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HRINEL LB RS AERER qRT-PCR AZ
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D2, B Y, ERA L XX, EXA L THF, Ea%
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'R R RV T, AR E LT B E AR, E RS TR T L, B 650205;
PERA KT E R, R 210095)

W OE: U imid s TR LR /AR R SR A R FE Al QRT-PCR K& 73 M v i) A 2

B, R RE T A K]EJH:@H:%S HAMEEFHNF AR, BWT 2 HiZ LM
(polyubiquitin, UBQ). & HAZENE (B-tubulin, S-TUB). /KiBiEHE AHFEK (aquaporin, 40P). Wizl

HEHEE Cactin, ACT). HHEE - 3 - B51R - BB 3E R (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH). HE %K (histone, HIS). ¥R 3K (elongation factor 1-8, EF-18) Fl 60S #%#H 4
T HARK (60S ribosomal protein L13-1, RPLI3) %5 8 N H NS EREE Nk E, DIEIZ4RELR
Fo ZEFAE B i BEANFA SRR, 81 qRT-PCR R llix 8 Mgk P 2k [K 1) R A 500,
FIH geNorm. NormFinder fil BestKeeper 5 ENE H A2 @ MEiEAT 0TI . S5 5REIH: 8 Mk NS I
W, UBQ RINEALE, M B-TUB FIXFE MR ZE . LURFRE N UBQ NN SIHIRALER R INAL T R 6
BUEEH 16 AMHKEEERIAEIIEAT gQRT-PCR 7047, 45 RS AT FAN TSR 3. UBQ Nl R A%
TR TG B I H RAA T M G N SRR A

KR BURAVETL; WK POLER PCRy WSHER; ik foetk; REW/ACE R A&
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Wi EHA: 2020 - 09 -27; EEIBHA: 2020-12-10
HEWMB: EXAREEESTE (31960612); =58 AR RFA BN FH IR 7 ESIE (YIZ201701); =FE BHESZE AN A TR
H (2016HA005); z A IR AE A AW HARAE REBINE (2017KITX0010); = FE EXBHEIHRIIE (20192G006)

* FSE TR E
** J@{E{E# Author for correspondence (E-mail: wangjh0505@sohu.com; chenfd@njau.edu.cn)



Ma Lulin, Duan Qing, Cui Guangfen, Du Wenwen, Jia Wenjie, Wang Xiangning, Wang Jihua, Chen Fadi. Selection and validation
of reference genes for qRT-PCR analysis of the correlated genes in flower pigments biosynthesis pathway of Anemone obtusiloba.
378 Acta Horticulturae Sinica, 2021, 48 (2): 377 - 388.

anthocyanins biosynthetic pathway related genes of Anemone obtusiloba, eight traditional reference genes
including polyubiquitin ( UBQ ), p-tubulin ( g-TUB ), aquaporin ( AQP ), actin ( ACT ),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), histone (HIS), elongation factor 1-f (EF-18)
and 60S ribosomal protein L13-1 (RPLI3) were selected as candidate reference genes based on the
RNA-seq data of A. obtusiloba blue/white flowers. The expression of eight candidate reference genes were
assessed by qRT-PCR in different tissues such as leaves, stems and blue/white different color flowers of 4.
obtusiloba, and the stability of them were analyzed by geNorm, NormFinder and BestKeeper programs.
The relative expression of some pigments synthesis related genes in the biosynthetic pathway of
flavonoids/anthocyanins were assessed to confirm the utility of the most stable reference gene. The results
showed that UBQ was the most stable reference gene, while the stability of f-TUB was the lowest among
all candidate reference genes. The QRT-PCR results of several pigments synthesis related genes using UBQ
as the reference gene were in accordance with the results of RNA-seq. Thus, it was concluded that UBQ
was the most suitable reference gene for gene expression analysis of flower pigments biosynthetic pathway
in 4. obtusiloba.

