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Cloning and Expression of a Full-Length ¢cDNA of SoFtsH Gene in Potato under
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Abstract: Fil i -sensitive H (FtsH) is an ATP d d 11 and chap identified in
many prokaryotes and cukaryoies. its homologs have been identified in many plants. Flsll belongs to a larger family of
proteins collectively known as the AAA proteins ( ATPases associated with diverse cellular activities) . Function studies have
revealed an important role for FtsH in stress responses. On the basis of one cDNA-AFLP differential fragment isolated from
induced mRNA under drought in the potato ( Solanum tuberosum 1..) genotype H145 that is diploid with drought tolerance,
the full length ¢cDNA of a putative FtsH gene, SoFtsH gene was cloned by rapid amplification of cDNA ends (RACE) . The

gene consists of 723 bp encoding a predicted protein of 129 amino acids. Sequence analysis revealed that it has two 2Fe-2S

ferredoxins , iron-sulfur binding regions. The putative signal-peptide, transmembane regions and the Zn’* binding domain,
k istic of FisH 11 family, were found in the SoFtsH protein. Alignment and phylogenetic analysis of
the amino acid sequence deduced from the fragment and the FisH sequences of other plants retrieved from GenBank were
performed with ClustalX program, which showed that SoFtsH shares high identity ( >90% ) with FisH reported in tomato,
tobacco and Arabidopsis etc. Transcription level of of SoFtsH was i igated by semi-quantitative RT-PCR and Northern
blot, using actin gene as a control. The result showed that the transcript of SoFtsH was significantly enhanced under

drought. The different profiles of transcript of SoFtsH gene were detected under continuous drought between drought tolerant
H145 and drought sensitive H214 that is susceptive to drought. The results suggest that SoFtsH gene is closely related with
the drought tolerance in potato.
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W BE R SoFsH R A cDNA JEfE S TR R #A 05 1749

SRR Y e E R 2R FsH 1L
T A SRR OB AR B A | i R e AR
P R 23 e R o A U A A AT A ok
HE(SecY , H + -ATPase F, 82 41K a W3)"™ b 4
Wl 4 HBLR, FsH BiFZHEEEYE K0
W RERR B E AT . FsH RS 54 ik
PHIE R A 8 9 1 A i B 5 2 Rl gt 5T W a6 o R
WA FEHCHU RO G 28 38 A Tl R R AR
™, FsH & AR TR E A8 R RSN, E R
Jor RS S E AR MR X R T
Bt TEMEABNEZA . HEHY
ST AtRisHL 25 D1 & ER A BG4 23
kD Jik Bt %) B %" . AtFsHS ( VARD) Fl AtFisH2
(VAR2)Z: 55640 P A A B P & 7 b 1 s il e - 25
& FisH # [ 29 DS9 % ik B AR i 334 58 v i XF 9w
HERES I BRI, B S R PO A — s X
A, FsH fE SRR A kot H o
FEFR M a " b R BLE T R aa R
7K 1 5 S5 ALY Xerophyta viscose'" | BF A= 94 JR™ |
FAD FFH FisH K I AFGA RN FisH 3 A
ERH R POEREARE S SR W EREER
YEY E e R AR E

AHE 58 M Bk TR A 25 5 R B AT, Bl cDNA-
AFLP £ AR W58 T 54136 11 J5 26 R Rk i 284k, A&
B A PR A OE Y cDNA B B, DA
KRl B RACE $0R 5E S48 W SoFtsH 2[R ) 4
& cDNA, il 3 F* 51) G % 43 BT FUH £ R G mE T A I e
MM T RS SoFtsH 5 E REBMHMY) FisH FR
Stlal, R AT T FisH 75 S EHI R PE B e Bt
Rilt, 3 A I 5 B RT-PCR Fl Northern 4438 3 WF 98 1
T RN FRENR .

