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Reference genes for quantitative PCR in Magnolia sinostellata
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Abstract: In field investigation high temperature was found to have a serious effect on growth of Magnolia
sinostellata, an endemic endangered species in Zhejiang. To determine if screening stable reference genes of M.
stnostellata with heat stress could provide accurate data for research in gene expression and achieve accurate
quantification of target genes, roots, stems, and leaf tissues from annual seedlings of M. sinostellata with heat
stress were taken as materials. Expression stability of 13 reference genes from transcriptome data, such as
ACTIN-T7 (ACTIN-7), CYP (Cyclophilin), EF-1ac (Elongation factors-1a), GAPDH (Glyceraldehyde-3-phos-
phate dehydrogenase ), GBP (GTP binding protein), NAC (NAC domain protein), NADP (NADP-isocitrate de-
hydrogenase ), TEF (Translation elongation factors), UBC (Ubiquitin-conjugating enzyme ), UBQ (Polyubiquitin
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protein), a-TUB (Tubulin alpha), B8-TUB (Tubulin beta), and 18S (18S ribosomal RNA) were detected and
evaluated by quantitative reverse transcriptase (qRT)-polymerase chain reaction (PCR) along with geNorm,
NormFinder, and BestKeeper. Also, two target genes, CSLD3 and KOR, were analyzed to verify reliability of the
screened reference genes. Specificity of the 13 pairs of primers was validated with agarose gel electrophoresis
and a melting curve. Results showed that the 13 reference genes had a distinct PCR product in the elec-
trophoresis figure, and the melting curve showed a single peak. Amplification efficiency of the 13 pairs of
primers was about 100% with UBC, EF-1a, and ACTIN-7 being stable reference genes in different tissues of
M. sinostellata. Additionally, the two target genes, CSLD3 and KOR, showed consistent expression profiles
when normalized by UBC, EF-1a, and ACTIN-7, as well as the combination (EF-1a and ACTIN-7). UBC, EF-
la, and A CTIN-7 were the best choices in different tissues of M. sinostellata with heat stiress, and since ex-
pression analysis of the target genes, CSLD3 and KOR, further confirmed reliability of these genes, UBC, EF-
la, and ACTIN-7 could serve as references genes for expression among different tissues in M. sinostellata with
heat stress. [Ch, 4 fig. 3 tab. 34 ref.]
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Table 1 Primer sequences of the 13 candidate reference genes and target genes

FEH LA R NREEILY S5
ACTIN-T  Wsh&E IR ACGAATCCGGTCCATCCATT CCGTTCCACCAGGCAATATG
CYP FIEE R ATCTTTAAGTGTGGCCCGCC CAACCGACCCAGATCAGTGC
EF-1a S T o 25 1 3 A GATGATTCCAACCAAGCCCA CACCCACTGCAACAGTCTGG
GADPH T - 3- Wl R S Rl TTGAAGACGCCGATCTGGAC CAGCAACGGATTCCATCACC
GTB GTP 454 H M TTCTGCCTAGCTTCGTCGGA GCGAGAACGCCATAGATCCA
NAC NAC 87 1 5 TTCCATCCAACCGACGAAGA CGGATTTGTACGCATCGAGC
NADP S A I I A GAGATGAAATGACCCGCGTT ATCACGATGAGGAAGGCCAA
TEF PR AE i (57 TCTGAGGTCACAGCCGCTCT GGCCTGATCCTTTCTCCCAG
UBC 2 F ALk CGAACTCCCCTGCGAATTCT TCAGTCTGCCGTCCAGCTCT
UBQ E2 3P0 55 TCCATGCCCTTAAGCCAAAA AATGACAGAGCGGTCGTGCT
a-TUB o A R A TGCCCCGGTTATATCTGCTG TGTACTTCCCATGCCTCGGA
B-TUB B A R AL AGCAGTTCACCGCCATGTTC GTCTGCCGTTGCATCCTGAT
188 18S #Z Bl 15 RNA AGCCTGAGAAACGGCTACCAC ATACGCTATTGGAGCTGGAA
CSLD3 S A B 1 D-3 R A GGACGGCCACTTCCATTACC GTCTGGCTCCGCATCAACAC
KOR 1,4- -7 5 M i ik K] CCGGACTTCACCAGCTTCAA GAAGCAAGGAAAGCCGCATT

