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Abstract: The present study aimed at selecting the stable reference genes to ensure the reliability and
accuracy in gene expression analysis of eggplant (Solanum melongena L.) under high temperature stress.
By real-time fluorescence quantitative RT-PCR technology, we investigated the expression stability of
eight candidate reference genes (SmEFla, SmEF2, Sm40sRPS29, Sm60sRPL24, SmTRX, SmCK [,
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SmDAHPS I, SmUCP) from RNA-Seq database under high temperature stress and SmdActin, and the
stability of expression of nine reference genes were evaluated by GeNorm, NormFinder, BestKeeper and
ReFinder, respectively. The results showed that, at different periods, different tissues and different lines of
eggplant under high temperature, the expression abundance and stability of these nine reference genes are
different. When analyzing the gene expression of thermo-sensitive line 05-1 and thermo-resistant line 05-4
under high temperature stress, SmEFIa and SmUCP were the best reference genes for different periods
and SmEFla and SmTRX could be used as best reference genes for different tissues. Meanwhile, SmTRX
and SmEF?2 could be used as best reference genes in lines or varieties with different thermo-tolerance. On
the whole, SmEFIa and SmTRX exhibited the most stable expression among all of the tested samples,
while SmActin and SmCK [ exhibited the least stable expression under most of the experimental conditions.
It was found to be feasible and efficient to identify stably expressed genes from transcriptome database
under high temperature stress as candidate reference genes, which will be helpful for the study of
expression of genes response to high temperature and the mechanisms of thermo-tolerance in eggplant.
Keywords: Solanum melongena; high temperature stress; reference gene; expression stability;

real-time fluorescence quantitative PCR

#iT (Solanum melongena L.) Bl HANIN A, w2 RBIHAKEEMEZERNZ L — (BE 45,
2014), i FA TSI FNBE IR & A0 T B M I BT 52— fEHET RNA-Seq HLRAEDN Ik 7 ¢
DL IZE I AR ST R B 0 R o, 8 22 b S 381 3 SN 9% % 8 7 PCR (Real-time fluorescence
quantitative PCR, qRT-PCR) AR UEFN /3 #fr Ik [ A L AIK Yo qRT-PCR FRIAH XS 5E 553 #r b il
R R IA e N S 3L KA TR E bR 4L (Artico et al., 2010; J204 %%, 2012; Fu et al.,
2013). —/NFAR N S IRV %0 AR R B, LR TE AN SZ A KR A B BORHR R 2% 11 1) 5%

BRI 45, 2009). AR, KERBFFRM], ARM—FE ALK Pl e g LE AR —E R
TN LR GRS N AR E e, A RIALNFE e 1%L R (Huggett et al., 2005; Zhang et al., 2007).
SRS A1 il B AR AT TR R A A AT (AR E A S B RINT qRT-PCR 25 5 A St BAT SCBEAE A .

HuT, EaRHEY B HIA NI (Actin) HE5 IR T 1 (EF1). 18S #H#/A RNA (18S
rRNAD. 3 - W& H il M 208 (GAPDH)  SR3A H 3L A (CYP) 1,5 - W RRAX A B R AL (RuBP )|
RN IR AZ B e AL (APRT) M o & SR EIAED (TUA) %SNS HE (Exposito-Rodriguez et al.,
2008; Wanetal., 2011; Wangetal., 2012; Gantasala etal., 2013; Lopez-Pardo etal., 2013). fEjji
7L, Gantasala 55 (2013) 335§ 6 AN HI A Z 3L K] (18sRNA\ APRT. GAPDH. CYP. ACTIN.,
RuBP) (RN AL, 18sRNA+ CYP Rl APRT £t § AN 4143 b R ZRIE RS E ME i o JAI DR 4% (2014)
LE TS B LRI 6 (Solanum aculeatissimum) FIWFFE A K, TUA R 18sRNA {EAN R ZHZR
RIKFENEIRAF, I8SRNA 1 ACTIN FEARIF A AL B4 A N RIE K fefesg, EFT AN
GAPDH 1t TSR 4 F N RIERE B Ir, TUA R EF1 7647 IR FE 5 b A e M de . AT 3]
TEAAER] qRT-PCR 6 Uk A~ A it 2 AR it % i LT e PRI AR RSP I AZB - Actin A0
WS LR Z) %2 mia a5y, S E0RE S5 R ZER K. BRI,  AHIEFEEE T ORI RO 1 FE A )
RNA-Seq £#i5, Mz te e Rk M EERE L ik 92, JFA A GeNorm. NormFinder. BestKeeper
M1 ReFinder 45 4 P Ao M ioeiz N 2 3L RIE AN [RIAA B i ARG e 1, LASIIR a6 th e dls B gt 1
HERE RIB N S AL, A i 2 R T B AH DGR DR TR IF 9T B9 58 JEAil
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QY ZE SRS DARE