1 HR5HE

1.1 #Rnea e

DA A D R H145 AT SLEUR A5 K
A H214 R4 RE, R AT 10 cm x 10 em B8R KT, T
i 40 ~ 50 d(8 ~ 10 i), HURE 4 i T 2 ~ 3 Jr b
FF R, M B R A bl 5 R DR K AT T R
LRI AR S BRI H9 23°C18°C MM I g 80% ~
90% , it 1+ i ik % FE 2 200 mol m* s, s B ]
H12hd ', TRALIILSN 5 AN, 535k 5 1k ve
KJG 0.7.10.12.14 d, H145 I ) A3 & K BER K R
88.5% .85.4% .83.1% .78.6% Fl 77.5% ; H214 I i

X &K BRI N 87.7% .85.3% .82.7% .77.8%
M 76.5% . M EKE = (FW - DW)/(TW - DW),
FW R 88, DW RT3, TW Wik &, 2 18 Ober J7
g,

1.2 cDNA-AFLP

G394 I B pe oK (X B LT R ARHE 10 d /Y
H145 40 ~ 50 d 7 i A bk i AR 9 85 RNAL Xf B8 A0
5 b TR B B K RERK T 82.5% F1 45.1% ,
A A K i R AK K 88.5% .75.6% . R AR
BB AN Trizol (Invitrogen) 242 M RNA, #4 Invitrogen [
SuperscriptRT [ #:4E 5 ¥ & L ¢DNA. % I Christian
420 ) DNA-AFLP {4 7 B B 1, A W W% cDNA
% EcoR1/ Mse [XURE VI I N Sk HEAT LY 14, ¥ FL 9 7=
PR SO A5 VE MBIAR, L E/M 51 P 4 A 2EAT e R T
. SEFH 144 D51 AL A BT S T B
1.3 £RHFREKRTELF

K225 BEI AL A1 PCR P YI1E 6% I
VAR RGP I b G AR e . DD M MR 2
5o, BEHLTE B R b P (20% ZF, 1 mol L'
LiCl, 10 mmol L' Tris) 24 h,65C /K% 1 h, 4k J5 FI
D4, ZBETTIE TG DNA 3 F 40 pl K. B
S ul JAYERUREAR IR B9 PCR 444 F 5§14, B ¥
J3959C 5 min ZEHE,94°C 30 5,57C 30 5,72C 60 s,
30 MEFHJE 72°C 10 min,

YW 1.2% MBIERE s KK %R
JBER K /N AR IE 4, A TAKARA 23 %) PMDIS-T
A2 R B, i b B AR B2 e 4 BT K
BHEIF R =AM .

1.4 FILBSH

FI i BLAST ¥X B fig % ( National Center for
Biotechnology Services, NCBI) Ht 8 Jif 1 /7 %1 , # 4k 1%
ff) 22 5 ¥ 51 | i BLASTN. BLASTX LA & Uniprot .
Prosite 7 755 80408 o B A 17 910 AT L
1.5 D#X SoFtsH EE 21K cDNA T

HRAE cDNA-AFLP 5239 i B, 284 W {5 B %
4T JE , A 3'-RACE 3% ZE i 36 B9 3" o, R A 5'-
RACE J& 2L IR 5755, 5 B TAKARA 28 &) 7= fh gt
B2 (1) F A PolyA 19 8 3k 51 9y ik 47 & MUSH — 8
¢DNA; (2) Fl FI B &0 /9 17 51 38 31 19 36 B AR 51 51 4
GSPL(5|9J¥ %1 K 5'-TTTGTAGACTGTTGGAGGAGGTG -
3)FNZ R G 4 4938 HI 51 %) 3 RACE Inner Primer
(3RIP) (5'-CGCGGATCCTCCACTAGTGATTTCACTATAGG -
3)PFEATH — 48 PCR; ) BB SR — 48 7 9 M AR, A
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FHC E e 9 BUCR B0 51 esP2(5) 9 5
K 5" -TGGAGGAGGTGAACAAAGAAT-3") Fil i% R 4t 4
1 3 1 51 4 Bk 47 5 48 PCR. PCR = #1 1
QiaGENE 725 ] ff) DNA % JB [l Wie ik 77 £ e, [ ie i
FP4E A PMDIS-T #1K, % 46 K AF 1, 15 1 BE
P S RE , PCR %558 J5 , T 41FORLI% o [ A0k B
SFBE MY BT TR IF RS 3 = AR Y S
1.6 ¥Ei® RT-PCR

