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Reference Genes Selection and Related Genes Expression Analysis under
Low and High Temperature Stress in Taraxacum officinale

QIAO Yonggang , WANG Yongfei, CAO Yaping, HE Jiaxin, JIA Mengjun, LI Zheng, ZHANG Xinrui,
and SONG Yun
(College of Life Sciences, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: In order to research the optimal reference genes and the responsive genes expression of
Taraxacum officinale under different temperature stress, the leaves of Taraxacum officinale that were
treated for 0, 3, 6, 12, 24 and 48 h under low temperature (4 “C) and high temperature (38 ‘C) were
used as material. /8S, EFla, TUB, 40S, GAPDH, p-actin, ACTIIl, TUA, 60S and SKIP were selected
as candidate reference genes, RT-qPCR technology, geNorm, NormFinder and BestKeeper were taken
advantage of evaluating the stability. Utilizing the optimal selected reference genes analyzed the
expression level of 12 temperature-responsive genes (AP2/ERF, Dof, ICEl, MYB, bZIP, NTL6, HSF,
Gols, HSP, NAC, XCT, WRKY) . The results showed that, the optimal reference genes were /8S and
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GAPDH under different temperature stresses. The expression levels of AP2/ERF, HSF, Glos, HSP, NAC,

XCT were firstly up-regulated and then down-regulated during low and high temperature stress. Changes
of bZIP and NTL6 were undulant under temperature stresses. Dof, ICEI and MYB were firstly up-regulated
and then down-regulated under low temperature stress, but down-regulated continuously under high
temperature. The expression of WRKY under high temperature stress was much higher than that under low
temperature stress. Based on the genes expression, it was speculated that the response mechanism of
Taraxacum officinale were different under low temperature and high temperature stress. AP2/ERF and Dof’
mainly responded to low temperature stress, and HSF, XCT and WRKY mainly played a role in high
temperature stress.

Keywords: Taraxacum officinale; temperature stress; reference gene; expression analysis

AR R ZFARAR, FEL 2 000 RF, &HEBEMZEWEMAEY, B4 %ISRk
Ko ERE G E R E R RS, 1999), TERE T AL SEIX, Hidad KiEE
N 20~25°C, KT EE T RGHEESHMEKIER EK GRIRIE, 2012). BE&SERSGEE LT,
Wit RARAE IR 2, WFET “BIHERE” (LR %, 2015 SEFER (M, 2015) 25340
RAETHAWEFTHN, HEVWHHEARW~®EE M. AHHAY (Taraxacum officinale F. H.
Wigg.) BAMMK. Femm R e, /& H ol A B =i AR fr, 7ELvE. WEg. b4
KRR, AT, XHIR 2 EP T258 (Menke etal., 2018) MAF (FR/kN| %%, 2018) J5ifi,
KT AN AR e A DG EE R R IA 1 Tl S e SR Az b o

B 50 JE R 3R I, 75 22 N S 3 R H AR R R (1 3R B KA T A i i ClR FI 52, 20115 = A 45,
2012; ZPHE &%, 2017; KRB 58, 2019). FHPIASEREGNEEEER (UCT . HmE -3 -
IR M AL K (GAPDH) 2§, {HJR21EVF 21500 T IR S5 H )Rk KA R IR R e (s &5,
2009; FBEE %%, 2014; m&E 5, 2017). RUCIER 73N RIA N T ERIEE AN SHER . &
H geNorm. NormFinder LA & BestKeeper &5 #0173 A1 5 1k Py 2 5 RIFEAS [R)56 2% A B R A Fe e M G
i 2%, 2015 SERBE &, 2019).

AT T 0} 25 I > SE 40 B AT R AR P A , R RT-qPCR R BLJZ geNorm. NormFinder
1 BestKeeper 3 FEAE o0 A5 i% P9 2k DRI AR e M, AR 075 126 119 i 3 PA) 2 5 R0 %o 245 ) 9 2 0 P82 e
AHORFE REAT RIE 0T, AR A AT 245 P S 2 T P e AL, 5% 7 T P 1) 00 o 243 D i 4 %
PRI HESE .

