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Abstract: Gelsemium elegans is a traditional Chinese herb of medicinal importance, with indole
terpene alkaloids as its main active components. To study the expression of the most suitable
housekeeping reference genes in G. elegans, the root bark, stem segments, leaves and
inflorescences of four different parts of G. elegans were used as materials in this study. The
expression stability of 10 candidate housekeeping reference genes (/8S, GAPDH, Actin, TUA,
TUB, SAND, EF-la, UBC, UBQ, and cdc25) was assessed through real-time fluorescence
quantitative PCR, GeNorm, NormFinder, BestKeeper, ACT, and RefFinder. The results showed
that EF-1o was stably expressed in all four parts of G. elegans and was the most suitable
housekeeping gene. Based on the coexpression pattern of genome, full-length transcriptome and
metabolome, the key candidate targets of 18 related genes (A4S, AnPRT, PRAI, IGPS, TSA, TSB,
TDC, GES, G8H, 8-HGO, 1S, 7-DLS, 7-DLGT, 7-DLH, LAMT, SLS, STR, and SGD) involved in
the Gelsemium alkaloid biosynthesis were obtained. The expression of 18 related enzyme genes
were analyzed by qRT-PCR using the housekeeping gene EF-Ila as a reference. The results
showed that these genes’ expression and gelsenicine content trends were correlated and were
likely to be involved in the biosynthesis of the Gelsemium alkaloid, gelsenicine.

Keywords: Gelsemium elegans; qRT-PCR; housekeeping gene; terpenoid indole alkaloids;
gelsenicine
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time PCR, qRT-PCR)REE i %8G (5 5 A RALSL
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AT R ST RN S 3 R AR G R ik K
MEEHAZ —, HEEGRGE S, THEE
PR . RRRMELE H S TRAESR S, ERNSHE
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WwENEZW, T ANSEEREXT qRT-PCR it
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W S &I ACT7 F PP2A4 %k 7 kit 5
B E AN R o ) SR A e e M I B R
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PS> R W A B, T T 2 ] A )
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The biosynthesis pathway of gelsenicine in Gelsemium elegans.
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B, o 0.22 pm JERE, FROHT,

i ] Agilent 1290 =y RCBAH €33 H K IS (]
KAT(6530)FiE (Y (Agilent 2], LC-QqTOF/MS)
KA, FE A 7E Waters C18 #1(3.5 pum, 4.6 mmx
150 mm) L5355, s 0.1%H R-20E, 45
M) 50 min, A FHAR R BEBIFEY : 02 min,
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WHE R 30V,

O, A5 B [ AL A BT e 0
e, XA [ R Hr g W) 2R O R AR B B AT AR
9353 o
1.2.2 5 RNA BY{2ENF0 cDNA &5

K Z WL RY) RNA $2£EGRH] &
3Bk g AR ) T AR BR S "X S W) 4 AL 43 5]
HEAT A RNA $2HC, A B O ot B it
(K5600, Jbntgl AR A BRA )KL RNA
FES IR . OD16o/ODaso [ S OD26o/ ODa3o 1H.,
SRIGHU RNA 4% 2.5 uL, F 1%35 ISR e H Tk
ACKE , G WREE 18S. 288 A 5 8 F K
RNA Hy5e8ME, 4 DR 200 ng RNA
HEAT cDNA 55 —4 & %, #% B8 PrimerScript™ RT
reagent Kit with gDNA Eraser (Perfect Real Time)
R & (TaKaRa, K% ) Ul B 15 09 854 20 3R iF
7, BT-20 CIRAERH,
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10 AMEERE R I 18S. GAPDH . Actin .
TUA . TUB.SAND . EF-1a., UBC . UBQ il cdc25,
T3k, FET TR i S R 2 SR SRk A
Mr, Ok B 2 W) AR Wi AR P L R TR AR
Ay 18 AN AH 3L A, 493138 5 Primer Premier
5.0 Ak #E4T qRT-PCR S ¥ Ay (E 1 Al
2. sl T AY TR BROHE R
UNNEIRE
1.2.4 LA AEEE PCR (qRT-PCR)