1.1 #Rl54E

RIGHET AR AR F BE 85 58 B AR BT T p S0 S 8T o RIGA RN ) AR RO B 2= B Bk
ST it 2 4 2 A0 A A Al B AR e AR I R (AMREE &8, 2012). SRHEIKEE H, 4
YR 4 MR E 27 C, 16 W8 h (/R0 JelE MM IE 3d, 25 JTURkbHE,

WRIGILor 3 4, 55 1 480 &R 05-1 A #4ih 3R 05-4 F 42 CAEFE 0. 0.5 1. 2. 4. 6. 12
F124h, 3L 2 B0 5 2 A0 BV R 05-1 R A4S &R 05-4 ] 42 “C oy AL 0 R 6 h,
S RIBCHAR . ZE. b 2B 3 4N BVEUREE R 05-1. T10. T18. T20 Al T22 Hfif#4fh & 05-4. TS,
T24. T38 AR KK, H 42 CAbEE 0. 6 fl12h, HUEE 2 Jr B, AEMCEERE 3 AEY)#HE . L
RBEATARA i AL B AR B g 0 . RS TR, BASS RNA $2H1
1.2 RNA-Seq #UEFEE L

PRI AT ARG 45 51, KU R 05-1 FIIHHUGTh 3R 05-4 R 28 il i A B3R ) BERE i Fl 42 °C iy
ML AL B 6 h BIRE S ZFE) N S dh B AR R A BR A = HEAT 5 20 A o BSR4 2 Gb.
i3t oligo (dT) WABKIAHEH mRNA FPA, SIS0 . MIEar i SC#E4# ] Tllumina Hiseq 2000™
AT . MFRIEE R (reads) # ] Trinity #4420 375 2] Unigenes, 6520 26 45 AR £k 2 k47
TR USSP IIEANSE, SRR TATRIETE AT KA RE 5 007 25 SR Lt 81 225 17 4]
e, AE] T RTEFE 5L # Unigene (KA &5 S .
1.3 2 RNA $2EIF cDNA &%

K H TransZol Plant i) & (LI ARV HARA A T SEIFE MU RNA, LSRRI 1 pg
L RNA J#h, FIH] PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) A £1 (5
Y TREAR AR, TaKaRa) LFRFEKZI] DNA 5% G cDNA ZB—4E, T - 20 CHibmi#H .

14 HWSEEBR R PCR i 1E&14G N

4444 2 20 puL: ddH,0 12.8 uL, 10x PCR buffer( & Mg* )2 pL, dNTP Mixture( 4% 2.5 mmol - L™)
2uL, ERFIS RS (10 pmol - L) % 1 pL, cDNA K 1 pL, TaKaRa Tag (5U) 0.2 pL.
PCR N AEFF K 94 CHARYE 3 min; 94 CAPE 30 s, 57 ‘CiBK 10 s, 72 ‘CHEH 1 min, #HHE 35
W 72 CHAEM 7 mine SNV EEHRIE, 70 HIEL 20 pL P48 1.2%3I6 8 ik, Goldview 4e(f )5 i
S A% RGN SR IR
1.5 NSERERRXKEE PCR B

J AR S 2B 28 W) Y SYBR® Premix Ex Tag ™ (Tli RNaseH Plus) i 71 &5 16 W] 22 sk k47,
R VAE CFX96™ Real-Time PCR Detection System (Bio-Rad) # ¥4 58/, RN HR: 95 CTi
B 30s; 95 CA&MESs, 60 CiBK15s, 72 CLEMP 15s, 39 M. My 65 Tz
90 °C, 5so A Rh e AT e 1 ) Ry ek
1.6 35|4igit

