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W OE: AN O sk B e, SRR T 22 A5 SR SR RIE TR E Y UniGene
FB JERIR L B BN A Z= et e B3 81 T 3 AN MR A K, 4ok RhETR1. RhETR3 Al
RhETR5. H:H1, RhETR1 424 2 814 bp, #ifih—-> 595 aa Mfik#E; RhETR3 K4 2 468 bp, Zwh—4
765 aa [Fik%%E; RhETRS 4K 2 740 bp, Fifid—A 742 aa MIEBE. X 3 ANFEPHEE 09065 K (2 ) 5=
(Ziziphus jujuba) ] ZJETR1. ##4 (Populus trichocarpa) 1] PtETR2 FI#b4L (Pyrus pyrifolia) /1K)
PpERS2 AR M i, KIKCH 85.2%- 75.8%F1 80.3%. & [ [ A 254 7 B2 W], RhETR1 fil RhETRS
Sy SR IR A ERST AL ETR1 S5MAHML, 8T 5 1 WAEMK 1, RhETR3 5 ERS2 £, J& T4
2 WK - (AR BARAE I FE T, X 3 AR IR I T g ik . R R RIL
AR, SEPERH ZEAE AT IR AR ORI RAETR3, 3R45 T FIELIS 7y i — S E A, R 21
RhETR3 H A7 5 #E (1 BB AE .
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The Full-length Cloning of Ethylene Receptor Genes and Prokaryotic
Expression of RNETR3 in Roses
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Abstract: In this paper, twenty-two UniGene fragments that shared high homology with ethylene
receptor genes were obtained from previous-constructed rose flower transcriptome database. Then the full
length of three genes, RhETR1, RhETR3, and RhETR5, were cloned from rose petals. The full length and
encoded peptide chain of RRETR1, RhETR3, and RhETR5 were 2 814 bp and 595 aa, 2 468 bp and 765 aa,
and 2 740 bp and 742 aa, respectively. The predicted protein of the three genes shared the highest identity
with ZJETR1 in Ziziphus jujuba (85.2%), PtETR2 in Populus trichocarpa (75.8%), and PpERS2 in Pyrus
pyrifolia (80.3%), respectively. Further protein homologous and construction analysis indicated that
RhETR1 and RhETRS5 were similar to ERS1 and ETRI1 in Arabidopsis, belonging to subfamily I ;
RhETR3 was similar to ERS2, belonging to subfamily II. During natural vasing life, RNETR1, RhETRS,
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and RhETR5 showed down-regulated, up-regulated and constitutive expression, respectively. Through a
prokaryotic expression system, the recombinant protein of RhETR3 was obtained, whose molecular weight
was similar to that of the theoretical ones, indicating that the cloned full-length of RNETR3 has a complete
open reading frame.

Key words: rose; Rosa hybrida; ethylene; ethylene receptor; gene clone; prokaryotic expression

CIFAERFWIR . AR TP RS, o 2SS RIEE I O1ER (Abeles et al.,
1992; 8 45, 2002), [FNEZ5—RHVEY) SAEEDMHE R m N, Qo s, KAEpE ., %%
Wrif%E (Johnson & Ecker, 1998; Bleecker & Kende, 2000).

TR B PL B T T ORI, 1E O S Sl e, AT W 1) £ 52 A4 o5 ot Ik
R OWES . LIRS IR, AT RIIRAS, REBOREE S 2R B 4545 1) CTRI,
J5 3 O] USRI L0 S0 in EIN2. EIN3. ERF 4%, & LMAoe i A #iE
(Guo & Ecker, 2004; Chen et al., 2005). WFUERW], LIS ARLERE SN E15)%2 24, 1
CTR 1 EIN3 25 (i A TR G &R A K (Chenetal., 2002, 2005; Gaoetal., 2003;
Yanagisawa et al., 2003). K, M52 RIS CMAE R K- IS 5 i s OB 4 Rl 43

