A s BB RN E AR 2 R
ITS SR E T
GGl

EPRBEL TEbR SRR B G RRAEY Y BRP B R e A
LS

WEA-FZHELr 2011 HEEERFERREEBBFEREEH ITSEE
&M o HEREH 53 0 xxx—xxx

AR FE B B B B I (Bremia lactucae) IZME RS ¥ % &[] DNA (internal

transcribed spacer region of the ribosomal DNA, ITS rDNA) .~ f# 7 S e » 55515

— M5 [T WS [ 2 ST ~ FHRAIRE I 5 S R AR A (e P B E

H IR EEIIRERE ITS 2 AR AT » Wit ITS i & 58 B Bk 2 #Hi4%
Mo DIEERYS |-F¥} ITS1ITS4 f#F7 2 B. lactucae 1TS FiE 1 BE > Biigeaats [ 15
BL1 (5’-GTTGCATTGCCTTGAATTTG-3") e BL2

(5>-AACCGAAGCTAATTAAACTGCG-3) » BL1/BL2 5|f-$&8—M 2 &@HE »
SRIZMED AEA 10 pg B. lactucae DNA B ETHIE S 1 Emy)  BIEHE
2.5x10° pg & Ef DNA EF5HE LT » o i 5 B B 45 DNA H B - FHfS]
AT % TR RS AR BLUBL2 5 [ THFEEHMIE L B. lactucae
B B TR ¢ BL 2006 SR E B ER RS A L IS S - 1

SEEIEE - BE-mail: mllee@tactri.gov.tw



HEEE S ERE RO R B o SR HE S ERREERIYIEREE ITS - 52E
ERGED T 2R ITS1/BL2 ke BLIATS4 Wil 5 [ TS E RG] 2 B2
EFeE ITS |7 By &Pl ol e RELZEERR ITS 775 ApFea g E M
FERES [T Z sHEHR > nIgIETA & e KBS ERR R TS P51 H—5|
TEREEHZ > AR E R A R EiiE e e AR ITS A R E TH -
LUITS B B 5a B AR G M Z ARy » HEERBUR AR 0 & E BE 7 B =]
B ARG A ZER ] TEE R [ETE 2 Bremia spp AR FAEYIMN & E R
B BB R AT EE M BILESEAKE Al s sy £ 2 FE
TR PRI Ry (R R Ry 2708

(BESEEE & E -~ SERE - H—ME ITS 5735 ~ B ITS 5[+ - HE=5]
TH G

W g

iy

i (Lactuca sativa L.) VEZ/27505R 0% » [RERI LR » HRTEMNEHE
REBEEEHEG Y — B EEE R EERMEECH - 20095 & 5 22/
HifE3250 0 Y > HA RHARH RVEEREME - BER (Bremia lacucae
Regel ) ®* « IR @ ( Botrytis cinerea Pers. : Fr.) ~ B2 % ( Cercospora
lactucae-sativae Sawada ) ~ [ZJEIR ( Gloeosporium chrysanthemi Hori. ) ~ SRR

(Alternaria alternata (Fr.) Keissl.) ~ E%Ji" (Sclerotinia sclerotiorum (Lib.) de
Bary ) @ ~ G ¥9% ( Podosphaera fusca (Fr.) U. Braun & Shishkoff (syn.
Sphaerotheca fusca (Fr.) Blumer) ) " K595 ( Phytophthora cryptogea Pethybr. &
Laff.) "% - {F S EREE SR T - NS EBERESRELE 16~22 T ¥

AR R E R SRR E TR - IR AR TR B A OB



i EAENREINT > AREFHESERRE (B. lactucae) 5 - HAE LRI
CEHESEELEND THIEESENESS  RESIELT - SAHIER
A LAPRAMEBLAI A R RRTER T FEL A OSEIRIE S K
T > BEOAB. lactuca /D EEMIET » (HE2HER FAVBEEFIRLIES - BER
BEE R NE - DA S SRR E K BRI E R > -

B BRI R R AR MR T B E - HAE AR B R EU AN
LISEE - 350 Etelafio i - "IN ERE Z R EDNAR B - axat & — 1R
Bt A BN Z R ERIRE R © HETERE RS A HITS Z FyEcat B — 15|
FHOLURH - C#ERNE -5 FHEEEZER (Peronospora manshurica