A F RS )y ik #4752 Bt RT-PCR, LA 1
ul cDNA R BEHL, I 10 x ExTaq ZE Wil 5 pl (&
Mg "), IE [ 51 % DF1(J¥ 5] 8 5'-GCGGACTGCGTA-
CCAATTCA-3") Fl B ] 51 4 DR1 (5] 9 J 51 2 5'-
GCGGATGAGTCCTGAGTAACTT-3") % 0.4 pL.(20 pmol
LY, AR IER Actin 95 551 9 45 0.4 pL(Actin:
5'-CAGCAACTGGGATGATATGG-3' Fil 18SR: 5'-ATTTC
GCTTTCAGCAGTGGT-3"), 10 mmol L' dNTP 1 pl,
ExTag DNA 48 0.25 pl (5 U ul '), K 2 50
plo SZBFFEF R 94C 5 min;94%C 30 5,57°C 1 min,
72°C 2 min, 30 4~ 1 #; 72°C 10 min, PCR /=¥ H
1.2.% 1 BRI R JE vl A
1.7 Northern Blot 235

LA FE G S RNA L BESFE SR I 20 g B RNA,
28 1.29% W RS PE BRI BE BRI B 2K L J5 o RNA JH 20 x
SSC B 41 4% 1 % I & 47 1E W 1 J& Ji JBE ( Amersham )
o FREFROARIC A4 3E BRI K B €0 b B K 2 IR DIG
Pric K B8 ) £ 15 I #E AT (Roch 7 ) o K cDNA-
AFLP 373 (19 403 bp B A T EHbRic. T 65CH
A3 1 h 438 8 h, HJG7E 25°CF 2 x 88C/0.1%
SDS P HPEE 5 min, HFEE 2 W ; SOCTFLLO.1 x
SSC/0.5% SDS ¥ i PEME 15 min, F A 2 W, # 5]
AL PEAT 438055 R, 7 B P b AT 45 min,
JNHE DIG-AP ) 5 R & 45 min, 8.4 16 h, It
A SE G R AT IR 4107 o

2 HBRESH

2.1 DHETEMEERFRIAEER DNA-AFLP 547
HNT B S REA KM, R TH
LRGSR H145 76T 5P E T iR Rk 22
Sto LA H145 BB A it AR 4L 4110 cDNA AR,
il id cDNA-AFLP £ R X% H145 BRI AE T R i T
HNEDORBHEAT T 0T, SEHT 144 351 P24 A Bk
Frok P d s LR B T R T RB 2R
B34 Ko 5 34 s SRR T BOIEAT [ e e

BEPLYER: L of 20 & HEAT I ¥ o J¥ 3 2 Blast HoXE,
o —2 403 bp MR B (RS DI2) (WE 1) Y5 FisH
REFWEER S GFEN FsH W 5 %), 4k
SoFtsH . W T ZMERERBAEYRMIBAEY D HYS
HEHU 0 A7 56 , SO B AT T BB

CK Drought
Leaf Root Leaf Root
<403 bp
s
vaavor R
£ %

1 E35/M62 3| %) cDNA-AFLP 5 i B4 % H145 E#
RAKSTFRELBHREIESR
Fig.1  Electrophoregram showing landing patterns of
differentially expressed transcripts as result of the cDNA-AFLP
experiment with E35/M62 primer under different stages of
drought stress in potato H145

