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Abstract: A normalized full-length cDNA library was constructed with the mycelium of Curvularia lunata, a
causal organism of maize leaf spot, by DSN duplex-specific nuclease normalization method combined with
SMART ( switching mechanism at 5’ end of RNA transcript) technique. This library was characterized by a
plaque titer of 1.4 x10° pfu/ mL and a 96.9% recombination ratio, of which the fragment length of inserted
average cDNA sequences was above 1.0 kb. The 173 high quality expressed sequence tags ( EST) including 5
coting and 168 singlet was obtained from 192 cDNA clones randomly picked. Based on bioinformatics analy-
sis, the full-length cDNA accounted for 57% of total sequences. BLASTx analysis revealed that 81. 5% of the
EST displayed significant homology to known or unknown genes from GenBank database.

Key words: normalized; cDNA library; Curvularia lunata; mycelium

hES %S $435.131 X EERIAA: A XEHS . 0412-0914(2010)03-0250-08

W A BHE [ Curvularia lunata (Wakker) — WBURM KRR KL EH KRB, 8
Boed] FIEM EKRTREHBUHE M ARE, IE  FE BN A RAZE TR W WBORH R
HREEERESEKN—# EEEAERE ", HHEHEARE BREFFAXER, NEE L4
HEHAEMBOREEMSEARA ™ B SHXERA— RIS PHIEN, b THR
&?ﬁ‘ﬁ*%@ﬁﬁﬁ%[ﬂiﬂ?ﬂﬂf?ﬂ’ﬁ,Eﬂﬂtiﬁiﬁﬁ MEE SRR ELRAENBREZRE, &2

WA 200909-02; #EHH. 20100224

E&WB . FEE SISO ZR R 973" MM H (2006CB101901 ) ; MR H X IR (2006BADSA0) ; EIFK [ 4R FH 25 & PF IR
H (30871610)

HWIREE: BR BE, B4R, W L4 0, EENEHMREE MBS EY B E-mail: jiechen59@sjtu. edu. cn

B—EE: X W1978~), 8, A L4, EENESFEYIKBEEDE; E-mail; lintongamy @ sina. com,



3 X, E FARTERENBPREY LA K cDNA UERE SR E 251

AREWFEIR RV RI% , %08 X KA IR Al
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D M7 4B TR L 1 A B T B RO BT 0 1
cDNA LEREFHENEERRNEERR, B
TS5 AERBA XABUSHILERRE HIK-FE
Rik LA —4h 2K cDNA SR B &
TR BOm Al A A BA T BB T LT
BARBEEN,

21K cDNA SCEM M E T Mg R 2
T PRSI ER — R B2 — 4551
AT ASRE I 8 2 2 B0 F (4 B, 2K cDNA
XEREKFR GRS ENVEEFRZ
— 0T SRATAT LA O A 2 A E DR R
% cDNA SCFE , P (3R 15 4 4 HE [ 5 (] A4, 1]
LLE i KRR 1) EST W, 24 915 B k1%
K EBENGFEE, BN IR R A HE R n] LA
HEATEARE MG E R IIRE T, &
BEHNIIREMAI . B, #8005 A E RS AE
-5 B A 35— fb 2 K cDNA SUHE, ¥ R w5 30
JR K A5 00 2 i B TR S0P AR DGR (R ) 1 T
EST SMFF R SE R A AP Bt — 1 BRI

1 #HE57HZE
1.1 #H

MR « K 25 FL % I DR B SR B0 1 R
CX-3 RMAKGFEE 3 S0 Aol i, LURE K
BE L -20C FRAFT LiBLERFLLS5EY
B FHIYREE T E & H .

