+ 1060 - ¢ 3% Chinese Traditional and Herbal Drugs 3 51 % 25 4 3§ 20202 A

MEk XM A EE PCR IS EF Y EIF

SRR, BHEe, MR, & R, HALE, RIEL, HRARE
TR MR, #RE MM 350000

 E: B EBRSENASER, BT ERAAFHSFAE LI R ERREER PN AiE DIERK
ANTRIH LR FNAS [R) Ab B [ rF A4 ), AR EL Rk R P S 2H 0, e B H s -3- R i & (GAPDH) . 41l 2.2 P450 (cytochrome
P450, CYP). ME®EH a (tubulin alpha, TUA) FHLEHIEH (Actin) FKZF 10 NN SERE AREEN . FIH LR
EEHA, 454 geNorm. NormFinder 1 BestKeeper S5 1t 74T 9 S B Rl (W Rk e e 1, NI 9 Hh T3 R R ZH 2URA
A ER I RIA R N SR F . RGN N SHEFE ERRR N 1-T R ERE-5 B4 il (DXS) A 1-B 5 -D- AR HE-5-
TR IA SR B (DXR) SR TEAS [RI 2R FAS [R) b B2 (g kAR N SROA AT b 455R WS H GAPDH Mz % (UBQ)
78 B RANFH b Rk ek E , GAPDH+UBQ FIS P 2414 fit g 5 e 407 H A3 DR 78 B gk R AN [R) 4 2L AR ik
i, MEAFLEFIH GAPDH I Actin FRiAFa g M F, W GAPDH Actin I8N 240G 1T DA £ B R RARXS 40 4f
Tk R EdE . EEBRARALH, DXS B PZEEF N RIEENR<ZE <, DXR P RIEEHZE<R <,
EERRARAFE A, DXS 1 DXR ZER N RIE BN FARLEKM (CK) AR, it MEEamike
SRR Jig 485 L R R AR DG B TR SR i 70 B8 A, A 2 MRE WS A G % B IR BEAT 38 — (A BRA R T- 32 1 H Ak
BRI 23 43 HT B HE R

FEER: ERR; WSEERN; LR 7%JeEE PCR; BENEIE; Hihis-3-Bimmal; zshEA

FESES: R282.12 XERFRERS: A XEHRS: 0253 - 2670(2020)04 - 1060 - 09

DOI: 10.7501/j.issn.0253-2670.2020.04.033

Selection of reference genes for quantitative real-time PCR in Morinda officinalis
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Abstract: Objective To select the appropriate reference genes for calibrating the quantitative real-time PCR detection of gene expression
in different tissues and leaves with different treatments of Morinda officinalis. Methods With different groups and different processing
leaves of M. officinalis as materials, 10 internal genes, including GAPDH, CYP, TUA, Actin and so on, were selected as candidate genes
according to the M. officinalis transcriptome data. The expression stability of internal reference genes was analyzed by using real-time
fluorescence quantification technique combined with software such as geNorm, NormFinder and BestKeeper, so as to select stable
reference genes in different tissues and leaves of M. officinalis with different treatments. Finally, appropriate internal reference genes were
selected to analyze the relative expression levels of DXS and DXR genes in different tissues and leaves with different treatments. Results
Internal reference genes GAPDH and UBQ were the most stable in different tissues of M. officinalis, the double internal reference
combination of GAPDH + UBQ can more accurately analyze the relative expression levels of target genes in different tissues of M.
officinalis, while the most stable reference genes in leaves with different treatments were GAPDH and Actin; The selection of the
double reference combination of GAPDH + Actin can ensure the reliability of the target gene expression results. In different tissues of
M. officinalis, the relative expression of DXS target gene was in sequence of root < stem < leaf, while the relative expression of DXR
was stem < root < leaf. The relative expression levels of DXS and DXR genes in leaves with different treatments were increased compared
with those untreated leaves (CK). Conclusion The selected stable internal reference genes lay a foundation for the subsequent study on
the expression of related genes of M. officinalis. Using the combination of two stable internal references to homogenize the target genes is
conducive to improving the accuracy of the analysis of the expression of target genes.
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SEWF Gt € B PCR (quantitative real-time PCR,
qRT-PCR) &Pl 7 DNA ¥ 345 F2 dof F 2 '
2 o 45 6 5 G ke S N DT ASE N 7= 420 ) 4 %F
B E BT, LR AR m BRI AR e 1
— B TR RIAN Y, qRT-PCR 45 5 (1 HEHf
PR ALAE— 8 SRR SIS 2K b, IR A RNA F
cDNA HJZEE . FrE 5| R 83, SH BT
PR R SIS 45, Hh AIE i A S5
S B LR ) BT IRY . Y SR kR
YRR RIS R R, X EERER K 2 & 4E R4 A
IR A A A I K LN, BlnlishEE (Actin)
FEPR L HEE-3- R AN (GAPDHD. 18 S A% ¥k
1 TRNA FER L B 2R (R 4,