H TR I CH 2 A K 2 UL 2 BRI KR TE RAFAE . (R IT T, O R R —3A 5 ANk
T, ARAFE ISR AL 8 THA KK, Hd ETRL fIERSL J& T4 1 W& %, ETR2. ERS2 il
EIN4 J& T3 2 WK% (Guo & Ecker, 2004; Stepanova & Alonso, 2009). iS22 FE I %
NN R 03 2 T S5 A 1) 22 S P e 5 4% BAT AL ThREAH DG VW, AEHIWNIR CHE T i 0 B R & K&
FRIAEEH PSS, AR, B T M. ABAL BRI ZRIME S TiRe, Bl
BRI MR 45 (Gazzarrini & McCourt, 2001). XESIHFERANES H AR XA B 520, Ml
ARy CIFIESZ VR — AN, LA RN LS SA RIS THMERAIL. Kk, B
AN LIRSz R 2 S5 ZE 5, AT R IR A RIS .

FEMTAEDI, LIRSS T RSk T4 PE . DRI 2 R 5 S5 R . wFge ke, 1X
it K2 5 O AR M55 (Shibuya et al., 2002; Kuroda et al., 2003, 2004). 7 H7J5
I, HEC&wEMRRT 5 A CIRZARIER, YW T 2 QIS A e 2 T IO S 2 fe b
[ AT HLE] (Muller et al.,, 2000a, 2000b; Tanetal., 2006). {HIXSEdiE R L0521k
FERAAKFA, Aaent o A AT 58 B 10 5 20, JCARAH OG5 et 5 th 32 20 T — 2 i Bl o

TEAFC, FIH O H ZE e e sk 1500 B, 455 RACE HK, 343 T RhETR1, RhETR3,
RhETR5, 3 NSz ARFERIRA K, RIS 0B T I S8 PRI e (1) a1 4540 5 Dh ek, IRl 73X 3
ANFERAEAC ST GE Z I R 355 e UbaEnt b, Gl JR AR IA3RAG 7 RhETR3 gt i AL H .
IX e g AT DA R T I T BT 9T H 28 LG 52 i 3R LB R R SO Fr

QY ZE SRS DARF

1.1 REersy

WK T 2009—2011 48 E AR MY ZE M B Tl 255 ek 2R 5 4B BT = 58 ill. iRER T A2
(Rosa hybrida) YJ{¢ ‘Samantha’ H147 TAb 5 TH & FIX 0 H U1 e A= et . 1ed Rl m % H
FEE Tk, IFE 1 h 2 Wi Rlseih =, e 4 KET. Zem. BK (B 45, 2011) 254bB )5
HEAT J5 22056 .
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1.2 RiEALIE

F A S G TN H BT IE 285 X (Maetal., 2005), FedfAETFAe$h 1 9% (fetu,
RIBEE) BRI KBS A S KA, FERE T 28K, BT RE= 0. s
WIRBE(RFFIEE 23 ~ 25 °C, HIXHRSE 30% ~ 40%, J&/M5EM] 12 h/12 h, Y63 40 pmol - m™ - s 7£
M TG RE S, 2350 T IFAERECH 1 ~ 6 TR R AL, S EIRR G T - 80 C4&MF T,
FEATURE s 2D S e, AR S AR ER & .

1.3 ERNARHSAEZAERESKT|E

AL RNA $EHUCR A28 % 24 [ ) Hot borate 72 (Wan & Wilkins, 1994). AN[AIFEA A RNA
IS, A SMART™ RACE cDNA Amplification Kit (Clontech) il £54 H cDNA, FHAR4E 40
AT BB R S (GR 1, ST 1~ 12) T PCR §78. ¥ 1= 44fi A\ pGEM T-Easy 1k
(Promega) Jii, HALKWHFF R DHSou, %85 B 5o Jr ik b = R S AR ARG R A =P . J7
PGt PG, FIAEKSIY (R 1, 4i'5 13~18) FAGXNIEF LK,

%1 AFZHZFERSKRRERRIAMATIY

Table 1 Primers used for the full length cloning of ethylene receptor genes and their expression in rose

