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I RefFinder™ 7E4L 43 Hr T H., XF 10 Mgk N 2
FEATEARS Cd Wria AR R b i SRk FooE etk
FIVPAl, ik R AE X e NS, IEFH
Fagf 396 155 Filp a1 G L ) BoDREB!™® HE— A B63IF |-
AR B FTRENE, RIS SLTF AR Cd JBihif e i &
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http://primer3.ut.ee/ ) & it54, JfF|H Blast T.
B GIFesE . s19F . 3 WA R
T E5FEWLR A, I dEHAEY LB by
ARG
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W HECH] PCR S AAFR . cDNA IR 1 uL, 1E
K514 (10 umol-L™") % 0.2 L, 2 x M5 HiPer
SYBR Premix EsTaq 5 uL, F ddH,O #M% 10 uL.
AR E 31 EE, FIFAARAFER CFX96
SN i PCR W i 79 4. PCR b
. 95 °C FiZstE 30s; 95 C A 58, 60 C
iRk 30s, 39 MEH, kL. 1L65C 595 C,
BAIERRM 0.5 °C, FFLE 0.05 s k15 it 6 I
FE, REVOUFES
124 LR FERY B FAR K cDNABE
ALERIRA TG ddH,0 # R 1 A5 1E B i 1713
i PCRY 1, TG 90452k . ik &R
A: 14.3 uyLddH,O, 2 uL 10 x PCR Buffer, 1.6 pL
dNTP (2.5 mmol-L™), 0.1 yLrTaq (5 U-uL™"),
cDNA1.5puL, ERE W) (10pmol-L™") 450.25 L,
FNFET 95 °C 2 min; 98 °C 10's, 60 °C 30 s,
72 °C 30's, 30 MEH, 72 °C 5min, SUWLEHR)E
FH 2% BISEREEE A 75 | )R S A

¥ Cd Wit N r A FEAS B cDNA BUE &2 55 &=
RAEWBR 6 B (1/3. 1/9, 1/27, 1/81,
11243, 1/729), F-DIsb Mt i1t QPCR Y4,
MFrREm &2, HRHEAR E=(37P-1)x
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Table 1 Primer sequences and amplification efficiency of 10 candidate reference genes in B.papyrifera
S 7 51907 51(5-3) womp BRI THECE gy
Gene symbol Primer sequences (5™-3") Tl C mpiitication mpitication
Length/bp Efficiency/%