(Naoum.) Syd.)"™ ~ $AELFEE (Peronospora tabacina Adam)"” ~ IL5&$5F ( Rubus

i

;

s

I

arcticus L.) §21 ( Peronospora sparsa Berk.) ®V ~ 8N 88 ( Pseudoperonospora
cubensis (Berk. & M.A. Curt) Rostovzev) K-F{LFIFEE (Hyaloperonospora
parasitica (Pers. : Fr.) Fr.)®? o #83£Choi er al.(2007)'? &3 > 80 = FEH1TS
FP5l - 2R2458 bp - Ib—EAER BRITSHR R HFENHMEEBEE T > §
4l Basidiophora ~ Paraperonospora ~ Plasmoverna spp."*>> o R By 5 F ERE A
BERES [ E R TR R ey EeEts [ 7 WiES B Wil =) N o0 Bl g
% > FHILEAHEGAGEE2000 bpZ £RELITSFEA » HitgfFr TAF L MK 1000
bp ITS 2 EHHAAVEAE -

FH T B B R 1% - S B & BB B B > B 5 35 P
VRN I B PA SR R B T 4R B B T TDNAZE Y » BE B DUTS RS [T B
bR - A M ERG B SAES EE C BERITS/Y L TEE R DNA
ZEEAT - A S E B ER R DUR SRR R (REREE RS
% RO BRI TR > N TR (R S Bk I (FHIER 3%% > HER
BE - HUS B 4k S P 3 - 7 iEf TDNAZEEUERI TS TE - 2RI A TSR 8wy
BIET > B—NE » XNBEG2 R AR5, - NI EEE A FAYDNAYL S
o VREIRE/INLEEE - BRIESEEUTEEER A -

3



Rk EARITSARFR R - AW FEAR R = BRI TSHE 7 Py ikt s E R 2
— M58 WERZS [T A VB R - [F)R IS A F e i B i
TEENR AR Z (e JI4N » ARET v B R R e T EL AN ~ AR RS
R PRI TSHY I » 5 Rl AR B S 35 A I E P 25 B PERS IR LD e R BRI TS 4
AV B PRI A T H - ARG 28 & SRR Rk R HITSTR - AT
BT B R R AR S S B BRI TR G A DU T
S EREERE S 2R EEER 5 D REE S EREE R Z HEEH S
A -

U\

MRHRTT A

HBERERERZ KR

(e PRI R 3 ~ EMTAIGIREE » & PR AT - PR REIE AT R g
FHCRER  RESEREREMEREERE > FOERIBMEE [ AEER REAVE
S fdE o LS mIBeCVE T o R IEER T B UEES TV T - FEEZE0.1 gi% o
B LS mige o E o R -20 °C o UM R SR TEDNAZELZ AR

B E B K E DNA EEEFF

HETEEDNALI. o B B B BIA4A0 S BT B A NI LE L « s
DNAZZHUAIERO.1 gl BB R TIRRE SR BTE - FIFEIER 2 AL aGDNALI B
7540 ( Genomic DNA Purification kit, GeneMark Technology Co. Ltd ) #{E 2" »
FHEE BB 2 LR BEDNA - FHEDNAERE DG ELLEET (Opron-3000¢, UV/VIS
Spectrophotometer ) JHITE260 nmikz :AE (Azeo) * [ EEDNAEE (ng/pl) » A DNA

PREFHY-20 °CfER 2 A T g -



BEER ITS @7

21 W22 15 uM ITSTRIITS4 ~ 2.5 pl22 10x buffer ~ 2.5 wl=2.5 mM dNTP - 0.2
ul Tag Plus DNA polymerase(Bio Basic Inc., USA) ~ 17.8 ul2 —ZZ&RE/KELL pl
250 ng/ul Bremia lactucae DNABHUE &A%Y > DLE B & G H25
(TGradient thermal cycler, Whatman Biometra GmbH, Germany)#:{TDNAME K
JE > MEEEA- /594 °C ~ 5 min#EfTDNASEM: (denature ) JE » FLI94 C 30 s~
50 C 30 skz72 C 60 s#E{TA0X{EER » #1725 5 (annealing) &% JE{H (extension) i
MRS HE » i1&LL72 "C 5 min&5PRPCREJE » PCREJEFETHIIO0 WlLL1.5 %IFiREE
fiz(agarose gel)ETTERIAIHT(100 V > 35 min) - JFFEEIKR Z B R BUHEUR(E L3¢
(ethidium bromide)Z4tt 10 min > FYSRIMNEHEUT - DUEETIU) T oAt i iz
[ ITS DNAR > [ERMERLE 5 > LIRS EUEEIZH (Gel Elution Kit,
GeneMark Technology Co. Ltd) #E/TDNA[EUL"Y > A AT BHR ARG AR

