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PN %9 qRT-PCR NSk P i 126 55 9

X Ok UK E A E R B R
CLBTHITE R A AFRF7Be TAERIR SR R 5 IR B 500 BT A5 8300172 JAIAE T/ KA IS Al S5 R Bk
TEBFIET HAERRAEH AR QIR T 0o/ 134 T 5650519 S A TR bt 3 158 A 830091)

O R A S ALBR PR S AN R IE I (ACTI ACT7 . CYP HIS TUB)E B 2 3L A L 1] qRT-PCR AT 133 1 5
BRI Vb e il 45 7R TR ZH ZURTAR S kit F #9235 K, 8111 geNorm . NormFinder . BestKeeper 1 RefFinder % Hofe 52 PEFEATITAL , 07 06 4500 N B4k
o ITDAIE4E HaWRKY e PIVE G RERRZE D B TE N S RE R M . 45 R W, HaCYP R HaHISTEVD A W 3 4 S0 A2 3R 3K s HaHISTEVR
JHb36 S5 R E 2238 s 25 LT IR , HaHIS nIAE AP AR M4 I S 3 o AR IR VDL B 35 438 N S 3L, S VDB 8 4 3 PR 33k e Bl 1 T 4
FAR SR T SRR AR S HL i 137 o 2 3 T WL A 2B AR 45 29 T S

KR : W M4 s B LB QRT-PCR ; 25 PH 3635 51B7

RE 52546 XERARIRAD : A XL E 4D 1 1008-9659(2026)01-0074-09

b A % 44 (Helichrysum arenarium (L.) Moench.) J& 45 B} 8% 245 J& 22 45 A2 ROARKE Y, 12 0 A0 T ifg K
900~2400 m [ 74 Tt Hb 35 (WUHT SRl 28 X ) o VDA 23X — B G 25 44 1F H 2552 BIBCRL =0T m e i3
Y PRAE SR HT R VAR I A R B BT IS N T R S A L B PR PR SR ISR Z R A e iE
XL T PRk 2 R T AR 25 W kR v g LA et IR R B R A VAR I AR A K PR B SR A R
Fofrged A v T A2 AR R, X E B T HAR R R E AR, Rt TR VD AR RS A I T SO
PR )38 AL AT B B

R 7 A i 4 A I 9 A T A 24 R0 B B 2 3R PR A A O T, B VD AR B A 25 FH (A Y
RAMEGE , Hor T AW E WS B 7 52 B 5610 o SR, X VDA 8 44 43 7 J2 T A 92 v b T 2B B B, = 2
FETTRER NS X BR T HAH DG oAU TR A S o Fi PR 3R 43 A1 X6 T A A A 47 196 53 3 o 17 AJL 1
FACHAER . Horp, qRT-PCR H2 A P HAR 2y ARz ) 52 SR RS M i e S D B 80 3 2 B 0, A X i
FERFGEMFIE R BT TR . qRT-PCR 45 5 B2 I N 2 3L R 1 52 ), BHRUAELI PN 2 35k TR R 70 A ) 1R 45 2%
PR B ORRE R E , DLHCR T BRAEA ] i 22 5

Y64 Mk, Ub A B A N S BE DR T AR DS 5801 25 1 . S R A R MRk S BLAT W b S5
Joip 3 S AR M . B, — S TE R A R AR NS BRI FE i W an s AN R ZH 2L ] Re s IR R U 5
TS 00 S 05 25 SR B MERR P2 R, VDA 4 PN S BE TR ) e A X LA 7 43 2 T o P oL L

ARHIGT LAVD A 2 R SEI R )l 3 A AN R AU R 25 i A8 DA R E D T S Ak S R 3R
KR RE M, i3 2 8B A 43 BT (geNorm+NormFinder+BestKeeper ) , A W i 155 V0 Az W 25 5 5206 270 A S A
FEPEN S BN o AT R v A i 2 1 5 PR 3R R A i d B AT S N S A R S R AR R LA K R H
AR IR LA S 3 45 g 1o AL ) 25 5 Al

[ ¥ FE B #312025-04-02 [1&[E B #312025-05-27

[E£I B D /8 FG X AL H (2023B02023-1) .