WA [ 7 AL T B9 cDNA A5 S5 45 R
B, WRIRFERE 4 £i5, W& S MRIERSEE, 29
SRR 1. 1/4. 1/16. 1/64 F11/256,
T TUB. GAPDH MWW MERER R, 1% 2 1
PR FH R FERR BE 43 MR LY 1, 1/5.
1/25. 1/125 #1 1/625,

qRT-PCR %%l SYBR® Green Premix
Pro Tag HS qPCR Kit (AG11701)ik7] &, #
Ve B 4 A B 3 k47, I8 qTower’G S B
76 & = PCR 1Y (Analytikjena 2 &) ) #F 17
qRT-PCR [, JMAKRZR K 20 puL: 2xSYBR
Green Pro Taug HS #{EAY 10 pL (Vazyme),
cDNA 2 pL L7450 50 ng), b FiFsI¥GRE
7 10 umol/L)4% 0.4 uL, RNase JCH/K 7.2 uL,
B il it R AE VK B SR, UG RN FRF A 95 °C
30s, 95°C5s, 60 °C 30s, 340 MEHR,
ARES AT 3 WEE A, 45 s i
A A R 2, AR A i it 2 R S | P iR B 3
FESFPE

Wt qRT-PCR I, R HAFH R TE
ANFEBE TR CAE, AR, ER%
(k) TR 1M 56 R BURY, IEM M AR E=
(107" =1)x100% 115 F K IEF P MR, [
N, ®PEZ85) qRT-PCR J b firfS5di, sk
10 MEEREFIELHFM CAE, T 2724 o0 b e
AR,
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Table 1

MR LA IR R P HEXEEE R qRT-PCR BS54 575

gRT-PCR primer sequences for related genes in Gelsemium alkaloids upstream synthesis pathway

Gene name

Genes full name

Primer sequence (5'—3")

GES

G8H/CYP76B6

8-HGO/CYP76B10

IS

7-DLS/ CYP76A426

7-DLGT/UGT85424

7-DLH/CYP72A4224

LAMT

SLS/CYP7241

AS

AnPRT

PRAI

IGPS

TS4

TSB

DC

STR

SGD

Geraniol synthase

Geraniol 8-hydroxylase

8-hydroxygeraniol dehydrogenase

(S)-8-oxocitronellyl enol synthase

7-deoxyloganetic acid synthase

7-deoxyloganetic acid glucosyltransferase

7-deoxyloganate 7-hydroxylase

Loganate methyltransferase

Secologanin synthase

Anthranilate synthase

Anthranilate phosphoribosyltransferase

Phosphoribosylanthranilate isomerase

Indole-3-glycerol phosphate synthase

Tryptophan synthase alpha chain

Tryptophan synthase beta chain

L-tryptophan decarboxylase

Strictosidine synthase

Strictosidine-f-D-glucosidase

F: GGCTGCGTTTCAGGTTGCT
R: CTTTAGGTGGGCTTGGGTG

F
R
F
R
F
R
F
R
F
R: GATTTGTGGCTCCTCCTTG
F
R
F
R
F
R
F:
R
F
F
F
F
F
F
F

R
R
R
R
F: TGGCGTCCAACTCCTCTA
R
R
R
R

: AAGCCGAACAATCCCCACC
: TTTCCATCACGCCCCACA

: CTGTCTTCCCGCTGCTTGC
: CGTTCCATTGCCGTGTTGA
: CACGATTCGCCCTTCACC

: GCGTCCACAGCATCAGCA
: TGAGACAATGGCTGAGGTG
: TCTGAATACCAGGCGAGTT
: GCCTTTGGTCATTCCTCTG

: CGGTGCTTGTGAAGGTCGT
: CAATCCGCAGCAAATAGGT
: CTGCTCCACAGGTCCCAATA
: GTGCCATCAACCCTCCGT
: GCCTCACATTGACAAAACC
: TGTAGCAAATAGCGAAAGC
GGCGAATCCCGTTGTTGT
: TTGAGGCGTTCCAGGTCC
: ACGGCAATCCTCCTTCCAA
: TTCGCCTGAGCATCCAACA
: GCCCCTAAACTCCCCGTCA
: CCCGAAAGAAGCACAAGAAGA
: TGGTCCCTTTGAGTTTCGG
: AGGCAACCCAGTTCGTGAG
: CAAGCGTGGTGTTGAAAAG
: GCTCTGGGAGTTGTGGGTG