iR Morinda officinalis How 23R [EAL 4 DU K
B2 —, AR EREY), 37T AR,
AREEZEZMR TR ExEYTh st 2
PR Y, BFEREERS. BEIR2E. IRIGmEms A
PO, IR R, B EATIR. POk
i\ PUEEE. PrEA. TR RIPU RS A TS T
BT, ST BB T TRl 3 AR Fp eG4 B
2P RV S SR IS DT 1, ARAE > T A DR
BRI T7 A TR AR SS, H AR W12
B RAH OGN 2226 (R e RO 4o o AR 70 A ESEOR:
BB IELE T 10 MrRIENSERE, B
GAPDH. 4iffita 2 P450 (cytochrome P450, CYP).
FIZEIPERAEIR T (translation initiation factor 2C,
elF). WiEHE A B (tubulin beta, TUB). WEHEH a
( tubulin TUA ) . Z R % & ¥
(ubiquitin-conjugating enzyme, UBC)+ 72 % (ubiquitin,
UBQ). #EfH[AT (elongation factor 1 alpha, Efla).
WLEh & AR (actind. 16 S HFE{A RNA (16 S
rRNA-methyltransferase). %% GeNorm. NormFinder
F1 BestKeeper 3 NN ZIEH M, WHAUERER
AN RV ZUFNAN [F] b 2 Ry i o 2 B DR R TR AT 3R
RFENE, BER R ERE HiEH T ERORA A SL
BN SRR, HIBIEARNSERE A S,
I3 B ERRORAS [T ZH ZARUAS [m] Ab R v 5 2R 1-
Jt AR ERE-5 WL & Rl (DXS) A 1-Jli 48-D-ARHH
BE-S-Tl i 5 Ml (DXR) MIRIAZE SR, NEZE
BRI AEM A R S
1 RE{EE
11w

PR TS m o B ANREN 1~2 SR

alpha ,

FRELE R e b T e rh, AR AR G AR 2% [l
B E KM N G FR . AR AR MR R AR /)
WA e N R R B SR Morinda
officinalis How . 1L EHkIE 3 FRAK R4 PR ALK
I ANEE, L3HES, Hhhg—HEETENM 3R
FEARIIAR . 25 3 ANHZUEBAL D BIHURE, MRER
LGSR N A AR, A7 IAE-80 CUKFH .
1.2 {35

ThermoFisher [1] Applied Biosystems™ 7500 3&
I %2t € & PCR &%t
2 HE
2.1 FEmALE

RIEMNETE 4 CHIE T X R R A TR
AP ERRPMELE 40 CIAEE N EER T AL
M, REAN SR AN EILE 4 h fE R A
FAEAR I ANELE . MIEIR (abscisic acid, ABA) Ab
#, F 100 pmol/L ABA WHp§IER M Frs FRFATER H
lig (methyl jasmonate, MeJA) #b#, H 100 pmol/L
MeJA BRI o SEbELS, &0 24 h B
MR, REMEPRSICS IR, BAMEAR 3 AN ER
2.2 5 RNA HY3RERFN cDNA B9E R

F|H RNAprep Pure Plant (TIANGEN) Z3#i%
AIE VL R RAR . 25, AT 4 M PR
FHEE RNA, Frf3HE RNA A Nanodrop2000
GG E IR FE, I F B e St e vk A U
AORNA 588, 57 T-80 C&H. R4
f) IR K 5 RNA 4% Prime Script' ™ RT reagent Kit
(TaKaRa A7) Ui W45 [ b3k A A cDNA % 1 4,
H¥s =W F—-80 CHbfi#H .
2.3 51¥Rit5 qRT-PCR

MR LR e m A qRT-PCR 51 )it
5], A Primer Premier 5.0 B4, WitFik N2
BRI E & PCR 514 (R D.