2.2 DH¥ SoFtsH EELK cDNA WRRERFT
S HT

R K75 19 403 bp D1-2 Ji Bt cDNA B ¥
H B AR SR AR SRS 51 9 GSP1, GSP2, i
54 3' RACE Inner Primer # &, #47 #L A PCR ¥~
W, BEIT 14413 bp WAB(LKE2), LN BR
H polyA , KW N ELH 3/ 5. H 403 bp D12 i &
FF¥15 9 (9 413 bp 3'RACE J BEFF 9 E 47 BF 4%
ARG D4 H SoFisH KA 723 bp 1) 42

1 2

~—413bp

2 SoFisH iy BI3'RACE k& R
Fig.2  Electrophoretic analysis of 3' RACE products of SoFtsH
1:DNA Marker; 2:3'RACE 4 145
1:DNA marker; 2: Amplified product by 3'RACE
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iR W% S Y SoFisH ¥ 2K cDNA SufE 57T R &4 T Rk
[ ¢DNA, A FFAE
2.3 SoFisH BEEZERFIMEEBF I SH

J1l ORF Finder 75 £k <F 4% cDNA ) JF 14 i 0% HE
KB IY ST OGS RSHE AL 155 70 ~ 456 bp Z I,
387 bp, #5129 MR ILRR (W 3),

M Prosite $( 4 J4 (http://us. expasy.org /prosite/)
X-Hﬁf A SR S BEAT 3BT, SoFtsH 2 F1 A7 4R

SoFtsH K& IR () B % X A7 95 4> 8k Ak ik
JiL 3K 14 (2Fe-2S ferredoxins, iron-sulfur binding region)
LEA LT I T4 422 ~ 430 bp (12 5 19 9 BAE Y
Bl 51 CATGGCAAC) FI% 492 ~ 500 bp (42 7 ft)
9 B ) B0 JF 51 CAAATCATC) (LI 4), 5 3t
ExPASY K 3 (http://us. expasy. org/tools/pi tool.htm )
TEL ST BT HEW SoFisH B 454 A M4 1 BN

N .
SR P 0 A R DX A L XA R FusH 28 1 T L 15.096 kD, #ig45 ey gk 9.58,
1 GATTGACTGCGTACCAATTCACAACAGACAGCTCGTGGGAAATGGGATAAGCGGAGGGTG
a1 CCAACACGAATGTGGACTAGTTCAGAGGTTCCTCTGGTTCCATATGCGCGATGGATGTTC
M 2] S E v E L v E R v M
121 ATAGCAAGAAATGTTAGTAAGATGTTGTACTGGCTTCAAATATTATCTGCAACAGCTTGT
I R i v S K M L w L I L T c
181 TTGGTGCTTTCGTTGATGAAGCTTGTTTTGAGGAACTTTGGTGAAGTGGCCAAAGGAGAT
L v L S L M K L v L R N E E v K D
241 ACCGATAAGAGGAGCAGGAAAAGTGCT CTAC TTATATTCTACT CCCT CGCGTTCACGGAG
T D K R S R K S £ L I E - E
301 GCATTGC’I_‘TTTT CT CcT TGGAAAAAGCATATT GGGAATGGAAGATCAACTTTT GTAGACTG
L L E K w E v K I N E C R L
3é1 TTGGAGGAGGTGGTGGAAGCCCTTTCCTTGGCCAACAGATGTCAACCCAGAAAGACTACT
I E E v v E I L R C . E R K
421 CCATGGCAACAGCCGATGTGGTTGATGCTGAAGTAAGGGGATTGGTTGAAAAGGCATACG
M W ™M " K %
481 AAAGAGCTAC GCAAAT CATCACAAC TCACA‘I"I‘GACAT CCTACACAAACTTGCTCAGCTGT
541 TGATAGAGAAAGAAACTGTTGATGGTGAAGAGTTCATGAGCCTTTTCATCGATGGCAAGG
601 CCGAGCTATTCATTGCCTGATTTCACCAATGTATCTTCACCACTCTATTGTATTATTAAC
©61 AAATATACATACAAATGTACACATIGAGAAATTTATTTTTCATATTTTGACAAAAARAAAA
721 AAA