QN L SRS DARE

1.1 RIEARIME R E RNA 2815 cDNA A5

WIGHT MRS L PN 2R B 1 8% 157 M AT, ik i Bk i Fh7, 2019
F2 A20 HEMTHEAEERIAEN CEFRL B =1: 1) FEFRE Ok 10cm x 10 cm) H1,
ANTAMEEER (25+£2) C, &R (20+£2) C, HXEE 65%, YCHEEREE 12 000 Ix, JeEMA
JEHE 16 WEARE 8 h] 3557, WHEREFRUEN 1 ~2 ¥k, 1E 6~ 7 M T i s .

KA —. AKRGILE, 238 TR (4 C) AekisfmERE (38 C) [HRH;
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AL R TR R

- 80 CLRAF#H -

FIFH AR FIE (0416-50) FREUSALFEAM ELE RNA, A Nanodrop 2000C Il 5E Ff 5t RNA 1)
WPEANGERE . FIFBE AR RIS K (2%) R L 52 %1 . K RNA B2 100 ng - uL™', BAHONREAR

P4 R4 58 (AE311-03) &K cDNA,

1.2 EEASERFRENNBXERMIEFERLS4%T
PLZKFE (Kimetal., 2003). D42 (Nicotetal., 2005). & (FEHFIXIH, 2015) LLELZGH

AN

- 20 COHRAT-

LGB (R 4, 2016) FOWBUEMN SRR FIIASE, EHEEY T E -0

10 MSEER GR Do BB IT M. KRB Y CIGAER 12 AR N A IR (R
2). FIFXIBEESE (2018) M7k BEiHR 6 E & PCR 514,

®1 BRAFLRRERSERSIMER

Table 1 Primer information of candidate reference genes in Taraxacum officinale
B[R] SFE (50-30 PR /bp BKIRESC
Gene Primer sequence Products length T
188 F: GGTTTACTCGTCCCTTTTGT: R: CCTATGATGTATCCCATGCT 141 52.1/50.9
EFla F: TCTCACGAGGTTTCAAAGAC; R: GAGGGTAAGTTCGTCTCTTTTC 167 51.8/52.7
TUB F: GGAAATATGTCGGTAACAGC; R: GTACGTAGACTGTCCATAGTACCAG 133 50.6/55.9
408 F: CACTCAAAGGTTGTTAGAGTCC; R: AACTCTTAAGTACGGACAGGAG 155 52.9/53.3
GAPDH  F: AGTTGGTTTCGTGGTATGAC: R: ACATGTCAGTGAACAGGTAGAC 154 52.2/54.0
P-actin F: GGAAGGATCTTTATGGGAAC; R: CAGACACTATACTTCCTCTCAGG 151 49.8/53.8
ACT11 F: CGAGCGTGGTTACTCATTCA; R: TTTCCATCTCTTGCTCGTAGTC 104 54.8/54.1
TUA F: CTTCCTCATCTTCCACTCCTTC: R: CTTGGACTTCTTGCCGTAGT 97 54.8/54.6
608 F: ATGAACGTTGGTGCTGGT; R: CTGGTTCGTCCTTCTTCTTCTC 118 54.5/51.0
SKIP F: GAAAGAGAGAGGGAGAGAAGGT; R: CCAGTAGATGCCATTCCAAGAG 122 55.4/55.4
®2 ARAHEAXREMNEXERSIMER
Table 2 The related genes primer information of temperature responses in Taraxacum officinale
AL A HE R 44K e S (51-30
Gene Gene name Function Primer sequences
AP2/ERF  AP2/ERF #3L[H 7% S 5 E 5igs F: GCTAACCCTAGACGGACTTTG
AP2/ERF transcription factor gene  Involved in adversity defense signal way R: CTTGACTGCCCTTCTCTTCTAC
Dof Dof # F< Rl F K5 25 1 i N5 R F: CCGATTTACCCTTCACCTTACT