Keywords: Anemone obtusiloba; qRT-PCR; reference gene; selection; stability; flavonoids/

anthocyanins biosynthetic pathway

SERY %2 & PCR (quantitative real-time PCR, qRT-PCR) T EA @ &M . frmitom. BURE
fa~ BRI SERE SO 2 T B A 2R R 3R 7K B Aan il A1 i 24 7T (Bustin, 2002; Huggett et al.,
2005; Kouetal., 2017). {H qRT-PCR 25 RIHEMATESZ RNA i [REFAE. 51WFs Rt ¥
FE b B S B RCR S R 52 (Nolan et al., 2006; Kouetal., 2017). N T #iff qRT-PCR 455 1)
MR, FEEEEIN 1 ANBE N RIEFE BN SRR AT K IE A AR #E4L (Quackenbush, 2002; Xu et
al., 2017). fEFEYIEWFEH, —SHX KA B HARE FE KB (house-keeping gene) 1% 5
12 Z M5 A (polyubiquitin, UBQ). /& S HZEA (tubulin, TUB). WIBIE AR (actin, ACT).
HIHEE - 3 - BEER - M EEE R (glyceraldehyde-3-phosphate dehydrogenase, GAPDH). 5 4EAH[A]
TH:[H (elongation factor, EF) LAJKZ 18S #%HE/Ak RNA 2E[F (18SrRNA, 18S) %, Wi FIEN S
(PINEE 5§, 20105 Debashree & Joshua, 2014; {JUEUE 55, 2014; #1505 55, 2015; XfEMF 55,
2015; R¥FE %5, 2016; Xuetal, 2017; Liuetal, 2018; XIB¥#E %%, 2018; Chenetal., 2019;
RGP 55, 2019; Zhangetal., 2019; Fr/KMI &5, 20200, BRAR P 238 DR B AE PG AR BEOIRAS T 1)
M FIAE SR B R I RE R AR E AR A (FhEE 5%, 20105 R=AF %%, 2012; Liuetal, 2018). #AT
AR KEM AR, A RIALRTENEER, (T —ME KEF K FTEE g R EH R e fE—
S8R AL A0 M B 06 PR R AE ] R AUAZSE  (Volkov et al., 2003; Song et al., 2008; Yietal., 2012;
s 55, 2015) o Bk, MRAEAFEDF . B RRFIRES 25 i G G N SRR B CEE (7
f %%, 2012; Liuetal., 2018; Dh¥%Hk 2%, 2019) .

HiZRELL (Anemone obtusiloba) NEERF (Ranunculaceae) RIEALE (Anemone L.) Z 4L
FARTEY), FFAT T b I P e SR AR DA A DY PR AR (B, 19800, BT HAEK
W A2 EREERAC, (FABER—REGER, BRGNS T MR (&
WL, 20065 HEF &, 2013). RO 5C TR E AL W/ A RITE AR 38 B A 2 3 S
TAE, MEEFEM P25 R R I T — b 5 8RR S AL AL (0 B DG [ 2R /AL 15 22 A RS R 3 A,
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PUE I QRT-PCR A I LEFE PR 2B G L HEAT 70 Hr, [RII BOIE B s 2 45 SR AR HERA 1% o AHIE 7T vh M
AN e 45 R B 2 rh R A T 8 N TN S 2R, 3 QRT-PCR A E AN TE BEERARFEAL [ 7
AT AN AU FITE AR 4% B S8 AL U 1 R e e PEREAT BUBVRAY, DAIYIRE HH 0 5 TR ARG
TR RIER RE A E RN SRR, Rty B bR B AR F e 225 AR .

1 FRS T

1.1 X R EAE

PLH SRA KT 251 48 1 PR B s L L I A 1 B A il 2R AR i e L. 2018 4F 6—7 H
THIRARECAC I £ [E] — UK B R . RN SR — BOHOERE, 2RIy 22 e T
R M B RS EEHN (B D, HRERGE R T - 80 CIKFaSH (RIBIRRELHE
RIEE/N, BN PR EURE B X DL 2 I R 2, T DUASHIE 78 b B Wi e s 2H I o i A 241 2 ik
W2y 50 RERLAETEFE AT RIR AR 3 IREE . i, 220 KE/ OO TEeaHT
WS EE N RR e Y AT, 3/ AR A [ A6 (B 28 B ADREF T 2 110 R S LD 7 93 W B AR IR 9 v 2 2 i
IAETHE RGBT B AR EE R R IEE L gRT-PCR Al 437