€3 E:i‘t! SoFisH &E cDNA R H WM ARME 2K FT

Fig.3 and amino acid of SoFtsH in potato

S1 FisH-like protein AY334306. 1

Nt FisH-like protein PR AF117339.1

Nt chloroplast FtsH protease AB017480 2
AtFTSH11 NM124696

AtFTSH6 NM121529.1

S1 LeftsH6 protease AB217916.1
AUFTSH4 NM128172.2

Le putative FtsH protease AY277738.1

Potato SoFtsH protease

Ca chloroplast protease AJ012165.1
Ms FtsH protease AF332134.1
AUFTSH1 NM103909.3

AUFTSHS NM100523 3

AUFTSH9 NM125277.2

AUFTSH3 NM179798. 1

Ps FisH AF397903. 1
AtVAR2 NM179825 |
AUFTSH7 NM114
AUFTSH12 NM106604.2

At VAR NM123592.2
AtFTSH10 NM100625.2

S1 LefisH6 protein AB218274.1

B4 SoFtsH ¥ K L AE #1855 i)t 4 B
Fig.4  Bootstrap consensus phylogenetic tree of SoFtsH genes from plant species

mmmmmm:r;m*n GenBanko P %465 J7 X MBS Ps( Pisum sativum 1L.) ;3 3F AT( /Irabuiop:u thaliana ) ;  #ii SI( Solanum

) Wil Le( L )i MR Ca( Capsicum annuum L. ) ; 76 Ms( Medicago sativa L.) ; #i % Nt( Nicotiana tabacum 1..)
The trec includes from GenBank . Abbreviation of the species are:Ps: Pisum sativum L. ; AT Arabidopsis thaliana;
SI: Solanum I ile: L i y +Ca: Capsicum annuum 1.. ;Ms: Medicago sativa L. ; Nt: Nicotiana tabacum L.
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2.4 SoFisH BEEMEIREL S REMaE

JH BLASTX %} SoFtsH KA J¥- %1 ) [a] 5 44 43 47 Fi
X7 RS A W A Y 22 B FesH S R 4 S 2K 1
JOE VY- 50 (9 IO T 43 BT 069 45 SR T, T AR HT 00 7 Rb AR B
22 Fb FrsH K5 TR T 9 8% 0) 26 151 01 91 2 ) A A6 o
PP X SR, K SoFtsH K A HE S () R AERR P 3 S
0 A A o SR 19 FesH S5 TR [R) U5 4 7 90 % LA
S5 FisH AHRE FusH R 3R AYE K 95% ~ 98% ) o
RYM(WE 6) KW, D% SoFtsH K5 3
Fist (AY277738.1) HHHE FisH NG FF FisH4 . FisH6 |
FisHIT Kk P ) U4 48 v, 1T 5 3 A LeFisHE 3 PR [7)
WEPE(AB218274. D RIMK. 7EMHIF 12 4 FisH & [
1, SoFusH HE PR HE S ) 2 AL BRI 510 Y FisHa 3R 11 i
ALl B4 A 93.89% ), BT LA SoFtsH e P 7 43 2
L )8 T FisH4 2B,
2.5 FTEET SoFtsH BEEMFRIXSH

SIHRECT LA TR 0.7.10.12 F1 14 d (4 HTER I H FIAR
B RNA, FIRINARIER Actin (95149 F SokFtsH 3
403 bp D1-2 H BEM 514 DF1 M DRI 4» 51 #£ 47 RT-
PCR Y. ME 5-A FIE 6-B o AF i, D49
SoFtsH JEPTEHT T i & H145 90 i vt 46 ik i 16 T
AT 7 K X BT S0, Ik B8 KO
Fifi %5 F 538 (9 FF Sk SoFusH 6P 263k BEAT BT T
B X RERE R L, EHF MR HI45 MR R
L, T RSE T SoFtsH KR 1) F 3k F #i g, 58 10
KK P, B G 5T B # E 0 o IR kit
%, L SoFtsH 3£ P 403 bp D1-2 i Bt W ¥R 5t ¥ 17
Northern %3¢, NIl 6-A I 6-B 0] LA i, T 55
S ThAS W SokisH K PRTEHT L& & H145 (01 F A
MR ek BEHS b X BRSO, O HLvE B SoFusH 3
PR 22 3K B AE T 5L B0 B AR R HLB R,