1.2 & RNAZE# mRNA B4 B4l

¥ - 20 CRAFM AR KT PDA 551G 1L
Td)5, HREDG AT (A 4 mm) ITRUA
BFBU1 BLFPHERR T 100 mL PD 5 R, BT
28C, 120 r/min, 535 5 d 5, fl 4 R4 M3 gk
550 ~100 mg B4, 37 B A W BB IS LY K
SRR A Invitrogen 23 7] ) Trizol i 7 4L B 14 £
45 RNA, FIEEREBEEERE (1. 0% ) B Ik YR %€ RNA
SERYE, B AN 6L BE R U B B RNA (¥ BE A
“ifg,

1.3 £KNE cDNA S

% B8 Creator SMART c¢DNA Construction Kit
(Clontech, USA) #i 85, # 1E & B % — % cDNA

G, XM 0.5 mL EEELEHREMTIR
#:3 pl B RNA #51,1 pL SMART [V Oligonu-
cleotide 1 uL CDS lll/3 PCR primer,iE2]IE &%),
MR OIPHE LR YHREFER, 8T
72CHE 2 min, 7K B2 41 2 min, B .00 9754
EETSEIR, ARG B —NME PR IMA L TR
#/:2.0 pL 5 x First-Strand Buffer,1. 0 upL DDT
(20 mmol/L) 1.0 pL ANTP Mix ( 10 mmol/L) .
1.0 pL PowerScript™ Reverse Transcriptase, 4| &
BFKFR 10 pL JFi 5 8.0, & 2T PR
F1h BELEE FIk LUZOEE—S0 M.

%11 LD PCR(long distance PCR) §" ¥ ¢cDNA
S— 4 LA K15 Bk cDNA, R iE R i1 F:95C
1 min,95C 15 5,68C 6 min;21 MEFH ., KNG
WA B wL P28, LA 1. 0 % SRR BHER R H kA4
HAR,

1.4 24 cDNA py— L R — B EK T

{# F§ QIAquick PCR Purification Kit { QIA-
GEN, Germany ) ¥ 5 WL H XU cDNA f#) PCR =4
HITEAL, BAE S MR B, K4k n i) cDNA
W15 pl THKH B b 058 3R, R K
PSP BE AR 100 ng/ L 7247, SR AR U Trimmer-
Director Kit ( Evrogen, Russia) ijd B it 47 8 — 1k,
7£0.2 mL O AT 54 : SMART-
prepared ds ¢cDNA (1 200 ng of dissolved cDNA)
12 pL, 4X Hybridization buffer 4 wL, #5750, 4%

FT 4 %4, 1A PCRAEHINA 2 5 i,
£ 98T 2 min, SR J5 68 CIHA 5 h J, & & N
68°C Fii#y DSN master buffer 5 L, 4 51 fin 22 46
FE#5 $ i) DSN ( duplex-specific enzyme ) 4b ¥ i,
68T {4 25 min 75, A MA 10 uL 2 [k 7% (stop
solution ) 4 IF J5 BT, #A J5 B2 o7 ¥k i 17 8F — 1K PCR,
FE K HY) PCR & i ALAT 4143 :cDNA (DSN 4b
PR RSE) 1 pL. ddH,040.5 pL. 10X Advantage
2 PCR Buffer 5 wL.50X dNTP Mix (10 mmol/L of
each) 1 pL Evrogen PCR primer M1 1.5 pL, 50X
Advantage 2 Polymerase Mix 1.0 pL, M &1
95C 1 min,95T 15 5,66 20 5,72C 3 min;7 4
Wi¥ho RBIAWIT, 5 pl PCR 41,10 % 45
W M v K G e — BB

1.5 ¥H—4{ 21 cDNA TEHE
fifi /i _E 312 QlAquick 4ii1ki% 7 &KF cDNA =4
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aifl, BAE S UL 45, RA R 80 pL ddH,0 W i#
P8, R 5 BMA TN A 5 #1789 : 79 pL
cDNA (Purified cDNA) ., 10 pL 10 x Sfi I Buffer,
10 pL Sfi [ Enzyme (SA 1A #1Sf1B).1 uL 100
x BSA, SRR 100 uL,50°CIR# 2 h, ¥ 81 74
1.0 % B8 0 e L9k, 60 V, 2 b, [s) B A
DL2000 plus marker '} Marker B EB {5, , 7E %5 4b
KTTHR T ~5 kb XI, K B DI =89 1 ~3 kb
X1 Y1 F , F§ QlAquick Gel Extraction Kit ( QIA-
GEN, Germany) [njdr , #4F Wi 8] 65, MR EIE
#) 50 ng cDNA 53 {& pDNR-LIB 7 16 Ci # it
L2 pL 3B = L6 S A BRI
DHI10B #, & A 37 CH#FK,120 r/min 53§ 1 h,
HIA 50% VRELUY 50% H i, Bl ¥ —4k 2K cD-
NA X%,