RNAprep Pure Z #l 2 By i) 52 RNA S0 G008 B RAR A AR (Jba) AIRAH]: HiScript
I Q RT Super Mix for PCR (+gDNA wiper) . 2x Tag Master Mix %04 H Fg 50 i ME AR A IR
A7); QuantiFast® SYBR® Green PCR Kit {71 £ [ 7 [ Qiagen A, HoAth# #7150 [ 16 50 4
XEEVEARARAF .

1 SERER

Fig.1 Anemone obtusiloba

1.2 {ZRZERASEETHIE

AR Ly S TR AGETE H/ F1 2 RS RIAE e as B LS e R AL 45 AT, DAL S 3 (]
Fik & FPKM KT 100 CRes 4l 745 3 L FPRKM EH KT 60 1E4 B Ark F R 1A B 1 #ats), H
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FEihlE (Fragments per kilobase per million) FPKM {H#: A —F/EATERHE (DBEHE %, 2019) ,
ik T 8 MEHE HIN SRR (R D T RRE .

F1 REMURIETERANFERTEDN 8 MEEHNSER

Table 1 Eight candidate reference genes in RNA-seq libraries of Anemone obtusiloba

HEE D AL . x4 5 3B
Gene ID BAE Blue flower 7 White flower Blast result Gene
1 2 3 1 2 3
DN35855 ¢c0 g  354.26 385.74 422.52 336.35 354.00 390.89 Glyceraldehyde 3-phosphate GAPDH
1.i10 1 dehydrogenase [Gynura bicolor]
(GenBank: AB550243.1)

DN24449 ¢0 g 314.43 331.50 366.20 272.08 300.62 327.47 Elongation factor 1-beta 2-like[Pistacia EF-1B
1121 vera] ( NCBI reference sequence :

XM 031416658.1)
DN38564 c0 g 43491 450.67 464.33 473.54 517.63 522.32  Actin 7 [Prunus dulcis] ACT
20l 1 (GenBank: BBH05534.1)
DN25341 ¢0 g 153.63 173.57 173.87 143.18 160.60 185.16  Tubulin beta chain[Ricinus communis p-TUB
2.l 2 (NCBI reference sequence:

XM_025156136.1)
DN24929 c0 g 101678 97595 93345 120608 117053 1067.26  Polyubiquitin, partial [ Wolffia UBQ
1.i4 2 australiana] (GenBank: AEZ49160.1)
DN34836 c0 g 1052.09 117291 129486 1140.09 119346 1301.07  Aquaporin TIP1-2[Brassica rapal AQP
2.i6_2 (NCBI reference sequence:

XP_009129499.)
DN24035 c0 g 131.24 122.16 141.00 106.95 108.04 119.61 Histone H2A variant 1[Phalaenopsis HIS
112 1 equestris] (NCBI reference sequence:

XP_020573071.1)
DN25248 c0 g 197.63 210.20 236.21 157.42 172.19 188.42 60S ribosomal protein L13-1 RPLI3

[Camellia sinensis] (NCBI reference
sequence: XP_028086825.1)

271

R AR 4R ALY KEGG Hchit, MBS AE S BAE 1 36 6 OB R ) 16 AME G4
WIS i 6 ASERE LA RSEAE T/ 2 R G R B AL 2 RIS ) (3 2),
X524 5535 10 ) SR B AT VA 5«