: CGATACGGTTTCTGGTCAT
: TGCGGGGAAATGCTTAGTG
: CATAGCGGGTGGAGGAGTC
: AAGGAAGAGGGCGTGGAA
: GCAACAGGCAATGCAGAA
: TATGGTTATGCGTCGGGTGT
: AAGGCTCTGTGCCAGGGTT

1.2.5 HERERRIEREEITFN

A 9 GeNorm!®*! | Normfinder™ |
BestKeeper™™ 1 ACTF 3% 4 A~ F Ll K
RefFinder M3 7ELL P EAl 10 Mk F K I
TESWY A [ BB 9 R A Fa P . BestKeeper Fl
ACT FEJF ] R CABSATIHE 4,

&B: 010-64807509

i/l GeNorm HI Normfinder ¥ Kt 7 15
CAESERAL N O HPHAMT, O fH N ZFEN
TEAS AR i i B C (B 530 5 78 B A A il vh
N CEZ 2% )5 R RefFinder 78 £6 M
(http://blooge.cn/RefFinder/)) 45 & ik 4 PP
B M a5 R FEAT LRSI, VAR E th R K
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FE, ARHE I R ER R, XTI AE
Ptk A= P B C AT L A A R OGS R HE W)
ANFRFROL#EAT RIBBE ST, BT 3 IR
Fe R =4, I H ] IBM SPSS Statistic 22 /4
11255 W E T

2 BRS04

2.1 H#MEPHEENSESHN

R 0 0 o 1 i 07 (L AT B W R O AR X
N, TS s 4 DS FRAL AR T
B (E 2). BRBR, WYRCAEHNYR K
R e, HUOR T MZER, fEr A E
HiR.
2.2 $JM)52 RNA IZEUKN FRE 40

8 1 LUK ) BUAR 25 2R s (| 3), 4R HU
A RNA ) 2305 M B 5214 288 Fil 18S 2541,
FKUZE RNA MRS BB, i — 20
AR E BRI R BL, 4 DEES R
B2 2B, M. fEF)BYE RNA R IE SN
32.6. 94.4. 105.8 1 188.9 ng/uL, Fr&E MK

20

T
1

—_
=
T

Peak height (x10” mAU)
<
W
I

1 2 3 4
Gelsenicine

B 2 #HUAREMBLFHAYERCHENSE
(n=3)
Figure 2  Relative content of gelsenicine in

different parts of Gelsemium elegans (n=3). 1: Root
bark; 2: Stem segments; 3: Leaves; 4: Inflorescences.
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Figure 3 Agarose gel electrophoresis of total RNA
gene from different tissues of Gelsemium elegans. 1:
Root bark; 2: Stem segments; 3: Leaves; 4:
Inflorescences.

OD50/OD1go T 2.10-2.17 Z[8], OD1so/OD130 TE
1.60-1.85 JEFEIN . LRSI KN, FraF i a
RNA [ 58 8 Rt H Al B, PIAE J 225050
.
2.3 RIEBREE RT-PCR 3|45 7
ikl

DR BN 5 DURBERL LR cDNA HH
M, RH qRT-PCR [ B K 568 10 A~ ik B K
SR G W e, R T LR 5 5 3Kk
SEREFNIRMEINL, 4R ERE 2),
10 MEREFBHLRZE RPH KT 0.99,
IR G BRI AT 0.86%—1.09%Z 1],
T Ml 238 Sy B — I R I (1 4), Hh &P
W, A R . EREFREN,
cDNA Bt it 5 X B (19 CAH 522 B AT 1 26t
KFR, W =Wk, XFR CfE 332
W, FFERBMAE; HAmIEENNTIY
e pEsm , W —FE A PR, R R IT S 4L
24 BZEEBERERREFEESH