42 No. 514 Primer 51HIFF%1 Primer sequence

1 RhETR1 GSP outer forward 5'-CAGACCACTCGTGGGAAGAT-3'

2 RhETR1 GSP inner forward 5-GCCTGATGTCTCTGCGAAAAG-3'

3 RhETR1 GSP outer reverse 5'-GGATTGCCAGCTCTGCCTCTC-3"

4 RhETR1 GSP inner reverse 5'- TCACTGGCTCGCATAGACTC -3'

5 RhETR3 GSP outer forward 5'-ATATTGTCCACAACCCTCTT-3’

6 RhETR3 GSP inner forward 5-GCTAATGCTTGCTCTCACAG-3’

7 RhETR3 GSP outer reverse 5'-ATTCCTCCCTTTCAACTCAT-3'

8 RhETR3 GSP inner reverse 5'-ATTATCTCAAGTTCCTGGCT-3’

9 RhETR5 GSP outer forward 5-GCGTGTATTCAAGAACTGTGGC-3'
10 RhETR5 GSP inner forward 5'-TTCCTGAAGAACAAGGCTGC-3'

11 RhETR5 GSP outer reverse 5'-AAGCACCAACACCATCAAAGC-3’
12 RhETR5 GSP inner reverse 5'-GTTGGCATCCACAAGGCAC-3’

13 RhETR1 FL forward 5-TTGGCTCAGTCCCTAGTTACTT-3'

14 RhETR1 FL reverse 5'-TTGAAGCTAAACCGTATCCATC-3'
15 RhETR3 FL forward 5-TGCATATGGTTGGGAGCCTG-3'

16 RhETR3 FL reverse 5-AGCCCTATTCACATCATCTTCGTC-3’
17 RhETR5 FL forward 5'-GATGGTCTGGGCAAAGGAT-3'

18 RhETR5 FL reverse 5'-AGACACAACTCGGGTGAGATAG-3’
19 RhETR1 RT-PCR forward 5'-TGTGCCATTTAGCCTTCCTGTA-3’

20 RhETR1 RT-PCR reverse 5'-CCTGATCTGCAACAACATCAAC-3'
21 RhETR3 RT-PCR forward 5'-GCTCATCACTCTCATTCCTTTGC-3’
22 RhETR3 RT-PCR reverse 5-GCATTGGCATCCGTATTGCAGC-3'
23 RhETR5 RT-PCR forward 5-ATGGCTACTGCCAAGGTTTTCA-3’
24 RhETR5 RT-PCR reverse 5'-CAGGAATGTGTTTTCCAGCAAT-3'
25 Ubi forward 5-CACCCTCGCCGACTACAA-3’

26 Ubi reverse 5-AGTGATGGTCTGCCGGTTAAG-3’

27 RhETR3 ORF forward 5'-CGGGATCCATGTTAAAGGCATTAGCATCTGGG-3’
28 RhETR3 OREF reverse 5'-CCCAAGCTTG CACAATTTTGTTTGCCTGCACC-3'

1.4 RT-PCR 4 #f
ANFEAEIERE L RNA $2H0U5 , FIIH Powerscript reverse transcriptase (Clontech) 2 4% 5% 1% ¢cDNA,

FEARYE 25 S AR FE R K e a1, S BCIEOR SF X SR 514 (R 1, w5 19 ~24), H T2 & RT-PCR
ST ¥HELAE: 94 CHIAEYE 5 min, KRG 94 CAEPE30s, 55 CiEk 30s, 72 ‘CHEMI30s, 28
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IR, dpe) 72 ‘CHEM 8 mino [A]IEH Ubi /4 RT-PCR Whr (£ 1, 45 25, 26), ¥4 94
CHIAE 5 min, 4RJ5 94 CAEME30s, 59 ‘CiB<k 30s, 72 CHEAH30s, 27 MEIR, fh 72 CIEM
8 min. PCR =¥ 1.2% B EHEE R REA T4 85 5 1) GoldView™ Jekl YL ta i g, AEAN ) fiAE ALY
W3 ANEYEEL .
15 [FE#zFziE

FIH A 207 RAETR3 4K, Wil e w514, DISRIHZIER TR 5 CORF) J7%1, [H
IE LRS00 43 N BamH T F Hind THEGDIA &0 (R 1, 4a'5 27, 28). PCR = sk
#| pGEM-T Easy #fk (Progema) ™1, ZoI/ it JCAE e fo il i 0D T 018 N pET-30a(+) 24