¥ I 45 FL) cDNA 55 1 4% S 5B AR RE
$ 5 ANFERIRERLEL . £/ ABI A [ 7500 Real
Time PCR System {X#&F 34T 26 E BRI . 3414
F AN B P 4% 8 TaKaRa A @] i) TB Green Premix
Ex Taq i@ MU BIATEAE, KRN 20
uL, FH TB Green Primermix Ex Taq (2X) 10 uL,
ER#E1%% 0.8 uL, cDNA 4% 2 plL, 6 uL ddH,0,
REMREAR 3 IR EE . FIERF: 95 C. 30s;
95 ‘C. 55, 60 C. 34s, 3L 40 NMEF; KEfkihZ.
95 'C. 15s, 60 C. 1min, 95 C. 15s.
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Table 1 Primer design of candidate reference genes

WZHH SIS (5°-3) =K EE fbp P IRCEY% HRRE

GAPDH 1IER: GCTGGCATTGCTTTGAATCC 85 96.881 0.998
J%Ial: AATCAACCACGCGAGAACTG

CYP 1EM: GACGTTGTTTTCGCAAACCG 140 109.318 0.981
& 1A: TGGGACGACAAGATCTCCAAAG

elF 1EF: TGCCAATTGTGTCCAAGCTC 98 93.752 0.979
% Ial: AACAACCGCAGCAATCGATG

TUA 1EA: TTGCAAGGGGGCATTATACG 98 101.635 0.996
IA: AAAACCTTGCAAGCCAGTGC

TUB 1IEM: ACCACTTGATTTCGGCAACC 102 95.959 0.998
% Ial: ATGGGATCAAGTTCACGGCTAG

UBC 1EA: AAGGCCTCCCAAGCATTTTG 100 93.152 0.992
IA: TGGAGCACCCTCTAAATAAGCC

UBQ 1IEF: ACCAGCAACGCCTTATCTTC 70 99.117 0.997
Ial: TGGATGTTGTAGTCGGCTAGTG

Efla 1EA: ACTTCACAGGCTGATTGTGC 114 97.887 0.998
IA: AAGGGTGAAGGCAAGCAAAG

actin 1IEM: CATTGTGCTCAGTGGTGGC 95 98.163 0.997
J2I7]: AATCTTCATGCTACTCGGGG

16 S 1E[: CTCGCCAAGCAATCAAGTAAA 100 92.446 0.956

Jf): GCCAAAGACACATCGGAATC

24 HIRALE 5SS

X H  geNorm NormFinder!"®! Al
BestKeeper!'' 3 4N P 2 FE R /34 B X 10 A4S 55
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DXS A1 DXR AHXJ i 5 ) 5 o

[14]
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Fig. 1 Melting curve of candidate reference genes
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32 RENSEREEMSES
321 ARHARFHNSIENR C E»H @it
qRT-PCR A3 T 5 /MR EIKR R T 10 MEik
S IR EA R A LERALH CAE, CAE RN SEE A
MRIEFEERERL, CAEBK, FEFFEREER
K. &R ER, 10 MEENSEE R CER
21.95~32.23, 46 3 ANMHLERALTIFEY) CfE,
GAPDH = RIAR &R m MR (K67 CEN
23.59), CYP &RiAEEMMIIIER (ZZEF G
54 30.69). [ T eIF Al 16 S fE 25 FAEZIE K,
HABFERE 3 AN B IRk foe
(E2),
3.2.2 geNorm 7341 ] geNorm %Xt 10 i
i N 2 B R FEAS [A] SE36 2640 N [ R A f e Mk AT
I3, I AR BT A B N S R R T I RR e
B (M), ZESHERFBEEEAML, M EDNT
1.5, WHiZHNSEEEKERE. WO RERN,
FEEERMR . 250 AR LB R A, B sk
WS IR M EIMET 1.5, A FEiE NS5
R RE B RaE. 2 8oR, R & #3454
HIEALH GAPDH 1) M E&AK, 7512 0.230.
0.466 F10.357, 16 S I M {HH K, 43772 0.355+
1.098 A1 0.982. 3 3 &7, CYP 7£ ABA FIKiE b
P M B ROR, 7390l 72 0.605 F10.616; 7£ MeJA
AR AL M BRI 52 16 S (0.902) Fl
Eflo (0.636); GAPDH 7E MeJA. il Al & i Ab B
H M B HDN, 4351 0.284. 0.312 A1 0.325; ABA
AbFR R M /MR R Efla (0.320)

geNorm K AFBR T o7 LA 2 M EAF, thaT Ll

#5145 F 41 20200£2 A <1063 +
375
%22$ I 44 0 I :