[PEE B A IXRAR(1999-) , L A-LAFSE A, EZ S RIYIP T ALEJ7 AT 5, E-mail : 1073740517@qq.com.
* [EWAEE TS RL(1976-) L, U7 , 322 N FAE Y B E Y)~F )7 TIFST , E-mail: 14491069@qq.com.
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1 HBSHE

1.1 #EMRS LR

A S 20 B R AK BT A U0 A W 4 K 1B SR 4R JR 1736 DX B A 28 b DR L) B SRAR R (2K it e
VoA EAG R T RS B TR MG S ORI ] 16 h/d R EE 25 “C)REFRZ 1 T, EBUK 34—y v 24 It 44
YA R T e SR PR B 8 T -5 CN AR h A TR E A Ab B, 23 01 T AR B 46 (0 h) (b3
J50.5h.1 h.2h.3h FAEE] SRR, B E IR E 3R A .

1.2 S RNAKJRELS cDNA G/

i AR A AL B (A6 50) A BR 23 7] RNAprep Pure 285 22 By A4 5 RNA BEBUGRF & (DP441) $2 BUE
RNA, I3k ] FastKing ¢DNA 25 — 485 & B0 & (KR 116, 22 3L K 4] ) R A7 S 5% 5%, i A5 cDNA -7 F-20 °C
#H.

1.3 ASEEREESSYIET RIIE

DN S 2H TP e PR 5 AN R I (ACTT ACT7 .CYP  HIS . TUB) , | J1] Primer Blast B354 (£ 1), @il
PCR S B0 31E 5 |1 09 4% S, RO AR 2 O 5w 2xTaq PCR Master Mix (3035, J657) , 0.4 wL(10mmol/L) 5|
7,1 pL ¢DNA, 3.2 pL ddH,0. W54 94 “CHAE P 5 min; 94 “CAEPE45 5,59 “CiRk 305,72 "CHEfH30 s,
PEFR 35K 572 “CIEAH 5 min. H 1.2% BB AREE I AL DK A DU PCR 7= P RS S 1k

#1 gRT-PCRAMZREANSEREEXSH

HEIH YIS (5'~3") P (bp) FER PR (%) AR RE(R)

F:TACTCCAGCGCAAAGGCTTA
HIS 221 -3.1162 109.36 0.9920
R:ATCAGCTTTGACTTCACCGT

F:AGGTGCCCAACTGGTTTCAA
TUB 243 -3.1109 109.63 0.9989
R:TGCAAGATCTTCACGGGCTT

F:AAATGTCTATTGTTGCATAGGT
ACT7 220 -2.7538 130.75 0.9942
R:AGCTTTTCCTTCATGTCACG

F:TGTTTGCGACAATGGAACCG
ACTI 153 -3.2852 101.56 0.9978
R:TGTGCTTCATCACCGACGTA

F:GGCGGCGAATCGATTTATGG
CYpP 239 -3.1262 108.87 0.9986
R:GAACAAGCTCCACTGGCAGA

E:HIS: 4% & ; TUB ¢ & & ;ACT1: M3 & & 1ACTT: M3 & & 7;CYP: 3% @, TR,

1.4 XBREHEEPCR

52 2% 6 52 & PCR (qQRT-PCR) fifi Hf CFX96 Real-Time PCR Detection System, K H TaKaRa 2\ 7] TB
Green® Premix Ex Taq™ II (Tli RNaseH Plus) 52 2t i PCR AR & o VAR R N 12.5 pL TB Green
Premix Ex Taq™ II (Tli RNaseH Plus) .1 wL(10mmol/L) 514 .2 p.L ¢DNA 8.5 wL ddH,0. T W F2 /¥4 95 “CHAR
30395 ‘CAEM: 5 5,59 “CiE k30 5,72 ‘CHEMH 30 s, 40 IR, 95 “C 55,60 C 30 s. i HIZE . 59 "CF 95 C,
55 705 C.
1.5 SI¥IFERES

K 1065 R PR BEA HE cDNA BRUERRZE . K5 IR cDNA B 107! 2 105 HEF TR0 BE A B (3L 5 4B
90, AR BRL RS 3 MR T, At qRT-PCR KGR N 2 5L (n = 5) TEAS VR RS BE (09 19 CLfi,
DARSTHR ¥ B 1) &% FH G BIU(E () Ry AR B L CefELA PR AR S A TR [N 40 M o 3 2k s o i 46 %6 (KO T3
RECR(E=10""-1) , [A] B PFA, [R1A 77 R (1 P e RE(R?) LASRUFZR 1 ¢ R ] S
1.6 BRENSEEREBEESTERIE