BpUBE2 BpUBE2-F: AGGTTCGCTTCCTCACCAAAA 52.4
154 102.81 0.995

BpUBE2-R: TCATCAGGGTTTGGAGCACTC 54.4

BpRPL8 BpRPL8-F: TGATCACCGACATCATCCACG 54.4
185 90.55 0.992

BpRPL8-R: TCTGATCGGAAGGACATTGCC 54.4

BpActin BpActin-F: TCCTCCTCAACTCTCCTCCTG 56.3
193 93.43 0.990

BpActin-R: TTGCCCAGCTCTCCAAATGAT 52.4

BpGAPDH BpGAPDH-F: CCATGGAAGGACTTGGGGATC 56.3
156 90.43 0.995

BpGAPDH-R: GTTCACTCCCACCACGTATGT 54.4

BpHSP BpHSP-F: CCAGCGCTGATGTTAGATTGC 54.4
174 92.66 0.993

BpHSP-R: TTGCCATCAGAGCCTTTTCCT 52.4

BpTUA BpTUA-F: TCGAAAGGCCAACATACACCA 52.4
175 96.59 0.997

BpTUA-R: GAGATGACAGGGGCATACGAG 56.3

BpDOUB BpDOUB-F: CCTGATCTTCGCCGGAAAACA 54.4
194 97.48 0.999

BpDOUB-R:TGGAGAGGGTTGAAGAGAGCT 54.4

Bpp-TUB BpB-TUB-F: CGGAACTGACGCAACAAATGT 52.4
118 93.57 0.994

BpB-TUB-R: ACCTCCTTCGTGCTCATCTTG 54.4

BpHIS BpHIS-F: GTCTTGGAGCTGGCTGGTAAT 54.4
129 102.21 0.993

BpHIS-R: ACCACCGGCTATTGTTCCTTT 52.4

BpNADH BpNADH-F: TCCTTTGAATTCTCCGCCCAA 52.4
191 97.18 0.987

BpNADH-R: GAAGCCCGTGAACTTGAAACC 54.4

BpDREB BpDREB-F: TAAACCAGCTCACCCAATCCC 54.4
274 90.99 0.989

BpDREB-R: CGGTTCTTGGGGAGTCTGATC 56.3
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¥ : M:DL2000 DNA Marker, 1~9: CdCl, it A4 0. 3. 6. 12, 24, 48, 72, 96. 120 h iyt ji; 10~18: CdACl, il FAg# 0, 3. 6.

12, 24, 48, 72, 96. 120 h FIHRHR.

Notes: M:DL2000 DNA Marker, 1~9: Leaves of B.papyrifera under cadmium stress at 0, 3, 6, 12, 24, 48, 72, 96, 120 h; 10~18:
Roots of B. papyrifera under cadmium stress at 0, 3, 6, 12, 24, 48, 72, 96, 120 h.

B 1 #%f Cd B TH HF 5REBE

RNA Hik[E

Fig.1 Electrophoresis of total RNA from leaves and roots under cadmium stress in B.papyrifera

M BpUBE2 BpRPL8 BpActin BbGAPDH BpHSP BpTUA BpDOUB BpB-TUB BpHIS BpNADH

B2 MRHMRIENSEREM PCR F=HER s B ik
Fig. 2 Agarose gel electrophoresis of conventional PCR products of candidate
reference genes of B.papyrifera
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& 5 15 ] ) 5 H & BpGAPDH ( 21.59~32.58)
) CrlEEs B, RN ERAREEKS,
BpNADH ( 25.86~27.36) ) . BpDOUB ( 23.09~

25.12). BpUBE2 (21.78~23.67) (1) Cy {1
AN, BERFEBREE . DLEGERE, R R
WSS TE Cd il F BARFEWEREKTF, M Cr
{751k 15 B e BONADH ., BpDOUB #il BoUBE?2
TR, BB AENREEENS N,
2.3.2 geNorm o#7 it geNorm #4315 %%
fGEBE NS I N TERIR Cd ikl TR R4 Rk i
SEPER MAE, AL M=1.5 HilE5E, M1{E
FE/N, PSR RS e P =%, geNorm 43t
5 (1B 5A) KM . 7E Cd Wil T A 45 ik iy
SR MAESET 1.5, Bk N 23 Kb
FEXTARE , FRE MEHET M i BRI Sy BoDOUB
(0.35) =BpUBE2 (0.35) >BpNADH ( 0.399 ) >
BpHIS ( 0.443) >BpActin ( 0.501) >BpTUA
(0.535) >BpHSP (0.567 ) >BpRPLS8 (0.666 ) >
BpB-TUB (0.776 ) > BpGAPDH (1.416 ),
e NS ) iR, RO AR S R
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Fig. 3 Melting curves of the 10 candidate reference genes of B. papyrifera
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Fig. 4 Box plot of the C; values of 10 candidate

reference genes of B. papyrifera
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BpActin ( 0.214) >BpHIS ( 0.287) >BpUBE2
(0.324) >BpTUA (0.328) >BpHSP (0.740) >
BpB-TUB (0.815) >BpRPL8 (1.246 ) >BpGAPDH
(3.947), RI7E Cd Wi F # # h BoDOUB
( 0.175) F1 BpNADH ( 0.208) % ik fa e P&
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Fig. 5

Average expression stability (A) and optimum number (B) of 10 candidate reference genes of B.

