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The 2,4-diacetylphloroglucinol (Phl) biosynthesis locus, originally cloned from Pseudomonas
fluorescens QQ2-87, was introduced into the chromosome of seven fluorescent Pseudomonds strains
(natural Phl producers: Q2-87R, Q65c-80R; Phl nonproducers: 2-79RNjp, 30-84R, ‘M4-80R,
Q69¢c-80R and Q29:-80R) each with natural biocontrol activity against take-all of wheat or
Pythium damping-off of chickpea.  These transgenic pseudomonads were constructed by
conjugating recipient pseudomonads with Escherichia coli S17-1(Apir)(pUT::Km::phl) harboring a
plasmid containing the Phl locus cloned within the minitransposon Tn5. Southern blot analysis
revealed that the Phl locus was inserted randomly and uniquely into the recipient chromosome.
HPLC analysis revealed that most transgenic pseudomonads were able'to produce Phl, and their
capability of Phl production varied. Transgenic isolates of both Q2-87R and Q65c-80R produced
more Phl than their respective parental strains. Transgenic isolates of 2-79RNjp, a natural
producer of phenazine-1-carboxylic acid (PCA), produced both PCA and Phl, whereas those of
30-84R, another phenazines producer, produced Phl but not phenazines any longer.  The
transgenic isolates of the Phl nonproducers M4-80R, Q29z-80R and -Q69¢-80R began to produce
Phl after introduction of the Phl locus. Most transgenic pseudomonads . exhibited consistent
colony morphology and viability. However, the transgenic isolates of 69¢c-80R, a biocontrol
strain without any apparént antibiotic production, were not stable in those traits. They generally
produced smaller and extraordinary colonies compared to the parent strain, indicating a high Phl
production. When tested for the biocontrol activity with the transgenic isolates of (Q69¢-80R,
they did not significantly improve the activity against take-all but required much smaller

populations to obtain the significant suppression compared to the nontreated control.
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H A (plant growth-promoting rhizobacteria, PGPR)-& 2} &-2] :Li(rhuosphere)
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of AFstd Z3 Je TR FAY B AHYAS W AEY AFE FIANG
(Kloepper &, 1980). PGPRZ F=2 E4Fo wWadd Y Ee UHHoE FFS nA
A2 MEEANAHNE A= AHo= Ad3HA YU Schroth E, 1982; Suslow =, 1982).
SATAEY 9% 29EAY A4S AN DY SASEd A% 24 Aeisn
9l tHThomashow 5, 1995). &334 Pseudomonas M FL 23 AFAHE- (secondary metabolite) 2
BEulsle  Z3EAQA  24-diacetylphloroglucinol  (Phi), phenazine-1-carboxylic acid (PCA),
pyrrolnitrin ' pyoluteorin 58 o]-£3}d EFH o wAl-S A A7l cHThomashow %, 1995).

o] 7}&dl Phl& AA8E Pseudomonase T2 ZFEAL Bulste Adde gd A
Adoz 712 WA BRI AR odeirlA EdEe BAS Ak Aoz ¢AA 3
. o &5, P. fluorescens CHAOL ol ¥l X281 (Thielaviopsis basicola) (Keel &, 1990,
1992) 3t B E) X -8 (Gaeumannomyces graminis var. tritici) (Keel 5, 1992), P. fluorescens Q2-87
& gEg) ¥ (Vincent %, 1991), 2813 P. fluorescens F113-& Al&4E2 &2  (Pythium
ultimum) (Fenton %, 1992; Shanahan %, 1993)2] A& <JA|sl=d] Phle] & H&& 3l
Reg &4#A Ut