1.6 XEBESEAZNE

1 2009 4E Wu 2 i Bk, A SCRE R 10
L B9 PR 5% 37 540 WIS B 21 100, 1 000,10 000
. MHP&EL100 uL R FEAE LM LB Fir, 1%
$12~16 h,iE HA R, MEAR T=NxD/
V(T R N AR R ,D AMREHR,V
FRRAATR) I8 CEE B . A SO B LR R
200 5[ FH IE 1 BRI o R R SR LA 3

1.7 @ARBRXNER

BEHLPREL 38 N TEREHTTH 7 PCR %5, BUE
B PCR ## %, 8Tk L, BEXMA7.3 uL i
KHEK, F 10 uL /e L PREU wi B B KB K
d R ISR IKINA ;10 x buffer 2.5 pL. MgCl,
(25 mmol/L) 1.8 pL, dNTP (2.5 mmol/L) 1
pL. M"®* 5[4 (10 pmol) I pL M" 3[4 (10
pmol)1 uL.Taq &5 0.4 pL,#47 PCR RS, KM
%44:94C 2 min, 94T 40 s,53.6C 40 5,72C 4
min,35 ME¥, fF PCR i f&, B 7 pL PCR =
PrrpLok AR e B LR S SR A R BRI KN
1.8 FIRE. £KEUREMERESTH X

FEALPEI 192 1 cDNA T2E, i FH 96 fL AR i#
TR HE B BUTTRL DNA; 8 MY 17 51 it
TR, W T BRI ERERER A AR
5 P Phred!"*) B A T 51 8 140591 4 )
52, RN Q20, TRIGH) EST [FFILd £ERR

RT3 KBAT B S A E S0 BT 3, 3F R sk
), AR RRENSMIFIAYE, FIHEE
JH Phrap'*" $2 1%, 7F Dell Bk %5 %% E 1T, %3
BOMF B BIAME , BEIE A 14 3 25 & A% (contig) &
B —J¥%) (singlets) , 5 NCBI JETT R M FE (NT)
FAETUAR M H EE (NR) #H1T R IR H 4R, cDNA
XFEEKBRGEUT AR5 2K cDNA
H=Fl+F2 +F3, Fl. ¥ & HfEH 75 ' NCBI
FETCARBIZE HE (NR) I WE HE X (Blastx e < =1e
-5), MR FSIREFE B ERMEITIA %
%8 (start codon) L XF 1 BITT 5, B ATE XK FI;
F2.H ORF fE#0 NR FEtL5t |-, {A %A fi NCBI 4k
TURHE A FE(NR) FEHF5) LI EL AT L F 41,
FHETE FCHO X580 ) _E 4R 3] start codon RT3,
FAi1E L K F2;F3:ORF %4 1l NCBI E TR HIE
FFE(NR) ot b (B 7E E 75 L REHR B ORF %
B, &€ X Hh B3,

2 £R
2.1 B4 RNA K mRNA /&

BN RE A B P A S mRNA (1) A 1
AJLLE B 28S tRNA F1 18S rRNA FEAE 4% 5 1
M, i 5. 8S rRNA Fl H B HHEK RNA 7 65wt
I, ULHT RNA TR AT, A KA RNA [
% ; [ B 22 46 5 0 6 YE B I E 5 RNA IR Ry
1.4 pg/pl, Ayy/Ay =2.0, 351 54 RNA A&
FIZ DNA M55, i@ Ik e 7, E 2345
THESLK cDNA XFEER,
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—188

Fig.1 Total RNA from mycelium of Curvula-
ria lunata
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2.2 2K cDNA 5B

%k F15 5% — % cDNA $ 4% LD-PCR ¥ 1
J& RS WL PEHHEA T B AR B e v KA , R 2
FuE2, HERRPNEE cDNA FBEFRHESR
SATE0.1 ~3.0 kb XK, 3 B Fa) A B 21 &
RESDEEMRERA, XRHFTA mRNA 15 814 %
R sk, cDNA 5k 5%, R BB T AREE
KA T —5 W38 —hab 2,

bp
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Fig.2 The result of LD-PCR-amplified ds-cDNA
Lane 1; ds-cDNA; Lane 2; DL2000 plus marker.
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Fig.3 Agarose gel electrophoresis of non-
normalized and normalized amplified
SMART-prepared cDNA

Lanel -3: 1 x, 1/2 x, 0 x concentration of DSN; Lane

M: DL2000 plus marker.