(Novagen) ', w44 pET-ETR3. H ALk AL B K AT BL21(DE3)-pLys HAKH,

PCR FIJFURE ff DA 7 BH A TR o

PRI BHE e e M T LB WiARE 973, 37 CRiFE A WRH, % 1:100 f L8028 fof (1)
LB k3, 324 ODgoo 4 0.6 ~ 0.8 B, M 0.6 mmol - L IPTG #5 3 ho LANIIIA IPTG [
WA 0 hy 43 J04E O A1 3 h BORE. AFREL 1.5 mL L 2 0IEE A, I\ SDS-PAGE L FEZE pf
WA 5 min LALLM, 3R F, 120001 min” 850 5 min, B3 E T SDS-PAGE ik, %
T i et

2 R

2.1 RhETR1. RhETR3 #1 RhETR5 &K =& & F 5047

XFHT AL )5 60 944 A UniGene (1) H ZE b sk A ER E (http: // bioinfo. bti. cornell. edu/
cgi-bin/rose_454/index. cgi) MEAT LLXF 43 #T, KINILH A 22 N5 LISz AARTE R RIS 5 e o A e i J3
LR HIFERIE R IA 2 AR, 1X 22 4> UniGene H, 1 13 N2 LM ERIE W, 9 AN 24600 K
AR (R 2).

F2 S5ZHZHERE 22 4 UniGene HiS K MM EER

Table 2 The ID of 22 ethylene receptor related UniGenes and their ethylene response pattern

ZJ%iMb PR Ethylene treatment

4% 1D 1h 6h 12h 18 h 24 h
RS
e b % L o
% FDR # FDR }k FDR J? FDR # FDR
Ratio Ratio Ratio Ratio Ratio

RU00182% 2.60 2.99E-05 3.61 3.21E-07 2.50 1.03E-04 342 1.04E-06 2.61 1.00E-05
RU07079% 2.60 2.99E-05 3.61 3.21E-07 2.50 1.03E-04 342 1.04E-06 2.61 1.00E-05
RU08199 0.89 1.37E-01 1.13 1.25E-01 1.07 4.74E-01 0.78 2.51E-03 0.80 4.01E-03
RU09131 0.98 8.45E-01 1.06 5.80E-01 1.04 7.13E-01 0.86 7.96E-02 0.89 1.76E-01
RU10201% 7.56 3.10E-05 4.44 1.21E-03 1.84 1.46E-01 5.88 2.35E-04 291 1.17E-02
RU12664" 4.28 5.34E-06 522 4.60E-07 2.53 1.11E-03 8.37 2.45E-08 2.22 1.07E-03
RU14043" 2.56 9.53E-06 4.18 1.78E-08 2.49 4.77E-05 3.99 3.70E-08 3.05 4.24E-07
RU14894% 7.70 1.71E-08 5.65 6.56E-08 2.01 3.53E-03 9.15 2.30E-09 2.11 9.48E-04
RU17625 0.89 6.38E-01 1.07 8.27E-01 1.01 9.64E-01 0.67 2.57E-01 1.03 9.27E-01
RU19694 0.86 1.80E-01 0.94 5.80E-01 1.21 9.18E-02 0.79 3.00E-02 0.78 9.36E-03
RU20979% 4.48 2.07E-06 391 2.54E-06 1.74 1.15E-02 7.89 9.17E-09 2.05 1.85E-03
RU23348* 6.96 9.52E-08 5.93 1.75E-07 2.06 3.93E-03 9.72 4.98E-09 2.36 6.15E-04
RU25672 0.81 5.12E-02 0.95 6.80E-01 1.10 3.72E-01 0.86 1.73E-01 0.97 7.88E-01
RU31838* 5.33 5.35E-04 4.02 2.00E-03 222 8.97E-02 4.85 7.46E-04 2.55 2.93E-02
RU40711 0.96 5.97E-01 1.03 7.77E-01 1.02 8.32E-01 0.82 7.99E-03 0.92 2.48E-01