X 10 MR T R I F DFEIEBAIF) cDNA
AR AT qPCR 525, 1530 CAE ] H A% Bt
BAGIEFERTESERA M RIBFRE, H CAEBUD,
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SRR R F R . A5 R BOR(E 5),
B RE S B CAEIIAE 16.65-25.18 FIX A N .
Hrp | EFl-a WY CERV/N, T CELT
16.65-18.11 YEHE N, BLHIEIEEH EFI-a
FEA TR IR F I ; SAND W)°F-¥ C A
KR, A CAEANT 24.14-25.18 ZJa], PiH
e P SAND 75 45 R 1) & 38 T i eI
25 ZREERERBEESH
2.5.1 GeNorm 7 #f

GeNorm F2 ¢ 7E M AT, Jo¥s T s T HLEL
W CAERAL N O (H, MRMX R E, Z&
J R TH o i 1 R IR e fe B MO
PP, PR A5t 5L I i de e e, M R
INBETERL R M=1.5, HBET 1.5, ik
BRIEAAEP, 2 WA TRE, dkn]
JI VB 5 6 15 B PR A 8 W) S [R)3 67 1) 3R R R

PE . GeNorm # A4 /3Hr 45 57 WoR (K 6), TE44W)
B 4 A, 10 MEER KA H R IA TR
EVEHEFE N Actin=UBC>UBQ>EFI-a>SAND>
GAPDH>cdc25>TUA>185>TUB ., FIt A {6 i%
SR MAEY/NT 1.5, UL BT ek L A
TE 4 DA RIS Rk Fa e, Hd Actin F1
UBC WEEM iy, TUB M EM iR,
W, B EM T GeNorm P28 248 51
Vamn) A EWE IAEMBEREHEH . X4
Vam1<0.15 I, Feilfi B R EEHBGE n >, RZ
M n+1 A WE 7 B, Vo B EAE/NTF
0.15, BaBHXTF IV BRI, B K EEH
Hi R 214
2.5.2 NormFinder %1

NormFinder & [i] GeNorm #2543 #H
1, FEM AR CAEi R O B, FiEd

F2 #Y10 MEEBRERE qRT-PCR BI5| ¥ FHIFNT 18 R L
Table 2 Primer sequence and amplification parameters for 10 candidate housekeeping genes of Gelsemium

elegans
Gene name Genes full name Primer sequence Slope  Amplification  Correlation
(k) parameters (%) coefficience (Rz)

188 18S ribosomal RNA F: GATGGAGTCCCGAAGTTGC -3.13  1.09 0.993 01
R: TCCAGATCGCATGGCATAG

GAPDH Glyceraldehyde-3-phosphate  F: AAGGGTGGTGCCAAGAAGG -3.41 0.96 0.993 99

dehydrogenase R: CAGTGGGAACACGGAAAGC

Actin Actin F: GTTGCCCAGAAGTCCTATT -3.72  0.86 0.996 31
R: TTCCTGTGGACGATTGATG

TUA a-tubulin F: ATGAAGTTAGAACAGGGACA  -3.35 0.99 0.997 83
R: CAAGCAGGGAGTGAGTAGA

TUB p-tubulin F: TGTCCGTAAAGAAGCCGAGAA -3.56 091 0.999 24
R: CAGGGAAACGAAGGCAACA

SAND SAND family protein F: CATCCGACCCACCTACCGT -3.17 1.07 0.995 90
R: ACTCTGCCAACTCCGCTCC

EFl-a Elongation factor la F: AAGCCACTCCGTCTCCCACT -3.59  0.90 0.996 35
R: TCGGCAAACTTGACAGCAATA

UBC Ubiquitin C F: CAAAGGTGGTGAGGAGGAT -3.48 094 0.990 54
R: ACAGAGCAGCGACTGAATG

UBQ Polyubiquitin F: CCCTGACTGGGAAGACAAT -3.29 1.01 0.997 95
R: AGACGGAGGACGAGGTGAA

cdc25 Cell division cyclin 25 F: CAGGGATGACGAAAGGAGT -3.47 0.94 0.990 78

homolog C

R: CGCAATGGAAAACAAGAGT
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Figure 4 Melting curves of qRT-PCR primers for 10 candidate housekeeping genes.
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Figure 5 C; value distribution box-plot of 10 candidate
housekeeping genes.
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Figure 6 GeNorm stability analysis of 10 candidate
housekeeping genes.
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Figure 7 Standardization factor paired variation
(Vwn+1) of housekeeping genes according to
GeNorm.
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Figure 8 NormFinder stability analysis of 10 candidate
housekeeping genes.