123 AAKLRELZZPCR ¥ 3425 B 7Y cDNA BB 10 1%, {#i ] SYRB Premix Ex Tap I
(Takara, K% )52 7€ PCR A &, 7 Light Cycler 480 II (Roche) S i) 5E it PCR AL #EAT 5E i 430 7 o
JZ i & % A SYRB Premix Ex Tap 110.0 wL, ¢DNA #4z 2.0 wL, [ FiE514#4 0.8 wL(10 pm-L7), X
7K (ddH0) 6.4 pL, 3£20.0 pL&R ., G 3 KELE, P IGRNBRTF A : 95 CHIZEM: 30s, 95 C
TS s, 60 CHIASPE 30 s, 240 ME, KRG 60~95 CHRELE 15 s VE g M 2o i e 7 o
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Hm LR B C W SEBRE 5 5 22 22/, 5% 22 F 5 RO AR EE R C A T 5 SEBRAE 9 °F- J7
ZEZ A
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i Q= Yerpitfl, b E P R0%, HAER 100%8), BIA R 2 #ATHE; Con ik
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2 HEREGAM
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B8 o BB BHBERS LUK AT R s 13 S U A, o 1) R IR, 1L 13 NS
fife iy S0 A I B R — 0 BRI SRR SR R TH R BCR AR R . THIACR N 97.36%~
110.91%, UBC 5, GADPH Fef%, HISEZEL R? 4 0.990~0.999(% 2), £+ qRT-PCR X% Y%K .

®2 BRENSERY BT

Table 2 Candidate reference genes amplification specificity

HE AN PR % LVEAR S AR R h £k 2
ACTIN-7 110.07 0.994 -3.102
CYP 103.23 0.990 -3.247
EF-la 106.98 0.998 -3.165
GADPH 97.36 0.994 -3.387
GTB 109.43 0.998 -3.115
NAC 99.27 0.999 -3.340
NADP 100.42 0.998 -3.312
TEF 105.84 0.996 -3.190
UBC 11091 0.996 -3.086
UBQ 109.28 0.997 -3.118
a-TUB 105.02 0.996 -3.207
B-TUB 110.22 0.999 -3.099
185 104.54 0.996 -3.218

23 BEALBEHNSEERIATSH
IR C TP A 13 MM B IEEAER 30,

[ 4b 38RO 8 2 5 KOF (F 1) 18S 1 Codie/h, =

4601, FHEKKTRE: AT 2 ABENBEN 52 é%ég 1=

i C, h 15.869~23.072, FihKFEAHZEAN K, - =

24 BTALIEHENSEERABEE L |

eeNorm i MR 5075 31 19 - 2 A R F6 00 M =
AT R VR IY MOk e WL I B R R, L T
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PRBRUE . R, SR 5 o P 2 5 R s o A 1 e % UBG 185 CADEE WADPS CHR {ER
9 AT (VIV,0) A 3 0 2 3L R 0 58 M0kt L NS
BAALL V/V,0=0.15 JhRiE, 24 VJV,,<0.15 B, %] A1 REASEARFAR T C

n¢wﬁgﬁaﬁmuﬁﬁﬁﬁwﬁﬁﬁ’ﬁﬁgmﬁwm(MMmmmmymammmmmmmm
A n+l AFEET, B 2 nf A 13 ASSEE A Mk 0.050 0~0.200 0, <15, #iB 13 Mk iy 25k
REEB] THE NS R BbRE, Hrf ACTIN-T fi EF-1a & hfa &, M=0.334 49, GADPH ) M &K,
1141 66, BT AEEANSEN P RIIEATRERN . B 3 E£W . VoV, R 0.021<0.15, Bil] 2 13EH
AIREME NS I, 85505, BRI 3 A, dE—2 MR8 . ACTIN-T Fl EF-1a g et
B4,

BestKeeper #1052 7195 N S HE B C, bR I 22 (SD) X 19 2 56 IR 9 B PE BEATHEY b ot s 22
FNFE N S AL B RS MR, IR AR 22 >1, WA IZBE R AT E ™, £ 3 Bon: EARFALH
i, NADP Fl GADPH [WprifEfm 22 KT 1, UL 2 N RAARROE . & F I 11 AS S 3 B 5 1
2ZE/NF 1, Hh UBC, EF-1a, ACTIN-T fl GTB Fa g e, Hed e

