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Selection of Internal Control Genes for Real-Time RT-PCR Normalization in
White Birch (Betula platyphylla Suk.)
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Abstract: In order to facilitate rapid and accurate gene expression analysis of multiple samples from birch, the
expression stability of housekeeping genes such as genes coding micro-tube protein (7%) and ubiquitin (UbQ)
were assessed by qRT-PCR using a set of cDNAs from different birch samples including cells after different
treatments and different parts of birch plants in different ages or different growing seasons. The results sug-
gested that the Tu and UbQ genes could provided superior transcript normalization in birch cells treated with
different elicitors (MeJA and SA), and birch plants in different growing seasons, while UbQ gene was the
recommended reference gene for gene expression studies using cDNAs from white birch bark in defferent
years.
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1.1 E¥AaRIER AR IS (Betula platyphylla
Suk ) RERTE A RS A A7 ], 5~7 47 A 54z
PR (B 30 4 42) 15 S I A5 1 .

DL MEZE 85 1 25 BN AMELAA, NT I REAR IR
K&, BN 0.01 mg' L' TDZ #10.1 mg'L' BA, %
SELGHLS . FRoedk 3 )E, |3 g (FW) @t
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M. BIRRTFRE T RIATKMIR(SA) 5T 4k
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he 1d.3d. 5 dA7 doBlsaie. 4®
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AR, —80 CLRAT, fHEH RNA.

NT Fl B, AR RE F- BI85 0 20 g L BERE . pH
H°N 6.0~6.5, LA 121 °C {5 FRZ&7 K 1A 20 min, K557
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J&, 180 uL % & 5 /KHikE, T -20 CLRAF& .
2.2 IM KA EEPCREMNIKARIZRF EFEEIHE
W & AL (alpha-tubulin, Tu, GenBank 5/
FG067376)f17z LK (Ubiquitin, UbQ, GenBank 5
HFG065618) 24 X B A, ARl AN K7 41, [F)
I 4K ireal-time RT-PCR 5|45 v J5i ), A1 FH Primer
Premier 5.0 RA-EATH 50t 51PN 1.

F 1 LN PG i PCR G R AL R 51 7 41

Table 1 Primers for quantitative real-time PCR

P 53
UbQ (R) GATTGAGGGGAGGGATGCTG
UbQ (L) GGAGGACAAGGTGGAGGGTG
Tu (R) TCAACCGCCTTGTCTCTCAGG

Tu (L) TGGCTCGAATGCACTGTTGG

SN 96 5E HPCRIT A & TOYOBO A
H (H A4~ SYBR Green Realtime PCR Master
Mix-Plus- (code No.QPK-212T). PCR JJ%i{k % &5
£ 3.1 uL ZEM7K. 10 uL SYBR Green Realtime
PCR Master Mix-Plus-, 2 uL Plus solution. 1.2 pL
SR (10 pmol- L"), 1.2 uL 51#J L (10 pmol-L™).
2.5 uL #iBE ) cDNA 5t . A i A i3 S
3. PCR X WA{E OPTION II (MJ Research 2 7))
P 7 PCR X 58, PCR RN FETHA: 94 C



YA PR 565 46 %5 4510 1, 2010 4E 10 /)

1063
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99 C,

GRS

1 SA IBT HHMEPIFRERRIET L
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Fig.1 The C, value of housekeeping genes Tu and UbQ in birch cells treated with 50 mg-L™" salicylic acid
0 h: AbFEHT; 2hck: X ALEE 2 h; 2hSA: 50 mg- L' SA 4bEE 2 h; 12hck: X FEALEE 12 h; 12hSA: 50 mg-L' SA 4F 12 h; 1dck: %f i
AbFE 1 d; 1dSA: 50 mg-L"' SA 4bH 1d; 3dck: X fEALHE 3 d; 3dSA: 50 mg-L™' SA AFE 3d; Sdck: X FEALEE 5 d; 5dSA: 50 mg- L' SA 4B 5 d;
7dck: XHEALEE 7 d; 7dSA: 50 mg- L' SA M 7 do B AE KNG FBESN A R 7R R —HF AR AL B R) C {HAE 0.01 F10.05 /KF-2%

AEE, NEIE.