RU40717 0.96 5.97E-01 1.03 7.77E-01 1.02 8.32E-01 0.82 7.99E-03 0.92 2.48E-01
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)

ZJ7i4b PR Ethylene treatment

lh 6h 12h 18 h 24 h
B ID % e % %

Ratio FDR Ratio FDR Ratio FDR Ratio FDR Ratio FDR
RU43444 0.98 7.98E-01 1.07 3.39E-01 1.06 4.46E-01 0.90 1.34E-01 1.02 7.27E-01
RU49080" 4.49 4.08E-04 4.17 9.11E-04 1.44 4.09E-01 2.89 1.26E-02 2.68 1.14E-02
RU49577 0.78 3.15E-03 0.90 1.81E-01 1.26 7.14E-03 0.87 6.22E-02 1.01 9.66E-01
RU52182* 6.67 3.88E-08 6.13 4.83E-08 221 1.56E-03 8.27 4.98E-09 2.29 3.75E-04
RU54586" 3.16 2.67E-06 523 1.11E-08 3.24 1.16E-05 5.68 4.98E-09 3.30 5.64E-07
RU55344" 6.67 3.88E-08 6.13 4.83E-08 221 1.56E-03 8.27 4.98E-09 2.29 3.75E-04

e HEEFEA ] UniGene 78 A A 31— 5 1 8] J5 2L 15 AH B R IA I LA . FDR ARREF R B2 . #3082 LR IE T

Note: Ratio means expression of ethylene treatment divided by that of control for each UniGene at different time point. FDR means the false

discovery rate. # means up regulated by ethylene.

MR LL BME B R ORI HZ L6524 K Bt (Muller et al., 2000a, 2000b; Tan etal., 2006),
FIH RACE AR 20513545 7 RhETR1. RhETR3 #1 RhETR5 fJ4s K. #E—E0En], LIk 3 ANER
3L 22 AN UniGene 111 7 A~ 6 ANF1 7 A (B 1D, 541 2 N& T RhETR2 [741 (Z5 5 K510H).
Hrp RAETRL K4 2 814 bp, 75—~ 1 788 bp [¥) ORF, Zifis—A 595 aa [MIfikEE, HigH T &N
66.5kD, 24 6.19; RhETR3 4Kl 2 468 bp, 15—/~ 2298 bp [f] ORF, %if—/> 765 aa [
ik, BLRSTEN 84.4kD, ZFHLCN 6.75; RhETRS 42K 2 740 bp, 17—~ 2 226 bp [ ORF,
it —> 742 aa WIREE, PR T4 82.8kD, “FHLAN 6.69,

1 500 1000 1500 2000 2500 bp
RhETRI
RU12664 RU10201 RU14894
RU23348 RU20979
RU52182
RU55344
RhETR3
RU49080 RU31838 RU14043 RU00182
RU54586 RU07079
RhETRS
RU08199 RU09131
RU40717 RU43444 RU17625
RU49577 RU25672

B 1 UniGene EFRZHZERR TS

Fig. 1 Location of UniGene in different ethylene receptor members

2.2 RhETR1. RhETR3 X RhETRS5 &AM R INEEE S
Tk YRR L, RIS s B A B 3 AN S0 52 AL DR 2 1) 4 5 B 1100 0l 5
(Ziziphus jujuba) H111J ZJETR1. ## (Populus trichocarpa) H[1) PtETR2 Flfb%L (Pyrus pyrifolia)
i) PpERS2 [AIE fe i, 20 ik 3] T 85.2%. 75.8%H1 80.3%: ZRLHEALM /414 W], RhETRI
RhETRS 73l S54RI+ ) AtERST Fl AtETR1 [RIJ5 M5 mr, @ T2 1 W55 51 ; RhETR3 54U
T ) AtERS2 [RIS VB i, Ja T8 2 WA RL L (18 2, &1 3).
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Fig. 2 Comparison of ethylene receptor amino acid sequences between roses and Arabidopsis
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Wb Pyrus pyrifolia ABV04082 PpERS2 ~=—
HZ& Rosa hybrid RhETR4

