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Gene Expression Stability of Housekeeping Genes in Poplar Clone 107 under Salt
Stress by Real Time PCR
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Abstract Gene expression stabilities of nine housekeeping genes in Poplar Clone 107 ( Populus X euramericana ' Neva' ) under
different durations of salt stress treatments and control were detected by Real-time PCR; the best reference genes were screened
through the geNorm program. The results indicated that amplification efficiency of six housekeeping genes were from 89.93%
to 104.68%, and fitting degree of linear regression (R?) were from 0.987 6 to 0.999 9. Under the conditions of the salt stresses, the
order of 6 housekeeping genes expression stabilities from high to low were EIF 4B=UBQ>CYP>ACT [[>UBQL>TUB, and the genes,
EIF 4B and UBQ, should be suitable as reference genes. Whereas under the control condition, the order of six housekeeping genes
expression stabilities were EIF 4B= UBQL>ACT [[>CYP>UBQ>TUB, and EIF 4B and UBQL could be used as reference genes

Keywords Upland rice; Drought resistance; Root trait; Free proline content; SOD activity

BEHHT, TR a LS R 2 HoE it (D)@ JEBUR . GPCRIG AL BE A BN ASJE ), £E
FEIKFRTE 73 HT(Bezier et al., 2002; Dean et al., 2002), FEIE T B 22 e R IR IR () w] AT LR () H
HA T T iy m ALEl . RIS M, TEHBCNTERA % Q)i Mk 4G D
ST EEA R K. PTEENER FmRNA  (Jian et al., 2008 ).

()59, HjNorthern blot. RNABF{-Y /41, JEA7 A% {HZ, qRT-PCRAEA LI FE S FIRNAK
A SE HRT-PCRAFAL GE S A T IR G, 98 R . cDNA B LA PCRY™ 8 (1) 2 e i 3
I 5%¢ BPCR (quantitative real time PCR)A HAIKH & 3™ A 22 GRALFISE, 2007, BRFiaR, 52(20):
FE R Rk B nT HE 715 (Bustin, 2000). %7 EA 2379-2385). MGl %S, qRT-PCR 7y 2 P %) LA
DA AL (Internal control gene)h) 2% 5 [Hl(Reference gene)
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HATHARAEAL, FCH P2 AR SEE e M 5 & P TR A
KRS, MBI, RNASEHEME. cDNAS

TEBRARRASTS, AR IR IR (32 22 0 RF KR IR
FARANZ LI 45 11 5% i (Schmiittgen et al., 2000),
1M 22 B 50 LUARE 3 DR R 1A ) R DG DR kAT AR TR
RKikopHr. BZHWIFRY, O IREE R 2 92806 4%
PESE AR (AR A, 2012; TR K B4E, 2011;
Mallona, 2010; Gutierrez et al., 2008; Jian et al., 2008;
Jain et al., 2006; Nicot et al., 2005). KL, BE IEHf
REFF F L N Z % BN, T B 5E i ik DR 3R TA 4
R, W ARNRE .

Wk e 7 EARES o 2 RORZ —, 2
MARFER A 2= R . (RS, FERFFUILIE R SR
IRTT UL, AR HOIE S R AN [ S5 2% A1 T R4 T Y
Xof WL DA B A2 1 20T e H AT, A L Brunner5(2004)
PL= ff11 # (cottonwood hybrid, Populus trichoca-
rpa X P. deltoides) }#4 #}(Brunner et al., 2004), X}
10N R BEK(ACT1, ACT2, CYP, TUA, TUB,
UBQ, UBQ-L, EIF4B-L, EF1BR118S){EANR) & & I 11
HEAT RE R R AR A€ PRI

AHFFT LA R W3.(0.6% NaChA[F (0, 3 h,
6 h, 9 h A9 hfF A 12 1074 A kil
I HTBRACT2HM9AH I FF S B I E - i Rk R e
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Figure 1 Agarose electrophoresis of total RNA from the leaves
of poplar 107 under salt stress

Note: Lane 1~3 Total RNA from leaves in the stress durations
on 3 h, 6 h and 9 h, respectively
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Figure 2 RT-PCR products of poplar ACT [/ gene

Note: Lane 1~3 RT-PCR products from leaves in the stress
durations on 3 h, 6 h and 9 h, respectively
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Table 1 Standard curve equation, regression coefficient and PCR efficiency of 7 housekeeping genes