2 FIBUREEHRENFRETHXERAETRERERT 16 MIXEE

Table 2 Some genes in the flavonoids/anthocyanins pathways of Anemone obtusiloba

KEGG i#&4%  JEFRFZIAEI (AR D 1D FPKM

KEGG Gene expression (White flower g}:ene b #57% Blue flower (11t White flower

pathway was the control group) 1 2 3 1 2 3

P A 8 Up DN26579 ¢0 gl i3 2 569.86  469.94 406.45 109.46 98.07 113.44

LYedn Fif Up DN27520 ¢0_gl_i2 2 34141 278.90 233.47 38.08 29.97 27.08

Flavonoid i Up DN27888 c0 gl il 1 102347  839.09 694.98 89.89 74.08 65.41

biosynthetic _F1fi Up DN34928 ¢0 gl i4 1  237.71 182.14 158.62 19.84 21.50 18.22
Fif Up DN37635_c0_gl_i7_1  390.62  309.90 252.52 27.24 22.26 25.06
TG 7% 7 No-difference DN29460 0 gl i3 1 1.66 2.73 1.54 1.08 0.85 0.93
J6 % 5t No-difference DN29383 ¢0_gl_i2_1 16.90 15.95 20.66 9.54 11.30 13.71
T 5 No-difference DN32877 c0_gl i3 2 64.45 55.33 49.30 53.18 40.37 68.46
TG 7% 7 No-difference DN32877 ¢0 g2 i5 2 13245 137.58 136.64 119.78 124.61 149.95
J6 % 5t No-difference DN33447 c0_gl i2.2  99.69  101.66 84.61 93.18 87.51 108.33
T 5 No-difference DN34032_c0_gl_il_1  100.37 101.35 92.38 92.69 86.81 93.82
T 7% 7 No-difference DN34871 ¢2 g3 il 2 34.07 41.26 40.60 34.36 36.08 45.69
J6 % 5t No-difference DN35887 c0_gl_il 2 133.36 129.04 121.26 96.60 102.29 115.96
% 5 No-difference DN36570_c0_g2_i4_1 81.57 91.62 87.44 81.32 80.35 109.16

HFRE -8 Up DN36200 c0 gl i3 1  589.72  479.41 394.60 57.97 47.95 45.82

Wk J6 % 5t No-difference DN35376_¢0_gl_i4 2 31.79 31.73 30.26 37.08 37.12 34.80

Anthocyanin

biosynthetic
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AR A8 {06 L PR A% H 2 5 8113 3 Roche LCPDS2 #1501t qRT-PCR 5| ¥ 3F 58 Bt st R LAY
BARARAA G (R 3D,

®3 5l9FIR
Table 3 Primers in this study
Fi& FEH 175 (53" P BE /bp
Purpose Gene Primer sequence Product length
NS GAPDH F: ATGGGTGTGAATGAGAAGGA; R: CGTGGACGGTTGTCATAAG 142
Reference EF1-p2 F: GAAAGAGAGTGGCAAATCCT; R: GCATCTCGATGCTGCGAA 101
gene ACT F: GCCGTGCTTTCTCTCTATG; R: TTGGGACTGTGTGGCTAAC 82
p-TUB F: ATATCCCACCAACTGGACT: R: ACTGTTCTGAAACTCTGCG 90
UBQ F: CTTTGCCGGGAAACAATTAG: R: GACGGAGCACCAAGTGAA 86
AQP F: CCGGCGGAAAGTCTTATAAT; R: AATGTTTCCACCGAGAAGAG 135
HIS F: AGCTTGATACACTGATCAAAGG; R: GGTAGACTTGTTGATGAGTGAC 83
RPLI3 F: TGCAGTTACTCAGCTCACAG; R: CTTTGAAGGCTTTCATCTCCTC 98
Y B DN26579_c0_gl1_i3_2 F: AAGACGTGGATCACGGTTA; R: CTTGAACCTCCCATTGCT 90
Identification =~ DN27520 c0_gl i2 2 F: GCACCGAAGAGGAATGCAA; R: GTCGATAACTGGAATCTGCG 86
gene DN27888 _c0_gl il 1 F: GTGGTGGCGGAGATGTTA; R: CCTTTGGTGAGAAACACTCG 83
DN34928 ¢c0_gl_i4 1 F: CCTAGTGACAAAGGTGCTG: R: TTAGTAAGTCGTCCATGCCG 95
DN37635 c0_gl i7_1 F: ATGCCTCCTAGCCTGCTAA; R: TACCAGTTGAACCTGTTTCAGA 84
DN29460 c0_gl i3_1 F: ATCAACCTCTCCCTTATAGACC; R: TTTCGTTCTTCTTCCCTGAGT 82
DN29383_c0_gl_i2_1 F: ACCAAGATCAAGAATGGCG; R: TTGATATTTGTGTCGGTGAGC 122
DN32877 c0_gl i3 2 F: GAACGGATCTGTTGTCGC: R: GGTAGCTGGCAAATCTCAAT 126
DN32877_c0_g2 i5 2 F: TGGCAATGGACATAAACCG: R: CTTTGAACTCAATCTTGTGACC 87
DN33447 ¢c0_gl i2 2 F: TGACCACTGGTACAACGC: R: GACTGTAGTCCGATGAAACAC 115
DN34032 c0_gl il 1 F: GGAGGAGGAATCATTTGCC: R: TCAACGAAATGTTGCTTAGCG 117
DN34871 _c2 g3 il 2 F: ACCAAGATCAAGAATGGCG: R: TTGATATTTGTGTCGGTGAGC 122
DN35887_c0_gl_il_2 F: CACCATGATCTTGCCATTAAC; R: CATTAGCTTTCCAGTAGGCG 80
DN36570 c0_g2 i4 1 F: GAACGGATCTGTTGTCGC: R: AGCCAAAGCCTTGTTAAGT 94
DN36200 c0_gl i3_1 F: CAGGAATGTCATCTGTACGG: R: ATGCAACAAGTTACCCAAGTAG 80
DN35376_c0 gl i4 2 F: TGCTTCTTCCCTCACCTG; R: TTCTCGTGGCAAATCCCG 130