papyrifera analyzed by geNorm software
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Fig. 6 Expression stability of the candidate
reference genes of B. papyrifera calculated by
NormFinder software

2.3.4 BestKeeper 5 #7 Bestkeeper I % & i
i Fe A A ok NS L IR Cr (i 22 8] A9 s 1 i 22
(SD) FIESFZREL (CV) FKIPNFEHFaE P,
M4 SD {EH<1.0 B}, BPIA A iZ 5 M 2% 1 A 4 R
Bestkeeper 4 Hrah R (% 2) %M : BoGAPDH
(3.40) >1.0, NEGIEANSEN, Hae 9 4%
PEFLRIAY SD {E<1.0, ViR 8k 2 3L AN
FIRERE, R NS LR FE R R HEHE T M s 21
R : BpNADH ( 0.32) >BpHIS ( 0.47) >
BpUBE2 ( 0.48) >BpDOUB ( 0.55) >BpActin
( 0.61) >BpHSP ( 0.67) >BpTUA ( 0.71) >
BpB-TUB ( 0.93) >BpRPL8 ( 0.95) >BpGAPDH
(3.40), Hrh, BoNADH 1) SD #CV {tifw)s (SD=
0.32, CV=1.19), FaEMiHdls.

2.3.5 RefFinder 541 i s— NS HEE TN
R B2, Rk 2, iﬁa‘;ﬂ%ﬁﬁiﬁ RefFinder
XF 3 AR SE R ek Ae e e HE T HEA T L H4(E
T, TN, %IE@%@M%?E@LWO
ZER (K 3) PR, SIENZEEREEHET NS
&K YKl BoDOUB ( 1.41) >BpNADH (2.34) >

%& 2 Bestkeeper R TR NS ERE R RIX
TAEFHER
Table 2 Analysis of expression stability and ranking
of candidate reference genes of B. papyrifera by
BestKeeper software

eSS LS Pt 22 4

Gene name Cv SD Rank
BpNADH 1.19 0.32 1
BpHIS 1.98 0.47 2
BpUBE2 210 0.48 3
BpDOUB 2.32 0.55 4
BpActin 227 0.61 5
BpHSP 2.59 0.67 6
BpTUA 3.09 0.71 7
BpB-TUB 3.54 0.93 8
BpRPL8 4.00 0.95 9
BpGAPDH 12.85 3.40 10

BpUBE?2 (2.59 )>BpHIS (2.83 ) >BpActin (4.16 )>
BpTUA 6.24 )>BpHSP 6.74 )>BpB-TUB (8.24 )>
BpRPL8 ( 8.74) >BpGAPDH ( 10.00) . % B
BoDOUB ( 1.41) #1 BbNADH ( 2.34 ) #ikFaE
PEETFHE RN, ek Cd Mha Ak gRT-PCR
ST E NS IEIN, 1 BbGAPDH (10.00 ) FE[H
RiEmARE, NEMEN Cda FH# NS
HH .
2.3.6 AALRMLTHBIE HIIERE N
ZILN AT 5EME, R QRT-PCR AR Xf Cd il F
BpDREB SE I AER B I e DL B AR 1) e R A =ik
frwtae, fd R Y B 4B N 2 34 K BoDOUB,
BpNADH J% .41 4 BpDOUB + BpNADH 1E i #%
HEAL 7, DI AFRE NS 5L K BoGAPDH
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* 3 MPHMRIEZNSERETE RefFinder HHTRE HHER
Table 3 Rank of stability of candidate reference genes of B. papyrifera in RefFinder

Cdiits T Py 22 B A e P HE P

ik Ranking order under cdcl, treatment in B. papyrifera (Better-Good-Average)
Method
1 2 3 5 6 7 8 9 10

BestKeeper BpNADH BpHIS BpUBE2 BpDOUB BpActin BpHSP BpTUA BpB-TUB BpRPL8 BpGAPDH
Normfinder BpDOUB BpNADH BpActin  BpHIS BpUBE2 BpTUA BpHSP BpB-TUB BpRPL8 BpGAPDH
geNorm BpUBE2/BpDOUB BpNADH BpHIS BpActin  BbTUA BpHSP BpRPL8 BpB-TUB BpGAPDH
HEF SR HEA