M RNA-Seq I8 50 22 Hh Pk 8 ANRIAFHXT RS @ [P JE X, B0 46 4% s SE A1 K~ 1 (elongation
factor la, EFla). ¥k E{H A 2 (elongation factor 2, EF2). HF1¥#M I (casein kinase [ , CK I ).
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4L (thioredoxin, TRXD. 40s IB{R 1 (40s ribosomal protein S29, 40sRPS29). 60s %
PEIAET 1 (60s ribosomal protein L24, 60sRPL24). R —F2 N4 H I (phospho-2-dehydro-3-
deoxyheptonate aldolase [ , DAHPS [ ) Fl—/NKANLIEEN (uncharacterized protein, UCP) K:[KIE
IfEik WS EER, DB (Actin) A XN S . RIGIRIE A SR E R4 gRT-PCR
vt R, 32 Primer5.0 AT 9 MRS (R D, H RIAET A A A S .

F1 ERMASEEIMRTEKE

Table 1 List of primers and amplified lengths of reference genes under investigation

319 Unigene/bp S1Fsl (5-3%) K& /bp
Primer Primers sequence Length
SmActin JX524155 (333) : TTACTCATTCACCACCACAGC; R: ACCATCGGGAAGCTCATAGC 145
SmEF1a Unigene 0033899 (876) : CCACACTTCTCATATTGCTGTCA; R: ACCAGCATCACCATTCTTCAAAA 145
SmEF2 Unigene 0032941 (3 457) : TCATGGGTGGTGCTGAGATTATA:; R: CTAGCTTCCATGTACAAACGGTT 130

F
F
F
SmCK 1 Unigene 0033027 (1758) F: CAGGAAGTAGATGGGCAATTGTT; R: CCTCCTATGGATCCCTTCACTAG 101
SmTRX Unigene 0035968 (857) F: TATCTTTCAAGTTTTCTCGGCGG; R: GCTTGGAGGAGTTGAAATGAAGT 133
Sm40sRPS29  Unigene 0052057 (840) F: CTCTTCTGCCTTGTGAAAGATGG: R: CTGCAGCACATGAGTCCATAC 138
Sm60sRPL24  Unigene 0027788 (781) F: GAACTTTGTCGTTTTAGTGGTGC; R: TGTTGTGGAAGTAGTGTTTGCAT 118
SmDAHPS [ Unigene 0008432 (2031) F: CAGGGCAAAATGTAACTGAATGC; R: TCGGCTACAATGAAGGAAAGTTC 136
SmUCP Unigene 0048390 (748) F: CAACATCAGAAAATTCCAGCAGC; R: TGTTCTTTTGGGTTGGTCAGAAG 108

1.7 HRES
SER 9 E & PCR i, X2 HAS H&AEM Ct{H, M GeNorm. NormFinder 1 BestKeeper
PEREAT 2 WS LR E Yo, 856 70 #4532 FH ReFinder v H gk N S ARG E 255 HE4

2 R

2.1 RiEANSEELE RNA-Seq ERPRIENKIEE
M4 MREREE AT LE R E, 8 A (Smdctin AR E]) 535 P9 23 PILE i a5 5 1
KX B HEA —EREEE, THTH—L00 (F2),

£2 BENSEEIEA Unigene REZE RNA-Seq Rikilk P RIAE (RPKM (&)
Table 2 Corresponding Unigenes of candidate reference genes and their RPKM values in samples by RNA-Seq

fig 1k A 2 FE K] Unigene 515 05-1 (A thermo-sensitive) 05-4 (fif #¢ thermo-resistant)
Candidate reference gene Unigene accession X # Control 42°C 6h X H# Control 42°C 6h
SmEFla Unigene 0033899 243.84 246.75 254.33 243.27
SmEF2 Unigene 0032941 262.76 291.02 268.28 274.45
SmCK [ Unigene 0033027 32.12 32.18 34.34 32.66
SmTRX Unigene 0035968 65.64 64.73 64.93 62.42
Sm40sRPS29 Unigene 0052057 333.27 333.92 33537 336.15
Sm60sRPL24 Unigene 0027788 74.52 72.66 78.45 76.78
SmDAHPS | Unigene 0008432 314.64 312.43 311.21 301.99
SmUCP Unigene 0048390 233.83 240.15 226.74 224.44
SmActin None - - - -

