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Abstract: Objective To select the appropriate reference genes for qRT-PCR by analyzing the stability of housekeeping genes as
reference genes in different developmental stages of safflower. Methods Six housekeeping genes such as ACT, EFla, GAPDH, UBI,
TUA, and TUB were selected as candidate reference genes to analyze their expression levels in safflower seeds under different
developmental stages by qRT-PCR. The expression stability was evaluated by GeNorm and NormFinder softwares. Results The
expression levels of six reference genes were different, but the best was EF1a and the best combination reference genes were EFlo,
TUB, and ACT. Normfinder software was applied to the verification of analysis result by GeNorm software. The Normfinder software
results showed that UBI gene was not stable, and other genes were stable. Conclusion This study provides a detailed reference of
housekeeping gene for qRT-PCR in different developmental stages of safflower.

Key words: Carthamus tinctorius; seeds; different developmental stages; qRT-PCR; reference gene

SZ N9 )% B PCR (real-time fluorescence
quantitative PCR, qRT-PCR) HAA R KR
PEIR FALMRAT A sl AR A O R A
T REATIE R AW I AR 2 MY, #E QRT-PCR
Rl B R B AR i B b, qRT-PCR 45 AL (1l SE 1

i BEA: 2016-11-19

T A SRR R A e 1R 1E 2 B T 7E qRT-PCR
IIHTIEREF, RNA TR SRR i %
FAFR IR RN RIE T R e, D 2
PTG 2 (N SRR E AR EAL,  DLgi A
JUREA ) cDNA 22 514, BRI N 2 B AE A ]

EEWE: HHERBI RSB HFEAATELTH (20170520035JH); HMEHETHH (2016179,2016180); KA RIEAIHHH (201707)
wBEEE W W (1981—), &, FAHWA, BIWFITHR, FEMNELTRAE S A N ST .

Tel: (0431)84533428 E-mail: yangjing5122010@163.com

HIFFIE—EH R (1991—), L, KEWA, FENFLALMBMIFIT. E-mail: 741545624@qq.com



* 1846 -

¢ # % Chinese Traditional and Herbal Drugs 35 48 % 25 9 # 20175 A

(R 2 Bl A N ZA AN [F] B I R AR
Fiko AR, EARVFZFERM, AT—FN S
FEE T B SR A5 F R AN R IH 8 ALK, 7oA
WA TR AL GERAL, AR KB B BA R S AL BT,
NS R IE AT 2 FARK, A AR,
BRI, AEFEIRE b oy, | e T 7R A
ZHE, ML TSR W] LEAN R4 2 8R4
AR B I IR AT ARG 5 235 1) A 2 5 R sl Y
SR G B H IR, DUHSRAS B 5]
SEMER .

TEFEPII) QRT-PCR 73 A7 S8 1, IEFEI A 2
BEDRE S SRR, W R N S R T A
WMBhE A H N (ACT). 18 S ZFifk RNA (18 S
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MR, 76 E b ERAEN “oxth il ”. i T4
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[l & & N R Rk AR E M . FIH] GeNorm A
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1.1 ##)

FEmMGEE LN EA—F44 Carthamus

tinctorius L. (Y, W FUBr e BT PR 2 v,
FE T MRA R 22 R S N g 5 2 ) 0T I B0 B A
HU RIS AR, REEE 4 HOREBEATHRRRY, Z04e0T
TEJEBERE 2~5 d I KKE, 70 IVZLAE TTAE TS 4.8,
12, 16, 20, 24. 28. 32d (RN, REFTILIALRE
B TR R, R RS AE-80 CEEMIKIH UK
R AT
1.2 RNA H9$ZEL