2.3 H—-UBREA

2t 1 f5 M 172 £ DSN 40 28 AR 7] 47 3 20
PCR 7, R B2 1/2 1% DSN b3 A0 11 MEH
PR EPER RN FFHR, 2%
BRI, RS LW ER L EH BT, K
ZRIE 3, X RBSS—LBR BT,

2.4 XEBESEAR

S AR B BARR N CERE R 1.4 x10°
pfu/mL, 52 2= BE 85 Rk A iX 1~ cDNA SO o i 16
TR AR HE IR Wind A R T e &
HE GEREREHEN 9.9% ,Lhr EEHEKR
T 80% H) cDNA SCHE I h 6 K B9 U, I 1k SR
HEHE) cDNA 3%,

2.5 BARBRX/M2H

PCR 4 =4y 23 B5 i W7 68 Je o K 46, 90 478 A
BB AR/MERILIE 4, WIKiE# AT REH,
2~5kb14.1~2kb364.0.5~1.0kb14,%
AR BR/NEA FARTEL ~2 kb Z[H], ERREAK
FHGFHEKEKT 1 kb,

2.6 FINE.2KEUREDERESH

XFEEHLPEECH 192 4~ cDNA Fifg 1T H R
WP, 2 RKE T 173 MR R EST 751, K h
S5AEARE, 168 Mg, XX F &
Blastx( Ll e {H < =1e = 10) 47 %W, & 142 4
EST S4ETURME T 8 M e & A sk
HEHBTTHAUEFS L 81.5% , U EAKE
Giit At 99 A EST JFFI80A K B2 cDNA
SEFE, i 57% LA b, X SR K ER 4 K /NE Bk w
&l ( Phaeosphaeria nodorum SN15) 2K 4 fhF 51 #
oL, /NEB 43 >k B /NE FiA 72 5 #118 ( Pyrenophora
tritici-repentis Pt-1C-BFP) 1 A IR g 3 i 5 ( Coch-
liobolus lunatus) , CAT £ B ¥ K 40 M ) 57 B 8
GBI BN SR RN R
DNA 5 RNA B 58 EF (K1), FHHN
99 42K cDNA 5l FENLHR 8 M4k sE 4
FEEIE R, 23 51318 T e 2K EEF, Wi
SERGEMSHER 5’ A K 37 WAk BRI, XEH T
HIEEH) cDNA SCE R8RS, I M SCEA R 5
SREN, XBITBER,
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Fig.4 Average size of inserts of full-length cDNA library of Curvularia lunata
Lane 1 ~38: PCR production of cDNA clones randomly picked from library; Lane M Marker.
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3.1 HZA{EANRBERXENTH

FEHg s —1k 4 K- cDNA SCFE 3R AT1R i
R PR IS TR 5 d RN, BN X B B 24
Ab FA K TR, A TE BRI R E 2= T A
HIBERR M B E B X SHEBURE T,
LI ET 8 b 22 M3 1Yy cDNA SR S5 72 A X
SRR AT TR ERWES I LTER SR
FohhEHT B xR A RSN, F W
CL108 Fif# S E M 5 Bl EHHEA 100% [&#1
£, Brnl T E S 5T K75 M50 BURE M B
BEAR , R T LB B T 22 R bR
Hyid (i cDNA SCHERE A R F 4K T ik 5 2UW 1A
FEmMERE U RRAR B ERAMXIGERER, R
B— 5% H A BOR DB L B E M
3.2 #E—H £ cDNA LEMHRKE