15.0
GAPDHCYP ¢IF TUA TUB UBCUBQ Efla actin 16
MR e N S 2N RIE
37.5

@3°'°¢Eé$$$¢$¢é

U225

15.0
GAPDH CYP eIlF TUA TUB UBCUBQ Eflo actin 16S

EX ISR S ES N

37.51

@300$$$$$$$$$é

U225

15.0
GAPDHCYP eIF TUA TUB UBCUBQ Efla actin 168
e i 9 22 R g Rk

FEPRIN R4 52 CAB AR B _F DU 43 B0 T DY 43 45, AR 2T
RS R CARR IR AR/ ME, AR IR CfE
L DA

The upper and lower quartiles of the box body are respective the upper
and lower quartiles of the C; value, the upper and lower parts of the box
whiskers are respective the maximum and minimum values of the C;
value, and the horizontal line in the box body is the median value of the C;

value

2 RIERASEREREERPH CE
Fig. 2 C; values of candidate reference genes in different

tissues

A% 3k P9 2 3 R bR AE G TR T R 0 2 ST e A
(V/Var) FBEIN SRR RERH . WAL
Vil Vi1 =0.15, 24 V,/V,:1<0.15 KB n NS HE
Hogewied—h. w3 s, Frfsessk
PEF VoV ¥/hF 015, Frbhiii B 2 AN e R
2H Bl 2 08 1 0 e B R ] R

&2 geNorm RHESHARARFALASEREREM

Table 2 Reference gene stability of different tissue sites analyzed by geNorm

HEF s % 0

ST M ST M ST M

1 GAPDH 0.230 GAPDH 0.466 GAPDH 0.357
2 TUB 0.236 UBQ 0.481 CYP 0.785
3 UBQ 0.243 Efla 0.482 elF 0.474
4 Efla 0.246 TUB 0.495 TUA 0.474
5 elF 0.251 actin 0.516 TUB 0.393
6 actin 0.253 TUA 0.567 UBC 0.431
7 UBC 0.291 UBC 0.703 UBQ 0.391
8 CYP 0.301 CYP 0.847 Eflo 0.390
9 TUA 0.306 elF 1.095 actin 0.358
10 16 S 0.355 16 S 1.098 16 S 0.982
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#z3 geNorm HED AR IEH P NSERTEE T
Table 3 Reference gene stability in leaves under different treatments analyzed by geNorm
HE ABA b3 MeJA 43 R AL 2] AL B
=5 M {& WS £ M fH WS M 1 =S M {&
1 Efla 0.320 GAPDH 0.284 GAPDH 0.312 GAPDH 0.325
2 UBQ 0.341 Efla 0.297 TUB 0.338 CYP 0.338
3 actin 0.351 Actin 0.316 Efla 0.346 UBQ 0.341
4 TUA 0.353 TUB 0.317 UBQ 0.366 TUB 0.350
5 GAPDH 0.380 TUA 0.338 actin 0.366 TUA 0.382
6 elF 0.462 UBC 0.339 TUA 0.407 elF 0.386
7 16 S 0.478 UBQ 0.344 UBC 0.479 UBC 0.413
8 UBC 0.502 elF 0.384 16 S 0.484 16 S 0.537
9 TUB 0.519 CYP 0.448 elF 0.542 Actin 0.541
10 CYP 0.605 16 S 0.902 CYP 0.616 Efla 0.636
ol HABA ® MecJA ®{RiEMNA i e LR X mnf
0.08
) i ‘ I ll?E ||| | | ‘ fﬁ ‘l ‘ ?“ | ‘ ; | g ‘
0 II I I I I I I I I I I I I
Vs Vi Vas Vsis Ven Vg Vsso Vono