I 100 mg FFA6 )G ANFUR & I Rl
Bl ), AET FIWEEE b FH T o R, R
BN 15 mL gO08 Y EsEmEwAHLZ A
RNAiso plus 2] %% (1 mL, Takara A #]), =i
‘H 5min, 12000 r/min 4 ‘C &L 5 min, FIUE,
B L3, R E tube 1, A 1/5 RNAiso plus
SRR ST, G R, FUL I E 5 min, 12 000
r/min 4 ‘CE.L 15 min, ¥ G 208 (1) EP &
T, IS B R R I, S E 10
min, 12000 t/min4 C#&.0 10 min, 5 BiE, U0
JEF A 1 mL 75% L EEF B, 12 000 r/min 4 °C
20 5 min, 3BV, BUOE, TH, WM TE
# DEPC 7K.
1.3 2 RNA #9465

H JFUHE > 500 pg 1) Total RNA JT3E, HE T 100
uL [¥) DEPC 7KHs HUHTK 50 mL .04, HAbP
% 2x W FastTrack®™ 2.0 Kit Ui B3 15347, f H
Nanodrop2000 % RNA ¥ J& A5t g TR0, A H
1LO% B Bl e HL i Rsr I RNA PR 58 354 4E
1.4 [23%3% cDNA

B i S 55 % 1) Takara 73 7 f) PrimeScript™
RT reagent Kit with gDNA Eraser-Perfect Real Time
7 & (Code No. RRO4TA) . VAR UIF:
Reaction solution 10.0 pL, 5XPrimeScript buffer
10.0 uL, PrimeScript RT Enzyme Mix I 1.0 uL, RT
primer mix 1.0 uL, Rnase free dH,0 4.0 pL, SAAFH
20 uL; N FEF R 37 C. 15min; 85 C. 5s;
¥ 43201 cDNA 7620 CHRATS
1.5 ASERERFEMSRt

AR 2 7 STk PR I % 3k Py 23 U ik
# 7 EF1A. GAPDH. ACT. UBI. TUA #I TUB 6
AL I R A 2L AN R R B I Iy S8R 4%
LA ) 5 1 0T nl 2 I 9O 8 B 5 1 vt
JEOU, - BT 514 i < MER A R PR A ) 5
i (R 1.
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Table 1 Primer sequences and related data of six reference gene candidates
, , P18 AT
H ~ 53 53 HERE T hE
£ 97| ERGIH (5-3) KI5 (5°-3) Kb SR e e
ACT  TACCGGAATGGTTAAGGCTGG  CATCCTTTTGGCCCATTCCT 116 AERgmEN gi/657600550
EFlo.  TCAGCATTGTCGTCATCGGA ACGTTCGATCACACGCTTGTC 101 g gi/657600544
GAPDH TGTTCCGACCGTGGATGTTT GCTTGCCTTCTGATTCCTCCTT 107 W, BEREADRAIER,  gil657600542
BACIE A P ) G F
UBI  TGCAGATCTTCGTGAAAACCCT TTCCTTGTCCTGGATCTTGGC 101 HEABH 21657600548
TUA  GTCCCATACCCGAGAATCCACT TTGGTGATCTCGGCAACTGAG 101 AfERguEn gi/657600538
TUB  TGATGACCTTTTCCGTGTTTCC  CATCAGCATTCTCGACAAGCTG 102 ARAK, ZEGRIBURRY  gil657600536
1.6 XKHXEE PCR 2 ERESH

A528GR ] Takara 23 &) ) SYBR Premix EX
TaqTM (TIli RNaseH Plus) {7l &r, Hoe s
EAE B AE Mx3000P™ Real time PCR X _E#:1% .
HEE RSN Stratagene (Mx3000P). REAMAE b
WE 3 AN EE AP 2R RN AR RN
SMAABL 15 uL, SYBR Premix Ex TaqTM (2X ) 7.5
uL, ROX Reference Primer (10 um) 0.3 uL, PCR
IEF 54 (10 pm) 0.3 uL; PCR = [7] 514 (10 pm)
0.3 pL; DEPC /K 5.1 pL, c¢DNA 1.5 pL. 2 %
PCR ¥ br#ERE 7. FAETE 95 °C. 30 s; PCR
V95 ‘C 5s; 62 C. 20s; 40 MEIR; Wik
ek 95 'C, 20s; 60 'C, 30s; 95 'C, 20s.
1.7 HESH