¥4k 2K cDNA XEEEA T ILANH
RS : (1) BT LURIET 51785 cDNA 5 A
BT BRI TR AT BN 2K R 51, [RIA AT LA P i
ERRAHE L RAHEA, TSR,

SR AL %5 1 B ¥ @ Y cDNA SCPE RBER 18564
cDNA TR EL KM, HARBE W42 K5
T B — L 5 0 345 RACE [ S IO Zfe
MR L, (2) KRB —E AR IR K 5 %
HKIFRY 2 5, T LK A RR A o5 4 BE 3 R e kK F,
BRI T L EERFR L, 4% EWEN cD-
NA Xl FETEE KR a FERR, 4 CUEMTE
PERIA B R B A, B 3 T LR A, (3)
BT LA T334 13k £ iV A0 AT K RLBEA st for 2
A2 N AR SORE R 4078 0T LU TR AL il e
ot A R
3.3 MEMEH

PPN B R — b4 K cDNA R
KRR BRTE 3 M : — B XM I R, B AR
HE-NCERER R, RRA— 8 A0 b R
B, TEHEBEY R B %KAM mRNA 2 L4
A RERE15% ,291.5 F#p, £ K T mRNA
Ry 30% , % {8 K £ & ) mRNA K —4> cD-
NA SCRERE R ) — i P 7 a8 3 5 x 10°, A iR
BT EIVIERTRE # 1.4 x10° pfu/ mL, fRAET
XSS S, RIEA R BRI KDR



Table 1 EST matched against the know or unknown proteins in the non-redundant protein database based on Blastx(E<=1e-10)
Uniseq ID (S;S No. of EST EST I;a:i::l::ojvg:i:rs:)t::sknow Source species E-value
Cell structure and development
CL1 608 1 RING-14 protein Pyrenophora tritici-repentis Pt-1C-BFP Ge-39
CL9 571 1 Endoplasmic reticulum and nuclear membrane protein Npl4 P. tritici-repentis Pt-1C-BFP 4e-61
CL62 600 1 508 ribosomal protein L6 P. tritici-repentis Pt-1C-BFP 2e-82
CL79 571 1 T-complex protein 1 subunit epsilon P. tritici-repentis Pt-1C-BFP 2e-96
CL92 195 123 Nicotinamide nucleotide transhydrogenase Danio rerio 3e-27
CL121 595 1 Autophagy related lipase Atgl5 P. tritici-repentis Pt-1C-BFP 4e-20
CL140 607 1 Integral membrane protein P. tritici-repentis Pt-1C-BFP 7e-90
CL181 471 2 SDA1 family protein P. tritici-repentis Pt-1C-BFP le-33
CL183 615 2 Vacuolar morphogenesis protein AvaB P. rritici-repentis Pt-1C-BFP le-71
CL187 531 1 Ankyrin repeat and protein kinase domain containing protein 1 P. tritici-repentis Pt-1C-BFP 3e-85
CL60 177 102 Splicing factor 3B subunit 1 P. tritici-repentis Pt-1C-BFP Se-26
Metabolism
CL10 598 1 Esterase/ lipase/thioesterase P. tritici-repentis Pt-1C-BFP le-79
CL27 569 1 Phosphoglucomutase-2 P. tritici-repentis Pt-1C-BFP 4e-52
CL31 606 16 Dihydrolipoyl dehydrogenase P. tritici-repentis Pt-1C-BFP le-105
CL34 563 3 GTP cyclohydrolase II P. tritici-repentis Pt-1C-BFP 3e-99
CL39 591 4 C-5 sterol desaturase desaturase P. tritici-repentis Pt-1C-BFP 3e-89
CLA7 544 19 Branched-chain-amino-acid aminotransferase P. tritici-repentis Pt-1C-BFP 8e-99
CL61 559 1 Guanylate kinase P. tritici-repentis Pt-1C-BFP 3e-59
CL70 365 13 Polysaccharide deacetylase family protein P. tritici-repentis Pt-1C-BFP 6e-64
CL108 466 88 Hydroxynaphthalene reductase Cochliobolus lunatus le-57
CL117 580 1 NADPH dehydrogenase P. tritici-repentis Pt-1C-BFP 3e-72
CL119 464 2 2,3-bisphosphoglycerate-independent phosphoglycerate P. tritici-repentis Pt-1C-BFP 2e-84
CL128 556 1 Ethanolaminephosphotransferase P. tritici-repentis Pt-1C-BFP le-91
CL141 561 2 Orotate phosphoribosyltransferase P. tritici-repentis Pt-1C-BFP le-87
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Table 1 EST matched against the know or unknown proteins in the non-redundant protein database based on Blastx(E<=1e-10)