MAEE ol 8% B AEHA PAS A o} A ol AL HAE
o] $AHQ 89l0] FeFe Wol LAY AANEATL Fash Aol wheh A gk
£ Rolth AT ERHA PALHE U7 ASAE BAL AARE Age) A%
A9 e 2FAs DG Y0l Pyl A 2ad 14l AT A 2
Aol AFsHE 5ol ot 28 U PhIg AU 4 A DL FAs fAs0}
89 Bl 5, 1990, e} BEEe] A AT SaaHe el Agel A%
of mer ZolEAG WA Ao $EE 4o 2PEAL A&Hoz YYHA Tach
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o] EAHL sNdste she Wtog AYEF AP BEH FHAAY 2L 5
sl O AAES Zoldv ARV} 9,101 gtt}. Gutterson S(1990)-2 P. fluorescens Hv37a7h
F9] ocomycin A2] AT FHH -%—X%X]-Q] promoterE tac promoter® X &3l FFx}el
W3S constitutived}A THEo] B3I w W (Pythium) 2] WA EAE ZA5ET. E3t
Maurhofer 5(1992)-& Pseudomonas ﬂuorescens CHAQo) #& #F=EE X3 pyoluteorin
(Ply B4 FHAHQ22 kb)E 2@ pME3090S =3t Pleo) A ZS Z7HA71, &

o] . Z4-E1 (Pythium) 9 “}ﬂliﬂ.—‘::‘ ZA3c Phl A¥A FHAE ol&dXe Hara T
(1995)0] PCA AFA F3 212 kb)E 7} pPHZ108A¢} Phl A4 F2H=H6.5 kb)E 713
pPHL5122& 2] Pseudomonas o) =3t LYRAHNIHG. g mnc)e] FAEax7}t 2
He AL #Fsan

22l f- A A} (heterogenous gene)2] =YL HA7LA] plasmid vectorE: F2 o]83l1 ch
Jev AR Algel Fepari=d e A EY T AdEAEA AGshe

__57__



] A efQ}(selection pressure)o] Z0] E?QQ FAA7E tgH o2 M Eot FolglR] £3}A
U o] %9 WAEE gene tansferr} Poj'g FEo] & FAMC U oY FAHS
A3 sl o] IFYA= de Lorenzo 5(1990)¢] 7W¢3H minitransposon TnSol| Phl A
FE FAAE 224938l A7y dux0 =gFgezn FAAGL Assan. o7
A€ Phl A e =QlaAds FAAE 28 FAASH Pseudomonas?] E4HE
LZHEEAN AEAYA AT FFNFY 7S ARRIE 3o

AE 8l 3y

#F D@ Eg2v= G g wmiici® Pseudomonas FFEL EE YJAPZAgwd Je
USDA-ARSO| A 38 3} 11, Escherichia coli 3= BHEor HIAEZRE UYL uqit)
(Table 1). G. g trticiv 7ZFAEAB X(PDA) A w3931, E. coli T3+ Lura-Bertani
(LB), Pseudomonas w39 YubEql uwj¥e KMB(Kings medium B), HPLCE sir:
YMB(yeast malt broth), PseudomonasE UFA}e] sty AMESHEH HAaxE AAs7)
4= NBY(Nutrient-broth-yeast extract)E ©]-&3}%.2 ™, kanamycin®} ampicillin 5¢] FUE
e oo ot Hrketdth

Table 1. Fungal and bacterial strains and plasmids
Strain and plasmid Characteristics Source or reference
Gaeumannomyces graminis Sensitive to Phl USDA-ARS,
var. tnitici L118 Pullman, WA
E. coli
DH5a F-recA1 endA1 hsdR17 supE44 thi-1 gyrA96 relA1 deoR d(argF-lacZYA) Bethesda Research
U169 @80d JacZ M15 A - Lab. (BRL)
DH5a (A pir) F-recA1 endA1 hsdR17 supE4a4 thi-1 gyrA96 relA1 deoR d(argF-lacZYA) J. Slauch
U169 @80d lacZ M15 A pir
JM103 endA1 hsdR supE44 sbeB thi-1 strA 4(lac-proAB) D. Hanahan
[F* traD36 proAB lacl? 4M15]

S17-1( A pin) Tp', SM'; recA thi pro hsdR"M* RP4-2 A pir(Tc:Mu)(Km"::Tn7) Herrero et al., 1990
Pseudomonas spp. Pierson etal., 1992
P.chlororaphis 30-84 Phz*, Rif' Weller et al., 1983

P. fluorescens 2-79 Phz*, Rif'

(NRRL B-15132) Hamdan et al., 1991
P. fluorescens M4-80 Phi*, HCN*, Riff Vincent et al., 1991
P. fluorescens Q2-87 PhI*, HCN*, Rif" Hara et al., 1994
P. fluorescens Q65¢-80 Pht-, HCN-, Rif' Hara et al., 1994
P. fluorescens Q69c-80 Phi-, HCN*, Rif" Hara et al., 1994
P. fluorescens Q29z-80 Phl-, HCN-, Rif"

