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Abstract: Objective To provide a suitable expression analysis of Polygala tenuifolia in different growth years and tissues, so as to
select the stable internal control genes. The spatial and temporal expression of four cytochrome P450 monooxygenase genes in the
above-mentioned samples was analyzed. Methods The soluble curve and C, value of eight candidate internal reference genes

including Tubulin 1, Tubulin 2, Elongation 1, Elongation 2, Actin 1, Actin 2 and cdc-42 in different growth years (1—3 years old)
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and tissues (root,stem, leaf, and flower) of P. tenuifolia were obtained by real-time quantitative PCR (QRT-PCR). The expression
stability of candidate reference genes was assessed by geNorm and NormFinder. Then, the qRT-PCR technique was also used to
identify the temporal and spatial expression of four P450 genes including CYP709B2, CYP71AP39, CYP88AS85 and
CYP714E38 in P. tenuifolia. Results The geNorm results showed that the stable internal reference genes expressed in P.
tenuifolia were Tubulin 2 and Elongation 1. The NormFinder results showed that the most stable and suitable internal reference
gene for expression analysis was Elongation 1. The mRNA expression levels of CYP709B2 and CYP71AP39 genes in stems and
leaves (1—3 years old) were higher than that in roots and flowers. The CYP88AS85 and CYP714E38 genes had got a higher
mRNA expression level in roots (1—3 years old). Conclusion Elongation 1 is suitable as an ideal internal control gene for
qRT-PCR analysis of P. tenuifolia. The expression trend of P450s in roots, stems, leaves and flowers of cultivated P. tenuifolia
is inconsistent.

Key words: Polygala tenuifolia Willd.; qRT-PCR; reference gene; cytochrome P450 monooxygenase; spatio-temporal expression
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Table 1 Total RNA quality of P. tenuifolia in different
growth years/tissues

1;_3'2]:!]:[1] AZ}O/AZSO AZGO/AZSO

JREWRE/(ng-uL ™"

LAFAE R 1.98 227 898.6
2% 200 2.12 758.7
Mo 1.89 2.04 683.6
£ 1.99 2.19 450.7
24 R 2.02 2.16 868.5
% 21 2.18 539.6
Ho1.97 2.15 448.9
1w 2.09 2.09 392.9
34 R 2.03 2.12 769.4
% 1.9 2.14 672.3
Mo 1.98 2.12 873.9
£ 204 2.06 764.3
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Table 2 Primers and PCR product fragments of candidate reference genes/P450s genes in P. tenuifolia

E SR VER/Genbank/# 5 40 /7 2 5 S (5°—3) T,/"C FrBt/bp

TUB 1 Tubulin 1 IEM: GAGGAAGTTGGAGCCGAAGG 85.5 169
: GTGCCAGGAGCAACGACAAG

TUB 2 Tubulin 2 IEM: TCATTTGTCTGCTGTGCTGCTA 82.0 176
: ACGTATTGAGGCTCCGTTTGTTAA

ELO 1 Elongation 1 IEM: TCGTAATGCTGGGTGGGG 852 112
: CAGCAGGAAACATCAACCGA

ELO 2 Elongation 2 IEM: CTCTAAAGGGGTATCTATGCCGTGT 84.1 123
: CCTTTGCTTGGACCACTGCTA

ACTI Actin 1 IEM: CCACCCGAAAACCAGACCA 859 183
: ACAATCCATCACGGCGTAGAA

ACT2 Actin 2 IEM: AAATCTGAAAGCGAGCAAAGC 852 129
: ACCCAGCAAGCGACCAAG

GAPDH Glyceraldehyde-3-phosphate dehydrogenase IEM: ACAGCAACGTGCTTCTCACC 83.7 128
Jz: CCCTTCATCACCACCGACTA

cdc-42 cell division control protein IEM: CTGCTGGACAGGAAGATTACG 85.0 115
: CTCGGACATTCTCGAATGAAG

CYP71AP39  KY385296.1 IEM: GCATCCACCAGTTCCAGTTTT 82.8 133
: TTCCCAAGTTTCAGAATCCCT

CYP709B2-like ¢92439 g2 il IEM: TGGCACGCAACCAAGAGT 84.1 162
\: CTGTGCTTCACCCAGTCCA

CYP714E38 KY385301.1 IEM: GTGGGCTTACCAGAGGAAAATG 82.6 139
JJA): CCCCACCCCTTTTGTTTTATC

CYP88AS5 KY385299.1 IEM: ACGCTGTCAATCTTGGGTTC 86.7 176
Ji): TTTCCTCGTCCTCGGTGTC

12345 67289101112 13141516 M

2000 bp

1~4-CYP709B2 f£ 1 R4 EM . 2= FEH K PCR ) 5~
8-CYP71AP39 7 1 AFAEIEEM. 2. M. 1P PCRH 9~
12-CYP88AS5 7E 1 AFAIZEM L 2. ih. 46 PCR ™) 13~
16-CYP714E38 £ 1 FAEILEMR. 2=, W, fEH PCR
M-Marker