2.2 TFHESEER PCR &N

HIE 1R RAG Y, 9 ANt A 23K AR PCR 45 R3] WA U MR R =4, HLAR i —,
YEIAAEAES ) SRARMARRS 2By 18, W T )5 42 QRT-PCR 7347
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M Actin  EFla  EF2 CKI  TRX 40sRPS29 60sRPL24 DHAPSI UCP

250 bp
100 bp

B1 #F 9 MREASEEE RT-PCR i 184
Fig. 1 Specificity of 9 candidate reference genes for RT-PCR amplification

23 MFASEEMKEESE PCR 917

LUt 5 cDNA NREH, BEAT 98065 5 PCR 04T, i REKN], 9 Mk N S A R 45
N LA A e, BT SRR L, RS Y I R R R (] 2D,

SmActin SmEFlo
2500 T 3000 : ! :
2000F 25007+ :
P 20004+ 20007
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5007+ 5004 500}
0+ 0+ 0
SmTRX
250045 o Y N R AU T N Y GO
] : 1500%: S e i SR s i 2500 R e e s e
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1000+ o : o ;
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0t 0 0Ly
Sm60sRPL24 SmDAHPS 1 SmUCP
3000 fr ey 3 () FrTr e 2 S00 T
25004 7 . . o . 2500 2000 : : : : ‘
2000t : : : 2000 5 5 1 500F st il bt
150045 e fo 1500 i i : J : ;
100047 s 1000 e 2900 T 10004 [ @
500 5004 ii ) \ Siivvans 5001
0 44 L oo T, S OEL i i Npmaa
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i 8/°C Temprature i 8/°C Temprature i 8/°C Temprature

2 9 MEiEANSERE qRT-PCR fEfRM &
Fig. 2 Maelting curves of 9 candidate reference genes for qRT-PCR amplification

WK Cr AEAEAN IR i R IA AR P B N S 10 B 2R . T 0 M I, A~ N S 5L A
FEA RN AR BERE 5 P 0 R E R IArAE 22 5 o JED Ce ), RS, A%, 75
Bl S BN A R, i N SRS Cr fEAE 19.15 ~ 28.35,

TEFAE ZR 05-1 T AN R 05-4 vh, figeide P 25 2k DR 7 FAKE BRAN [R] I TR) BV Ce {BLAE 19.33 ~ 28.04
Z 10 (B 3), I SmCK 11 Ce i K, RIBFERAK, X5 RNA-seq FIAHE FAIR R IA & (RPKM
i) 453 (£ 2) M.
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F

-

g.3 The average Ct values of thermo-sensitive line 05-1 and thermo-resistant line 05-4 at

different period of high temperature treatment

Wk 4 Fros, WSFEERLE S AL EE 0 F1 6 h ZEAEBEL R 05-1 AT #4GE & 05-4 AR Z (R L 25,
w>¢%aﬁ$n%54&%z@,A$u&mmmwm%aﬁ%¢,%¢$5%ﬁo
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w s 20 B SmEFla
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Fig. 4 The average Ct values of different tissues of thermo-sensitive line 05-1 and thermo-resistant line 05-4

treated with high temperature for 0 and 6 h

Wk s IR, 10 AN b Z MO F ik ) 258 A sl A BEAS [R) I Ta) ) Ce (BT 19.56 ~ 27.26
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AR IFEBA — 5 WA
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Fig. 5 The average Ct values of ten eggplant lines (varieties) treated with high temperature for 0, 6 and 12 h
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24 HSEREMREREMHTM

2.4.1 GenNorm 3447

GenNorm A2 5 F I A 220 BT 80, AR TH B R IR 8 A 2 55 RTZE AN [ ot v R SR A e 1 (D
Kt E A g N SN, MR, RGeS M BN, Retls, Hhyv=15%
LB (Vandesompele et al., 2002).