Dof transcription factor gene Involved in stress response process R: GATTCCGGTTCTCTCGAATGT
ICEI CBF FE R s g R 1 ICE-CBF 2RI R ML F: CACCACCATGTTCTTGGAATTG
CBF transcription activator ICE-CBF cascade reaction R: GGTGAGAGAAGCGTAGGTATTG
MYB CBF K| 5 i W R WA S F: GACTCCTAAAGGGACACCAATAC
CBF gene gamily gene Activating low temperature responsive gene R: CCTGTCCGTAAATTCCTCCTAAC
bZIP B PE SRR R R F AR BRMK COR (cold-responsive) ZE[K#iA F: GTATCACCACCCAGCATTACA
Basic leucine zipper motif trans- Reduce COR gene expression R: TCCAGAGGTTGGTACATCAAAG
cription factor gene
NTL6 fIRI % PR A Z SRR Ia 0 F: CAAGAGTCAACAAAGGGTCAAC
Cold response PR gene Involved in cold stress responses R: TCCCTGACACTCTTCCAAATC
HSF AT T R LEINACRSE AR PR EI S ikl F: CGCAACCAATGGAAGGTCTA
Heat stress transcription factors Terminal components of high temperature R: TGACCTCCTCTACTCCATGAAA
response signal transduction pathway
Gols LB FURE TR & Z SRR AR E F: CCGAAACCGTGTCTCTTCTT
Galactinol synthase Involved in abiotic stress responses of plants ~ R: GGTGTCACCATTAGGGTCTTT
HSP MR EA o vyl I A 7 2 F: CATAAAGGGTGTCGTCGGATTAG
Heat shock proteins Response to heat stress R: CAACCCTGTGACTCCAGAATAC
NAC NAC ¥ H 75 Z SR AR M 0 i F: CCGTATGTGCTCTGTCGTTTA
NAC transcription factor gene Involved in abiotic stress responses of plants ~ R: CTGAGGGAGGTGAAGCAATAC
xcr L1 R [ Z SR e i R F: GTCACAAGGGAGCAGTATGT
XAPS circadian timekeeper gene temperature stress responses in plant R: GCTCCTCTTCCTCTTGTTGTAG
WRKY WRKY F% [ 72 Z S5HaWAE A i i F: GGGTATGATGGTGAAGGAGATG
R

WRKY transcription factor gene

Involved in abiotic stress responses of plants

: AACGACTCTTGGCTCTCTTATG
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1.3 RESEESIEHRMENS RT-qPCR

PLZ4 F 5 2> eI E O h 1) cDNA B 4T PCR. I BAA 5 (10 uL) 2K 2% Es Tag MasterMix
(BNt 5ul, LUE5140 0.5 ul, FUHF514 0.5 uL, cDNA 1 uL, ddH,O 3 uL. KMNFEFH 94 C
A 2 min, 94 CAEPE 30s, 55 ‘CiBK 30s, 72 ‘CHEAH 30s, 72 CHLE(H 2 min, 32 MMEFHF . PCR
P 2% 35 IR e I P ik ks o
FIFH Bio-Rad CFX-96 4T S 96 6 i & PCR. [N A& 2 HAK A4 : 2x TransStart® Tip Green qPCR
SuperMix 5uL, ¢cDNA1pL, bEW#514) 0.2 uL, RS54 0.2 uL, ddH,O3.6 uL, 3 IREE . LR
JeiE & PCR K MNFEF N: 94 CHALE 30 s, 94 ‘CAEME S s, 55 CiBk 15s, 72 ‘CHEfdi 10s, 454
PEIL, 70 ~95 Claftizk: 0.5°C5s, F5XKE.