(5db) ETEFR > ETEEREE ST EEaE TR -

HEEEE 5T HEE

Bt At > B. lactucae 1ITSFF%1| » LIBiology WorkBench Version 3.2481k
(http://workbench.sdsc.edu) |- 7 Alignment Tools #1724 F %13l 51|53 7 (multiple
sequence alignment) ( San Diego Supercomputer Center (SDSC), University of
California, U.S.A.) > FzFI[F{National Center for Biotechnology Information (NCBI,
National Library of Medicine (NLM), U.S.A.) #4iih” Basic Local Alignment Search
Tool (BLAST)#k#g » EfiiEEfTHB. lactucaeFH RS B MG 2 1TS DNARESI A B »
MM EEEEA B A ISR B2 DU R BOET5 [ 7-$ast - WLAB. lactucae ~
(R E SR KW A Z DNAERM - #E1TH—PEPCRAG - PCREZJERR: R
25 W &A1 W15 uM BL1 ~ 1 ul 2215 uM BL2 ~ 2.5 ul 7 10x buffer ~ 2.5 pl2.
2.5 mM dNTP -~ 0.2 pl7 Tag Plus DNA polymerase (Bio Basic Inc., USA) ~ 16.8 ul

> “HHEKEL pl2 50 ng/ul DNABUR » L FE B3 FEE B 2 HE (T DN AR I



[ZE > $MER(EE594 C 5 mindE{ TDNASEMERZFE - FFLI94 °C 30s~60 C 30s
K72 °C 50 sEEFTISRAEER )T ETTRE & BB RS E - Hf&LA72 C ~ 5 min
&R PCREZJE » RFPCREZEEYIALI0 pLL1S %R HErTE /K oA (100 V > 35
min) - KFEE K% 2 BB R UL DURME 28844 610 min - HUR BN ERIME T IRFHEC SR
P iE HIDNA R B -

H—H5[FH 2 EHEHR

FoEASEET 2 B. lactucaeB—15 | FHIVEESE - INWERIEFEFENARE
SEARE > B. lactucae DNAFERR » 43R E1x10° ~ 1x10* ~ 1x10° ~ 1x10% ~ 1041 pg >
BAB. lactucae®i—45 | F-$IBLI/BL2M#E{TPCRIZ JE 5 SUifE—345 (T B DNA %
BL1/BL25 [T ¥ AR R 2 T HHIES - 1210 pghUB. lactucae DNAH > 53 HIE-E I
A2.5%10° ~ 1x10° ~ 10* ~ 10° ~ 0 pg B EDNA B FEBAR » #/F7BL1/BL25]

THPCR - [EGRAFET Y TS EBREE 5T Haxst , JAMEE -

HESEBREXBEES 2 BEERHEABR
FEFIBL1/BL25 -4 - $HEPIMREE 2 & B R ER MR IR A R
ZEER RyEME SR - MDA SRR EDNA KA RASTEE 2 (5 2 - DNA(E Ry i
HETTPCRALM « Ky 1 AREOIR Z R BERE A 2 1 5 B8 EDNAJE A3 A] 38 i L7 E

Bz 58 LA20065F B i FRRAPE AT K & P it R SRR R E R EEAE
AR NS - DI EFE R DNAE K G T B EFEE (] - DNAZEHU A PCR

R L TR BB RIS EEDNASENSRGETE ) 0 T B E MM 15 T
Bt ik -

SERREREEZEERER ITS 28R
DLl PR AR 2 8 E PR SEDNA BofRAlR - RIEUERE S e B — M5 [T 32
RREdi S > B TR EE L REYIE BE EEITS 2 5UR: © DUTS1/BL2 FZBL1/ITS4



WAAHS [ 77 BIHET T s BB RITS 11 Be 2 48 S i Fe T(F - DNAZEHL ~ PCR{R:
Kt bl TS EEE KB EDNAR NG T BREBREE M
SIrHEEt ) B TIEEER ITS BfF, k-

BEBRE EES T

RHFTEREEZ 8 PRI ERR R (Bremia lactucae) ITS F51 » LI H NCBI 44
(http:/ /www.ncbinlm.nih.gov/) "N~ 8 PREEED & EFR R R 1 PRIEETE E
FE i A S 1 RS R 4R T2 (Tragopogon pratensis) & i (Protobremia
sphaerosperma) A3 18 #F&E ~ 1TS2 8l ITS1-5.85-1TS2 & R EEFFHIM A L%
Byl (F2— ) 55488 NCBI T #EkS=9M > 13 ¥k B. lactucae ~ 4 ¥k Bremia centaureae,
8 Ik B. microspore ~ 3 1% B. ovate ~ 2 {4 B. saussureae ~ 3 ¥f B. sonchicola E1 I
it 17 #: B. lactucae » 3 6 & Bremia spp. 50 &tk > ML 4 £ P. sphaerosperma >
Gt 54 Hitk 2 ITS1 (F—) FHIEFTHERT - DL Clustal X 1.81% j¥ith 54
ITS1 ~ 18 ff ITS2 Ed 18 fk ITS1-5.85-1TS2 L5157 HllEk A8 I T4 EFE
YIEE¥ (Multiple sequence alignment) - 7 ITS A1 T2 EELEIRT - SdH%E
5L ¥ (Pair alignment)#1% & L (Multiple alignment) 2 285 » #£51EE
Y8 BARER 174118 (Gap opening penalty) & 10 - ZEffERCI4E1E
(Gap extension penalty) £ 0.1 - DNA fifEfEfEE= (DNA weight matrix)
Ry TUB ;. ZEEH 2B B EESIER 10 - e OREIES 02 - &