mE 3 Pron, 9 MWSIEAFRRFAE RSP REMAA A ZE R B R 05-1 %uﬂﬁﬁﬂ h&R 05-4
16 42 °C il AL TN R I ) B, Rk W RE N S & SmEFIa F1 SmUCP; {r =il a3 0 Fi
6 h AR, ZERIm, RA AR E & SmCK [ Fl SmEFla; 1E 10 MR R (ﬂl) FALEE 0. 6
112 h P RIE R e T U ) SmEF2 F1 SmTRX. {EFTA RIS, WEBEEN SmActin (HFRIEF

EPER S

F3 GeNorm RS 9 MEENSEREMF AR RBFH T HRIAREME
Fig.3 GeNorm ranking of the 9 candidate reference genes with respect to their expression stability

under different experimental conditions

REE /N[ I 1] Different periods N[ 4148 Different tissues AR (Bl Different lines (varieties)
Reference gene M HiF Rank M HEF Rank M HEJ¥ Rank
SmActin 1.345 9 1.339 4 0.959 9

SmEFla 0.664 1 1.140 2 0.719 6

SmEF2 0.760 6 1.774 7 0.650 1

SmCK [ 0.789 8 1.127 1 0.871 8

SmTRX 0.768 7 1.961 8 0.651 2
Sm40sRPS29 0.733 4 1.370 6 0.698 4
Sm60sRPL24 0.725 3 1.266 3 0.716 5
SmDAHPS [ 0.733 4 1.360 5 0.742 7

SmUCP 0.697 2 2.814 8 0.655 3

2.4.2 NormFinder #4 5-#7

NormFinder ¥4 45 G 4l J7 22 5 4110 J7 22 v 5 g ide P9 255 DR I RRUE ko g AT V-, e
BN, WSEERFRER R e RZWBATEE (Andersen etal., 2004).

WK 4 fhoR, ERPIEAETRANE IS (R B, Rk At e N S E R & SmEFla, U2 SmUCP;
ANRMDLH, SmEFla (W& EVERAS, UGS Sm60sRPL24; ARG R O R IR e P i 1 2
SmTRX ! SmUCP.

%4 NormFinder M- #7 9 MEEASEREMN T ARRBFH T RIS EY
Fig. 4 NormFinder ranking of the 9 candidate reference genes with respect to their expression stability

under different experimental conditions

NS EED N[AlIrf A) Different periods AR ZH 2R Different tissues N[ i & (FhD Different lines (varieties)
Reference gene M HEFF Rank M HEF Rank M HE/P Rank
SmActin 0.880 9 1.872 9 0.036 9

SmEF1la 0.197 1 0.123 1 0.025 7

SmEF2 0.379 8 0.965 7 0.016 2

SmCK [ 0.363 7 0.542 6 0.029 8

SmTRX 0.360 5 1.195 8 0.015 1
Sm40sRPS29 0.360 5 0.489 4 0.021 4
Sm60sRPL24 0.331 4 0.123 2 0.022 5
SmDAHPS | 0.308 3 0.275 3 0.024 6

SmUCP 0.263 2 0.541 5 0.016 2
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2.43 BestKeeper 34547

BestKeeper P L i EARHE 2 (SD) FIAZ 2 R 2L (CV) Kk fa e NS IED, Hrpbrifk
ZEFIAG e RAEUEDN, RRE Y Rz, FEETEEZE (Pfaffl etal,, 2004).

Wk 5 Jion, ANE A& N EENSIEE SmActine NRALEAE R I SmActine SmEF2
SmTRX PIAFHEZEH R T 1, M4 BestKeeper FIEFEARHE, IXLLILPR ) FRIBH AT E o LEAN ]IS TH] B
Pk B AR E e N 2 35 M & SmTRX, SLiR& SmEF2; {EA R ZAh SmEF1a WERIA R VE B LT
HIKIE Sm60sRPL24; ARl R b R IEA8 € M B IF 1K /2 SmTRX 1 SmEF2.