3 geNorm RESTRSEEFEHE

Fig. 3 Analysis of optimal number of reference genes for normalization by geNorm

3.2.3 NormFinder 747 F|H NormFinder 443
HT 10 AMigeide ) 22k [R115 2 i N 2 B2 8 (1) ML{H,
FRHE M A ARG 25k D] R i AR e 1) Ji DUk gk 3k P 2
FEDEAT AL A A 85 AR, 10 Mgk N 2
B[R] () A 1A e AE A [F] S5 26 N &8 AN
ML 22 R Rk R T e R R A

GAPDH. UBQ Al Actin, 16 S fEMRANHrh F ik Fa &
Pefe2e, ZEH elF PRI AFRE (£ 4); MelA.
IR AN =R AL BE A e A2 5K 2 GAPDH, Efla
J& ABA AbPE PR E M I ISR, CYP 7E ABA.
RIEA B AL R RS e Y 25, MeJA AbFEA 16 S
MRIEF e R ZE (K5,

% 4 NormFinder S ARIHELAHFHNSEFAREME

Table 4 Reference gene expression stability value of different tissue sites for normalization by NormFinder

i R = I

WZ M & WZ N M & WZEN M {H
1 GAPDH 0.085 GAPDH 0.040 actin 0.021
2 TUB 0.097 UBQ 0.040 GAPDH 0.035
3 UBQ 0.101 TUB 0.049 UBQ 0.109
4 eIF 0.106 Eflo 0.065 UBC 0.111
5 Eflo 0.107 atin 0.126 TUB 0.123
6 actin 0.115 TUA 0.202 Efla 0.126
7 UBC 0.155 UBC 0.358 eIF 0.200
8 CYP 0.163 CYP 0.503 TUA 0.245
9 TUA 0.169 168 0.703 CYP 0.499
10 16 S 0.213 elF 0.710 16 S 0.654
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%5 NormFinder TR ELEM S EREREM
Table 5 Reference gene stability in leaves under different treatments analyzed by NormFinder
ABA #b3 MelJA 4b2E iR Ak 2 e i A 3

e NS IR M {H WS M {H WS M fH WS M {H
1 Efla 0.043 GAPDH 0.042 GAPDH 0.060 GAPDH 0.059
2 UBQ 0.097 TUB 0.049 Efla 0.098 actin 0.101
3 TUA 0.118 Efla 0.075 TUB 0.101 TUA 0.114
4 actin 0.126 actin 0.102 Actin 0.134 UBQ 0.122
5 GAPDH 0.171 TUA 0.121 UBQ 0.145 TUB 0.161
6 elF 0.251 UBQ 0.132 TUA 0.199 Efla 0.183
7 16 S 0.254 UBC 0.150 UBC 0.264 UBC 0.190
8 UBC 0.281 elF 0.184 16 S 0.275 elF 0.319
9 TUB 0.311 CYP 0.255 elF 0.320 16 S 0.330
10 CYP 0.374 16 S 0.612 CYP 0.388 CYP 0.402

3.2.4 BestKeeper 7781 BestKeeper # 4 1] DL
b AR A B R 2 8] P A B AR R 22 (SD).
TREH (CV) FMHRXREEZE () KIFEHN
SR RIE TR E M . RIBFRE M1 B R — i
EIEEN - {H BN SD fICV. b, 24 SD
ERT 1 B ERHERPEREARE. 4R 5w,
EARFIHLEAI T GAPDH 1 UBQ [#) r Kk (r=
0.997),{H UBQ [ SD {E 1 CV {4/~ T GAPDH,
JiTLh UBQ MR Effae (R 6); TEAFAHM
Hrf, actin IAHIR RER K (r=0.987) H SD
B/NT 1, P8 atin RikHRAaE (K 1.