S R (E) FA &% (RP A
1 Mx3000p 5 G¢ 0 FF A F R 1 e & BB s 16
E 45 R B ANVHEAT o Ik N S NI R A R
P20 ¥1 X H GeNorm #1 Normfinder 4% f}: . GeNorm
L/ NV T i 2P S S o Y el 1SV i e 3P
JEHS NSRRI RERCE (M), M i
N, LR RIE AR R Ty A ST
BE XS S 2 (Vi) AETEE, B B T e =
T W EIEFEMANSEEAH . EHEBEN
0.15, 4 Vyue1>0.15, RYIFFESE n NLLEEE
AL G AE N EAARAE ;s V1 <<0.15, R FTE
£ n AW S B EE N 7 A FRHE - NormFinder 3K £
J& Andersen 4TS M TEPEAIE NS EFM
FEFe, FCHETJ7 2205 B vRA 9 2 0 DR AN [A) A i
R E M. NormFinder 1z {7 R B 5
GeNorm F2 /701, H A2 38 1 v 3 38 R R A Fa e
1B, AR JE AR AR KN HE Y, B KBS e 1k
M RZ, BAT MR I R e 1
JLN U,

2.1 RNA REHN

WERITAE)G 4. 8. 12, 164 20, 24, 28. 32d
HIF ¥, FJH RNAiso plus (Takara A7) ) J77AHEHL
RFEAH R E RNA, JfH Nanodrop 2000 X 25
RN RNA R AR TR, 260 nm &
280 nm WIGREEEUAE (Areo/dase) ¥4 1.9~2.0, I
Ja XTI RNA BEAT T 1.0% 35 5 B 456 fise v Uk
(Maker), 457 i T, BT sedE, Joil Wb (1 1.
AT LA T J5 B0 B s S SEIN 98Ot 8 & PCR, FH:
FikE %2 500 ng/uL, JRA-80 CUKFRAAF#%H o

2000 bp
1 000 bp
750 bp
500 bp

250 bp
100 bp

M-Marker 1~8 ZI4LIFAESF 4. 8. 12, 16 20, 24, 28, 32d
FRELK RNA

M-Marker 1—8-RNA extracted from 4, 8, 12, 16, 20, 24, 28, 32 day
after flowering of safflower

1 LI7ER RNA #EE BN

Fig. 1 Agarose gel electrophoresis of safflower total RNA
22 ASEESY PCR YIBHER. RiEFERE
FHELEIE

N T 9 CERIIHTIIHERTE, ASZHXS qRT-PCR
BN AEAFEAT TAACALPE, L R A 1 N S JE DA
M9 38 R R EAE 95%~110%, MR Mg R°>
0.990, XFEREFIASF 4 qRT-PCR X751 #4 4 540%
MESK. AHTERNE 2 WLLEH, 6 MAS R
PIRRDUH APy 3, RP>0.990, i 4
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RAER T FE o ASZRX W AT T 1.0% B HEHE
B P VKR ORAIE 6 Mieik NS 5 |05 bk,
RSP WS H R BORAN— 80 B B
I A (B 2); [N 6 AMiki N 2 5L 1
ek, W UHBE g (K& 3). Bk, FHSEk
SIS S8R PRI T & qRT-PCR HJZEK. MKl 4
FATLLE, 6 DNWNSIEEHELAER 5 AR K I
WL AP RlEAT — € 424k, i GAPDH 2
WERIEFSE (C) X, TUA. TUB. UBI,
ACT WS C Al JE, EFla WZIER R IL
F ML
®2 RIENSERSIMA BT
Table 2 Primer amplicon characteristics for each candidate