FA Bt ith 2y F ERES 19 (%) EVEER ¢
Gene names Standard curve equation Slope PCR efficiency (%) Regression coefficient (R?)
ACT Il y=-3.4479 x +20.954 -3.4479 95.00 0.9959
CYP y=-3.3164 x +19.098 -3.3164 100.23 0.992 7
EIF 4B y=-3.3735 x+21.988 -3.3735 97.89 0.987 6
TUA y=-2.3750 x +28.540 -2.3750 163.67 0.9527
TUB y=-3.4594 x +19.428 -3.4594 94.57 0.999 9
UBQ y=-3.2147 x +16.130 -3.2147 104.68 0.995 2
UBQL y=-3.5896 x +20.044 -3.5896 89.93 0.998 9
P ERANEV=0.15, 4 Vyn<0.15, W52 s 06
AL AS 9 2L DR R RG 5, 2012; 50 2, Z 055
2012; K EELE, 2011). KI5, El6n[%n, 7EEhpria S E 0{1;2 ]
R HAAETS, Vas2h BIM0.119H10.095, /8T S 2 04-
0.15, WMEFIINFEINASEERE., HREW, 107 H7Z 0632'
. Il st e i o 3
WAtE I RO IACHE R, IE SRR bR 58 (2]
IR FIL ST Y 2D BT A A 22 021
B Z 0154
s 06 0.1 T T T 1
= 0.55 TUB UBQL  ACTII CYP ELF4B
_F 0.5 1 UBQ
= 2 045
= 5 0.4 - Lcas_l stable genes Least stable genes
52 031 RARGEIE RN
98 oo I IS R SO B i ik R
® S&i- 03 i Figure 4 Expression stability of housekeeping genes in the
i*: 3 0. 1n5d 4 control condition
0.1 T T T 1
TUB UBQL ACTH cYp ELF 4B % E(Jﬁj‘iig. %;Iﬁ_:
UBO oy o

Most stable genes

T B B A

P13 AN[R] ER I EL IR T R 5 CRE DT ) S A 1k

Figure 3 Expression stability of the housekeeping genes in
various salt stress durations
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Real time PCRE R, Fire. Kiffi. FEMES
P, Rk DR R GE T T ) 1 T 2L (R RIS
2008; Bustin, 2000). {Hifi it Real time PCRIFEATH: A
FARITHTIS, R R K AEDIE A A S AL R
SRAFRISESE R OCHE R 250 Aok, Bk sk
SRR 1RSI R ) TS T AEAE 7€ (Shen et al., 2010;
Mallona et al., 2010), [At, #4TReal time PCR i
ATIERRIE TS, TR AS R S50 A i N 2

Least stable genes
I ANEE R A
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LM € EIF 4BFIUBQAE A #h Wi Ab B (1) g 2 A
EIF 4BMUBQLE XA &M TN SRR . 5
Brunner %5 (2004) T # 18 1) £F K B UBQ 3R & 5 0
FOEARRT A, AR B AR e A — 3 At
FOH TUAT ZHE R 1K 38 - & 5 Brunner$(2004) 4K
TEREAR—F, R 20RO A 38 193
B, MRS ST Jian(2008) LK &4 1k
s 73 BT TUARF R BEHEAN [F R B IR TS e A s
Brunner5(2004) I\ 4 TUAFE 5 I R Kk & 55 —Fe e
(1)« EF 1B 1 8STE X B IAEA L 56 h vk Y 3 e S ”
TE Mgk, Toid T eiot. e s, Wi
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Figure 5 Determination of the optimal number of reference

genes for normalization in various salt stress durations
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Figure 6 Determination of the optimal number of reference
genes for normalization in control condition

18SFEFFERIE N S H AT, A #iE s
I8SFFFFERAE A H T WS ER, T2EI8SHFFR
FE R IGIER H oligo-dT 514 14T [ % % (Jian et al.,
2008). Z5 Ut IANF LR 25 ANFEIFPEL ANFAL
ZUET, RERERFILIFIERE.

MR Tk
3.1EA R

PL107#—FHE AR A A 4% kb, e A
KEEA BRI B K 2920 om AR BoAE A\ K
A ERKEKIESE T, BT ANTAREEN, L
16 h, ERUEEE 5 A28°CHI22°C. FFHEK A5 cm
Ja, ERAERKEEA BTG E T3 0.6% NaCl
(102.7 mmol/L)[*JHoagland’s 72+ i A2, AbFE
I} 18] 435900, 3 h, 6 h, 9 hAHE9 hEKE S L
NaClfJHoagland’& 78 12 h. ‘& T JENaClfJHoa-
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AV RNAE H 7 322 0L O 3% 30 55 (4 B 4
2012). FZRRU LM & 785 Hh ] W43 6Ot BE v Nano-
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2 [8) 2 ODaso/a230 N T 2.0IRNABEAT T — 28 43 #7
cDNAM G TN : 2 pgiRNA, 1 uL 1 pg/pl
Oligo-dT(15)51#)(541H), 1.25 uL 10 mmol/L dNTP
IIDEPCALFE /KR & 22 SRR 15 uLs SR570°CAR
PE10 minifuid & Tk A A FEIAS pL 5 X RTZZ
M, 20 U RNAREHIH] 7 (Ribonuclease Inhibitor,
TaKaRa)Ff1200 U ¥ 5% (M-MLV Reverse Transcr-
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AR S P AE T 89 A 2 3 D KR 51 25 W Brunner
(Brunner et al., 2004),

3.4520 EEPCR R N 44

qPCR X W 7ELightCycler 1.5 (Roche Diagnostics)
POGEEPCR Figdr. RMAKZR K20 uL, Hr2x
SYBROR Premix Ex Tag TM(TaKaRa) 10 uL, 514
(10 umol/L) 1.0 uL, cDNAMRI uL, #h2 3 FKE
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Vandesompele et al., 2002). A%} R i& & P12
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