2.5.3 BestKeeper 547

BestKeeper 2 J7 1] EL#: i A i 3% B K 3
K CAB 43 Bt 550, 0 18 th 3 8 R PR AT 1Y
i 176 B PR o e i A A5 a2 B DAL A AN [m] A
#J CP (crossing point) (3 IR R & & i i% C
{H B LA 23850, TH 345 45 3 B Y A A
Y J 22 (SD)FIAE 52 R B (CV)H DL e 43 #
WERENMREREMN ., ZB)FRIA
SD=1 MEaEME AL, SD i/, FHILH K
FIkMAFE, 45 SD>1, MZEFNEK LT E
PERE 22 CV Y J2 5 % 7 K 5L I AE A (A
AL R IBKE A R, CV /N, AR
SRR RN SR BOR(E 9), SD {EAYK
INHERF N . GAPDH<SAND<EFI-a<18S<cdc25<
Actin<TUA<UBC<UBQ<TUB, i ] GAPDH Ky
Tk e Y, TUB MFEIXFEMZ,; M
CV /N & SAND, HRIKIK )& GAPDH .
18S. EFl-a. cdc25. Actin. TUA. UBC. UBQ,
Ml TUB ) CV i K, ULHH SAND TE A [A]
P B KA SRR e/, TUB B7E S+ 7%
B Ko %5 H BestKeeper F2 7 115 1 F A 4L
P 7R, R W) R TR R A T 2 5k B R RE I A
PR H N GAPDH, SRJGHKIKJE SAND Fi
EFI-a,

B<: cjb@im.ac.cn

295




296

ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

45r —— SD
4.0} —— CV
3.5t
3.0t
25}
2.0
15F
1.0}

05f PJaPA,FA;FAF//

Y U
A A

ST WA e

SD nad CV value

E 9 BestKeeper 247 10 MEEBREEFTIZH
REM

Figure 9 Expression stability of 10 candidate
housekeeping genes analyzed by BestKeeper.
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Figure 10 ACT stability analysis of 10 candidate
housekeeping genes.
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2.5.5 RefFinder ZZEI2E D
RefFinder 7F & W 3l BE 1% 25 & GeNorm |

NormFinder, BestKeeper & ACT4 MEF I
FEVEVEMN G R BAT VA, REE T XX 4 DMREF
P RS T 45 SRR G Y AR 43 e, Jfad it
U8, 15 30 P Rk AR e 25 A HE
24 AR E Y —Fh )5 25 i RefFinder 3
A D) sEE G BN T 43 A 9 T, X6 i e ik
M IR AT A LSBT, s 5L PR HE 2
SERT . FREUEUN, RIBFUE ML . RefFinder
LRSS, 10 AMEERE Z LN R E
YEHERE A EF1-00 (1.86)>Actin (2.21)>UBC (3.56)>

SAND (3.76)>GAPDH (3.83)>UBQ (3.95)>cdc25
(6.65)>18S (7.35)>TUA (7.48)>TUB (10.00), Hi

WEH, EFl-a WRILREMRIE, TUB W3R
SRR 2. I, EFl-a MFREAKT LR
&M f A, AT RAYE Sl gRT-PCR 246 F X F44W)
AR i EAE R KA
2.6 HMEME LFEEEXEERRIE
A