14 BIELEMASERRE TN

FIFHl Microsoft Excel 2016 Ab¥EIEKH) Cr{E, 1#H geNorm. NormFinder 1 BestKeeper PF-4/ 4

ZEPRRE M. B4 3 MM AR, Za T NSEEN (Wang etal., 2017). HRIEFE H

WZEEDR, Ran i 52 Wi J3AH DG B DR (R S8 7K1, AR 3 IR . RIBEIHREZIXE T (2017
(7715

2 RS0

2.1 RNA REXRNSASEESIMFREIN

XF RNA ST KRN, 455 (B 1, A EIR&AbEE RNA [ 18S 1 28S &7 s L8, i
AR HUH RNA T8 8V BT o 6] R FE AT T S b AT R, RNA 1 Aggo/Anso TETE 1.9 ~ 2.1 Z[H], Asgo/Anzo
fH7E 2.1 ~2.3 Z[8], RNA T HF cDNA & k.

PLZ4 3 A ST A 0 h ) cDNA NBEERT 10 AN 23 R 3ET PCR, Bk bk 45 51 (| 1,
B) &R, SFWSERF T BAE 100 ~ 200 bp 2 [7], SHUHAZE R —8, 7 RiF, L5k, Ui
075 196 (1) N 2 2 IR 5 | P el 1 I kit

} } GAPDH
4Ch 38 Ch EFla 408 |p-actin TUA SKIP
M 0 3 6 122448 0 3 6 12 24 48 M 185 TUB ACTII 608

2000 bp —|
s --h--- 28S rRNA
1000 bp — el Ll 155 RNA 1000 bp
750 bp — 750 bp —
500 bp — 500 bp —
250 bp — 250 bp —
100 bp — A 100 bp — B

E1 ZAEAERNA (A) fEENSERRREERKXELE (B)

Fig.1 RNA (A) and candidate reference genes agarose gel electrophoresis map (B) in Taraxacum officinale

2.2 (RIERNBSEERIESTH
Cr il R IL R FRIAFEEMRERESH . MEAFE 10 MEENSERFED Cr i TgT (K 2),



TekNIL, EHK, WM, WEK, WaE, & OB, kKEmW, R OA
24 FH T > AR TR e i P 1A 2 DR i i 5 A DG Bk IR ik 3 A
[l & %4%, 2020, 47 (6): 1153 - 1164. 1157

10 NFER Cr{ETE 17 ~ 38 28], 18S A1 GAPDH ] Cr tbi/N, HIERFRIEF L E, ACTII. TUA.
60S. SKIP [f) Cp tb#e K, FEKFRIEFEEM, EFla. TUB. 40S. f-actin ) Cr AT rRIa)VER. & #
M Cr{ER] CLE H 18S TEA FIHE R BIRIABONFEE, HRIAR S, "JLU/EANSERA .
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Fig.2 Cr value of candidate reference genes in Taraxacum officinale

23 HREQREREME TMRERNSEENRIAREM

2.3.1 geNorm
geNorm 4 V 1H (FeX}48 748, Pairwise variation value) W] PLAfE Jiiik WS 2L R, M H
(FRILF2EMH, Expression stability) AJ DAAIBrIEPARE 4, M EER/NEFRE. HEI3, AT,
XAEFAE Vo /NT 0.15, FrLL 2 ANEERE IR B e T A SR H & v 2 2ok . HIE 3, B #AJ
K1, MAHLL 18S M1 GAPDH /)y, Fa@hfels, Pk 185 M GAPDH MG N2 AT A LR
IS CRNSE = 35

0.15 - A 20 B
(0]
° 2
2 g 15
< Ddr @
=
@ oz 010 - i \\
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&g @ e 1.0 o
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Fig. 3 Analyzing pairwise variation value (A) and expression stability (B) of reference genes by geNorm

2.3.2 NormFinder
NormFinder H4HR 4 2[R ) R ik A2 e (EIR IE N S 3L, Fese E i), EREfa e . h3E 3wk,
N5 R Fa 5 M UL GAPDH 1 18S ¢l (GAPDH > 18S) .
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%3 NormFinder FHBREARBRMWE TS EEREN

Table 3 The expression stability ranking of candidate reference genes under temperature stress in Taraxacum officinale by NormFinder