W& Citrus hybrid ADB25216 ERS1

W Populus trichocarpa XP002302732 PtETR1

81
BT Arabidopsis thaliana AAB86454 AtERS1 =—

BT Arabidopsis thaliana AAAT0047 AtERR1  =—
F&hh Solanum lycopersicum AAC02213 LeETR1

F&hh Solanum lycopersicum AAC02214 LeETR2

33 ’—{H 2 Rosa hybrid RhETRS|

3 W Ziziphus jujuba ABB77560 ETR1 ~=—

F&hh Solanum lycopersicum AAD31397 LeETRS

F&hh Solanum lycopersicum AAD31396 LeETR4

EIF Arabidopsis thaliana  AAC62208 AtERR2

EIF Arabidopsis thaliana  AAC62209 AtERS2  <—
H Z& Rosa hybrid RhETR3|

33

78

0.1

B3 AFZAZHSHMREEARGERENSH
TIHER AT B 3 A I SE0d ko HAb B Al b 5 2 RIS do i I e AR E
A0 Sk F ORI T 5 2 R de s I AR
Fig. 3 Phylogenetic tree of rose ethylene receptors and other homologous proteins

H ZE Rosa hybrid RlETR] \

8 HZ& Rosa hybrid RhETR2 )
BT Arabidopsis thaliana NP187108 AtEIN4 N

1 WRIE
Subfamily I

%2 WHRIE
Subfamily II

}

W Populus trichocarpa XP002315717 PLETR2 ~=— W,

The three ethylene receptors studied in this paper are shown in the rectangles. The solid arrows point at the highest homology of rose receptors

with that of other plants, and the hollow arrows point at the highest homology of rose receptors with that of Arabidopsis.

i SMART #4f (Schultz etal., 1998; Letunic etal., 2012) X iR 3 M52 445 R4 1 25 1
SERIFAT M, K PL RhETR1. RhETR3 Hil RhETRS B 54 LG 45 4. GAF SURISEEEE . A [A] (1)
j&, RhETR3 (M4 GG 4 DML (Lh— AN A S 557 4D; 1M RhETR1 Al
RhETRS &4 3 MEELEF) . [FIF, RhETR3 Al RhETRS ) C S & 1 MEZ 4, RhETRI WA

(E 4.
LRSS A GAF i A 323
Ethylene binding GAF Kinase Receiver
domain domain domain domain

RhETRI M
51 MEE R
Subfamily 1
wrs  — i —<S— @
52 R
Subfamily T THETR3 M

511

Signal sequence

4 BAEZHZAETERAThEEHED
Fig. 4 Putative function domains of different ethylene receptor members in roses
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2.3 RhETR1. RhETR3 #1 RhETR5 ZE#fif T2 P By FRIE

LI A B R i E N . Kk, B HZE 3 A LIS AL R e K JERb
I, FIH RT-PCR BAAK I T ffdd i FE Hp X 3 ANEIAEAE M 13RI 45 9 7R, RhETRL 7E7%
BIABIBITFBY B (1 ~3 90 Rk, FAnse It (4 90 RIEMA L, Frs Fkixes
FFBCORAST (5~ 6 ) WEFK. RhETR3 fEfbtll] (140 RIKETS, BEE LA TFIERIAE #
W, BB AT (4 90 Fakik B, JEEME RS2 IFRCRET (5~6 0 Frghax—
Ko HHTMANZARIE R FRIA AN, RhETRS 7R O FE T B 4 KT (8] 5). ixe
453, RhETR1 Al RhETR3 JERRIELAE H 2104 T IS0 FE 5 %]

FHAEZ ¥ Flower opening stage

1 2 3 4 5 6

RAhETRI

RAhETR3

RhETRS

Ubi

5 ZHEGTFEAMRERAFBHENNRIALTL

Fig. 5 Expression changes of different ethylene receptor members during flower opening process

