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[ Abstract] Objective: To screen the appropriate reference genes for real-time fluorescence-based

quantitative polymerase chain reaction (Real-time PCR) analysis of the Andrographis paniculata under methyl
jasmonate (MeJA ) and various abiotic stresses. Method: The actin 1(ACT1) ,actin 2(ACT2) , elongation factor
(EF-la), glyceraldehyde-3-phosphate dehydrogenase( GAPDH) , tubulin( TUB) , polyubiquitin(UBQ) , and 18S
rRNA (18S) gene were selected as candidate reference genes based on the RNA-seq data of high temperature,
drought, UV, and MeJA. The expression of seven candidate reference genes in the 4. paniculata leaves was
assessed by Real-time PCR, and the stability was analyzed by geNorm, NormFinder, BestKeeper, and Refinder.
Result: The results of stability evaluated by geNorm, NormFinder, and BestKeeper were not the same due to
different indicators. As analyzed by Refinder, for the stability of the expression, the genes were ranked as UBQ>
18S>EF-1a >ACT2>ACT1>GAPDH>TUB under high temperature stress, ACT1>UBQ>EF-la >185>ACT2>
GAPDH>TUB under drought stress, EF-la >TUB>ACT2>UBQ>185>GAPDH>ACTI1 under UV stress, and
ACTI1>EF-1a>UBQ>ACT2>185>TUB>GAPDH under MeJA stress. Among them, 18S gene was not suitable as
an internal reference gene duo to its high expressive abundance. This study also verified the relative expression
level of andrographolide synthesis-related gene hydroxy-methylglutaryl-CoA synthase (HMGS) in the four
stresses on the basis of transcriptome data, and found that the Real-time PCR results of appropriate internal
reference genes were accurate and reliable. Conclusion: UBQ-ACT1-UBQ,EF-1a-TUB,and ACT1-EF-1la were
the suitable combinations under stresses of high temperature, drought, UV, and MeJA. This study is expected to

provide references for the research on function regulation and expression of genes in A. paniculata under high

temperature, drought, UV, and MeJA stresses.

[Keywords] Andrographis paniculata; internal reference gene; real-time fluorescence-based quantitative

polymerase chain reaction(Real-time PCR)
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Table 1 Primers sequences and amplification efficiency of Andrographis paniculate candidate reference genes in Real-time PCR

L FH S 51953 KEbp 9 HECR/ % R EU(RY)

ACT1 CXN00002480 i AGGAGGAAGTCGCTAGAAAG 119 100.09 0.999
N CCCATCATCGTCGAGAAGTA

ACT2 CXN00019080 ¥ GAGCATCCAATCCTCTTGAC 126 100.40 1.000
Fif GTACGACCACTCGCATAAAG

EF-la CXNO00011834 ¥ GTAGAGTGCCGCATAGATTTG 126 93.80 0.995
Fif GTCGATCCATTCGCTGTATATG

GAPDH CXN00004015 |3 CTTGAGGTAGCCGAATTCTC 122 100.19 1.000
T CCAACAGTCTTGGGAGTAAG

TUB CXN00023342 ¥ TTCGTAGAGAGAAGAGGAGAAG 114 98.80 0.998
Tiif CGAACTAGGTTTGAAGTGGTAG

UBQ CXN00002951 |- 9# GGTAACGAAGCAGGATCAAA 148 95.20 1.000
T i GATTGGGAAGTGGGTTAGTG

188 FJ002343 |- GCAACAAACCCCGACTTCT 209 98.00 1.000

Fif CGAACCCTAATTCTCCGTCA
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Fig. 1 Primers verification of Andrographis paniculate candidate

reference genes
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Fig. 2 Box plot of Ct value distribution of Andrographis

paniculate candidate reference genes under different stresses
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Br GeNorm K 438 i T3 39 a8 R e R M ok
HEATPEAG N SR E . MEAREE 1.5, HM
/N, RZ NS IR E . 40 o ab 2R
B 7 A E N 2 B MAE <15, iR AT 5 ia
2 GeNormAHFELERNSERREM

Table 2 Analysis of expression stability of Andrographis paniculate candidate reference genes by GeNorm

T RS Tk R A B N S BRI O EF-1a BT UBQ.
UV 8 4b 35, 580E M i 5 19 52 TUB 1 UBQ.
MeJA kb 35, B8 P i 4F 19 & ACT1 1 EF-las
W2,