BEEEHEFEYI{E (Delay divergent sequence) £ 30% > DNA BEfIHEE

i
i

'3
'3

(DNA transition weight) £ 0.5 > DNA fifEsEfEEE IUB > AMEETS
EFYIELE - Ko raE R nexus #83(1& - 2L PAUP* 4.0b10 (Phylogenetic
Analysis Using Parsimony, Swofford, 2000) #{f{FH14% 143477
(Phylogentic analysis) -

TG ILUTI A 2 F oA T 2T 55— RLIFHUBE % (bootstrap) E
HEHUER 1000 X - fic e #l% (Neighbor Joining) JHHE 2B #HHHEE (genetic
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distance method) - & — /5 DAEZE$E =% (heuristic search) TR AMGLyE
(maximum parsimony) > PA_E#lEEE T HTEE - ¥9LL P. sphaerosperma Fy4p
Bt (outgroup) "7 s Bl Bremia spp. I THR4ZRAG T - HASE DL ALHEE
fifIRE (phylogram) 2 AT 7T B Bl 25 BRI IR < R4 PR RR A -

BERRE ITS E—4 5[ Haxst kAR

¥t B. lactucae . FF 2 &) 43 ITS DNA = %I - ¥ F§ NCBI k. Biology
WorkBenchVersion 3.24815 » A EAEL A ELEHITS R A ENGZ1 4747 > Efie HB. lactucae
28R A R B - & it 7 BLI (5-GTTGCATTGCCTTGAATTTG-3")/BL2
(5>-AACCGAAGCTAATTAAACTGCG-3") 5[¥-¥f » WillEABL1/BL25 | T-¥%f 2 B
— M SSREURBLUBL2G [T u (E B & B. lactucae DNA > DK {5 EAB.
lactucae) & 7 DNAKJENR > B tllg HH—1k 1235 bp K/ NZHFFE | Be > (HE EDNA

K22 IR RO RER A (Bl — )

H—M5F+ 2 EHE AR

P EFE R BL/BL2S [ FHEGEHEET KA [F i E R R DNARE 5K
MIABLI/BL2 5[+ %fPCRIZJE » &ERHEHERIEF ZH10 pgZB. lactucae
DNA - BIe] St giE s BB E 2 Fre h B (B 2) « (i EDNAKBE—14:5]
T THES > HEREREIA S EDNAR S HIEURRE2.5%10° pehf » (8L

PRI IR S E R AR E R B (B=) -

HESEBREXBEES 2 BEERHEABR

i B BRI BL/BL25 [ ELRE (N B 3R B P FH h 2 A R ORI S

=



Bis B - MEREWE HEE ERER ZRETEA > GREUR - AiRERIE
WEEER & iR S EREAVRIE A B AR TR 2 (e S E A - S5
BLI/BL25[ Tt E 7] H S EFRE MR ER AENER ENESERRER E (
V0 ) - M LA20064F 12 15 B3 B R iR SE AR A (MG > 32 AR A R4 BL1/BL2H I H e

FREHVRIE R B (@) -

HEBRBRE LEENMIEER ITS 2R

AW E S E R & E R E A Z R TR A HIDNA - fio & H—M s
TERHEZBLY ITS4RITSUBL2FWEHS 15 (El7S) - oAl s B R EITSHETT
e BLAR e T(F - PCRECHESSIR » ] 7 BIEAS FITS2-28S tDNA (LSU) K 18S
rDNA (SSU) -ITS1-5.8S rDNA-ITS2 /{5 B - HEE 4R 2127 (&L ~ 2813 )
k1658 bp ([ ~ 54016 ) - &P LER A B 5] W B mTsHp— 58 B 2 S E R

