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Abstract: [Objective] The suitable internal reference gene was selected from 4 candidate internal ref-
erence genes by evaluating their expression stabilities. [Method] The total RNA extracted from 6 Euca-
lyptus tissues,including the Eucalyptus urophylla leaf, the Eucalyptus urophylla X Eucalyptus grandis
leaf,the Eucalipu pellida leaf,and the green callus,the red callus and the white callus of Eucalyptus uro-
phylla ,was used as template to get cDNA by reverse transcription PCR. 4 candidate internal reference
genes,including actin of Eucalyptus (EACT AB505624. 1) ,actin of Arabidopsis (AACT NM 114519. 2),
RTEF(EQ974103. 1) and RARS (EQ973784. 1) were used to perform the real-time quantitative PCR
(qPCR). Then, the Ct values of qPCR were analyzed by RefFinder software. [Result] The stability values
of 4 candidate reference genes,RTEF,RARS,EACT and AACT,were 1. 189,1. 861,2. 828 and 3. 224, re-
spectively. RTEF was the most stable gene,and AACT transcript showed maximum variation. [Conclu-
sion] RTEF gene was suitable for gene expression analysis as internal reference gene in Eucalyptus spe-
cies.
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gacct-3'; RARS (GenBank: EQ973784. 1). F. 5'-
agaggtgaaattccagaageeegt-3', R. 5'-ctteectttggette-
cgecaatta-3", HU 3 FPRERS T AR MY 3 B4
HAM ) I cDNA % 30 pL, SRR & 1% cD-



%5 10 9]

B L S5 < A S AR A P 2 TR O 0k BT Al 69

NA BRW B HA AR ECH 10° #5010, FEIC 30 pL cD-
NA BREHEAT 10 A% 86 B2 T B, 15 A MR 2003 51
10*,10°,10%, 10" #5801, DAEEM BN cDNA K
YEREMR . 4T qPCR 73 . qPCR WX &% A Chro-
mo 4™ System(Bio-Rad), qPCR g W& % H.1Q™
2XSYBR Green Supermix (2 X Mix for Real-time
PCR.Bio-Rad) 12.5 pL.10 pmol/L # I . F #5114
%1 pl.ddH,O 8.5 pL.#itk 2 uL. BAKEL RN 25
pLo P HEFRFE .94 °C 105,58 °C 105,72 °C 15 s, 4E
5 PG 3 40 DMEFR; N 70~95 °CL B
1CHMEE 1 R, BN 3KEE. H Opti-
con Monitor 3. 1 3 43 BT 4 A~ 235 K 9 7 14 2%
bR e R A CHE L B B R B B R T A
) BF 5 FH 30t I A I H Pk (18 g/, 6V /em, 1H )
A5G =P KN . K 6 B W) 4G cDNA Hi B
1A% JEAE AN #i qPCR J7 i [/l i 47 4 A B A
By PCR ¢4 . 153 Ce fH.

5000 bp
3000 bp

2000 bp
1500 bp

1000 bp
750 bp

500 bp

By ab#H DPS 3. 01 # 4, JEH KB M
L% Cotton EST database %t % (http://www.
leonxie. com) [ RefFinder 4 #4725 017 .

2 HREI

2.1 #E#EY RNA FR K & R& N

R AR L AU rp 1 20 L B SR RN 2 ) o 3% e F T
X e 5T Y Ak M B S R AR AL T RNA
BB B T 4 b LA T B RNA 32 BU ) & 3
K BE A5 F 5 A0 B A9 RNA, 503 A RNA 75 5% k4
% s (B #2021 28 RN Aiso-mate for Plant Tissue il
Ab 3, 7 H RN Aiso Plus 48 5, BRI AT A5 21 & 6 BT A
RNA, 25250 53 56 0 FE w4 I, i 45 A2 4% 20 21
RNA ) ODy0/ODygo fH Ny 1. 8~2. 1, ARZ5 M B g
WEEE I HL UK 45 2R B os 32 R B RNA 58 %%, 28S
rRNA Z545 52 B &, 2928 18S rRNA Fili 52 1 2
%, Jou] WL DNA J5 3% (K 1),