1.3 RiEASEE qRT-PCR 71

%z RNAprep Pure 2 RNA FRICEG S U W] BRI IRADEREA R ML RNA, FIH
NanoDrop 2000 736 B T IS RNA W JE K ODoso/ODaso {H, FRIEIE 1% 3 IR HE kB F kA A
RNA 52844 . #% 18 HiScript 11 Q RT Super Mix for qPCR it B 10K &t RNA A il cDNA, & %) cDNA
RGBT - 20 COKMEIRAE & .

FIFH LightCycler® 480 11 B98¢ & PCR 1% (¥ [X, Hit:), 2R QuantiFast” SYBR® Green PCR
Kit X7 & 15 W P84T QRT-PCR [ o qRT-PCR JRMifA&R: ¢DNA 1 uL, b F#514 (10 pmol - L™
# 0.2 pL, 2x QuantiFast® SYBR"™ Green PCR Master Mix 5 uL, Nuclease-free H,O 3.6 pL; K BFEF:
95 ‘CTAE 5 min; 95 ‘CAEME 10s, 60 ‘CiBK + ZEMH 30s, 40 MEH. BN KE 3 IKFEREH .
SN2 o I T S e A P A e N 60 CEMBTHEE 97 'C, FTHE 1 CREE 5 IRFNE
5 (EEH 55, 2019) .

14 REASERREMSTRRENSEEELEE

@it Microsoft Excel 2016 Xf qRT-PCR J5ilf C AT V513 P45 C {1 (Mean CO. FF|H
geNormNormFinder Al BestKeeper 731 {5k 14 P 2 2 A AE BEARAREAE 12 AL SR b BB E 1
geNorm A1 NormFinder £E ) Hr &, Sebs A M 104G CHEIRYE 27K Q = 2C min = Crsampte (Cimmin
DR IR A 2 DR gkt ) %A it R RN B Cpsample NI IRIE A 2238 R B FE B CAED
FHAX RIEE Q, ¥ Q (AN geNorm B¢ NormFinder #fF, 1153 5% NSRRI PR LR
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EH (MBS, ZER KRN T RGNS (EER 5, 2017; SBEHE 25, 2019) . F)
F BestKeeper B8 i HLF270 HT 2k N S 2L R R 4G CAE 2 [ AR IHE % (standard deviation, SD)
AR RZB (co-variance, CV) RIW] ik H & ) 56K . SD FI CVAHER/N, SERIFRIEMAR T
SDAERT 1, Bz R e R = (EEAR 55, 2017; LR 55, 2019) . #i#E geNorm. NormFinder
F1 BestKeeper T A7 A 15 2 e 8 S 2L R A2 e PEAE,  FERAJLIT~F35{E7% (Chenetal., 2011)
5 8 Mk N S RN FIEFRE NG E AL, BT A HER ik R IR e NS