Plasmid
pMONS5122 Tcr, pRK415 with 7.0-kb genomic DNA fragment from pMONS5121
pUC18 Not Amp".identical to pUC18 but with Nofi/polylinker of puC18/Nofl as MCS Herrero et al., 1990
pUC18 Not::ph! Amp'.identical to pUC18 but with an insertion of phl as MCS This study
pUTKm Amp’, Km'; delivery plasmid for mini-TnS Km Herrero et al, 1990
pUTKm::ph! Amp', Knv', delivery plasmid for mini-Tn® Km::ph! This study
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pUT::Km::phl HE 7] plasmid isolation, DNA restriction 2 ligation, competent cell preparation,
transformation and transconjugation, electrophoresis F-& YukA<Ql who] we} A¥sQn I
8% 3¢ EEE AF8 3 HSambrookF, 1989). Phl A FAANE ¥ AREH FAA
33 PseudomonasE Tr=v= AL Figure 13 2th.  E. coli DH5a(pMON5122)ol] S&5 0]
& Phi locus(ph) & E. coli M103(pUC18Not) 2} MCS(multiple cloning site)o] =18tx3}, 2z
Zte] EZetAv|=E EY3dle EcoRl® HindlllE2 A2 ¥ ligationdted E. coli DH5a9)
transformation A]Z{t}.  X-Gal (5-bromo-4-chloro-3-indolyl-8-D-galctopyranoside) # ampicilling 3
7}t LB(LBxsoampioo) 1A A2l A F2UE o], THAVS=S Ba)3l1 agarose gel
elctrophoresis©]-§-8te] phl-2 7}7l E. coli DH5a(pUCI8Not:phl) & X128t th.  pUC18Not::phl
< NotlZ Z2} Notl-phl-Notl-& dojujil, e AegiEAZ pUT:KmE 28} ligationg Al E3}
Atk ol Al E. coli DHS5a(\ir) o] 93 ¥ LBianiooampioo®] 283 Notl-phl-Notl £¢18
pUT:Km::phlS A3ty pUT:Km::phlE E. coli DHSa(pin)o| A Ba)sled ©iA] E. coli
S17-1(Apir)el] transformationd} 1=, ©]+ transconjugation®] EEE Eol7l Y3 AHolth(de
Lorenzo 5, 1994). '

P. fluorescens Q2-87

W > 4-diacetylphloroglucinol biosynthetic locus @
JM103(pUC18Not)

$17-1( A piR(pUTKm) [—O ] : {} -
O = [& |
5 ' = [ o ] DH5a (pMON5122)
[ O ] DHS a (pUC18Not::phl)

DH5a ™M
(A pin{pUTKm::phi) o , @

$17-1 G Pseudomonas spp.
(A piny{(pUTKm::phl) s B

- Transgenic Pseudomonas spp.

Figure 1. Construction flowchart to introduce the biosynthetic locus of 2,4-diacetylphloroglucinel into the
chromosome of Pseudomonas spp.

E. coli S17-1(Apir) (pUT::Km::phl) &} Pseudomonas spp.2} transconjugation Herrero 5 (1990) <]
WH-E 7120 Z donorQl E. coli S17-1(\pir) (pUT::Km::phl)E 2} recipient (2-79RNj, 30-84R,
M4-80R, Q2-87R, Q65¢-80R, Q69¢-80R, and Q29:-80R) <} transconjugation &Gl o]E 93]
A E. coli S17-1(Apir) (pUT::Km::phl)E 10 ml LBranicoampioo®l 37°Coll A} 1€ ZF A xjuj s} a1,
Pseudomonas<= 10 ml LBol| A-2ojA 147 Agu¢L 3ttt Donor$} recipient® z}z}
5,000x goll A 5+%2F Y4E2IgE 3 1 ml LBo] ¥E3l3 donor® 30 plE LB plateo)} vld] &