22 ANFEAEFR FAEA I b I MERERR S AL P RF R C (AR R ML

Table 2 The coefficient of variation of C, value of housekeeping gene in different cells under different treatments

and in different parts of birch trees

g e FER AR SN | BeMA M FrifE 2 (SD) AR RE(CV)
MeJ A A BE [ HE4N iy Tu 22.408 17.043 18.780 1.410 0.075
UbQ 19.984 15.238 17.812 1.250 0.070
Tu+UbQ 20.455 17.377 18.295 0.980 0.054
SA AbEE I HEAN Tu 26.625 20.069 22.186 2.054 0.083
UbQ 24.542 19.841 21.765 1.820 0.068
Tu+UbQ 25.583 20.550 21.905 1.738 0.061
ANFEZFEN AR ST Tu 28.669 18.978 22.218 2.034 0.092
UbQ 22.288 17.341 20.277 1.675 0.083
Tu+UbQ 25.203 19.422 21.247 1.490 0.070
ENGIECE T b Tu 28.669 20.143 20.759 3.560 0.150
UbQ 22.288 20.108 21.195 0.996 0.047
Tu+UbQ 25.203 20.125 22.477 2.117 0.094




1064 FEPAE I AW 5 46 3 4 10 5, 2010 4F 10 H

2 MeJARIERIBAMELAME P IR EFRIET K
HE 2 £, &0l 1S H 7R EE S A4,
TEB GRS AT B RG IR 1) MR L, 7E 857
WICR 7 RYIMAARFEIKREE(10 pmol-L! F1 100 pmol-L™)
MeJA 8E MeJA & )& — 40 Hl7 IBU (500
umol-L™) Ji AN [F] I ] HURE, 25 3B, Tu ZEHIAE 10
umol-L™" 1100 pmol-L™ MeJA 431140 12 h 2 IBU
AbFE T d I, C E M v T HAR AL B UbQ A

#EIBU 4L 6 hy 12 h. 2 d I, 10 umol-L"' MeJA
AEFE2 dF1 100 pmol- L' MeJA ALFH 6 h, C {1 & # 1K
FILARALEE; 1T Tu+UbQ 1) CAEWAXAE IBU AL 2E 1
d 110 pmol-L' MeJA AbFH 12 h Al 1 d i, % & & 7
T A AL BRAN, LA ACEEE] Tuy UbQ A Tu+UbQ
1) CAHIYFEARRIMARE, 454 Tus UbQ F Tu+UbQ
[ C AH 72 57 R %05 3124 0.075, 0.070 F10.054 (K
2), A[LAHfIRE Tus UbQ FI Tu+UbQ 1545 KB ] 35

Tu+UbQ

Pl 2 SRFTIR T IR A A7) IBU AL F Y (5 HEAN o o #5 5B Tu R UBQ B C AE K
Fig.2 The C, value of housekeeping genes Tu and UbQ of birch cells treated with MeJA and IBU
Oh: ZbBEHT; 6h IBU: 500 pmol-L' IBU 4b2E 6 h; 12h IBU: 500 pmol-L' IBU 42 12 h; 1d IBU: 500 pmol-L™' IBU 4:#E 1 d; 2d IBU:
500 umol-L"' IBU 43 2 d; 3d IBU: 500 umol-L' IBU 42 3 d; 6h MeJA/10: 10 umol-L' MeJA 4b# 6 h; 12h MeJA/10: 10 umol-L™' MeJA
AR 12 h; 1d MeJA/10: 10 umol-L™' MeJA 4b2E 1 d; 2d MeJA/10: 10 umol-L' MeJA 4bEE 2 d; 3d MeJA/10: 10 umol-L™' MeJA 4b2E 3 d; 6h
MeJA/100: 100 umol-L™' MeJA 4bEE 6 h; 12h MeJA/100: 100 umol-L™' MeJA 4P 12 h; 1d MeJA/100: 100 pmol-L™' MeJA 4bFE 1 d; 2d
MeJA/100: 100 pmol-L' MeJA 422 d; 3d MeJA/100: 100 pmol-L' MeJA b2 3 d.
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Fig.3 The C, value of housekeeping genes 7u and UbQ in different tissues of white birch
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Fig.4 The C, value of housekeeping genes 7u and UbQ in
stem skin of white birch at different ages
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