Recommended BpDOUB BpNADH BpUBE2 BpHIS BpActin  BpTUA BpHSP BpB-TUB BpRPL8  BpGAPDH

comprehensive ranking

Z 8, X BpDREB H:H A K Vi1 5k, 2581
(B 7) £ HHANEGNS LRGSR
BpDREB ikt Z [MfFfE K25 . Al iRE
£ 4 1) BoDOUB, BpNADH L) } BpDOUB +
BpNADH £ NS 3K, BoDREB J:H 1) ik
A —E, BCRE, 76 CAdAETT, MRt A &
R BoDREB =ik it ¥4 2 i ass,

251 A —= BpDOUB
29990 —e— BpNADH
—+— BpDOUB+BpNADH
—— BpGAPDH
Sy

1.5
1.0
0.5

A ek
Relative expresion

LS EGENEY!
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BpDREB 1) 157196 h ik 2 i 5, R 72 h
INE e s T HEARRE NS 3K BpGAPDH
KSR, SSBESARRNESR. Hit, A48
(NS EEN 2 T2 H M R FRR KW 22, S2m st
IS HERTE, HE—E0E T L) BobDOUB F1 BbNADH
YER NS R B ]

—=— BpDOUB

B —— BpNADH
—— BpDOUB+BpNADH
—— BpGAPDH

LEROE vy
Relative expresion
OC2aNWAUIO~N®©

6 12 24 48 72 96 120
et )b

w

TE: A,CdCl, i N M F; B,CdCl, Mkl T A AL
Notes:A, the leaf of the B.papyrifera under cadmium stress; B, the leaf of the B.papyrifera under cadmium stress

& 7 F BpDREB HiE## Cd BinE TiFER NS E BT EM
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Selection and Validation of Reference Genes of Broussonetia
papyrifera for qRT- PCR under Cadmium Stress

LI Hong-ying', CHEN Meng-di', WANG Zheng-bo', HAO Zi-yuan',
LIU Long-chang', ZHAO Xi-ping', NI Jian-wef?
(1. College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang 471000, Henan,

China; 2. National Park (Nature Reserve) Development Center of National Forestry and
Grassland Administration, Beijing 100714, China)

Abstract: [Objective] To provide insights into the subsequent research on the molecular mechanism of
Broussonetia papyrifera resistance to cadmium(Cd) toxicity, stably expression of reference genes in B. pa-
pyrifera under Cd treatment were screened. [Method] The expression of ten candidate reference genes,
including BpUBE2, BpRPL8, BpActin, BoGAPDH, BpHSP, BpTUA, BoDOUB, BpB-TUB, BpHIS and BpN-
ADH were detected by real-time PCR (qRT-PCR) technology using root and leaf tissues of B. papyrifera
under Cd stress. The geNorm, NormFinder, Bestkeeper and RefFinder reference analysis software were
used to analyze the expression stability of ten candidates reference genes. Furthermore, the selected ref-
erence genes were verified by the stress response gene BpDREB. [Result] Gene expression of BobDOUB
and BpNADH was relatively stable in different tissues of B. papyrifera under Cd stress, while BoGAPDH
expression was the least stable. When the stability of the internal reference was verified with the target
gene BpDREB, it was found that the target genes showed similar trends when normalized by the two refer-
ence genes BpDOUB and BpNADH, while it is failed to standardize the expression data with BoGAPDH.
[Conclusion] BoDOUB and BpNADH genes as well as the combination of BoDOUB + BpNADH genes can
be used as suitable internal reference genes to improve the reliability of gene expression levels analysis
under Cd stress in B. papyrifera.

Keywords: Broussonetia papyrifera; reference genes; cadmium stress; qRT-PCR.
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