& membrane filtere] Hojma)ls 2 $Jo]l 30 ple) recipientE ©ldle] 27°C uj}r)ol) LB
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plateE 12A)17F Z9F Fc}. Membrané filterS 1 mlo] AFZ7F 5o &3t 5000x gollA
SEZ AL 1 mle] ATFFHF T oy o]F 108 vl$2 34381 kanamycino] H7}
" M9 HAWA] (Mkanio) (Sambrook F, 1989)0] Z=Tsk & 27°Coll A 3-59 Fob wigshsd
k. & A= PseudomonasE A3t KMBranioo®ll A ThA] vl F3le] -80°Coll B@aldA &
7o) A&

FA-dEE Pseudomonas®] Wl ¥H EA FAHFTF(ransgenic isolate) o] wjYH EA
KMBunico platedl] At d-& 3dA BFsdh. Zt 2adF2RE AAH8D 4 5850
st 22| Beks =), aEln Phly AFAH HANA Solxdoz yelte red
pigment(Bangera 5, 1994)& 7]|E0 & #FF9 AAHAS dAFHo g ZAEI¥LE ©E 2@
FollA & FAAFTFAE €8] Q6%c-80RAA L& FAAFAFTEL EUdAsH=0,
o] 7h-&dl 20708 Addate] v 3Ywich 103]e] ZA KMB plates] Atiulkaldr ¢HgAS
ZAFe A

o
=

Southern blot R @ F 9} Zt B FFoA Dol 5719 FAAZFTFFo} 3} Southern blot
S AAFHY. Genomic DNAYE Ausubel 5(1990)9} vl o= Agon|, Z+ genomic DNA
= Sall T+ EcoRVE AHW3d}od, 0.7% agarose gelol A @7]03%6}-99\\:]-. DNAE nylon
membrane (Magangraph®, Micron Separations Inc. Westboro, MA)2. & &7 6.5-kb Phl locusE
probe2 AlE3l] AMEATE  Probe labeling®  alkaline phosphataseS ©] 83} BioNick
Labeling System (Gibco BRL, Life Technologies, Inc., Gaitherbur, MD)-& ©]8-&}$ 11, detection
< Photogene Nucleic Acid Detection System {BRL®, Life Technologies, Inc., Gaitherburg, MD)

of mep sk

HPLC HPLC £4& 93 PseudomonasE 4.0 ml YMBe} 27°C, 200 rpm ZZANA 60 A7
ot Fetujokalgtt.  o]5€ 40 ml wifluoroacetic acid (TFA)olA 2FA38L A]zl % 10 ml
ethyl acetateE ©o]&3td 7] 8w Holgle PhlE FE3Jch o {r7i&dEs A%
A7 % 3.0 ml9) 35% acetonitrile (ACN)Z} 0.1% TFAo] T}A] =t} o]= 0.20 mm filter
o] g3}A171 & Phle] FEE HPLC(Waters Associates, Inc., Milford, MA)& o] &3} ZA}S}
%tk £9E 1.0 mi/min £52 §A5Q1, I vlEL 279 10% ACN/0.1% TFAZ A
A3t} 208 Fol= 100% ACN/.1% TFA2] v]go] Hx& ZA3lgty. HPLC profiled 9
9] ZZd A Phlo] E0]&<) 2559} 270 nmol| A ZAVEFTH

YAABZF @ APARSHG. g vitic) BALH Q6Ic80RH o]ZRE Fe ¥
ARAFEFE ol &3t LYY TAAAEFAE AFZPGHAX tube assay HHY
(Ownley %, 1992; Kim, 199502 AA&Hct. EYL 60°CAlA 308 ZF¢b Exg
(Pasteurization) 5}¢] FH]| 3t Puget silt loam¥} Ritzville silt loam(Bull, 1991)2 o]-&3}3ct
Pseudomonas @& 25ml NBYol| 24A17F F<F Ao A vkt & AAE2](5000x g)dtd 3
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73A1713 3 ml methylcellulose(0.5%) ¢} Be3t .6 g2} W(cv. Penawawa)oll EA}x)g]3te] A}
&3t FXREH MFSFE dilution-plating ¥ o2 ZAFSIY T