£ Fe el b2 i =2
Gene Stability value Standard deviation Ranking
GAPDH 0.247 0.119 1
188 0.421 0.128 2
408 0.603 0.154 3
P-actin 0.609 0.155 4
EFla 0.613 0.156 5
SKIP 0.737 0.177 6
60S 0.978 0.223 7
ACTI1 0.985 0.224 8
TUB 0.996 0.226 9
TUA 1.163 0.259 10

2.3.3 BestKeeper
BestKeeper £ Zl i LS R Cr{EMIFRAER Z (SD) AR ST %L (CV) SRAIW &L R I Fa
P, SD B BR /), FoE PRk AT - FHER 4 TT 51, % N SRR RSE T A 18S F1 GAPDH #¢4if (18S > GAPDH) »

# 4 BestKeeper HHTRENSEABREHELER

Table 4 The expression stability results of reference genes by BestKeeper

R 2N R/ME JURP- 2% HARH% TREAR%  lEE H8
Gene Maximum value Minimum value Geometric mean Arithmetic mean cv SD Ranking
188 19.13 17.98 18.35 18.35 1.52 0.28 1
GAPDH 22.93 21.48 2231 22.32 1.29 0.29 2
ACTI1 32.93 30.23 31.53 31.54 2.55 0.80 3
SKIP 37.38 34.53 35.83 35.84 2.51 0.90 4
EFla 29.21 25.58 27.13 27.15 3.81 1.03 5
P-actin 26.65 23.45 24.75 24.78 4.22 1.05 6
408 29.82 25.81 27.32 27.34 3.91 1.07 7
TUA 34.58 31.40 33.12 33.14 3.36 1.11 8
60S 35.20 30.46 32.03 32.06 3.96 1.27 9
TUB 31.99 27.03 29.45 29.49 5.27 1.56 10

ZE LRIk, 18S 1 GAPDH R AE 92 i 2 il B e 1) e f4:

24 HRHEARBENMNEXERERIESH

L 18S F1 GAPDH NN Z 3K, FIF RT-qPCR 7341 12 AN i 8 AH SG J& (R 1 3Rk 7K (BT 4D
BE & W i (B 2K, AP2/ERF. HSF. Glos. HSP. NAC Fl XCT 7 =I5 M ia A IR ria vh R IE 5
J6 FIRJG T, bZIP A NTL6 12 B W ia vh Rk Bk sh 4k, DL FIER RIS SIEE BT 25 C
YRR 1 X ek DR DAAS [ (1 1 42 07 22 5 245 PV 2 0 o i ol e AR B et P 2 v 7 3 7%

Dof- ICE1. MYB & ME Rk LffE R, s EME s RIEEZH N, U Dofs
ICEl. MYB W] REFEAGIR I8 Ik A2 i ik 3R b o o7 A2 BEOE R, 1T 7 vy diL ol e A A

HSF. XCT. WRKY TEfmim e FRAE R 8 & TGRMNE, JUHE WRKY BEFTE Sk b
KIS AR AR 10 50 b, EATAT BEAE 24 FH 8 A 0% il A= B e B R R ¥R B AR AP2/ERF
Dof {EfRIRIME FREER S, HIREFES SRR E R, U024 FH i A D S I b o f2
T i B BE PR FT BEAEAE AN R R . Aok, FEARIRMNE 24 h, AP2/ERF. Dof. ICEl. MYB.
Glos HSP Fl NAC FiE & e, 1] RE 2B 5 KR ME i 1] IR K, 265 A 240 it BTS2 A iR 1
e SB[ 25
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Fig.4 Genes expression analysis of temperature responses in Taraxacum officinale
P<0.05.