33 ASERREMRIEIE
I DXS F1 DXR X 2 AN K] 3 — 2B 58A0F 7 ik
BRIMNSEE A ENE . 228 3 M stk

% 6 BestKeeper DT ARIALA I A S E R FTiETBEHE

Table 6 Reference gene stability of different tissue sites

analyzed by BestKeeper
WS EE A SD CV/% r P1a
GAPDH 0.986 5.172 0.997 0.001
CYP 1.109 4.228 0.905 0.001
elF 0.962 4.015 0.778 0.013
TUA 1.298 5.567 0.972 0.001
TUB 1.185 5.067 0.978 0.001
UBC 0.994 4.131 0.987 0.001
UBQ 0.864 4.177 0.997 0.001
Efla 0.856 4.506 0.721 0.029
actin 1.228 6.206 0.986 0.001
16 S 0.818 3.356 0.988 0.001

= 7 BestKeeper S TAEISIETASERFTIEEEMS

Table 7 Reference gene stability under different treatments

analyzed by BestKeeper
WS SD CV/% r P1{H
GAPDH 0.479 2.367 0.957 0.001
CYP 0.475 1.809 0.176 0.581
elF 0.540 2.148 0.953 0.001
TUA 0.431 1.839 0.978 0.001
TUB 1.065 4.553 0.923 0.001
UBC 0.496 2.056 0.896 0.001
UBQ 0.334 1.575 0.566 0.055
Efla 0.587 2.954 0.986 0.001
actin 0.587 2.814 0.987 0.001
16S 0.691 2.638 0.956 0.001

g, HEE 2 MEE R EE N S 2T
(GAPDH #1 UBQ) R4r# H I F:RIFEA A 2HZH
PRIk, [FREIR — MR R E N S5 E 16 S
PERXTIE . BEL 2 ANERE PRI T 15 I N 2 L ]
(GAPDH F1 Actin) K447 H I JE RIZEAN [F] AL 2 1)
AR R, [F IR — MR E MR ZE I N S AR A
CYP 1EJyxf i

DXS FH DXR & A iR /e H i (DXP) i&
PR RHE R, FERYDE SR AE AP T I & il K
EEEERT, B R Y], DXP A EE LA
Ak, DXS il DXR 3 K ERP I 1615
sprh Rk R P mE 4 FoR, BIE 2 MaE
PRI 9 2 2R AT A RIE B &1k, DXS 78
MR RIA R R, R RIAE R DXR fEr R
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Fig. 4 Expression analysis for DXS and DXR in different
tissues of M. officinalis
LR R, EhRIEERIK. FK, LI GAPDH
AN UBQ A & 2B AT Bt bt Al , H 02 A s
— X RIEAKT, DRI TR 2 AMAS
SRR FENE . BEA, o dr & RBAR] TR e
RERMNZEN 16 S i T 7 DXS Al DXR
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AR DXS fll DXR HEHFRIEZEDE.
. ORE. BARCTTHIR B RS R R,
ARSI A F G Y RS E A 20T 17 ABAL MeJA.
R AN i SRR DXS A DXR RIE AR
Wi, 411 5 fras, 3 A% K (GAPDH. Actin 1 CYP)
BACH I H R RIS E S AME . {H GAPDH M
Actin 13 H #93E RRIL BoR 7R ES,
N TSR EINATSE, Y5 geNorm HAF45 H
SHFEOEHH, £/ GAPDH M Actin IS4
FAET H R EE R RIE AR . GIRER, TR
KEFRF) CK 4, 4 FabFRrhfg DXS Al DXR #42 &

v P W actin GAPDH Mactin + GA CYP
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Fig. 5 Expression analysis for DXS and DXR under
different treatments in leaves of M. officinalis

TRIEE. WAL, REMRZER CYP BRIMEM
FER LKL ARG HARE R Z K, RFATREM
WS AR AR AL R IAE PR .
4 e

FER FIAR M & T AR A LS I By
%o N TR R EREAE, MIxRE Sk
RILFER NS IR Y, FAE A S35 N % R
TEFTA HRHRIE HAZ NI R0, SRS
B 175 1t H AN [) (1) 2H 2R 350457 R0 Ak B 2% 0 4 52 ) Y
SR RILP, BT EWFE RS, 8
EEEGREXERNENNSER . FRKIERE
RNYERF MM AR A iE S B, L R
BA— @ WRFIE, B DL— M rE 40 i Y e 4k R A
SERIEKT. Blhn, Actine TUB Al TUA §40i
Y B BRI A R 1 A R GAPDH 4 i H 3
P -3-TE IR I UG, A WE MR ) OCHERE, BRABR
DNA. 208 1 {3k 4 i o 12 % %2 R oh g8,
T ERERNRRERIE, 752 FEDHEH IR
T T A AL RAE NN S 5L, Actin 75 BUURT
&N R [ 2 2ER A b ¥ RE R e Rk 90,
GAPDH fE K (36465 R B b i b R ik fase P,
TUB »& 5 7 AEAF K B B B A [F) 41 2R 58 A
B s R 2 2 B R P2,