%5 BestKeeper RS 9 MEEASEREMF AR RERG THRAIEEM
Fig. 5 BestKeeper ranking of the 9 candidate reference genes with respect to their expression stability

under different experimental conditions

WS I T@H‘J'I‘ﬂﬁ&i A T\Eéﬂéﬂ T\Alﬂn'ﬁl%-@% o
Reference gene Different periods Different tissues Different lines (varieties)
SD cv /¥ Rank  SD cv HE/P Rank  SD cv HEFF Rank

SmActin 1.240 5.647 9 1.937 8.002 9 0.588 2.571 5
SmEFla 0.622 2.845 3 0.485 2.328 1 0.720 3.338 9
SmEF2 0.575 2.578 2 1.404 6.348 8 0.437 2.024 2
SmCK 1 0.733 2.844 7 0.979 3.878 6 0.603 2.357 6
SmTRX 0.543 2.261 1 1.305 5.434 7 0.335 1.390 1
Sm40sRPS29 0.740 3.562 8 0.654 3.310 4 0.673 2916 8
Sm60sRPL24 0.701 2.995 6 0.559 2.490 2 0.630 2.770 7
SmDAHPS I 0.661 2.926 4 0.886 3.987 5 0.567 2.573 4
SmUCP 0.664 2.954 5 0.625 2.773 3 0.473 2.107 3

2.4.4 ReFinder 547

X GeNorm. NormFinder. BestKeeper #4743 2 (14 5€ PEHE44 K H ReFinder A3k JLATF
B, 19205508 4, B0, BN SRR R AR E .

& 6 AT M., F&T RNA-Seq #s 7T & 15 2 1) 8 AMik N SR, 111 HEORIT #4400 /AN [F]
MBI TR . ANFIZHZ S B AR R I TR N S L SmActing 3k Eni I a AR T, HF4
W 2 AL NS EE SmEF1a B SmUCP, X} hid S ARIAN 5, HEA4RT 2 AL A S AL 2
SmEFIa M SmTRX; WA F# R OO M5, HEARTMNALI N SIS SmTRX R SmEF2. %5
HITARE KT, 1L N SR R R A€ M i (02 SmEF1a, L& SmTRX Ml SmUCP.

# 6 ReFinder RS 9 MEEASEREM FAEREREG THREEEM
Fig. 6 ReFinder ranking of the 9 candidate reference genes with respect to their expression stability

under different experimental conditions

postl kAT H Kk AT B
Treatment Stable gene Least stable gene
ANJFI ) B Different periods SmEFla, SmUCP SmActin, SmCK [
ANFZZ Different tissues SmEFIa, SmTRX SmActin, Sm60s RPL24
AFfhZ& (B Different lines (varieties) SmTRX, SmEF2 SmActin, SmCK [
BT # i Total samples SmEFla, SmTRX, SmUCP SmActin, SmCK [

3 e

i
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I DIRE, 1 Actin F1 TUB JE N 55 2 A Mo a8 1 2R A AR 4L 7y, GAPDH. EFla 1 UBQ %% 5 T )
PR EA A AGART I R, AN IX SE I DR S A2 71 BT A7 () 40 IRLRH A RS M AR e RIE (IRl 4%, 2013;
skETT G, 2014). JEHIMAFFURIL, B EXERMFREIEA LI EALN (Dieetal., 2010), CA
REW 208 B IR N S IR SR . @i, ABECH N S IR SmActin A2 T RS AT B A&
PEY 22, M HAat N FURIFE R B Actin BEHEARIAEAEDME Callity 573 W0 T %4 O
FH, 2012). AYMLRTE B A DA (K 4, 2012) FUAESENASIER. Fik, A
FEDR 429 C 2 o v 2 T B Il A R R R I H 28 s, R RNA-Seq £l e b i Aeoe
KIEFIW S IERIC ISR AN S LA B 20 R . S (2014) RIS B 22075 B B
IR R e R Bt sk 1 0 P vh R HH P N AR O RIS I N S 5 UBCY FIl TUB, wIAE A B f: N 2 3 R 56 1
XIEEAREENAE 4 P 428 CR. #Y. BE. D) WM T qQRT-PCR &5 R AR EL 3 #T. 225 (2015)
GG R RIEIE T T M A GNEERE S R E 3 AN B R URARE Y 9 MEGE NS L]
(188 rRNA. a-TUB. B-TUB. Actin. elF» GAPDH. UBQ. UBC il 60S rRNA) F1 3 /> fise ik
Kl (4P4. FP. RH2) MASElE, P97 2 MRIETERIH N SN (FP. AP4) Il 1 MEGZNS
S5 (GAPDHD . ik, FI e s A s R i e dpe £ N S AR LR fE i % CRAEH 55, 2014), K
M3 (4578, 2013). BBk CRAER 25, 2015) RbS; Calitig 25, 2015) 2504 LSRN .
AHIF ST R DA A4 0 T R B AT S RNA-Seq B0l 4 b Jailh, S A5 8 T A0+ 15 W A K
FERR A FAFI ] ANFEALRAF SR RO hgdae s m 1 ANFE NS EER (SmEF1a)
2 AR IHGEIER (SmTRX Fl SmUCP), 3X—45 Foxd A Ja 4 i it 7 sl b de 46 28 L R R I8 2 #r
W R e A T S B R X, RN A RIUE R R f e A SR RRE T 5%,