( continued)
Uniseq ID (S;::; No. of EST EST r:ra::;:o:/g:i::(tn:ilzsknow Source species E-value
CL144 596 1 Dihydroceramidase P. tritici-repentis Pt-1C-BFP 2e-93
CL152 601 24 Dihydrolipoamide succinyltransferase P. tritici-repentis Pt-1C-BFP le-87
CL162 629 2 Histone acetyltransferase ESA1 P. tritici-repentis Pt-1C-BFP 8e-94
CL163 532 2 Gilycerol-3-phosphate dehydrogenase P. tritici-repentis Pt-1C-BFP le-27
CL165 498 1 Glycerol:H + symporter ( Gupl) P. tritici-repentis Pt-1C-BFP 9e-76
CL177 380 2 Copper methylamine oxidase precursor P. tritici-repentis Pt-1C-BFP 4e-62
Signaling molecular and regulation factor
CL55 484 2 268 proteasome regulatory subunit rpn2 P. tritici-repentis Pt-1C-BFP 3e-78
CL59 619 2 WD repeat domain phosphoinositide-interacting protein 2 P. tritici-repentis Pt-1C-BFP 3e-35
CL82 485 1 F-box domain containing protein P. tritici-repentis Pt-1C-BFP 3e-63
CL161 538 1 GTPase Ras2p P. tritici-repentis Pt-1C-BFP 3e-67
CL167 558 2 WD repeat containing protein 44 P. tritici-repentis Pt-1C-BFP 2e-95
DNA, RNA and protein synthesis
CL13 314 2 ATP-dependent RNA helicase SUB2 P. tritici-repentis Pt-1C-BFP 5e-52
CL22 571 1 Transcription elongation factor spt6 P. tritici-repentis Pt-1C-BFP 5¢-86
CL81 572 1 Eukaryotic translation initiation factor 4E-4 P. tritici-repentis Pt-1C-BFP 3e-18
CL8% 598 2 Eukaryotic translation initiation factor 3 subunit P. rtritici-repentis Pt-1C-BFP 8e-99
CL129 618 2 DNA polymerase alpha 70 kDa subunit P. tritici-repentis Pt-1C-BFP 5e-98
CL157 538 1 DNA-directed RNA polymerase II 19 kDa polypeptide P. tritici-repentis Pt-1C-BFP 8e-53
CL168 529 22 ATP-dependent RNA helicase e[F4A P. tritici-repentis Pt-1C-BFP 2e-54
CL192 497 2 DNA primase large subunit P. rritici-repentis Pt-1C-BFP 3e-62
Cell defense response
CL8 570 20 Hsp70 family protein P. tritici-repentis Pt-1C-BFP le-104
CL186 490 2 Bli-3 protein P. tritici-repentis Pt-1C-BFP 2e-65
Others Hypothetical protein or unknown
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HeKR AMRFriaErSUERAR BEHKE
FEL1.0 kb LA L, i@ b /N F T R BT 2 K2
PRI 57% , X BEIE T & il & K cDNA
ke, =RE—HR, AR EEKH DSN
¥ —{L AL H  DSN BEMS 2t £E 145 R % XUk DNA F1
DNA-RNA %5k 1) DNA, & £ i) 5 5 75
L RSUE o PR, L o i 5 b AR, IR SE B A B R
TETE UL TR A 18 , LB foe 8 5 1008, A T 6 O 72
FIRMFEHE I N BRES A B — BN, &
IR B — I R, 5 R AR A TR,
—2 i —4k)G cDNA #iTd ik r, AR A L
MUBEREFER— 2 )G EWER, 0.1 ~
3.0 kb X3 F ¥4 5 4 %45 70 45 ; — =& M EST #l/F
GRANHIPITIRERA 3.45% , B i —
e RR e s A, WA ELA A LE
L AMERIMET AR ERNERSREN
BEwS I H 22 Y9—4k 4 cDNA CPE, A HIME B9 EST
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JFRR K5 s of BEAR 18 ) Ak 2 I A 2 At o 4R 4
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