0 b < PR 2+ 7 SR 2 AR A R R O
WK 3 A J7 1% O 10 R W A W b T A A K
B BE PR, 1% 5 0 T 22 36 DR i A PR 5 I Ak
T8 7 ) 1) i 1 B AR v 0 LM, T DS B
R H P SN AT ST . LA PRAT &K 2 3
(B 11), MEENA P ILSEE T 9 5% PRAI ik
FEWPH, skl . A LSRR T,
RA 4 X SHMRC W ERRN K,
S192M contig5.924 | contig29.88 . contig22.428
DL K contig9.18, HHkik T contig5.924 fEN
SRR TSI 51T T qRT-PCR 430871, LAk
e, Rz SO0k i A b Al 17 28 56 R AT
T, IXREREAT SR /N B TR I BB 3 1Y 3
. B 7R RCR, X R R R EAC IR
LZH HT A9 B DU CYP4S0 B 36 5% 75 il
B IE R AR AR T B S R
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Wy AR AL, DA EFI-a WEFRIEN, W
W) R AR Y G b D A v I R DG il R A
11 7RI . SRRy (i i 42 b
Y 48 % Jk K /iR & i (anthranilate synthase,
AS, B 12A) ., RBEELR TR W IR A% AR e 7% il
(anthranilate phosphoribosyltransferase, AnPRT,
Bl 12B) . B A% BH 48 2 5 o8 B R % 5 1l
(phosphoribosylanthranilate isomerase, PRAI, ¥
12C). M5|We-3-H il @2 & i (indole-3-glycerol
phosphate synthase, IGPS, ¥l 12D). &R &,
fif} o %% (tryptophan synthase alpha chain, 754, [
12E) . (A5 fR & 1l B 4% (tryptophan synthase beta
chain TSB, & 12F). 0%/ Il ¥ (1-tryptophan
decarboxylase, TDC, ¥ 12G); FBkinGiiieh
A9 I 55 il (geraniol synthase, GES, Kl 12H).

-0.50
Contig6.758 ~1.00
.!. Contig5.924

I 8-¥24L 4 (geraniol 8-hydroxylase, G8H,
Bl 121). 8-F% 4 it [ i & i (8-hydroxygeraniol
dehydrogenase, 8-HGO, & 121). FRWskiG A
[(S)-8-oxocitronellyl enol synthase, IS, & 12K)].

7- 2 A T K TR 5 L (7-deoxyloganetic acid
synthase, 7-DLS, & 12L), 7-ZE B ARSI w5 EibE
;7% [ (7-deoxyloganetic acid glucosyltransferase,
7-DLGT, & 12M) . 7- % % 7 K ¥ R 7 1k i
(7-deoxyloganate 7-hydroxylase, 7-DLH, & 12N).
75 AR W L84 74 i (loganate methyltransferase,
LAMT, K 120) . # 3% 5 7 # & W
(secologanin synthase, SLS, & 12P); A7 5|k A:
Wy & 42 B S5 S A B (strictosidine
synthase, STR, &l 12Q) 58 71T p-D-H &5 b4
fif (strictosidine-B-D-glucosidase, SGD, &l 12R),
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Figure 11

Screening of phosphoribosylanthranilate isomerase synthase (PRAI) gene heatmap. GelR: Root

bark of G. elegans; GelS: Stem segments of G. elegans; GelL: Leaves of G. elegans; GelF: Inflorescences of

G. elegans.
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Figure 12 Analysis of the expression pattern of related genes in the known upstream pathway of gelsenicine
biosynthesis using EF-1a as a housekeeping gene (**: P<0.01). A: AS. B: AnPRT. C: PRAI. D: IGPS. E: TSA.
F: TSB. G: TDC. H: GES. I: G8H. J: 8-HGO. K: IS. L: 7-DLS. M: 7-DLGT. N: 7-DLH. O: LAMT. P: SLS. Q:
STR. R: SGD. 1: Root bark; 2: Stem segments; 3: Leaves; 4: Inflorescences.
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SEYRZE R, X B L PR A A B
HeaRKEFHNFRIEA -, Wl T2k
SR 45 R L iR . Horh A4S, PRAL. TSB.
GES. IS. 7-DLGT J% SLS [N i ikt = 5 44
W RO RS A 3, FER IR
2 RO RRIR R, AEZRBORI g R
KRR, UHJE A4S, GES IS 1EZEBefl %
REWAK; IGPS . TDC., 7-DLS ., 7-DLH, LAMT ,
STR J¢ SGD F:H MRk A, ¥ WAEZE
Bomnmt gk iR, AEAR R FIAEE TR ER
NEA, H 7-DLH FERAE IR fz R 323k
AnPRT Fl 8-HGO H:F R IR —F, B KB
Tk s m, WREMRRZ, 7 hRikE
e fi; TSA LR REAEMR R, Pyt
h, BRI h RN EMZER/N; GSH %
PIEEAE T i SR AR (5 , ZE At 3 AN il
i RIR B ARG TRV A I B
R, SRR R R A AT e
H5&, #F—HEZmALT YRR,