A Co(E, A H 34~ % A4 (geNorm . NormFinder Fl Best Keeper ) X 54 #4743 47 , 7532 H RefFinder
Oy BT AR 2 R THEY S5 G TP e SE R RS e M . A B BE BRI AR e WS L R A e E N B 3
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VER NS LA | BE v A il A5 L 2 v WRKY40 F1 WRKY 70 335 , 1 72 N S 3L B A& 2
2 ZERESW

2.1 RENSEFEY EARMEFRME
I 1.29% T5EHE R I FEL UK B 5 A3 N 2 B IR PCR P Re S Pk (&1 1), B B bR R4 4 18 1 o
— HR/NES A4, JCAR R S 2 05 |4 — SRR I B UESE T 5 1 e 5 B A PCR SR 4 54

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

B EEFSINNSRIEEEPCR&Y
M:DL2000 DNA Marker; 1~5 PCR /= #4& X % HIS.TUB.ACT7 . ACT1.CYP.

T g 2R W], 28 qRT-PCR A3 1945 N 235 17 W 249 s B — R il e (151 2) , R WL 5 140 — SRR el A
R U S BT & B SR S 1k R4

2501 HIS 250 TUB ACT7
£ 200 £ 200 15
= 150
=150 = S0
£ 100 £100
T s f-—__-J \ " s ,——q‘] \
ol— ! 1 ol— L L L 0

60 70 80 90 —
HRLIE(C) TRJE(C) L

50 ) \ %]22 T —— JAL
T ’ mgcg) o iﬁl%("g) ”
E2 BENSERNBREL

AFIF GRS A 10 A58 BEFR BE 1Y cDNA VR LA, 4T qRT-PCR Y14 . AR AR TG BEIR T 245 1 C
1B, B8 AR HE T T RS AR R (FR 1) o SEERE 3R, 25 R i 2 i RME S8 2 0.9920, H 5 |19 35 350%
I TE 101.56%~130.75% Z 6] o 1 7R 25 FLAIE W] 3 26 e 326 PN 2 5 DR A 47 35 R0 R0 7 W o e Ve O T B 75
qRT-PCR S50brifE, 156 TG 2 As e oA
22 RIENSEEMNRIEIESH

AR E 3 AEYFEE L SYBR Green 11 9865 1 PCR B AR T VDA 4G 5 ik P S 3L 14
WY SRR, S5 BR (E3), SAﬁﬁW%%ITNEJMEQEmE’JCt{E/\%ﬁ«a@ﬁfﬁz%#o TUB %
K (16.50~36.27) F1 ACT7 3 [H (23.81~37.83) 43 5l & 30 1 e AR AN de i CofE . EAS BB 2, HIS A
(23.84~32.99) [ F AL/, 1 TUB LR YRR b e K o EA R SURTR i 254 F , CcYP 3 A
(CF4 Ct=23.81) FIACT7 FE [ (PF-15 Ct=29.15) 43 51| 122 B0 5 o A AR 0 P2 3R 7K. sk S5l 3 W A 328 1
S R 2838 =F B A S AR B B = B A, 5 1 B L A T R R — 2B A R e

—d(RFU )dT

v
=)

~d(RFU)
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40

12lols

10

Ct valuer

HIS TUB CYP ACTI  ACT7
B3 2Rt NSERNTEHEREE(CHE)

23 BZREANSERERBEESHT
2.3.1 geNorm # A4+ 5#7

BT geNorm B X B 1E N 2 1 R ) Rk Fee MEHEA T R0 IVAL o iRl o T H AR R IR e o) A8 S R 8, it
b5 FE P P ke HMAE) , b ME SR FREME R MR . H B 4 1A ZEV A 0 25 AN TR 41
4l HIS 5 CYP R 5 I w2 ek, B S AR IR ACT7 ACTT J TUB FE IR s 7R AL FR vk N 2 3L
fa 5 P BRI N HIS = CYP > ACT7 > ACT1 > TUB.

3.0

»
o
T
—_
n
1

—_
o
T

_
o
T
=
(9]
T

Average expression stability(M)

e
=)

o
o

Average expression stability(M)

HIS  CYP  ACT7 ACTI TUB HIS CYP  ACT7 ACTI TUB
(a) (h)
El4 FREAR(a)FUEE(b)4ET RS EEREEH geNorm 4 #f

geNorm ST FE 7 1T 3 T AR AL IR 7 (0 B Xk 22 S8 (V VL) R B 78 AS TR S50 25 14 T B e P 2 35k
i MRPEHAEARIE, 2V V., AT 0.15 B, BE£E n AN NS LRI AT 5 2599% LU AE 5 0.15, W75 R A n+1
NI, ARBFFELE R WoR (1 S) , R4 T 2O FE AL B A, VoV EI SRR 0.5 DU, R 2 4~
P53 R AT DU E b3 AR B0 B4 i 4k E AR o