PARBLE R E IR FE N UBQ 1R AN S, W MBI SARE T 54 i 4L 5 445 S v 0 o 1 F) 2% S i/

HROWMER #m16AT@%A&W%ﬁITWﬁ@wWETHTQT%Eﬂm¢M%ﬁgﬁ
ﬁ qRT-PCR 43#7. qRT-PCR XMtk R MAEFESIE 1.3, K 2 Bt SR FRE AR 2 A 3
RFEAE, Geit oW RAF% £ iz, W/ A e 2% B 4L 4URE 5 ] b R BT B
KK (a=0.01) (EEHE 25, 2017), P < 0.01 A NZERWEZE . iZH Microsoft Excel 2016
AR 3.2.3 BAFACBRAAR, Zel 3.

2 RS0

2.1 EENSEER qRT-PCR

8 M1 N 2 FE A Y] qRT-PCR J4 i Hh 2 35 W W S 1) B — Ui, ANARAE I — 544, TR~
WS EE R 51 Pke it i, L —Vem, RIS, 75 qRT-PCR ArifE. 7ERIRALELLRIH .
I/ BB AR A T, 8 MEIE N S EE KT8 CAE T 21.075 (ACT) ~31.269 (EFI-B2),
BB MERAMEIE NS RE 1) C Z RN, CESFRIEEMKL, Btk ACT HFRiLE &K
1, EF1-p2 MRS ERAL, HALEE N SRR CAEN T =HF M.

Iy MERE S AR M N SR C O SD AT CV (£ 4), ACTAR ZBURIK (1.658%),
FeoE YR, 1M B-TUB HIEEMRZE (CV R 6.270%) .

R4 BRERNSERCHESH

Table 4 Analysis of the C, values of candidate reference genes

e = = IN:} Re/ME Rl i 5 R 5%
Reference gene Maximum value Minimum value Mean SD (94
GAPDH 22.86 21.81 22.315 0.381 1.709
EF1-p2 31.99 30.38 31.269 0.614 1.963

ACT 21.77 20.60 21.075 0.349 1.658
p-TUB 27.02 23.03 24.289 1.523 6.270

UBQ 22.96 21.51 22.184 0.586 2.641

AQP 22.06 20.51 21.150 0.599 2.831

HIS 27.82 26.03 27.006 0.714 2.645
RPLI3 25.66 23.04 24.303 1.091 4.490

22 fRiEASEENREN

FIH geNorm. NormFinder F1 BestKeeper # /% 8 ANt N 25 K i fs e AT o (R 5).
geNorm HAF R ARAETHE TSI M BRI R it 2L R R Aa e 1, M BBk RS e e ()
&, 2017). ARBFFEH geNorm 7 Hr&5 REW: Fr 1 B-TUB () MAE KT 1 4b, HAth 7 Mgk N 22k
PRI M EAE X ERALAR (0.413 ~0.644), Hirh UBQ I M EH#RAK (0.413), HAZEMRL, MiRES
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YE AN ZEE . NomFinder 32 MR 1 3 R 1 SR IAF2 e (A Cstability value, SV) 1 HiFR e 1 &

UFHFEIR, SV RIS, ik 3L R AR (B 28, 2017) . &M 504 NormFinder 4047 45 SR th /& f-TUB

(1 SV {E& K, UBQ ) SV H&/), HAaE W ERLF. BestKeeper H &l F N CAENK I H IR

fide N 2 JE R E BTG #E A A 1) SD B - BestKeeper 20 145 S 878 p-TUB 1 SD fE ik (1.283), A

BARE RIS EE; (HRBIGARE LR E N ACT (SD {4 0.282) . BestKeeper 43 #717i% H 3
i E NS EH S geNorm Fl Normfider 73 #7145 A — 3o