1—4-CYP709B2 in roots, stems, leaves, and flowers of 1-year-old P.
tenuifolia 5—8-CYP71AP39 in roots, stems, leaves, and flowers of
9—12-CYP88ASS in roots, stems, leaves,
13—16-CYP714E38 in
roots, stems, leaves, and flowers of 1-year-old P. tenuifolia
M-Marker

1 44 P450s ERE A PCR AT S 8 B ER ik
Fig. 1 Agarose gel electrophoresis of PCR product of four

1-year-old P. tenuifolia

and flowers of 1-year-old P. tenuifolia

P450s genes
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NNIE IR ZE o
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22~30. {EK] 3-B #1, Tubulin 2 1 Elongaion 1 [

M fE/N (<0.3), 1 ede-42 I M AEHRK (>1).
% M AEK/DIFHES, ARIKA ede-42>Actin 1>
Actin 2 > GAPDH > Tubulin 1 > Elongation 2 >
Tubulin 2 A1 Elongation 1, FFHIt#fi%E Tubulin 2.
Elongaion 1 /&I E M 2 NN,
3.3.2 NormFinder {70t 1EE 3-C 1, H1F
A V2/V3=0.134<<0.15, #iZ% S5 A I
WRENZERNEHEZ 2 4, B Tubulin 2 Fl
Elongation 1 2RI EM 2 NS SR 3 AT A,
Tubulin 1. Tubulin 2. Actin 1. Actin 2. Elongation
1. Elongation 2. GAPDH. cdc-42 [JfaERIAHE
34 0.349. 0.179. 0.832. 0.743. 0.099. 0.381.
0.472+ 0.990 . MR A B A 25 i) de 24 45 2R
Elongation 1 2t € HKINZ.

LR 3oy, B3R A BLO 1 347 J5 42 P450
BRI RIE T
34 EEFREKER/BLF P450s EERER
KIESH

CYP709B2 7E:& 1. 2. 3 FEMIZ5. i mRNA
Tk, ERRMEHREERD>. CYPTIAP39
) mRNA FA7/KF-5 CYP709B2 AL CYPSSASS
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A-Tubulin 1 B-Tubulin 2 C-Elogation 1 D-Elogation 2 E-Actin 1 F-Actin 2 G-cdc-42 H-CYP902B2-like I-CYP71AP39 J-CYPS88AS8S
K-CYP714E38 L-GAPDH

B2 1ZiEANSERES P450s ZFERIS | RERLZ

Fig.2 Primer melting curve of candidate reference genes and P450 genes

A 354 B 12
30 1.0
B ] E s .
= 25
© 1= 8 = g
20 |0 |j E B =
15 | D 0.6
F133435%¢%
2 e 220
o @ cdc-42 Actinl Actin2 GAPDH Tubulin 1 Elogation 2 Tubulin 2
FLR AR Elogation 1
C 0.250
0.217
0.200
’ 0.182
P 0.174
X 0.150 0134 0.149 0.150
H% .
¥
£ 0.100
Y
0.050
0
V2/3 V3/4 V4/5 V5/6 Vo/7 V7/8

Pairwise variations
B3 ERERSEEETS A~3 F5) R 2, M ZHOREKE (A). geNorm REHEMGEHRERLE B)
NormFinder I+ HMSEEREREE (O
Fig. 3 Expression levels of candidate reference genes in roots, stems, leaves, and flowers of P. tenuifolia (1—3 years old) (A),
mean stability values calculated by geNorm software (B) and calculated by NormFinder software (C)
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#*3 NormFinder B RENSEERRERIAE
Table 3
analyzed by NormFinder software

Stability values of candidate reference genes

R A FRERIAE
Tubulin 1 0.349
Tubulin 2 0.179
Actin 1 0.832
Actin 2 0.743
Elongation1 0.099
Elongation2 0.381
GAPDH 0.472
cdc-42 0.990

- CYP709B2
1.50 @i
y 1.00 ﬁ @
1 0.50 E [=]8
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=18
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20.0 CYP88B85 —
15.0 [ E
I 10.0 é é =Ly
B 50 7
z

