATLTEEZER, &

A B 70/ e
60- T e
50- e
40+
2000 b . /
P £ 30
750 bp [ 1,2 374 5 /6.7
500 bp 104 > -
ol =
250 bp T T T T T T
5 10 15 20 25 30 35 40
100 bp )
(EED
M-Marker 1~8-cDNA IR R BRIE A 5°~57 (B cDNA BLEIKRIE A 1000, 200, 40, 8. 1.6+ 0.32, 0.064. 0.012 8 ng/uL)

M-Marker 1—8-cDNA concentration gradient 50—57 (cDNA concentration of 1 000, 200, 40, 8, 1.6, 0.32, 0.064, 0.012 8 ng/uL)
3 FFEE PCR(A) #1 qRT-PCR (B) REEM
Fig. 3 Sensitivity test of semi-quantitative PCR (A) and real-time fluorescence quantitative PCR (B)

9~15 RN Z R EE (P<0.01), HrPH 9 ki,
MR OMA R/ BUA R Besr, N 2.990 mg/g
i, FEXTIRALI 1.95 £, MR BEE BRI A
K, HFHMAR T OMA SEBEA N, (HE
ARG RIS T LE X B2 s, 56 124 15 ROl
XTHRIY 1.56 {5 A0 1.41 fi.
34 EETFTALEE NDZKDF; 5SS FXBEE
LDC EEFRIXHE N

HE 5 /A, &S FHNAERRKE NDZKDF;
STMURSE T HEETHREE T OMA K& E, it
Rt 715 £ LDC HRFEPERE. EHNEHEE
NDZKDF; % T FAFRKESHE T, f53E LDC
FERAMF XL E TR, H LDC RiZEMiFES

N TR FRY 3G 00 2 B S 38 0 5 e D e, BRiB 25 0
REHE 15 RERARZLSN, HAhE A 18
F LDC XX EWEREEER (P<0.01).
T TR E 55 3~6 KE, 15 £ LDC 2 H 1%
ISR, 75 6 Ri&E|FE, FXTHELLR
25.58 5, B FAEMH &E, 2515 £ LDC RIARIR
WK, W35 15 R, LDC R PREE S
MR AR . MEAHFE S 44T, 1863 OMA
TR 5T LDC RN RIEEMABIE S,
EE ST 6~9 K518 £ OMA & & KEM
EHn, HEFSE 9 R IAR K&, X5/ S
T E N HE NDZKDF 3 5 5 7% 15 £ OMA 2
RE M2



* 4626« ¢ $# Chinese Traditional and Herbal Drugs 35 49 % 5 19 3 2018 £ 10 A
S e FERFREBARIREA, BIKSEARIHBI%E, 2

Ea
o
-

5

(=
o
w

£ e
6 9
75 S IR /d
KEFRARE N ETAAERE NDZKDF,3 S T AR %S
W [E R 227K, RNRBRE FRMRE P<0.01; NSFRLER
NDZKDF 3 #5520 5 %R ALFN LR EC I 22 Rk, ANE
NG TR P<0.01

The capital letters represent the difference levels of endophytic
fungal NDZKDF;3 elicitors at different induction times, with the
different letter mean significantly different (P < 0.01); The lowercase
letters mean difference level between NDZKDF;; induction group
and control group, with the difference letter mean significantly
different (P <0.01)

4 ETFALEEE NDZKDF; EFSFEAREIESHE
TTEEHEEE OMA SEMENT
Fig. 4 Effect of different induction time of NDZKDF;

elicitor on OMA content of tissue culture seedling from S.

alopecuroides

o5l TOMA 3.0
® 20 /N 3 25 e
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iE 15 i |V 20 E
i <
@ 10 "’% : 15 3
O o el D o
2 s = g 1.0

0 2 S e 05

6 9 12 15
7 S TE)/d

KEFRERIFAE 0.01 KT R T HERRE NDZKDF 5 %57
FEAN 2 S TR 22 5 K7, AR S F-RHXER P<<0.01

The capital letters meant the difference levels of endophytic fungal
NDZKDFj; elicitors at different induction times, with the different
letter mean significantly different (P < 0.01)

B 5 HETHEEHEEST NDZKDF; EREFHSHE
TxfEE LDC EEFRIERIFM

Fig. 5 Effect of different induction time of NDZKDF;
elicitor on LDC gene expression of tissue culture seedling

from S. alopecuroides
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JREE BARIB A AW, 2 F 516 EAMH R
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B AR RTINS G T B 8 BRINAE R
B, i KOS T L EBORGEY) 2 KBS T,
R RARY 5 S R R T KGR 22 . Horp
B & NDZKDF 5 [ W A 4 5ot 1 £ AR K DL AED)
BB A E ORI, @ SV E 2 2= At
MR 23.8 £, HHES THADEA BSOS PAL
TR TR ARSI AE AT IR T SRR b, B
DA PN AE BB NDZKDF 5 B R 464 R 15 5 7 i % e