2.5.2 FEMETF SoFisH kB st F FHED A
H214 49 A ik AT R EUR DA E MR H214 R
Mok, BT R 430,710, 120114 dAY ALK

CK D1 D2 D3 D4
L e e

SoltsH

Actin

SoFtsH

dctm

Bs AYERPCRAMTEHETIHRR®RFR HIAS H24 M A HIRR SoFsH MFHR

2.5.1 FE#iaF SoFtsH & B {5t % & % H145
L F €3 LAHL 5 58 % Gh & H145 IR, 43
CK DI D2 D3 D4
— — —— SofisH
A
i Gh— — — o
CK D1 D2 D3 Da
A PR IR NN < it
B
—— i o O
Fig.5

Transcription level of SoFtsH in potato H145 & H214 Leaves and roots under drought analyzed by semiquantitative RT-PCR

(A)H145 0 ; (B)H145 4 ; (C)H214 A9t Jv : (D) H214 (¥4 ;CK.D1.D2.D3.D4 43 5 A #K 0.7.10.12.14 d.
(A)Leaf of H145;(B)Root of H145;(C)Leaf of H214;(D)Root of H214;CK,D1,D2,D3,D4 mean withholding water for 0,7.,10,12, 14 days , respectively .

CK D1 D2 D3 D4

SokFisH

A o - - > e
=5 e e e (RO
LK DI D2 D3 D4

SoltsH

Total RNA

CK DI D2 D3 D4

o R SoltsH
Total RNA
CK DI D2 D3 D4

SolisH

i By

Total RNA

B 6 /3 Northern Blot 7 X 5} #ff T S BB T D # W & & HI45.H214 M S HIR R SoFsH HFRHRR

Fig.6

Transcription level of SoFtsH in potato H145 & H214 leaves and roots under drought analyzed by Northern blot

(A)HI145 (90 1 ; (B)H145 (945 (C)H214 A0t )5 ; (D)H214 (94 CK.D1.D2.D3.D4 43 5 k¥ K 0.7.10.12.14 d.,
(A)Leaf of H145; (B)Root of H145;(C)Leaf of H214;(D)Root of H214;CK,DI1,D2,D3,D4 mean withholding water for 0,7,10,12, 14 days, respectively
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W OB DY SoFsH BER A K cDNA SEEE S 7E T R &M T Rk B 1753

I AR 84 RNA, B A AR JE ) Actin 19 51 ) F1
SoFtsH M 403 bp D1-2 J BEf9 514 DF1 Ml DR1 43
HPEAT RT-PCR ¥4 . A 5-C FIE 5-D W] LA
44 W SoFtsH K& PR AE M T FIAR R v 3 3k BEAR Lo X
S BEAT T SEME ) RFSE SoFisH K Ak B g
AR, 510 KNS B i, BEJS R R R, HE
UhLe 3 B Rk it £ . LA SoFtsH HEH 403 bp D1-2
Bl ¥4 PE4T Northern 4438, I 6-C FIE 5-D A LA
il TR0 0 48 % SoFusH 3 P 7E T 5 HUR
Ak ZR H214 I R 7R o 2 3k ik 9 kR g 1
I ARRE F Y SoFesH $E P 23k B A2 T 5 R W A AR
/)1
3 itig

e KW S B B R T B BHE R TR
40 B YA R B L L 0 i 65 2 52 56 4 B K TR i
1715 1) 5 95 KLY ( Xerophyta viscose ) #E T R 54 F A
WA LS FusH 7E N R K 26 R 8 TR Y
00 B P AE T R 50 F RS SRR AR 2
SRR IS FisH £ IR B, BEBIHLY £ T 5 50
F ik FisH % 8 (R ACHT T 509 — R L o