N oG L 3 T a UV s MelA it
hr WS EEH M RECE 9 M E-E I M N2 M
1 EF-1a/UBQ 0.329 EF-1a/UBQ 0.178 TUB/UBQ 0.164 ACTV/EF-1a 0.210
3 ACTI 0.489 ACT1 0.402 EF-la 0.215 GAPDH 0.371
4 185 0.860 185 0.753 ACT2 0.261 ACT2 0.524
5 ACT2 0.982 ACT2 0.953 185 0.319 185 0.636
6 TUB 1.103 GAPDH 1.166 GAPDH 0.421 UBQ 0.768
7 GAPDH 1.240 TUB 1.383 ACT1 0.634 TUB 0.836
3.3.2 NormFinder {4 43 M 45: 5& N 2 3& R #& 52 1 %3 NormFinder 3 HiZF/LEANSERREM

Table 3 Analysis of expression stability of Andrographis

NormFinder % 4 45 & 4 N J7 25 M4 (8] J5 2% 53 A
fie e N2 B R I AR E PEE Mo MAE /DN 1% 3k (R R

paniculate candidate reference genes by NormFinder

B, WM UBQ MBI RS . TR ;f’”’ﬁ' ;j’”}’ﬂ W“:”"E :;fﬁ’“ﬂ

WL, ACT1 A UBQ 3 [ 58 PR . UV Wt B, SV P A
EF-1a MACT2REPERAF . MeJA AT, ACT1 A I UBQ 0524 ACTI  0.295 EF-la 0.191 ACTI  0.016
EF-laf/@ thfidf . WK 3. 2 185 0.524 UBQ  0.547 ACT2  0.209 EF-la  0.105
3.3.3  BestKeeper #fF 4B i ik 1 2 Ak N AE 1 3 EF-la 0667 EF-la 0.605 TUB 0245 UBQ  0.336
BestKeeper H {1 8 i 115 42 5 R A (CV) A 1 4 ACT2 0.776 185  0.668 UBQ 0305 TUB  0.533
22 (SD)ME PN 9 2 S P B2 1, SV {E A SD fH ik S ACTI 1131 ACT2 1101 185 0418 ACT2  0.582
N NS R IESE o BestKeeper BT 51 TR, 6 GAPDH 1244 GAPDH 1553 GAPDH 0.454 GAPDH 0.765
i 30 R Pk A SR AR D i 2 R R 7 TUB  1.686 TUB 1908 ACTI 0871 185  0.895

UBQ; T 58T ,ACTI &g TR B4 ; UV e

EF-l1a Ml TUB R SEVE R UF , ACT KA M e 22 s MeJA PR S T 8PF S5 R B, 3 Fh AR 1R 2 7 1 [F] 45 A

i iE T, ACT2 B R B2 1 8 4f, TUB R 1 e 22 o PRl R NS R AR A . N
I8SPHE S A E AR W NS I . 45 R LK 4. i 1B H1 25 B 1k I e 19 8 2 R, R RefFinder
334 EHASENBEMLEATER WX 3 ™ 3k 25 & geNorm, Normfinder, BestKeeper Fl [t ¢

F4 BestKeeper P FLENSERREY

Table 4 Analysis of expression stability of Andrographis paniculate candidate reference genes by BestKeeper

e il 3E T2 ihia UV i MeJA i
HEF SD Ccv SD Ccv SD Ccv SD (0%

WSIEHE B ASERE BE NSER JE ASEE BE WSER BE ASEHE BE ASER 5E NSEE BE
1188 0.396 UBQ 2.423 ACT1 0333 ACTI1 1.260 EF-la  0.110 EF-la 0.502 18S 0.291 ACT2 1919
2 UBQ 0.612 ACT2  2.727 18S 0.442 UBQ 2,936 TUB 0.238 TUB 0919 ACT2 0422 EF-la  1.962
3 ACT2  0.636 EF-la  2.877 UBQ 0.734 EF-la 3.339 ACT2 0250 ACT2  1.002 EF-la 0437 ACT1 2215
4 EF-la 0655 ACT1  3.036 EF-la  0.742 ACT2  3.464 18S 0.258 UBQ 1.240 ACT1  0.559 18S 2.350
5 ACT1  0.793 18S 3.177 ACT2  0.807 18§ 3.466 UBQ 0.298 GAPDH 2.126 UBQ 0.796 UBQ 3.269
6 GAPDH 0.990 GAPDH 4.430 GAPDH 1334 TUB 5.805 GAPDH 0.429 18§ 2.151 GAPDH 0.900 TUB 3.385
7 TUB 1.425 TUB 5.149 TUB 1.572 GAPDH 5.944 ACTl  0.863 ACTl  3.088 TUB 0.922 GAPDH 4.504
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B BAAE o B4 R0y )R BRYE . i iR E i, UBQ M EF-1ao 4 T30 JT AT FEAS 25 6 R8P S5 0 10 B