2.4 RhETR3 ZEHME#RIE

CIFBARAT AL IO e BRI UK. T 50 E e B 15 30 1) L0 52 A ER (1 SRR HE 1) e 8,
GELERTEE R (Ma et al.,, 2006; Xue etal., 2008), % RhETR3 X — M52k et RE A, ) i
BRI RS, T pET-ETR3 Kik#ik, JH4E E. coli kAT T HALE IR, 458 LW, L IPTG
7% 3 hJG, #ifk pET-ETR3 7& 80 ~ 90 kD b — MBI 45407, X 51 RhETR3 £ 4
TR/, A AR ) TR WAH 2 3Rk (8] 600 X e84 BLUE B A5 v v 45 21 (1)
RhETR3 4+ B A7 58 #E [ AL AE

224k Vector RhETR3

Marker Oh 3h Oh 3h

44 kD

6 RhETR3 &HA¥ E. coli RAIRHRIE
Fig. 6 Prokaryotic expression of RhETR3 in E. coli
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3 e

LT IE M N M5 5 I B, R R E B oiE, H AT RIL L0521 K 2 DL 2 3 R K ik
MIEARAEAE, XAl Re 5 ILAE SIGARBHRE T I 2 THC. fEHZFM, HartwkESs s A2
WS ARFE IR, M 5% AL DR e S 9 L AE 2000 SESLITAA T (Muller et al., 2000a, 2000b). {H
B HETRIE, XS ARSI H ZE LIRZ LR K, X AT RE 5 P F B R 4l h e o B 2%
Ko FEARWETCH, WA R OAT 1 A B e e B e, KL R T 22 AR LI 52 AR IR
IR A By, 1X AR RACE HARSRAGAH OGS A KA A T RIS 1F . RIHIX L5 B, BFs
A EMR T 3N OISR A K, gt Bl T H LIRS R S ThReZ MK R,
IR — R K I R P B R S v A A

PRI 1) 5 AN CM 2 AR B TR B VS50 5 T 2 /DAL B 3 MM IR D e (1) N s . &
WS I, (2) 2 5N 2 AR (8] A GAF 48, (3) C 3l Rl CTR1 Joh4h & i B .
EAMEZ 0 AFAEAE — B ZE e, AR B LE M 22 5, X 5 AN ATl 2 A AN 50, Ll 1
WK% (ETR1. ERS1) N Uiy fy 3 ANk, C by b 412 RIS EE I 28 2 WK% (ETR2. ERS2, EIN4)
N i3 4 DNk, C g h 22— 2 BRI (Guo & Ecker, 2004; Stepanova & Alonso, 2009).
FEARMEST, WA se A B 1) 3 AN S AREE DR 23 J& T WSS R 5%, LA 5 D g
S SRR T O SRR T8 (B 4D FETLL RS R, nT LIRS L TR H ZF LIRSz AR a5 F I
— 5, MBS RTE VR LR ARG R, T TS B A SR S

CITZAEA TR IR AL S5 EARAE 22 5, ERh iR A BB A B AR . i, Fihtha
WSz AL LeETRL 7R Sk Bt AR h A 3Rk, JEARANZ LM, 1 NR NITE GRS sk h
FIEWIRHN, 52 K175 (Lashbrook et al., 1998). ZEAWIGTH, 3 N HZ LM 2 KRR
TP o R P ik & 5, JLrh RhETR1 F1 RhETR3 BlAE 2= TFAS AL, 1T 2005 42 560 2548 2= T
REEMEEZ —, Bk, XHANIERETTEES CMAEARDC, (HIX AN SE R IR B A 22 73k
B AT TR REAFAEAN R I 15 Th ks RhETRS fE3E M TR RE th R BN A e R IA . T REAE H 2
Feo PO AR TR 2 A AR ER, b A= Pading B 0@ 5 S e AR Rl 41 (BT 5).

ECHN 5 N A2 L2 AR, RAETR3 /25 15 26 R P4 2 T il i B ZE ) 3 R 22— (Ma et
al., 2006; Xueetal., 2008). ARfFTH, WL RIZEIE, H5 T RhETR3 EHAEH, HEAKD
FFLREAT—3 (B 6)0 X —25 WAIGAE T s A B LGS B A e Mgt X, R, ]
h T B IR e S i A T AR T B e S

AR, % T AR B ANEAS 20552 K5 RhETR2 FII RhAETR4, 1 13047 #0481 () UniGene X}
HARFEAS, A5 IR A K I TR A 5 20501 — AN 71
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