*5 RENSEERESSHT

Table 5 Stability analysis of candidate reference genes

HF geNorm NormFinder BestKeeper
Raj{ing NS HEH M1E WNZHED FaEfd WS HE brEZE
Reference gene M Reference gene N4 Reference genes SD

1 UBQ 0.413 UBQ 0.068 ACT 0.282
2 EFI-p2 0.425 AQP 0.071 GAPDH 0.356
3 AQP 0.441 EF1-p2 0.113 AQP 0.531
4 HIS 0.460 HIS 0.160 UBQ 0.567
5 GAPDH 0.535 ACT 0.287 EF1-2 0.574
6 ACT 0.543 GAPDH 0.311 HIS 0.678
7 RPL13 0.644 RPL13 0.325 RPL13 1.055
8 p-TUB 1.128 p-TUB 0.784 p-TUB 1.283

X} geNorm. NormFinder #1 BestKeeper 3 /M4 ¥ 8 Mgk N 2k R i F e MEdE AT 476
PE U550 P85 R (£ 6) R UBQ Rt s, Bdd SR AN S, 1 B-TUB
P E PR AIG,  AHHER ANE B F SRAE AT 72 b 1 2R A

®o RENSREMEZEHFI

Table 6 The comprehensive ranking of stability of candidate reference genes

Herr NS EH JURTF- 244

Ranking Reference gene Geomean of ranking values
1 UBQ 1.587

2 AQP 2.621

3 EFI-p2 3.107

3 GAPDH 3.107

5 ACT 3915

6 HIS 4.579

7 RPLI3 7.000

8 p-TUB 8.000

23 mEASEEREMEE

LSRR ) UBQ fE AN ZEE ], qRT-PCR 70T 4525R (18 2) BoR: 16 MEBR G BAHRER
B 6 > unigene RINNZE FRIE, DIEIRERENR BB AR, HEEHIX 6 4 unigene 430
LIAFEIE, HAth 10 4 unigene RIZTLE R . 1X 16 NMEB RS AR R TEEE AL ER B/ A B e o8
HHLAP BRI (. BRECEZERRIS) LEBRANERREES (. FIRRIEKEED
(1] QRT-PCR 4 R 55 AN 7 s R (K2 H—E.
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Fig.2 The qRT-PCR expression pattern of the pigments synthesis related genes in the flavonoids/anthocyanins
pathways of Anemone obtusiloba
a=0.01.

3 Wi

AP R R R B KW /{6 FH & (flavonoids/anthocyanins )« K #H 3 b &

(carotenoids) MIFHEHZ (betalains) 25 3 Fl, HFFEEIE BOLHE B W & 2 MHKER (Tanaka

& Ohmiya, 2008: Tanakaetal., 2008). KiMi/{e7 =S 72 WAL (0 IR BRI — RO R
(Forkmann et al., 1991),