3 Wi

b 24 FHAE Y 53 T A 0 2 S0 S (PR N, 0 L Dh e SR R I R IA T 7L IR M o RS (B % 4%,
2017), IEREAIER N S EEFE NS ORI H I3 RFEA FRRIE 24 T 808 AN R 21 23 b 04 1) S
(Yuetal., 2018; J3P4E 55, 2019), DRGERXTHREE P FhRE 2 00 PRI 75 B RN 108 o R 4 2
FER o AT IR IL S GAPDH 1 18S VR RZ Ik A~ i FEE N I 50d N S 55K, GAPDH &1
HE RN SR, B RWAGISN, 18S FEM Y 2Rk 3 BE S R Uk B AE H 12 R R I8 21K
RAEEERNNS (ABEE 55, 2016), ABFFH 18S FikFaE, 25 A SR I a N i Hid
WSHRFZ —,

Y% AP2/ERF. bZIP. HSF. Glos< HSP. NAC Fll XCT “53E[K 2 5 i FE S 4R AW i 3w 37 41
Hil CEUKRIFEZERE, 2017; RE 4, 2018), AHFFUHISE RAMIESLIX L RE K 2 55 24 FH i A JE IR B2
BN . FADEASE ARG T 2 2 B IL RS, AP2/ERF (HFET5, 2016) HA A IR
NFER, HSF (PEsmsg 55, 2017) i A, ABia RS WA G . 1 Dof (KM &%,
2015). XCT (EEHB;, 2014) F1 WRKY (fitg %5, 2015; ERIM, 2018) 7EmRAMKIREME )
RIFEVER, AW 5CH Dof EBEAEARE A WS, XCT A1 WRKY 15 =i i F R IA Sz i TR G E,
& B LA i . s P e AR R PR

BHFFR I AP2/ERF Je46 ¢ K FIB IS M RK IR VKR (ABA) 52 FE 51 SN ki
Y ARAEYIRE N Z N GGRIFE 4, 2012); Dof #4353% [K-1 Al LI 454 {40 it 4 7 36 DR 60
M2 5K 585, STy B R (SR 25, 2013). ASHF A 257 A 9 AP2/ERF
IR B YRR RIE B, WReRHS 5 4. ABA HE5H3i18%, H'TF COR ERMERL
VAL, AR ORI B AR E T BUR AR R, AT 0 24 i > 95 AR TS 52 P (Zhou et al.,
2011; FRA0ZR &, 2018); Bl JoG HAZERIZRIA KT R, n] B2 24 FIVH 2 S e i BA T 4 i 2
TUEE R B AR (TR 2, 2018), fSAH IR DR 45 I 28 iy, AT FReAIG 3 Rl 638 7K« Dof
TEARIR A 24 h WL B, TTRER Dof BEPA| 1) w8 FE A (R A8 R T4 PRk S 2 (R I8 7K i, 3
i AR DA BURIRRE 1, BN S S5KIRE 5 &%, WS4 . Nishizawa 5§ (2006) iESE T
HSF 0] DA 48 o8 [ A AH O 6 IR ) e e AR s EERS (2014) BEFURBUEE B ia@id iS5 DNA
H A KBRS XCT Rk /K- VT m, S 5EMAOUE 5&%, WisEY A aigshidis; WRKY
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SRR AR AKGIR . ABA {5 5B R oA 4, S SHEMN ST A Mg e (2= i
HKMR, 2011)0 A FUHI S5 A 7S 25 I A T8 HSF REDR/E mri M il 6 h ] RIAFRSE B, W]
REfE HSF I #6 AS2615 HSF B A¥en, X2 AT s tfy 1EH, Whia)s
HIRFSE N UL HSF S AR ERE — € RZE (Jacobetal., 2017). WRKY Ff4k LKL, WHE
SEHT WRKY 8IS AR N 2 PR A T 4, SR 2 BT A I s e s T REJR WRKY =R
AR R R BT AR A %2 i AR5 (Sunetal., 2015). Ib4h, XCT Fik BRI 25
VAT BETE mR B R BN S 5200 E 58 %, R SR sz .

AARG I QRT-PCR S 24 FH 78 A DI B2 3B (1) N S B8R DR 00 AT T 00e , e T 2 N id N S 5%
K04 GAPDH R 18S, 24 FH 3R /A DEAR IR AN = i i 3e iy S AL A7 7E 22 5, AP2/ERF~ Dof ZEZ20i Jv;
RIEME, HSF. XCT. WRKY =580 5 i is irif .
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