EHITS R -

BEBRRZYEELST

5 B N 47 B f2 NCBI Uy %~ 50 #k Bremia spp. . 4 1 Protobremia
sphaerosperma Z 1TS1 LIE{SEEREASEEEAEITRIGE T - HEERBURIR T
A E B K] B. lactucae & (Brlaau01-3, Brlaau06) 5 ¢ —£f > Brlaau04 i
Brlaau05 & E %1790 » B. lactucae HFERKEFE K —EE » (HEFEE B. lactucae
SMK19258 - SMK19357 Ei B. ovata [k H K —8f - DLKEEE] B. lactucae
SMK19842 - SMK19951 €1 B. saussureae Hpi—#f > HA4l B. microspora, B.
centaureae ¥ B. sonchicola t & R —FF » HHILEHRIE 1] /5 4E 237 Bremia spp.
BASIUNE FE—MRE (B/\) - %K B. lactucae LUK, P. sphaerosperma 2
ITS2 k. ITS1-5.85-1TS2 rDNA 4£E% ITS #Ef TG > HAE RBURET O
2 B. lactucae W& 5y [k —#f - H ] B. lactucae BEf%k SMK19842 Fz SMK19951
HE—Ef > 1 SMK19357 Kz SMK19258 Hili—Ef » HEF B. lactucae i 8 =&

9



ERER—EE (&L~ 1) -

=Y &

Fe B R EHIET AR o AEEYIRCRR AR ST - Bh R (N a0 B
Rf > M T BV RN R R e R A A > BT ~ B — 2 (B
HAl pbrfE E A ' 2 INE - ARBEGT TS ERE TS 55 1rH
BL1/BL2 » o] S —MEHHEE Kl DNA W & m s ERRE ([E—) > IR EH
PigHEESEZ G EEE (B REEREREA R BEEtk (B -

AWtFepTaGET 2 S ERR R S M [7# BLI/BL2 £ A S EFRE DNA SHiZ

£ DNA Mif#E] 25000 fEH - (REAA IR L &S ERE 2 FrE A B (B=) -
HAT BLI/BL2 5[7-#FR AT R ENEEREZ S ERREERID - &EEHEIINEG
EFRE TS Fp3l - JRa]E YIS N2 & E BRI R  ITS1/BL2 k2 BL1/ITS4
5l E AEIE I LR S G E R 1TS Fpdl) L E 8 s E BRI ik 1TS
Bl - HaTC S 2 E A 8 (ER E S B R (F—) -

EESAFA R ITS (AR T BB T NYIRE - Eoe s fEiEE
BRGRECTH > WS E R R 4 U B A S M E B R0 5 5 HX
B ITS fRFEFTE A 2 B T8 B B ITS BERMES | T3 SERSIRFTA LT 1TS
R Bz HEGARPREALEER DNA - F SRS EMEEZ TS ZY) > S
FUHIE ERYIREE - RyZeb Ealprse ke 2 ATREEE AR > Eal B i R E
PRI 5 DNA BT8R - LM R 5 [T &2 ITSI/BL2 K BLI/ITS4
5 TR EIER A (BN - e LgE (BT REEEERRE 1TS
EREPH > BEZRITST f ITS4 Rysis [ 13 - A BL1 K BL2 ZHE EFEE

ITS FFlst 85 T+ 5 VAL & AR EREREE DNA chiis i B T

10



o g ey

ITS 5 B » &EfEFP KA B — 58 B Z 2 REL TS 751 » th—5 7 S iRt
/AR ~ SUEE ERE Z HHREU e - EREHRHEAEN DNA HIYIE & SRR E
ITS /B > MERTE AT REHE > NS T REPEReR » S 7 2EAE

AT BEERNEEREERE ITS 5 - @HarEE A Puccinia

B

U9 P striiformis f. sp. tritici®" ~ Phakopsora pachyrhizi"V%

horiana® ~ P. psidii
SR LUK Phyllactinia guttata®® ~ Erysiphe pulchra®® ~ E. alphitoides*?=5 (31}
TR B L3R 1TS H—g [+ > SrER I — T HE—MEEEER | ITS 5[4
Z S - B EEHF AR R E SR R - EReREZEY
BT ITS P th— B —MEEEE R | sH AU ERR T A B RRIE R
PR e RE ITS AYREE - ITNEAHFHHEEH T AR EREE FAVERZE
b > AR B e AR a4 R BT R AR R T IR E IR - PRI B MR E
FEERE e L -