22

Chinese Traditional and Herbal Drugs

F49H F 198 2018E 10 H © 4627 ¢

F LDC REREFREEREWE, KANERR

NDZKDF 5 -5 TAEAR 7SI R, AMEE

116 E OMA W& &, Lt ¥ 5 LDC H: Al

Tk FEEERIAEAES 6 RIBBNEE, Joxt A

25.58 f&%, B NAEREE S TR SER &

A HPLC Jl5E OMA &5, A3l OMA &8 1

e LDC RRRIEE WAL, £7FHF AR

6~9 d JE KEMREI, FFE 9 d kB kmlE, 2

XFHETR 1.95 % . Ui FES & AR I mN A R

NDZKDF,; ¥ 3 7 ££1 3 5 Wl et 177 51

LDC FERF i) RIA &, [ 54 =16 37 OMA 15 &
TGS SRR RN BN R S, H

BT AR N AR LB 5 O 1 24 PR A O A AR

YIEE G IR S S b, (HRERTNAE

HEFSTERNS], 5BS T fTseiifE 14S,

AT HEA I A Hh SRR Bl GV (0 2 15 DA SR TR A7 AE

HAth & pogte M ATERE, AR T,

SE R

[11 Li P, Mou Y, Shan T, et al. Effects of polysaccharide
elicitors from endophytic Fusarium oxysporium Dzf17 on
growth and diosgenin production in cell suspension
culture of Dioscorea zingiberensis [J]. Molecules, 2011,
16(11): 9003-9016.

2] Faefe, EAPE BEE, 5 BO, M FNEREAS
TR S AR 4H i HMGR BV A B-Az -l 0 AE M &
R [7]. FhEZ4, 2013, 44(19): 2740-2744.

Bl A&EE A B8 % %5 WEARENESTYK
FAC =T A0 S LA R e ()], BURAE R
2HERE, 2009, 9(5): 886-889.

[4] WP, REE, A F . SSWMANTEMNED
TEPEAG RO SR (0], B AR KM AREE
hi, 2015, 31(4): 339-345.

[5] Hartmann T, Schoofs G, Wink M. A chloroplast-localized
lysine decarboxylase of Lupinus polyphyllus: The first
enzyme in the biosynthetic pathway of quinolizidine
alkaloids [J]. Febs Lett, 1980, 115(1): 35-38.

[6] Schoofs G, Teichmann S, Hartmann T, et al. Lysine
decarboxylase in plants and its integration in
quinolizidine alkaloid biosynthesis [J]. Phytochemistry,
1983, 22(1): 65-69.

[7] Bunsupa S, Katayama K,

Ikeura E, et al

decarboxylase catalyzes the first step of quinolizidine

Lysine

alkaloid biosynthesis and coevolved with alkaloid production
in leguminosae [J]. Plant Cell, 2012, 24(3): 1202-1216.

(81 # B, W G, x| B, S EE TR bR N
HRIE 5 E S WA AN T S BRI KR 1],
252224, 2015, 50(10): 846-849.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(24]

[25]

B, EHE, & L, F R E R PCREA
e NA ] SRR S, 2015, 54(13):
3073-3077

WG, s, £ OR, & TR S LA E
TR & UM S IR ) S B e RIS M [J]. W, 2017,
48(5): 962-970.

= 0E, bR, FIRE. £8CHMMERRR TR IKR M
PRI HE DA 1) v B SRk A (9] BRI AR S R AR
YyE£, 2018, 37(2): 2223-2229.

IR, M, e, % HETHARRENEE
B IR A K S v BT U SR AE VDA B s e [T,
F R X ARMHFF, 2017, 35(3): 212-218.

R R. 85 5 F AR B8R 2 A R L e v L
WEAE VBB R [D]. 4RI TEIRE, 2014

¥ %% 0 EF VR R R e R R T B R Rk o A
[D]. R)II: TE K, 2015.

TR AR K E GTS 40-3-2 24 PCR K llbR
10 2T b1 B 3 50 PN A o 55 O 1) B [R) 36 0F. [D]. &
g LIgRRIE K, 2008.

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2 (-delta delta C(T)) method [J]. Methods, 2001, 25(4):
402-408.

JEAHL, B, PetE s PCR BIEALEE ik R 1
[1. AWK, 2008, 18(3): 89-91.

THEW, A, B % HARREREE R
RT-PCR J7ikfisr [J]. RERE, 2012, 45Q21):
4492-4500.

Gutierrez L, Mauriat M, Pelloux J, et al. Towards a
systematic validation of references in real-time RT-PCR
[3]. Plant Cell, 2008, 20(7): 1734-1735.

JARRE, x| ZE, BB, BRVEIN SR E S Ok e
H PCR RIEREMHIFN [7]. EZE2R, 2014, 41(8):
1731-1738.

MFATE, MRAR, T, . RN AR E R HE
B FAHENE VR VLRI RAR [J]. R EEZ, 2000,
31(4): 68-70.

BRZE, EHTE, KT NO B 5HEEFES THAE
A BIFANM T PAL VAR S AZ B A A i AR 31
[7]. BleAER, 2004, 49(7): 667-672.

R, TERTE, KRIEIC. NO B /KRR (SA) B
FR (JA) BS@AENRREHES T RS 2F4E
B RN G RPEEER (3] PEERSE CH#H: A4
Rk, 2006, 36(1): 66-75.

BECR, Bk &, ZEE. KRN SRS DT
ARG SRS 0] P EAEDES S T4
W24, 2014, 30(6): 533-542.

B R EETFEF MR IR LN A R
i BV RE AR A AR B [D]. R TER
2 2016.