XTI B/ AE T A BORAE AR EE R R IR G HLI 70 M, AN R 7838 B ik i N S 2L R A
JSAHIA]: Kriangphan 55 (2015) LA 18S fE AN S I At == (Dendrobium Hybrids) KB /{6
REBEEH T 8 MEC TR A NUH RN LE 4 Fiie A R1E 8% B IR IETH AT T qRT-PCR 737
Lou % (2014) 2 LL ACT fE RS FXT /(5 % KIS 1 (Muscari armeniacum) 1475 &8 7546
A A IR R R IATEILEAT T qRT-PCR AZll; Ahn 5§ (2015) 5&BA B-ACT XN E525 % (Zoysia
Jjaponica Steud.) F1%%/ 48 (A FRZH SV SN 7 25 Rh i i 21 2 AN KTEE/AETE 26 BUsTh i = 5
FIRFEFAT T qRT-PCR B01lF; HhBEHESE (2019) 2R E )R (Iris bulleyana Dykes) [
EAEF eI 5 &2 (L bulleyana Dykes f. alba Y. T. Zhao) 1] A A 40 25 5 A i i 21 1 1
ANRIMEBFLE W) ACT AEANSIER, X1 S R/ e B AR i o A8 (R G U IR R 1) R
IRTE AT T gRT-PCR %7€ 1 Ma 5 (2016) NZ& L TUB NN SHFX 4% (Ipomoea batatas L.)
S BRI B e # EH 5R 6038 O 1 6 () R AR AR R B/ A6 T 3R G AR T o A O R RIFE 58/ T
I FRIATE AT T qRT-PCR 73415 1R =% (2017) UL 1A TUB Z:FAE N A S0 W sl 7
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&5 UG B 1) R /AR T A OS2 MR ORI E SR (ris halophila Pall) AL
AR —IEIEE S R [ 1 halophila Pall. var. sogdiana (Bung) Grubov] #1317 | qRT-PCR RiAZ%E
525717 Yoshihara 5§ (2005, 2006) N& ) 40P FFAE NN S KB T 25 & (I hollandica Hort.
ov.) REWN/ALE =& @t 2 MERPFREEDIHIT RT-PCR 7. A IR PR AR E A/
BRI RS B e S D P it 0k 1 8 NH TN SR, dliid qRT-PCR 7 M1 13RI &,
A 455 3 DAFERAF AT EATIARE M, 56 PN IR H AE B R AR E LA A H 2 AL h R I B Ae
ERINZ IR UBQ, RN Wik & 1F A8 LR & OB AH RIE K R IA 7 T N SR, 5889024
I FE 45 R (Hyun et al., 2012; Yi et al.,, 2012; E@&EGE 55, 2015; XMfEWF 55, 2015) —#. 1M
BT AW T N 2 1) TUB 2RI RIE AT Fe b AR B i A

A %6 B (1 R I AR E 1 UBQ 1E NN S EER, X/ e 3 & il SRR 1A & qRT-PCR
AEAR I : qRT-PCR 255 5 s 4L Fr 45 R S B RS AL R TR AR — B [F)— 2R [R5 3 R A 51
xR ZAHIT (P R AR SFPEAR N 2 Ty, U AB e i th 1 A S 26 B UBQ MY T A Al 4R %
HAFECREL (B A 2R B/ R & BOSIEAE R & B R IE RIS E 7 i N S5
WA] Oy 5 B R AR S A 21 5 5% A B0 B AR AL s A RE ) 1) [) I 3 36 TR 38 7 W PAY 25 2k R e i it
—EZH, [FN, ZNSEREMHREGERRH . 2 LS T EARHALRIMEE, Kt
VERAREL B HARRE Y . 25, A FEREALZHZR R H bR R RIE TN S5 . H4h, M
HESIHHAM (EORIAMET) MASER, WIFAS (B—@ 5T MERERA
W72 n] R IRk B IE & T AP M (ERAIRIR 264 T NS EER, JCH T — 2848 G0t 7t
FEREAR B g A, XMW EEAMER B, W BPHEE (20170 AR s 4 I B i e il
& T PR Fi#E (Corylus heterophylla Fisch. x Corylus avellana L.) WIWNZF K Chadctin F
Ch18S rRNA; Kou %5 (2017) M4 s 200 7 248 971 2& & Bk (Prunus persica L. Batsch) A2
F:K PpMUBG; Liu %5 (2018) FI FH % s 2H I 7 45 SR 07 B R 22 B (Lolium multiflorum) $5cke € A
S Unigenel4912 4%; SHAHASE (2019) M VH RIS R/ A EAS B He I 45 R rh it 21 1
M BT A (Lilium formosanum Wallace) 18S R R I BEF2 € 1 ACT WS % [A; Zhang 55 (2019)
T R S 45 RIF IR BE S T HE A (Tripterygium wilfordii) WWNZ %K ACTIN7 Fl TBP
(TATA-box binding protein).

RN B AR TR B ARG S R BB, AN AT R G L T AR AR R A SR N
RIS RE, A2 DU ZLEUETE N ARRZHZA . AW 5 b 10k HH ) SR IR 1 P 2 ik DRI E Al 2
BUEEAE AR b2 B AR E A Rk
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