3 WibE4£&#®

B REE R — PR [R] & & IHRIAS [F] 2R
RN BB AR E FA M —Fh LN, 38 H A0S A i
Y RERETE SIARE , LN Actin FE N 5 240 4546 4R
5, cde25 IR 5 Y FE I A4 IR A O S
AR, EIWAIMREZ 23 2T qRT-PCR £ AR XS
NFEME Y FE R AT T, IFRITEAR
) A 4 B[R] — A ) AN TR H 2007 . AN TR) & &
WA AR A Py i Ab B, R SRS R A
MR KT BA 22 2P BT LI w B R
KIOFATERT AR hiE ], 55 2 — D i
JEAN [ AL PG AL T AR K . qRT-PCR
FARNE IR IIEAX T —Fh T B, ik
A3 T F LR QRT-PCR H7 A S8 45 B 0 47
KOESRARE A LB, BRUEHE & 45 R a1
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M S, BN, UBQ2 Ml EFI-a 3EPRANZE
FEARTEIE T A1 RIBBRE W RN, [H I
EF1-q FEHRAEFEARTE T 5 T e
B F LAY, Adctinl B E2 ML AT B
rad 2 F R RRE RIA B R ILHW; 18, ACT
I TUA PR Y a] /Ay i g 25 R 9 ) BRAR R K
FREE

ABFFE L TR 10 MY T R
HIMEIE R HHE N 18S. GAPDH. Actin, TUA .
TUB. SAND. EF-la., UBC. UBQ Hl cdc25,
TE GeNorm., NormFinder, BestKeeper A1 ACT
4 MEFAFERBEIEIEN T, 454 RefFinder
W3l B 255 o B, PPAR 358 B S L IR 40 FE 44
W) 4 DARIERALRE . Z2B. MR FE ) H
P FBEREN, WRIBERER, 5 MRS
iR a5 REA 2, (HAMFTE 2 7% TERW)
FIARFEFRAL Y, 48 GeNorm Z3HTi5 i, Actin il
UBC M@ Ml ; 4 M NormFinder fl ACT
SR, EF-la J&Aik 5 R b 336 K ke
#Y; @i BestKeeper 730871, JEH GAPDH Hifa
EMERE, BREBEER/DN, URHER SAND
AR SRR B/ s id i RefFinder Wl 27 & HiAh
4 MEFHATERE R MR HHEA, &
W EF-la SZFESW)AS[R] A7 v e 3 1 7 5 2
o 54 5 AP, HiEa/ERS
W AE A7 qQRT-PCR 5256 H (19 B K H& R &
EF-Ia,

PWIVE N S TR, R RS
JL 5358 ) A B S — Fh S| S A e, R
WG i R v 5 0 e A A R B Tk T 2% A% R A
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B, 8-HGO. 7-DLS. 7-DLGT Vi J 7-DLH ¥
TEFE W) 99) 2 50 3 B A L P 23638 ) G 5 s G 2
R TR 2B R Rk 3G Bk
TR 2 MAE Wy 1 9 Bz ¥ 5 % 22 k- T 1Y) 3R B 4
), sEgb el B woR , A ARG SLS . LAMT .,
STR SENFEZEBCRM i i s iRk &, X
AR5 X B A & W) A A . I I R e A A
T AHOCHR s it b B4 e o T
2 A, 33X 55 R O 1Y Tl 2 R TE S W i R rh 3
ARIBHLI LR —3, B4 AS. AnPRT,
PRAI. TSA. TSB. IGPS F1 TDC }:[H, A4S H:[H
FEAS R AL o B VR SRR, BT LAZEAR
B B 223k 2 Al = T RE AR I 7 R R R
A 55 TDC FEDRBUE 57 8 AR VRN 25 4 1) e
AIALARIEL, BAESH BRIt Jrh
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By TDC kK —2%); SGD e I IE 52
TER AN . 2B, My aRs, HER
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TR RBER, X5AWECERELTHE
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HyRE A —B, X 1R AR S AR AT e AR 4 W) A=
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ARBFGETHE e EF-1a 8V TE A 7] 347
qRT-PCR /3 #rBf BB R, Ry, 456
e R 2+ B Sy 2 AR 2 SRR DGR A3 B
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