Choi et al. 'V 4£rf 285 tDNA k) D1/D2/D3 B ~ cox2 ZER I ITS1 =
&R > DL minimum evolution, maximum likelihood 7 Bayesian methods #
TR AT - WIERAREE 3 M (cluster analysis) H=3 %R - & - RELESE
T RESTJEANAE B » BE A2 Bremia spp.®l{{% B. lactucae, B. microspora, B. ovate,
B. saussureae }; B. sonchicola 2% 5 féi45yf% 5 #f > 1f B. elliptica 1834 M5 1H » HIl
T8l B. lactucae fRBENT > FRb[EIRE » HIE B. elliptica 13 ¥ 2 E (Lactuca
indica) > RN (L. sativa) - AiH5E 2 4558 (B )\ 2 ) EiFii Choi ef al. (2011) DA
T BPRREEE AT AVAS SRAHLE » J9 23R Bremia spp F[E] @ ECEIfER £ 2 I H
HIFEENE EE M - BRI A A %Y > 28 NCBL &85 B.
lactucae BHIF|ERET® > Brlaau01-03 £ Brlaau06 HRY—Ef » Brlaau04 Fi
Brlaau05 & E 1AL » 1248 B. lactucae BEMMAIEIRAY S £ &Ik EJEE - HIF
FRIRET EHA S RN - ML EMK E S BB 2 B. lactucae 73 8f » B LRIk
JEEE B oM S a4 o ABHSEAE 73 MT B. lactucae ITS1 1 - B 8 #R 2278 /i | B2 Bl R IR

Gh o SANRFIEAEIZ Z B. lactucae &tk > LAKAIE Bremia spp &tk > H4SR

11
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HHEESZ IR B. centaureae HFEERK—EE > 1 B. lactucae H&EEF M SMK19357 ~

SMK19258 B AR 5 Ei#8%(Youngia japonica (L.) DC. )i§#Ed B. ovata ElkE it —
BE(B] )\ SR EL ¥ Choi et al. V#7452 22— NCBI GenBank 5% (accession
number)> B]BHZIE H Choi SZE A B. ovata ik KUS-F19357 £ KUS-F19258
AR A ZE(RE NCBI GenBank &§%fY B. lactucae Btk SMK19357 £
SMK19258 » iff B. saussureae EFfF KUS-F19842 Eil KUS-19951 - 47 HilEkEE NCBI
GenBank &8%0Y B. lactucae Fitk SMK19842 B SMK19951 » FHitt o] B Choi i
NCBI Genbank 1) Bremia sp.f& %45 kA % > NCBI GenBank & §f 5%
DQ235799 Kz DQ235800 HIEMEZ Iy B. ovata » [fj DQ235793 K DQ235794
MRIE B B. saussureae » FHAIHFE > 1TS2 K7 1TS1-5.8S rDNA-ITS2 73455 » th 2
IR SMK19258 Kz SMK19357 » SMK19842 K, SMK19951 Hi¢ 2 Bf ([EJL~ +)
B ITST orAfrésRAEIE ([0 - SR REHIRIEYS 23 Bremia spp BAIE
HENE EE VR RIS Bremia spp. 2 /7PMEHEE 88 E I HE
Ji=CAT > TS 7373 € B A s bR &S R - Sl DA B [A i 2 &7 A8
{45y Bremia spp. sy R IE L Ry 250120729 o

STRR

1. 98 FEERERTFR BERTERE THIEEXZEGEESE -

I
-

http://www.coa.gov.tw/view.php?catid=21668

2. TR ~ SREAE ~ RIFZL ~ ZEHEAR ~ ZEEREE - 2002 - SIEHY)EE B SN
R o T REIEYREEEE - 386 H -

3. TRIGS: » 1988 - B EFR BN — fmilksUE TEERIT I o @ tm s - BIrHh i
RE 130 H -

4. THEH - 2005 - HRHEEGE

H o
= >N

§

*h
B
I
op

BEFEERIER(S) - PI74-177 -

\



5. B o 1993 o BT BT - 41019 -
6. FEAIFT - 2005 - BRI Y FREETE - 265-232 F - FHILEE FERLHTTT
S -

7. Braun, U. 1987. A Monograph of the Erysiphales (Powdery Mildews). Beiheftezur
Nova Hedwigia. 89: 1-700.
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10. Choi, Y. J., Hong, S. B., and Shin, H. D. 2007. Extreme size and sequence
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ABSTRACT

Hsiao, K. Y. and Lee, M. L.* 2011. Direct amplification of whole ITS sequence of
Bremia lactucae from infected lettuce and phylogenetic analysis of B. lactucae. Plant
Prot. Bull. xx: xxx-xxx. (Pesticide Application Division, Taiwan Agricultural
Chemicals and Toxic Substances Research Institute, Wufong, Taichung 41358,
Taiwan (R.O.C.))