2
A AR R/

fE 1. 24 3 FFAMRE mRNA RIEKFEE, 3
FARRK., 2. i, £ mRNA RiABEST 1. 2
FEARM. 22 M. 8, CYP714E38 7£ 1. 2. 3
AR mRNA RIAKFE R (B 4.
4 g

Az TG Bl R R A A R A B A [ TR 1)
EEMHI R 50, RS EMREN B, 45
HRHE R 15%MREFRIL; XFEAF ALY
R ECE NMERTEA FIBY B, 3 R R e S )/
1], HEAT 5 R 3R IA 1 7 2URR Sy 225 IR 1 22 )
Faxlol,

1.0 CYP71AP39 ﬂff&
it =M
X 06 o 1%
= 0.4 &
junng o
=< 0.2 7 E.-

0 La E: =

1 2 3
AR/
CYP714E38

LEROESEN S

2
AR/

4 TEAREKEFIR/BELRT P450s EERIFT=RIA S

Fig. 4 Spatial and temporal expression analysis of P450 genes in different growth years/tissues of P. tenuifolia

qRT-PCR # AR BERTMIMICF EE 1Y) mRNA, HHE
AREE S EERIEEEIGE . FF 5 A
BRI, I B RE AT R ) R 3Rk R
SO MR AT Bz —1'7, qRT-PCR H:%
Frigs RS NS ERPEFEEVIMEG, A4
NS E R oA R Az, HE2RE
WL Rk, TR AE N A S5 [
AT IERUBRIEAR, AT/ INEE AR 2 ) 1 2 e 122
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HA (M. 2. W, 1E) qRT-PCR IS HA, I
X P450s HEPRIFE BB it H B mRNA 1A 70 A 15 L
AT T 0T, SRS RS 2017 FEmLENATE =
LA TR B £5 FPPARAL, $ROR P450s B T B AE
TEMRPRIE G RIL, ENADEIIEZE M fE
HRIES G, ZEAEIBIEGF TR, 1245
AR G 4R 53 S B AR A 5% P450s (1L R v
B 5 THRE I IE SR AL -

P450s HIMEALAE FIT = HE 25 2 eI 5 Thie
PWRKEE, 5 NIE, 1570 NAFRF B/,
SR 271 N5 =AM A R EE, G55
BT 37 AMAFMBEEDK 87 N FThEER
P450s2, CYP88AS5 5 CYP88D6, CYP709B2-
like. CYP714E38 4375 CYP72A63, CYP71AP39
5 CYP93El. CYP93E9 %5, TERIELIRIFHIARL I
BRI PIE . 8 R P450s H A F] TriForC
Database (publicly available pathway database of
known and novel

high-value triterpenes

http://bioinformatics.psb.ugent.be/triforc/#/home) *,
A _Eid P450s 5 =B AV G T A K. Bl
4R, CYP88D6 (Genbank: AB433179) Ay
oleanane C-11-oxidase Zfig, /37l 4k B-amyrin,
30-hydroxy-B-amyrin, 1lo-hydroxy-B-amyrin, 3£
A2 f% 11-oxo0-B-amyrin, 30-hydroxy-11-oxo-B-amyrin,
11o-hydroxy-B-amyrin, 11a,30-dihydroxy-p-amyrin.
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PRI, ARSI CYPSSASS 1 fiEth AL AT oleanane
C-11-oxidase 2T BE -

CYP72A63 ( Genbank : AB558146) H A
B-amyrin C30-oxidase Fifg, T 7374k B-amyrin,
#9f AE B 30-hydroxy-B-
amyrin. 11-deoxoglycyrrhetinic acid. Kb, ASZE
B CYP709B2-like . CYP714E38 W Gt A4
oleanane 24-oxidase KMATyRE. 54, CYP93EL
(Genbank: AF135485) HEA oleanane 24-oxidase 1]

=]

A&, WAlEAL B-amyrin. 24-hydroxy-B-amyrin.
2 A B 24-hydroxy-B-amyrin
soyasapogenol B, 24-carboxy-B-amyrin. K[, A5
R F CYP71AP39 Al AE A A oleanane 24-oxidase
KATIRE . IR, ER T Th Re LA fp gt — B LRIk .

BEAE BT P450s FREEAORIN, A 70X T AN i
JEME T =i 2R, JC IR TR e Y = 1
VG OEREA T ERAPAR . R, N ER
FIX L AN TIREN) P450s A AT E AT I =il 24
G AR R ERAR TR, R AE R 58 BB
P450s D RE4 7€ I £ JE R BE U

SE K
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