BEPE LA A SRR RS RO T It s 22 i SR04 158, AR
AR BB AP R D P FIER E E s T R N SRR R e R I . fEH YN S AL
BT, WA AR N S I RIEAN [F] RS0 2 N RIS EE M. flt, fEsiid 8 B h RIsTeE
YERSIF 1) GAPDH 5/ 4 R (R IE R e ME N e % (Reid et al., 2006; Long et al., 2010), [j#E/N4&
rh RR S8 PR () Actin R UBIAER filivh (1) 2815 B8 M55 22 (Long et al., 2010; Mascia et al., 2010
Hu % (2009) Z387 T K5 7 AN NS EERFT 7 ASFiE SRR R A K R BB A3 E
O SRS AL BRSBTSk Ae g 1k, &5 AR W N S 3L SKIP16. UKN1 F UKN2 8 I
SRR Y . ORI SR A N S e N SRR RITRE T, U ARAE (2014 RRFAUER
W], elF4A. TBP-1 F E2 NN 408 B2 BoAe |l Wil NI S 2R, il b B 5 /N2 R oK
Lk ERFE NSRRI JE 26S rRNA (Paolacci et al., 2009) Fl EFla (%%, 2012). it
AP, AR A T AR E AR E RIS NS IE R, A S BEDR () e 6 2 15 i 77 LA AN [ (1)t
5 RGAREA B AT PR 55 . BT, AEEEED W B (Nicot et al., 2005). 7l (Mascia
etal.,, 2010). BB (Wangetal., 2012) ZEHREE e T7E% AARRE A FRIARIEE NS
FEH . MTFAEAFRIAZ (Gantasala et al., 2013). A FUT S B MRS PARAEEY) (BEZE) FAEA
Yia (PR #h) JRBeE 4, 2014) RE0 5 AT T e fh N S BE DN I 1 th AT AH OCHRGE,  RTMIX Lt
WSRO AR GG AR, JF FUR MR T A Ef R0 AL BE,  0ET-58 1 FE AT 5 7 ) DU 0 1 i 44
RIS HEMAEAR T AR ARFFOER T AT AR R 05-1 RN HGSH &R 05-4 Sl bl A [7) i |) Fi
AFAHZ (R 20 D DU miR P a s e ARG 5 R D JL 58 kel FIA qRT-PCR Al
TR AT AR 8 MEIEN SR (UHE 2 ANCAINSEEFF 6 DN ARIEFERD FEAFR
BT T IERIB KT, HER AR S FE AT AR MV o &5 SRR AT i 7~ A0S &R 05-1 FTiR 44
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Al AR 05-4 =il W 30 AN [m] i 1) B I ik ARE MRS i 12 SmEF1a F1 SmUCP, AR R b 3Rk i fa e
(1)73& SmEFIa F1 SmTRX, ARG dR (B Fimtae RIARK N E SmTRX F SmEF2. 476 K%E,
TEFTE R SmEF1ay SmTRX SmUCP KIS M, X5 AN AR A AT T 542 % (Lopez-Pardo
etal., 2013). ANFEAREZAE T HIBH (Wang etal., 2012) FEOIARER (BE 25, 2014) |
BAEN S I E EFla B 45 R 2540,

AHIE TGS FEA T A SCHE R Sk A M 3 At T S & B N SR DR, TR 42 4 it~ T 4453~ AL
(IRIFFE B8 T HEAH,  [R] At Sy LAt R A2 vt JBIb A P 2 5 DR P 9 G 4 A1t 25 2% A 2
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