0.151 0.15r
= -
= =
2010 20.10f
© [}
: £
= >
2 2
Z 0.05F 2 0.05F
i £
< £
0.00 0.00
V,/V, V.V, V.V, VIV, VIV, V.V,

(a) (b)
E5 @i geNormBRHAHASERMENZERE(V)
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2.3.2  NormFinder # 4 5-#7

K FH NormFinder 802 PP Al {3 P 2 B IR (9 FRaA A M o IR 38 o 153 A i PR AR 1B (MLUED) 4
FrHERE , He b MAB BN R W PR SRR AR e MR o A3 BT U0 A 5 48 AN [ ZH SRR 7 AR BT 1) 9 2 B PRI AR
(22), AT LAAS H TRV A 5 3 AN [R) 20 2 i sk PN 2 5 DR R e M H s BIUIRh HIS > CYP > ACTI > ACT7 > TUB;
TEGR F AL BT AT LA 4035 P 2 5L DR A e M |l & 2R TUB = HIS > ACT1 > CYP > ACT7. FAT 1, HIS 7

VA B TN FROE -
£ 2 NormFinderXHEik NS EEHFE
s PNEEEA AL B
B FaE i (MAH) HpH FasEE (M)
1 HIS 0.15 TUB 0.06
2 CcYP 0.19 HIS 0.06
3 ACTI 0.20 ACTI 0.08
4 ACT7 0.27 CcYP 0.12
5 TUB 0.59 ACT7 0.26

2.3.3  BestKeeper #4 5-#7

FF qRT-PCR KM , 12 FH BestKeeper Bk KB P 2 L K 1 R 1552
P FEGE S AT G SR TR G FIWT AR 22 (SD) AT LA RS PR 3k B (0 B IR 2

=1
s AR5

FEPESAT R G VAL . T
ZECvY)

R FAEBHEANT AR S Ko 245 R SD BRI, He kR PEE 4r . 38 3 I, ZEAS [RI L 2L AR 35 4b
R, NS E R E N EUL A CYP > HIS > ACT7 > ACTI > TUB, Hirp CYP 5t W& E , TUB e A& SE .
%3 BestKeeperxt izt WS EEHF

A HE# TrifE2E(SD) 5 RE(CV) HHICRE(R)
cyP 1 1.500 6.510 0.807
HIS 2 1710 6.550 0.922
NEIE:ES ACT7 3 2.630 9.150 0.986
ACTI 4 3.110 13.250 0.977
TUB 5 5.550 23.250 0.995
cYP 1 2.140 8.740 0.992
HIS 2 2.580 9.830 0.998
TR ACT7 3 2.800 9.500 0.985
ACTI 4 3.330 13.490 0.996
TUB 5 3.430 14.330 0.988

2.3.4 RefFinder 247

NIRRT LI AR 1, 5
KT NS N E LSRR AR o thR 4 TR, TEVD A2 054G VR 35 W38 T AITEA R L8N HIS B AR
E, W LR A RS A P RN S AL

ARSI BPEAG E5 R , HFH RefFinder W28 0 Hr-F- 5 #E47

2
e

ttﬁ;%
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*4 RefFindertk oS ER

S 44
GeNorm NormFinder BestKeeper
HIS 1 1 2
CYP 1 2 1
ENGEEE TUB 5 5 5
ACT7 3 4 3
ACTI 4 3 4
HIS 1 1 2
CYP 1 4 1
IR Ak 3 ACTI 4 3 4
ACT7 3 5 3
TUB 5 1 5

2.4 WNSEREREMRIE

Shy ik — 2L BRI B N S B DR AR M AR S R RV A I 48 T RS 1) HIS TN CYP Bt AT e 1
TUB, 53 % P~ WRKY JE [N i 47 ik i B0 ik . B 181 6 AT 1, 76 LA HIS Fl CYP AR R b fE AL 19 2 356 A B
WRKY70 JE I FE O~ Th 52 T G35, 78 2~3 h &2 T B35 WRKY40 FEHFE 2~3 h AR L& 384/, LA TUB R N
SILNIE, WRKY70 F:HAE 0~0.5 h 52 EFH#A3Y 76 2~3 h 52 FFHHA% WRKY40 FER7E 2~3 h 5 3% T #
25 LT ARSI A B0 Y S TR AR PR O MR P HE