NormFinder 3 {30 23 15 40 N DAL IH] 9 7 2619 B F AR e (H, X 9 SR W ST HE T, e (d
Mo, RANSEERMFEE ., %3 BR: UBQ, EF-la F1 TEF 53y S HEAERT 3 17, Fikka & e N,
FikEONTaE; CYPWRE TR, R 0237, RiBREERE,
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Figure 2 Reference genes expression stability by geNorm Figure 3 Reference genes pairwise variation value by geNorm
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Table 3 Reference genes expression stability and ranking by BestKeeper and NormFinder
NormFinder BestKeeper NormFinder BestKeeper
4 - - 4 - -
FeUE (H 44 T v it 2 He# TeUE (H 44 P 22 4
UBQ 0.107 1 0.643 11 8 ACTIN-7 0.147 8 0.418 78 3
EF-la 0.112 2 0.407 26 2 NAC 0.149 9 0.964 34 11
TEF 0.127 3 0.508 73 5 B-TUB 0.159 10 0.518 46 6
GTB 0.134 4 0.488 21 4 GADPH 0.161 11 1.629 78 13
UBC 0.134 5 0.338 45 1 a-TUB 0.107 12 0.739 43 9
185 0.142 6 0.576 29 7 cyp 0.112 13 0.959 90 10
NADP 0.146 7 1.082 30 12

25 ETAZRIENSEBRRIEREMERIE

LA ULLE 3 A BT a5 R 2!—‘6%5%1‘%?%7%%@%%5‘] 3B (UBC, EF-1a 1 ACTIN-T)F1
1 NEERH A (EF-1a #1ACTIN-T) . i3t 43 #r CSLD3 F1 KOR 3 [RAE 57 K 22 R[] 41 4L 3¢ 35 5 X o0 it
*%/Fé’rﬁﬁuﬁl_ﬂ@ﬁl_ljﬂﬂﬁlﬂ’ﬁ%ﬂzf CSLD3 JE:HW) 45 WA 6 20 i B 1) 31 LT 4R 22 4 R SE B, mT L
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E%f’ﬁﬁﬁﬂggﬁﬁﬁéﬁﬁﬁﬁl, TEZE AR TR b Rk B e i O X 3 AN S AL B EA T A X Rk
L (&l 4), CSLD3 fEfh ik, KOR fE25h Rk, DL EF-1a 1 ACTIN-7 W%%&Iéﬂéﬁ/ﬂ%,
H B R A R 1 — B Rk KO, #F—20RW T IX 3 NS AR ] S
3 9tk

SPIEGELAERE Z5 "R 58 DA S BRCPF 0] () S0 1 A N BT bR AN TR S B2 R 22 5, RLAE TP Al N S 6
BN SEZR G T A B 25 5L, B AT LU BCHE Y, ek R S A N S, B E@W’%ﬁlfﬁb
B RNETIAY AL AR Fh S I0 PR R S0 R e RaE T (AR RY . NS EE H e —
YU N AT ARRE 236, TEARE M SEIR A5 PR T, DRI e 2 1) N S 3L RUOR ST 75236, BRI, Zlﬂﬂ?ﬁt
PEFE T BT AR E e TR 25 S T AN SRR T E AT S . 453 UBC, EF-1a Fl ACTIN-7
F WA T AR HANRENSERN, X3 PMHNSERYEEENSERN, Hd UBC EHEZREA
WG Bmr R, 2592 AESRE, WAREY, MursEsst, F9%S5™, 7k
& Osmanthus fragrans 62 WA [\ & B Bt . KB Eucalyptus robusta As [A) 21 2172 o ¥y e ik Fa i
ACTIN J& A0 B 228053, JLF-AE BT A B FLAZ A0 h 04 23K, ZEM I Populus tomentosa AN [R) 3 J& 1
AR A T 2R L Dt G B Je 4140 rp | W2 Brassica campestris 178 2 41 40 DL S F& i Ly-
copersicon esculentum BT AR 24Pt R 80 FeE O R ), EF-la &2 —FhE BN L2 IhEEE M,
S5 MM S . BRREEH . E S AL R SE 2 R 0 A0 M 2 0 2”0 ACTIN I EF-1a 75 B 1 4% Populus
trichocarpa ARV AR MR Y RIFE A Firmiana platanifolia B 1) AN [/ & & B B 28 2 2 30 i 45 v i R
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Figure 4 Expression of CSLD3 and KOR in different tissues of Magnolia sinostellata
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