The design, sensitivity and detection effect of Bremia lactucae specific primers,
the direct amplification of the whole ribosomal internal transcribed spacer (ITS) from
the infected lettuce leaves, and the phylogenetic analysis of B. lactucae based on ITS
sequence were conducted in this study. BL1 (5’-GTTGCATTGCCTTGAATTTG-3’)
/ BL2 (5’-AACCGAAGCTAATTAAACTGCG-3’) were designed as the B. lactucae
specific primers. The sensitivity of BL1/BL2 primers was 10 pg B. lactucae DNA in
each PCR reaction, even the lettuce DNA was as high as 2.5x10° pg in the DNA
mixture. The BL1/BL2 primers amplified the specific ITS fragment of B. lactucae in
these infected leaves and proved the infectious status even though the disease
symptom was not observed. Furthermore, the BL1/BL2 also amplified the specific
ITS fragments of B. lactucae-infected herbarium specimen collected in 2006. With
the combination of common ITS primers and BL1/BL2 primers, two pairs of primers
ITS1/BL2 and BL1/ITS4 were used to directly amplify the ITS sequences of B.
lactucae from the infected lettuce leaves. Two fragments were amplified, sequenced,
compared and merged into one sequence to be the whole ITS sequence of B. lactucae.
The ITS1/BL2 and BL1/ITS4 primers were proved to be the useful tools in directly
amplifying the whole ITS sequence of B. lactucae species from infected lettuce
samples even the samples’ DNA was mixed with the DNA of lettuce and other
microorganisms. The results of phylogenetic analysis of B. lactucae based on ITS

sequences showed that most B. /actucae isolates were clustered in the same clade, and
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no relationship between the isolates and the locations of isolate origins. Other Bremia
species on Compositae were also clustered in the individual clades, and each clade
corresponded to individual host plant. This result showed that those downy mildews
from Compositae were highly host specific. Therefore, it suggested that the taxonomy
of Bremia spp. should correspond to their hosts of the same genus or closely

related-species.

(Key words: lettuce, Bremia lactucae, specific ITS primers, common ITS primers,

combined primers, phylogenetic analysis)
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Fig. 1. Specificity test of Bremia lactucae primers BL1/BL2. Lane M, 100-3000 bp
DNA ladder marker; 1, blank control; 2, DNA of Bremia lactucae; 3, DNA mixture of

B. lactucae and lettuce; 4, DNA of lettuce.
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Fig. 2. Sensitivity test of specific primers BL1/BL2 of Bremia lactucae. Lane M,
100-3000 bp DNA ladder marker; 1, blank control; 2-7, B. lactucae DNA were 10° ,
10%, 10°, 10°, 10 and 1 pg, respectively.
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Fig. 3. The interfering test of lettuce DNA on the ITS amplified effect of specific
primers BL1/BL2 of Bremia lactucae. Lane M, 100-3000 bp DNA ladder marker; 1,
blank control; 2-6, each mixture containing 10 pg of B. lactucae DNA and 2.5x10° ~

1x10° ~ 10* ~ 10° ~ 0 pg of lettuce DNA, respectively : 7, 2.5x10° pg of lettuce DNA.
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Fig. 4. Detective effect of BL1/BL2 specific primers of Bremia lactucae on the
infected lettuce in field. Lane M, 100-3000 bp DNA ladder marker; 1, blank control; 2,
DNA of B. lactucae; 3, DNA of lettuce; 4, DNA of B. lactucae-infected lettuce
without symptom; 5, DNA of B. lactucae-infected lettuce with symptom.
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Fig. 5. Detective effect of BL1/BL2 specific primers of Bremia lactucae on the
herbarium specimen of downy mildew of lettuce. Lane M, 100-3000 bp DNA ladder
marker; 1, blank control; 2, DNA of B. lactucae; 3 and 4, DNA of the herbarium
specimen of downy mildew of lettuce.
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Fig. 6. Scheme for the direct amplification and sequencing of Bremia lactucae ITS
from B. lactucae infected lettuce with two paired primers, BL1/ITS4 and ITS1/BL2.
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Fig. 7. Amplification of B. lactucae ITS DNA from B. lactucae infected leaf by PCR
with BL1/ITS4 and ITS1/BL2 primers. M, 100-3000 bp DNA ladder marker; 1 and 4,
blank control; 1-3, amplifying with ITS1/BL2 primers; 4-6, amplifying with
BL1/ITS4 primers; 2, 3, 5, and 6, DNA of B. lactucae-infected plant in the PCR

mixture.
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Fe— ~ BSEME AT 2 28 K2 NCBI' Bremia spp. % Protobremia sphaerosperma Flk—8E %
Table 1. Taiwan and NCBI' isolates of Bremia spp. and Protobremia sphaerosperma used in the phylogenetic