reference gene

LB El% R’
EFla 95.8 0.990
GAPDH 99.9 0.991
TUA 100.2 0.999
TUB 129.8 0.997
UBI 112.7 0.992
ACT 97.0 0.996

2000 bp
1000b
750 bb

2 6 SRR EEY B K E
Fig. 2 PCR products

electrophoresis of six pairs of primers
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Fig. 3 Dissolution profiles of six candidates for specific

amplification primers internal reference
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Fig. 4 C, values for six candidate reference genes in

different development stages of safflower seeds

23 ASEERREBENESH

N T IREAE RN T AN R E N e fe e R A
BN SR, AL HF ] GeNorm F1 Normfinder
WA I IS 4. 8. 12, 164 20, 24. 28,
32 d AP FREATIR R, X6 ANk N S IR I R
EPEHEAT T 00T . GeNorm 230 M7 4% 3 Wor, 76 F
T AN R I S e (1) N 2 IR R RIS R E A T
751, AR RIEAEE YERE M KN (M AE
BN BASE D, s B AKX EF10(0.382)/TUB
(0.257 46) >UBI (0473 9) >ACT (0.542 6) >
GAPDH (0.768 5) >TUA (0.855 9) (|4 5). GeNorm
B A 4 R o ik $E 3 NMNSAER Vi
/N TR HEREAE 0.15 (B 6), H. Vo IME A
0.138, AEMNSAAEREHEE 24N gk
B AR KBRS &R EMNERAE
EFla A1 TUB. [Alif Normfinder 43 #7 45 B &7,
UBI 2K R E >0.15, H4e 5 MNSEERNEIR
FoE(E<0.15, Wmgti2it, UBI WSERARE,
EFla. TUB. ACT. GAPDH. TUA #7& & &=
HIFEERPIZESR (£ 3). GeNorm BAFA G MG
1 B X oy A AR IE K], NormFinder KA1
T 5 22 03 W i 4 R W S 2 R Rk fa e
PEHEAT 08T, JERR S FLAS s X N S AR et AT
He . Rk, NormFinder %1 m] LAAT %5 Mo it 4
GeNorm ANFII 3 HT45 F o I 2 P84 3L A HE
FERE AR, (IR e ir s L fyax 2 Fhig:
TR IEAFR G 1 -
3 itig

qRT-PCR st — A+ nAT I E BEHOR, 4 T
PRSI0 45 e MR AT SN, qRT-PCR 5 221EH]
B ) N 2 DR AR O B DR 3R Ak 40 B I T i E
()2 R 2k 1 1R 2 BRUBR A, KT B AN R R b ) P g
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Fig. 5

reference genes in different developmental stages of

Ranking of expression stability of candidate

safflower seeds by GeNorm
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Fig. 6
normalization in different development stages of safflower
by GeNorm

% 3 NormFinder KR TAEARLZERPAFHFRASE
FBFRIEREE

Table 3 Expression stability of candidate reference genes in

Optimum number of reference genes for

different development stages of safflower by NormFinder

LA RIERUEM
EFla 0.046
GAPDH 0.102
TUA 0.082
TUB 0.108
UBI 0.238
ACT 0.055

AFAE I 2257, I HE I N S R D RIE BN RE
(M AU R, AR R A 4 R
WY, RS AR T FOE I FEIA, AT AT —Fh Py
I RRE FURAE 8 SER A R AR ARE -
DRI, i AR B H 0 2R DR R0 2 Wi o 5 3 )
WS N
ARSLIGIEH T 6 MESINE ZIE KN AT A

W

5k

(9%, HMH] Genorm Al Normfinder AT 7047 1
EAHELLAEAN R TTAE I 3 DL B I 39 ) 08
FEME. T EIREN], FEMTHIA R E I Hh
FIL A E I P — L A2 TUB Fl EFla B2, 5
FHRINZHGZ 2 PN

25 LRTiR, TUB I EF Lo ZERE N AELTAEA ]

IS 91 ek B A R SRR Ok LUS AEZLAEAN

[l 5 7 I 0 5 g i H A9 FED] qRT-PCR 3 7 28

€ T A, A, A SR S HAh 5O RE e AH OG5
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