A RREMRL . TRPAE,ACTI M1 UBQ 25 &
TaEMEY ., UVALE S EF-1a fl TUBZ & 1 &

£S5 RefFinderHFLENSERBEN

K UBQ Ml EF-1a. %F 0> 3 N 2 3k PR R P 2 i

ks,

Table 5 Analysis of expression stability of Andrographis paniculate candidate reference genes by RefFinder

- e ek F 3 T 5 g UV s MelJA it SFEAR

i NS e Pk NE-E 95| T Tk NE-= 90| Rt N2 e 1k AR T Tk
1 UBQ 1.19 ACTI1 1.32 EF-la 1.32 ACTI1 1.41 UBQ 1.32
2 188 2.00 UBQ 1.86 TUB 1.86 EF-la 1.86 EF-la 1.68
3 EF-la 2.45 EF-la 2.45 ACT2 291 UBQ 3.41 188 228
4 ACT2 3.46 185 3.36 UBQ 2.99 ACT2 4.16 ACTI1 4.00
5 ACTI1 5.00 ACT2 5.00 188 4.73 185 430 ACT2 5.00
6 GAPDH 6.00 GAPDH 6.00 GAPDH 6.00 TUB 4.60 TUB 6.24
7 TUB 7.00 TUB 7.00 ACTI1 7.00 GAPDH 5.73 GAPDH 6.74

3.4 M 1E NS Ak AR E M 5k
FIEE J5 B PR 2 5 DR 0 001 o 2500 T N TR 5

1 5 AR P BE T

3

ACT1 NS EHF B DS F1 DM Bt HMGS Fik =T
VA A SR 2 BOHE A Al R R SOR ] i A E 1 22

E’Ja‘é%?ﬁ¥Zﬁﬂﬁ€ﬂz*@%-ﬁﬁ§Aé‘ﬁmﬁ(HMGs)L
1700 7y & 3k 858 o b7, % B UBQ, ACT1, GAPDH,
EF-1a F1 TUB 5B A, 55 UE A2 08 PEAS [A] 19 N 2 56
PR S P R A X FZE 52 ) . o IR P38 B, UBO
M EF-1a NN SN, HMGS 3 3k 5 Fifi & 7 5 b 3
i ) 384 g R A 5 SR 2 B0 b AR Aok S ]
M 5 Pk 22 9 ACT1 Fl GAPDH i N 2 3 [ i, H6h
A H3h ) 3255 b 8 5 5 5 20 s A H A A2 E N
Zla%HME . T2 WEn, 1 UBQ, EF-1a il

F6 STHASEBEIN HMGS W RIEKFRIE

) GAPDH W Rkt b 2 B8 . UV R BE, 51
Z LN i 3R I8 I 5 i S gl AR R0 UV s
Fa e PRI 09 N 2 3 EF-1a fl TUB h 3% 3k 1 25 4k
B0 B SR A BOR B 230 . MeA BT, DLZE &
FaE PEIR AP 9 ACT1 AN S FE R B, R Gk 3 5 5%
SR ZH BRAHE FEAS AL, 7 ARR AE PR 22 9 TUB Sy N 2 0
SM72h i) BB S e SR 2 AR A SR .
I AT R, AS ) 6 Ak LR 356 R 5 ) PN 2 5 TR AR
BIEF A RBIE R CEE . kK6,

Table 6 Verification of relative expression levels of HMGS by five internal reference genes

4 HMGS UBQ/HMGS EF-1a/HMGS ACT1/HMGS TUB/HMGS GAPDH/HMGS

-1 {E SD T8 SD RSl SD Rl SD - Y8 SD - ¥ SD
CK 5730 1.245 1.059 0.385 1.059 0.385 1.059 0.385 1.059 0.385 1.059 0.385
H3h 3267  0.046 0.213 0.070 0.196 0.065 0.003 0.001 0.635 0.210 0.264 0.087
H6h 1.095  0.078 0.054 0.008 0.033 0.005 0.027 0.004 0.027 0.004 1.241 0.190
DS 3249 0.203 0.392 0.141 0212 0.076 0.112 0.040 0.397 0.142 2.032 0.729
DM 3521 0.073 0.144 0.061 0.065 0.028 0.042 0.018 0.049 0.021 5.408 2294
uv 8267  0.105 59357  13.792  63.032  14.646 173.463 40305 71906  16.707 76319  17.733
M24h  1.849  0.109 0.189 0.038 0.263 0.053 0.020 0.004 0.569 0.114 0.128 0.026
M48h 2922 0.017 0.238 0.099 0.306 0.127 0.024 0.010 0.555 0.231 0.134 0.056
M72h 2299  0.248 0.481 0.176 0.613 0.225 0.039 0.014 1.120 0.411 0.316 0.116
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