it qRT-PCR, 152] 7 NS EHNM C . NZ
FER 5 H SR PR BEAR R GA K 2 R A B K H
Co M RIFAE 15~30, @it ¢ MDAk
GAPDH. UBQ F1 Actin 1) C{HIITE 15~30, [FIf
BT R AR A 2 i R R AR e U B N S A
K, CYP M1 16 S At T HoAh e idk Py 2 5 A 5
K CAH, Rxfamt: b T HAb L N 25
K. f#H T geNorm. NormFinder F1 BestKeeper 3
b 5 e 5 B A3 M AR i 326 P 2 35k R ) A e ot
17 TV, AEEERAFHLERALF, geNorm Al
NormFinder {78 GAPDH £ & 1 &% &, 1
BestKeeper 1815 H UBQ 7 /& & fa € 13 A,
GAPDH R Z . {EEERAFRAEERRIHH, geNorm
A1 NormFinder ‘&7 2 € P & 47 24 [ & GAPDH,
1M BestKeeper k7~ Actin s fefa € R K . BF7TEE
B, AN RV AR A 53 #4521 R 1% 2 2 L DR R A e e A
HEAA — S 25, X Re S BRI S it 7
AR IS, BIH{EANEACEL T (4 OB T 70+ 2
PR A2 (e e R S R R AR DY), Fan 2554
TETRIE BT A K& BB T AR H R S5
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RIINF, 3 Fhdxft2e th 7 & AR E 4 . 78
70 A 2k DR IV 22 255 2 18 N 2 6 TR 19 4 AT AR
SEAH, WITE M AR ZHZER A ) 25 5k PR AR e PRI
UBQ BARTEMR . ZE i e e A 2 25—,
HRERREEMGRENSIER, Frbldn]
CLHEN SR . #F— D45l B LRI,
UBQ 1B NN S &40 H 13RI #3 2] 7 1 GAPDH
F—F e 5, T GAPDH 42 8443 #r h 2E AS[R) 20
ZREME NS,

ASISE R IRR BN EANSERNERE T
HAEZERK (DXS Ml DXR) 7E Bk KA [E 2H 4R
H DL RAEAN A AL ER I )ik . g5 RROR, fEE
& H I REA R LA R Rk R, 2 MaE
HERAERZE R (GAPDH 8t UBQ) K I & Ehs
SR EI—8. H4h, hfEtaRZER 16 S
BB PR AL B EEAR I BRI T m R, H
165 & H L R IE A R AL B iR R IA R, 2 A4
Fase M f I FE R (GAPDH AT Actin) & B FriEAL
GERZIEHIL T E5. AWFREN, %E8F 2 ek 2
AN DA P 23 DR T LAY/ Sz 44 S 4 220 4
41 Zheng 2501 i i BS 16 AR R AL SURUAR [ % B B B
FaE NS, EHBEANNSH 2 NS AT
2 MNHERNBTRIERAE, SRER, AR
NS H5HAEMRISBH B, (HERELE LT
RAMNIZESR, TARE NS PRGN 20
IR IEE R . 454 geNrom 25 H (1) 5 N 2 3k R
H L3 2 F8E N2, T GAPDH Ml Actin
PN S5 R 2 G oK e 5 B 1) JE RE A [F) Ab 22 i
R IR A e A R nAE AT 5. teAh, BN
TEA R i Y Z N S5 A, CYP i
IRt T H LR RIE, ASReHERf bR B
() R R R I

fE 10 ANAFE gL S 3, 15 2
GAPDH. UBQ Fll Actin %R iEF e RGNS
B, &k I uE i 71X B Ik AR O R E R
qRT-PCR N ZIEH AT SEM . Ak, AHF 8 A
TR SZE 41 F I GAPDH #545 % R iF %k
SENE o AW FE VAl RS R T4 i A 7 B ik K (1) 2
Rl I& AP B B 2 X

S 30k
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