2) 4 S 6

Bl 1 6 At dl 218 RNA [ 3505 b5 58 15 i vk 25 1
M. 5 kb DNA Marker; 1~6. 435l %J Ji 7 e 4 €8, L 21 €5, | 1) €0 700 405 4 0 0 2 e L 2 B e AOREL B e v e
Fig. 1 Agarose gel electrophoretogram of total RNA from 6 Eucalyptus tissues

M. 5 kb DNA Marker;1—6. Green callus,red callus, white callus, Eucaly ptus urophylla leaf,

Eucalyptus urophylla X Eucalyptus grandis leaf and Eucalipu pellida leaf,respectively
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Fig. 2 Melting curves of 4 candidate reference genes in 6 Eucalyptus by real-time quantitative PCR
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Table 1 Real-time quantitative PCR standard curves and amplified fragments references of 4 candidate
internal reference genes in Fucalyptus species
cDNA B Cef P/ % RS s . .
(% Ct value of initial Amplification Slope of r? I%Tﬁj(d\/bp %%,{?E/ C
ene ¢DNA solution efficiency amplification curve ragment size m
RTEF 26. 8 98. 8 —3.35 0. 988 152 82
RARS 26.9 103.0 —3.25 0.987 155 81
EACT 22.5 99.3 —3.34 0.992 243 83
AACT 27.5 100. 0 —3.32 0. 987 158 78
M 1 2 3 4 B Bt BestKeeper 4 19 34 45 R 5 HoAl 3
2000 bp AT AN — B BestKeeper #4397 i 45 R B,
({600 AACT Fyfeii N2 B i HAB AN RTEF 1
750 bp TR NFRE . BRI R TR TR] 0 S AR
500 bp W AR AN [ S S (6] PR A 1 T] — P 2 08 P ) Rk AR
o S P FHOR — B R £ 4 295 B 7 205 4 40 B
100 bp Ja AT HEP LK .

B3 MR 4 AN S EE I qPCR 1S 457 1
T R L K 4 2R
M. DNA Marker; 1~4. 4} RARS,
RTEF.EACT Hl AACT
Fig. 3 Agarose gel electrophoretogram of amplified
fragments of 4 candidate internal reference genes in
Eucalyptus species by real-time quantitative PCR
M. DNA Marker;1—4. Amplified fragments of
RARS.RTEF.EACT and AACT ,respectively
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Fig. 4 Comparison of real-time quantitative PCR Ct of

4 reference genes from 6 Fucalyptus tissues
1—3. Eucalyptus urophylla X Eucaly ptus grandis leaf,
Eucalipu pellida leaf, Eucalyptus urophylla leaf,respectively;
4—6. Green callus,red callus and white callus of

Eucalyptus urophylla ,respectively
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Table 2 Evaluation of the expression stabilities of 4 candidate internal reference genes in Fucalyptus species

LGl Rk RasE il BVICHER
Software Ranking order of expression stabilities
Delta CT RTEF 2.37 RARS 2. 45 EACT 3. 14 AACT 3.49
BestKeeper AACT 0. 261 RTEF 2.249 RARS 3. 322 EACT 3.89%4
Normfinder RTEF 0. 876 RARS 1. 006 EACT 2.701 AACT 3.216
Genorm RTEF 1.753 RARS 1.753 EACT 2. 235 AACT 2. 864
RefFinder RTEF 1.189 RARS 1. 861 EACT 2.828 AACT 3.224

TE 3R PBUE S IR A4 1 B S R AR BB/ s S JE R B 3R 3B K P RS AE .

Note:Data are the stability coefficients of gene calculated by software. The smaller the value,the more stable the gene expression is.
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