Aades A A= 438U plastic tube(16.5 cm x 2.5 cm)oll G. g titici2 A3
10 g8 7} EFE ¥ F wbe vt £ JE3AT A2 ZETENY swEos
SEE BRY 59 whe® AGAUL. oI5 AFEALZ 87 15C, 95% o=
204N v 23] 2 FHA 347 JIAT 458709 o]lE fRY WeE Aoy ¥
Ownley 5(1992)0] 7§48t scale(0 = no disease, 8 = plant dead or nearly so)& ©]&3}d 1
W +EE ZARRG. ARE SASS GLME ol8ad AT FOI4Y GRE BA
2 fegel AR A% AARS BT MEE LSDE ol§aed AR

A% 9 2%

Minitransposon Tn59} 54& o8-8 FAANN T4 ZE BFF (2-79RN),, 30-84R,
M4-80R, Q2-87R, Q65¢c-80R, Q69c-80R, Q29z-80R)9} E. coli  S17-1(\pir) (pUT:Km::phl) =
transconjugation®  F  ETE MYunw plated X Aete FzUE: pEEgth. o=
minitransposon Tn5¢] insertion sequence(IS)e] 3ol 23t kanamycin A4 SA2+¢} Phi
locus7b &AA F@AAR] o|FAFLL uldct E coli S17-1(Apin) (pUT::Km::phl) & thi’
auxotroph©] 3L Pseudomonasi= kanamycin-sensitiveo} 7] #j 8o ZZ& Mmoo plated A 2t
9137, pUT:Km::phlZ} PseudomonasZ. &7 7)ok FE2VJE AY $ Uk T3 pUT:Km::phl
o= Pseudomonas Qtellx] ZA&=4) 2 oniforigin of replication)7} 7] W&ol
pUT:Km:phlE 7FA| 2 Sl Psewdomonase Mtl7d 2ztel]l whe} 84 go] Qloj=)A. A},
geb AFel GaAe f847 =98 A@eo] AeA Aok o Uokrh miniransposon
Tn5= transposase-coding sequence(tnp*) 7} 1S9] £JEoll xj&tx 7] W&o 38 = o]
H oAl S o)A 3 dAfrHAE A ol UA Brhde Lorenzo 5, 1994).

FAHGTEF Phl locus =UAR L F-2F 238 KMB plated] JeERIE &4 (red
pigment) o #FE FIt dAHoz wosynh (Haiel MAHe Phly ATFA
monoacetylphloroglucinol ] 4t&}ol] 9J3le] ells Ro = WziElw glch(Bangera 5, 1994).
& wansconjugation EXNAM zgd F2Y FE 2EFd wal ggt=d, M4-80Re:
Q69c-80RE 107-10°9) wlz=z Aydoz OE ZFFRT BT, 30-84R, QL8TR
Q29z-80R, Q65¢-80R$} 2-79RN o= 10%.10"° $=Z o))}

7 RAFEZRE JI2 AL 5e FAAFTFE KMBo| Adiuidsiua masly
< o, H¥ES Phle F71¥oz YHUNE ZFF9) vustd 22U ms)de 7}
AEA AbolZ ik HAko A wms 2 A, AdMoZ Phs YA
Q2-87R¥} Q65c-80RZF-H & FAAAFRE A7y 2aFFr o Eyoh Adzosm
A& phenazine (PCA, 2-hydroxyphenazine-1-carboxylic acid, 2-hydroxyphenazine) A 33}

=
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B 44 (organge pigmen)® UEIAE 30-80RIIME FAAE F F27} RE FARD
FEN BRE & YUAT ARHez HAMAs e, e P ANEA e
2-79RNjo, M4-80RT} Q29:-80REZHE & FAAFFFE HAZFHoE BF A H3ad

a3y, Q69c-80RZHE] dolF FAAFIFEL JNALE vHehle AL AN AT
& PJAAFFF RAT, 22U UL A3 O BRYEE B0l EYAIHUT
deojz Mgt 20709 FAAFTFE Al aM ZAE 2 dWrFoz HANLE
Bol wE4E F2Y Z77t FHan EAASIL HA wEFF ZEF HKkEoh
Q69c-80R2 ojug ZFPEAT YP3HA FodA LR SFHG. g wmiic) o] TAAAR
7} A3 XA QoM AFE e BFEF shed M Holjd FFol7] Wi,
AFEA FHHQY Agol FEAY A mAe AFHE FT7dc ZDE HIPSHR
#Basdch iR FAAEEFI EGAHFAAT GFH o2 Q69c-80:mTn5phl209] 7
$E FHAAx o] BEEA F2YY AV|E EFF BT