251 —e— HiIS 8001 —e— pis
—W— CYP —B— CYP
£ 20F —a—71UB § 600 —A TUB
5]
25 )
g < 4007
S0t 2
= =
T_)‘ <>}
e 200
= S|
0 : 0 o -
0 0.5 1 2 3 0 0.5 1 2 3
time(h) time(h)
(a) (h)
B 6 FHEmE T 4R WRKY70(a)F1 WRKY40(h) BN S E IR IE
3 it

qRT-PCR A R A 57 5 A 52 B0 e 45 O 3, 8 B ARG 0 35 R R 3K 7K P 1 — oA 8o 00 8K
1M, )45 qRT-PCR EAR HA T 200, HSL 50 25 54T v] R 52 21 2 FhBOR K 2R B2 00, 49140, RNA $2 IBCH0R |
PG s UL K PCRAERSCRAE o  TIHBREOR 25 Sl R 1R 22 , R DR SE B0 45 R A T R, T8 75 B840 5K
B rh it — 2 RS E AN S DR X F bR IR A 2 b B A7 U — AL b 312 NS DR o R R I
FERIK, S HUFF AL MG IR E RN . NSEERTEC L DY RIT . fn, 8w 57
(Arabidopsis thaliana)"® . K 5 (Glycine max)"" . & i (Solanum lycopersicum)™ . %¢ & (Bupleurum
marginatum) "' 41+ (Paeonia) * 55 o ASHGEIE T U0 A W5 58 1 S L Bl , 6 4% 1T S AN R FE I (ACTT L ACT7
TUB HIS R CYP) Y i N SN B 6 H foli 45 VD AR W A I N S 2K N
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N2k R S s 43 Hr 1 2 BB U | LSRRG M i PR S B 5 R T SR OB R R o WFSE R ) L TR
ZRGUERE O T B RN S, AT RE S 2 H 09 3k R 335 B DAl ) IR 20 i 22 (de i T 3k 100 6%)
JEH AT S A I AR B ASBIFSE 200 R RS E ME NS AR R (HIS F CYP) SARESE PERE D (TUB) %
D HE 8535 WRKY He R R R A TR ifEAL , 25 SR W, 20> WRKY B 2 30 R [R] i A8 fb a3, 3k — 45 53R 78 4k
SET BRGNS B RN TR AL R IR M

H 7, geNorm \NormFinder . BestKeeper Fll RefFinder % #% F T NS A ik . a0, AAEESE N 2585
AT 53 B3] 25 H (Angelica sinensis) i NS 3 H R EEF1G; 2805 855 N R FITEL AT R B Efla AR
(7] K& A BT (Lycium chinense ) AN R ZUFN 5 A~ & B BHUI AR 55 v FRGABERGE 1Y A 28R 1A 5 aRBk 45 N3l
A AT B R WA T AFL(Pyrus betulifolia) Mt F W R AENZEEIN o ASBETER T 4 S FAEXT AN TR AL B
VA A5 N SRR T A BT . FEASIRIZLZTT, CYP R HIS 75 geNorm Fl RefFinder £ 14 th R 3 RIFERG A , HIS 78
NormFinder F13RIAZE , 7F BestKeeper 11 CYP HUAFRE , 1l TUBFE = MM H RN EATRE NS . TETR
FH W8N, CYP R HIS 1t geNorm A4 vh 3R AL %€ 5 TUB F1 HIS 1t NormFinder 1 3 BLE £ %€ 5 CYP 1
BestKeeper 13RI W EGE ; HISTE RefFinder R IR WA E . X LELE R, BRI Z MWBAFTES —E
122500, 13X 5 HAHE Iy A 26, RITE N Sk £ E kB 2 PR e 70 L i+

HEABFSR R, 92 3 D A e 5 H AT 0 35 09 W Pl RN ZURE e M o ZEBK A 8 (Dendrobium phalaenopsis)
T, B-actin TUB J CYP JEWNAEAL 28 K 7 Br BU R E Ak, 1T CYP . TUB 5 PGK R Wi F T IS AL 2L
FEIR M5 B S (Polygonum multiflorum) W PP2A J R 94 IE 52 H 4% 5 21 41 Rk Fa e R 5 40 40 KUAY
(Ananas comosus var. bracteatus) 1" HIS 5& NP HERE A A SURE SRR SR S5 LA AR I T A s 44
PRt S 2E 850 , 38 ok RS PEPPAS B KB E CYP 5 HIS FENAE VD AR M 3 AN R L ZUh Rk AeE , WIVE M 235K
NS