analysis.
NCBI GebBank
Species Host? Isolate Sequence Location
Accession No.
B. lactucae Lactuca sativa TWCT ITS1, ITS2, whole ITSs 3 Caotun, Nantou,
Taiwan
TWCL ITS1, ITS2, whole ITSs - Jhongli, Taoyuan,
Taiwan
TWDS ITS1, ITS2, whole ITSs - Dasi, Taoyuan,
Taiwan
TWSHr ITS1, ITS2, whole ITSs - Sihu, Miaoli, Taiwan
TWSHs ITS1, ITS2, whole ITSs - Sihu, Mialoi, Taiwan
TWSL ITS1, ITS2, whole ITSs - Siluo, Yunlin, Taiwan
TWSS ITS1, ITS2, whole ITSs - Sinshe, Taichung,
Taiwan
TWWE ITS1, ITS2, whole ITSs - Wufong, Taichung,
Taiwan
Hemistepta lyrata SMK19842 ITSl, ITSZ, whole ITSs DQ235793 Korea
SMK19951  ITS1, ITS2, whole ITSs DQ235794 Korea
Lactuca sativa SMK19415 ITSl, ITSZ, whole ITSs DQ235795 Korea
SMK19108 ITS1, ITS2, whole ITSs DQ235796 Korea
L. indica var laciniata SMK18913 ITS1, ITS2, whole ITSs DQ235797 Korea
SMK?20331 ITS1, ITS2, whole ITSs DQ235798 Korea
Youngia denticulata SMK19258 ITS1, ITS2, whole ITSs DQ235799 Korea
Y. japonica SMK19357  ITS1, ITS2, whole ITSs ~ DQ235800 Korea
Lactuca sativa GERM1102 ITS1, ITS2, whole ITSs DQ665664 Germany
BrlakrO1 ITS1 EU287743 Korea
Brlakr02 ITS1 EU287742 Korea
Brlakr03 ITS1 EU287741 Korea
Brlakr04 ITS1 EU287740 Korea
L. indica var. laciniata Brlakr05 ITS1 Eu287739 Korea
Centaurea jacea Brlaau01 ITS1 EF553505 Austria
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NCBI GebBank

Species Host? Isolate Sequence Location
Accession No.
Cyanus segetums Brlaau02 ITS1 EF553504 Austria
Centaurea pullata Brlaau03 ITS1 EF553503 Austria
Hieracium murorum Brlaau04 ITS1 EF553498 Austria
Taraxacum officinale Brlaau05 ITS1 EF553497 Austria
Cirsium arvense Brlaau06 ITS1 EF553496 Austria
Lactuca serriola Brlaau07 ITS1 EF553495 Austria
L. sativa Brlauk01 ITS1 AF241770 United Kingdom
B. sonchicola Sonchus asper Brsokr01 ITS1 EU287759 Korea
Brsokr02 ITS1 EU287758 Korea
Brsokr03 ITS1 EU287757 Korea
B. saussureae Hemistepta lyrata Brsakr01 ITS1 EU287756 Korea
Brsakr02 ITS1 EU287755 Korea
B. ovata Youngiajaponica Brovkr01 ITS1 EU287754 Korea
Brovkr02 ITS1 EU287753 Korea
Y. denticulata Brovkr03 ITS1 EU287752 Korea
B. microspora Ixeris polycephala Brmikr01 ITS1 EU287751 Korea
Brmikr02 ITS1 EU287750 Korea
Brmikr03 ITS1 EU287749 Korea
I dentata Brmikr04 ITS1 EU287748 Korea
Brmikr05 ITS1 EU288747 Korea
Brmikr06 ITS1 EU287746 Korea
1. chinensis Brmikr07 ITS1 EU287745 Korea
Brmikr08 ITS1 EU287744 korea
B. centaureae Cyanus montanus Brceau0O1 ITS1 EF553502 Austria
C. mollis Brceau02 ITS1 EF553501 Austria
Brceau03 ITS1 EF553500 Austria
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NCBI GebBank

Species Host? Isolate Sequence Location
Accession No.
Brceau04 ITS1 EF553499 Austria
Protobremia Tragopogon pratensis ~ Pbspge01 ITS1 GU216232 Germany
sphaerosperma
T. orientalis Pbspau01 ITS1 EF553489 Austria
Pbspau02 ITS1 EF553488 Austria
Pbspge02 ITS1, ITS2, whole ITSs DQ665669 Germany

'NCBI URL: http:/ / www.ncbi.nlm.nih.gov/

’Hosts were isolated in Taiwan or recorded in references 6, 7 and 25.

*Not registered.
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Fig. 8. Phylogenetic tree for the Bremia spp. and Protobremia sphaerosperma based

on the internal transcribed spacer 1 rDNA sequences by the

bootstrap/neighbor-joining and parsimony methods.
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Fig. 9. Phylogenetic tree for the Bremia spp. and Protobremia sphaerosperma based
on the internal transcribed spacer 2 rDNA sequences by the

bootstrap/neighbor-joining and parsimony methods.
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Fig. 10. Phylogenetic tree for the Bremia spp. and Protobremia sphaerosperma based

on the internal transcribed spacer rDNA sequences by the

bootstrap/neighbor-joining and parsimony methods.
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