YARRFFE RFFE vpoz 2tz /)M Awsle] Southem bloting AT B,
Phl locusie @I BERHQ fixo] ALY RS T & AT Figure 2). OS2 HH

&
$ iz « g
8 £ o 2-79RN,,mTn5Phl 3 30-84R::mTn5Phl  ® M4-80R:mTn5Ph!
2 oK 19 <
X aa

6 7 8 910 7 8 111316 = 9 2324 28 32

['4

=]

‘3 k4
Q2-87R::mTn5Phl ] Q65c-80R::mTn5Phl & Q292-80R::mTn5Phl
2 3 61315 O3 4111820 Y1 8 12 15 18

i

4 sy .

~ pUT:Km::Phl

kb {adder
Q2-87R

- - -
- -
3 kb >
et L
£

Figure 2. Southern blot analysis of genomic DNA of Pseudomonas spp. and their respective
transgenic derivatives containing the 2,4-diacetylphliroroglucinol biosynthetic locus inserted into the
chromosome. Genomic DNA was restricted with Sall.
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Genomic DNAE Sdlleo.® z}= 3 Phi locusi probingS 3t-S w 3789} band’} FERGITH
% bande 073} 23 kbZ IAEI & 3 WMz 2784k Herrero 5(1990) o) )8}
A FAAREF) 95% FE7} markerZ A2 S kanamycin {HAE plasmidz} obd Q)
of ZFX3 Achar %h:}.

QQ69c-80REH-E] JL 14719] FAAHTZFo| h3la) DNA blot hybridization-& ?SH% A3}
257 BEH %XIol] Fzd e YAk (Figure 3). Sall2 B2} AANL w Q69c-80R::
mTn5Phl4, 6, 73} Q69c-80R::mTn5Ph10, 12, .130] A& ®]&8 band °§M'—°— woly Ao, tt
& AFE2Q EoRVE Zet 4T AAMZE g2 90 =YIULLS FAY & Al%l

e

QB9c-80R
pPHL 5122

Q69c-80R::mTn5Phl Q69¢c-80R:mTn5Phi
46714'2031310129511115 ‘467 14 20

Figure 3. Southern blot analysis of genomic DNA of Psetidomonas fluorescens Q69¢:80R andits
transgenic derivatives containing the 2,4-diacetylphiroroglucinol biosynthetic locus inserted into the
chromosome. pPHL5122 is a plasmid construct which has the Phl locus on plasmid remamlng s’table
after the transconjugation. A: restricted with Safl, B: restricted with EcoRV

Southern blotting®l] ©]&-3t HFAAFFFo| sty Phl/‘@/‘*ih‘i AgHog BAMF Ax
Tl 2 Aol7h wi Z{th(Table 2). Phl YA FS 2-79RNwe] 7% 130-482, mg/A600,
30-84RE  0~327 mg/AG00, M4-80RE 11~18 mg/Asoo,,-_ Q2-87RE 1~262  mg/A600,
Q65¢c-80R2 1~87 mg/A600, Q69-80RS 0.3~284 mg/A600, 28l (Q29:-80RL 0~218
mg/A600 FEOIATY. FEEUT AL 2-T9RNpe FAHNBFFESLS Phiur olel PCA
2 AAshe W, 30-84Re] RAARR %% phenazine g © ©] TEX] Eghe Rolt}
(Figure 4). 2-79RNiozmTn5Phl8 FAHE-F52| 7% Phl, PCAS 55 WA W ZFZo]
2-79RNjo= PCAYHE AAE . & ‘972 AgFF< 2-79RNo:mTnSPhle Phighe A sl
ot 2ol A 22l Pseudomonas spp. S P. fluoresens Pf-59} CHO TF 53 o] =7}
2} ol4e) ZYEAL W=k FFSo] Y4 gloul, PCAS} PhlE FAldl t=s FF7}
BadE A= A3 ok a3y ol5o 93 PCA HA4EL wFFHOE ggd