YN S HE NN RBREEZAE A Y a8 250, 5k 2% 2% % N2 TE R % (Haloxylon
ammodendron ) P Z: i BE i 7] J1 ALBHE ABA AL FRRVE A 173 T RIBBONFRE , MAE T R AL BRI AR E PR 25 5
RIKWTEE N2 WGV IF (Pugionium cornutum ) B8 PP2ATE ABA \MeJA F1 SA b BRI 55 A Fe e , T 76 = i Ab B
Ja kM 22 5 AR 4 N R B ACT 787 T (Solanum melongena ) V& WFE WA TR FS A3 1 12 2 AN 6 iy
BN ECRERE  TE T RNA T EF2 S NEGE KGRI S EF-1a i WG SE o ASBFIE AN, V0 A 15 3 VR 3 Ty
R HISFEE IR, XAV A 0 A5 78 VR 038 T 1Y qRT-PCR SEE AL T NS 3L N, A Bl T 56 2 1) 1o 4% 35 110
SN, P E B AR HE AT RE > TR

25 bR  HIS TEAS [R) 4 2R 35 38 25 0 T 3R 00 A 1 3R R 1 L 3 S A S U 2 W 3 10 N 2 0
o AT FE BT R VD A 0 45 T s Al P i e A5 B R R 2 ZURIZR B i T Al I N S 3R I X — & BN v A it
2 110 3 DR Rk A A S A4t 1 AT S A R R S R I S TR A S8 LT R 55 2 AL AN O AE AR R P B E T
HEi

S 230k

(1] BTS00 - FE LA, PR B PG - T, AR, &5 . BT8R AG B SO iR A% Gt B8 25T SR S R 4 S MR BT RAE ARG LT ). i b
P£24,2007,25(06) :27-31.

[2] KRAMBERGER K, JENKO P Z,BARUCA A A, et al. A Comparative Study of the Antioxidative Effects of Helichrysum Italicum
and Helichrysum Arenarium Infusions[J]. Antioxidants,2021,10:380.

[3] RANCIC A, SOKOVIC M, VUKOJEVIC J, et al. Chemical Composition and Antimicrobial Activities of Essential Oils of Myrrhis
Odorata (L..) Scop, Hypericum Perforation I. and Helichrysum Arenarium (L.) Moench[J]. Journal of Essential Oil Research,
2005,17(03) :341-345.

[4] MAO Z,GAN C,ZHU J, et al. Anti-atherosclerotic Activities of Flavonoids from the Flowers of Helichrysum Arenarium L. Moench
through the Pathway of Anti-Inflammation[ J]. Bioorganic & Medicinal Chemistry Letters,2017,27(12) :2812-2817.
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Screening and Verification of Reference Genes for qRT-PCR in
Helichrysum Arenarium(L.) Moench.
LIU Xin—xin',LAl Cheng—-xia®,GU Yu-feng',GE Feng-wei'*

(I.Laboratory of Conservation and Regulatory Biology of Special Environmental Species in Xinjiang , College
of Life Sciences , Xinjiang Normal University, Urumqi , Xinjiang ,830017 , China; 2. Xinjiang Cotton Technology
Innovation center/ Xinjiang Key Laboratory of Cotton Genetic Improvement and Intelligent Production/
National Cotton Engineering Technology Research Center,Cotton Research Institute of Xinjiang Uyghur
Autonomous Rejion Academy of Agricultural Sciences , Urumqi ,Xinjiang ,830091, China)

Abstract: Five reference genes (ACT1,ACT7,CYP, HIS, TUB) were selected as candidate reference genes
from the transcriptome data of Helichrysum arenarium, and qRT-PCR was used to detect the expression levels of
candidate reference genes in different tissues and under freezing stress of Helichrysum arenarium. geNorm,
NormFinder, BestKeeper and RefFinder were used to evaluate their stability. The stability of the reference gene was
verified by using HaWRKY gene as the target gene. The expression of HaWRKY gene in Helichrysum arenarium was
analyzed to verify the effect of reference genes on the experimental results. It was found that CYP and HIS were
stably expressed in Helichrysum arenarium ,but HIS was stably expressed after freezing stress. In summary, HIS can
be used as an internal reference gene of Helichrysum arenartum. In this study, the suitable reference genes of
Helichrysum arenarium were obtained, which provided reliable technical support for gene expression analysis of
Helichrysum arenarium, and also laid a foundation for further study on the molecular mechanism of freezing
tolerance and regulation of secondary metabolism.
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