TEE IS A= i R SR A A 22 R i BE e
hoFsH R SRR, RSy b TR B S
FisH 2E (1 H 61 4 7€ i B K (49 & 95 45 4 ( Xerophyta
viscose ) \BF 4= P JIN . K . IF 3K ( Boechera holboellii ) %
P H T RES FisH 3 K 3L cDNA 2K ok
A RARIE o AT FEAE 44 W B R B S RE ) T
SUES SoFtsH #H cDNA 416, ik — B BF9E FusH
JEP T BB E T LR

FEREEM T ELYEE T 25/ sl MIRY, =
TR M (SecY H [ JH T ATP # F, 35  a I
K YeeA 55 ) FUMLT VR 95 2 1 (I G St T 67 L
LpxC.AC 1 55)™ A4 b IR A 19 52 & TR 1 oK e
TF AL (4 40 0 5 % 52 45 R 19 Rieske Fe-S # F1) A K
bRtk E A (RGN KB b0 DI A
1) 23 kD Jr BO W FisH PR . A 92 58 T 58 BE 1)
SoFtsH H£H 4 1 cDNA J Bt , MB BR 1 91 11 4k il
HEFHIK A, SoFtsH # FAF1E (55 BKF 31 B 1L IX.
B2’ AR 2 A B ALR SR 4 A LA B
1] SoFtsH # [1 47 7 fiE 75 41 ffu 25 B8 40 S5 R . 4 2
PEA R LR AA IR S AR S AL, & AR, A7 VT B AE
LS R A L 00 2 1 B R 1 A B R IE B (A 4
Ji £ % 524 1R Y Rieske Fe-S 2 1) FOG A L4 % &

Hh R .

i F FsH & [ BA7 5 F SO g, e A
SR A A SR PR A B B PR ME . AR
Beh SoFisH H AT T D4 W & Aok b 2k it
Frws BEA 1T AU R b Rk R BT
TG B R 18, R 2 A R AR
ERMEEZ — , BAFHE L KERIUE, SoFsH
FERAEU S S R H145, 0 v 228 B HOAR R g
BREGEREET RHA FHABEALEHKRR
ARG 5 Z BN, BHE FsH S AT R
AG Rt — R RRAE S

g R R H4S TR UK R
H214, B 1 5 1936 6 fn 3, ok FUR R 09 SoFtsH
FekBAAT FTHEIN BB T S 4550 WA SoFusH
FIKBERC R B nT AR R B AT T 500 )
R AT B L1 FisH & AR B E MR AL,
. FisH 2 76 0 50K & B 26 3 108 o oh & 1E
F AR A A RS AT 2 1 FisH LA &K
T AR S 2 T 248 0 A B L A A A R R S )
AR AR AL TE HACHE 5 1T AE T R A E R YE R -1
RYZK Ml (BRI T4 29 T SoFusH %Kik, %44
XA R T R — 2B 1 SRR R E S,

4 it

EH L E IR F, DR SR % &
fh 7R H145 b0k, 2 0 54 T b od 4 3, ) A
cDNA-AFLP 1l RACE $¢ AR 58 [ 5| 5 T 4% 8 5T 7 AH 6
3R SoFtsH 21 cDNA. EH5E M@ EMY FisH
P (G R M) RS R . TR &
T 4% SoFisH KPR 35 BE3E N, (HHCR & R
MT R 8URM R SoFtsH F: P &k i XA B Ao
W ZEHE DR SRR PR RSN, A
U LE R AP FusH K P ) 1845 HE AL B0 HE AN
B R K AL R R T A R, AR DR
IR BREE T 2%, HEETRET S8 HSH
B BOE T R MR

Hiff: 2T ERLMAFRAERLATABAT
AR NEK AT FRAKEE FRX KEDE
REHALAE HESH HSMEFHTOOXA
LH,
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