QOcBREHE P& FAWBFF) YRR e WAEAE TEFe} ¥ wstol
ZFAVE A3 Tr—‘i]"éﬂ Je W QA Ede FEHA FYh(Table 3). w2t & =
TFEFE EL F2-8FF9] LAEF i I77F ook . FRIEE HE AT
o] Fdo] Fuu) Holx H£d FFY WAHALAE 4§ F vk Holdh EF Phlg B
o] AP3le TFE BFEAY FolE JAlzte AL AASe AL #A2Y F U L
Hege WAET, Alde 4% R EotdA & Blad A Q69c-80R:mTn5Phiz00] 3
ARggF 7k 7P Holwt

Table 2. Growth and production of 2,4-diacetylphloroglucinol by Pseudomonas spp. and their respective
transgenic isolates inserted with the Phl locus into the chromosome
Strain Growth Phl Strain Growth Phi
{(Asoo0) (1 9/Ag00) (Asoo) (1 glAgg)
2-79RN,, 1.49 - Q65¢-80R 1.46 1
2-79RN,;::mTn5Phi6 1.10 482 Q65¢-80R::mTn5PhI3 1.50 80
2-79RN,,::mTn5Phl7 1.45 614 Q65¢-80R::mTn5Phl4 1.61 4
2-79RN,5::mTn5PhiI8 1.17 376 Q65c-80R::mTn5Phi11 1.49 54
2-79RN,,:mTn5PhI9 1.49 240 Q65¢-80R::mTn5Phi18 1.59 87
2-79RN,,:mTn5Phi10 1.59 130 Q65¢c-80R::mTn5Phi20 1.53 82
30-84R 1.82 - Q69c-80R 1.35 -
30-84R::mTn5PhI7 1.54 - Q69c¢-80R::mTn5Phl4 1.36 1
30-84R::mTn5PhI8 1.92 252 Q69¢-80R::mTn5PhI5 1.31 170
30-84R::mTn5Phl11 1.87 233 Q69c-80R::mTn5PhI7 117 284
30-84R::mTn5Phl13 1.86 327 Q69c-80R::mTn5PhI11 1.89 101
30-84R::mTn5Phl16 1.78 - Q69¢-80R::mTn5PhI20 1.84 98
M4-80R 1.74 - Q29z-80R 1.61 -
M4-80R::mTn5Phi9 1.53 11 Q29z-80R::mTn5Ph1 1.62 218
M4-80R::mTn5Phi23 1.45 16 - Q29z-80R::mTn5PhI8 1.54 23
M4-80R::mTn5Phi24 1.54 11 Q29z-80R::mTn5Phl12 1.70 -
M4-80R::mTn5Phi28 143 18 Q29z-80R::mTn5Phl15 1.61 12
M4-80R::mTn5Phi32 1.31 15 Q29z-80R::mTn5Phl18 1.63 32
Q2-87R 1.09 25
Q2-87R::mTn5PhI2 0.92 262
Q2-87R::mTn5PhI3 0.91 261
Q2-87R::mTn5Phl6 1.01 230
Q2-87R:mTn5PhlI13 1.06 5
Q2-87R:mTn5Phl16 1.10 1
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Figure 4. HPLC chromatogram of 2-79RN,, and its transgenic isolates A: 2-79RN,j,
B: 2-79RN,5:mTn5Phi8, C: 2-79RN,,:mTn5PhI8

Table 3. Effect of Pseudomonas fluorescens Q69¢-80R and its transgenic isolates each applied as a seed
treatment on suppression of take all caused by Gaeumannomyces graminis var. tritici in the growth chamber

Treatment Dose Shoot Disease’ Emergence
(Icfu) height(cm) severity (%)
Nontreated - 177 a 3.89a 81a
Q69¢-80R 8.59 184 a 3.03¢c 8ta
Q69¢-80R::mTn5Phl4 8.68 17.5a 346 b 84 a
Q69¢-80R::mTn5PhI5 6.80 178 a 3.48b 72b
Q69c-80R::mTnSPhI7 5.90 17.7 a 3440 85a
Q69¢-80R::mTn5Phi11 5.12 176a 3.35b 75b
Q69¢-80R::mTn5Phi20 6.14 - 180 a 295¢ 82a

Values with the same letter in each column are not significantly different at P=0.05 according
to Fisher’s protected LSD.
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