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Phylogenetic Analysis of Fluorescent Pseudomonas spp. Isolated from
the Cultivated Mushrooms on the Basis of ITS I Region
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ABSTRACT : A total of 12 strains of fluorescent Pseudomonas isolated from the cultivated mushrooms
such as Agaricus bisporus and Pleurotus ostreatus were collected. They consisted of pathogenic Pseu-
domonas spp. and epiphytic Pseudomonas spp. of the cultivated mushroom. To analyze the phylogenetic
relationships of these strains, ITS I region, the 16S-23S intergenic spacer region in the ribosomal RNA
(rRNA) operon, was cloned and sequenced. The spacer regions of these strains were 495~527 nu-
cleotides in length and contained the genes encoding isoleucine-tRNA (tRNA™) and alanine-tRNA
(tRNA*"). The reciprocal homologies of each ITS I sequence among these strains were in the range of
84.2%~98.8%. According to the analysis of ITS I sequences, the fluorescent Pseudomonas spp. were phy-
logenetically classified into three clusters. Cluster I consisted of Pseudomonas fluorescens, P. tolaasii, P.
‘gingeri, and P. ‘reactans’ (WLRO). Cluster II comprised Pseudomonas fluorescens biovar C and F.
Cluster III composed P. agarici. Cluster I and II could be classified into P. fluorescens complex. P. agar-

ici formed an independent taxon clearly separable from P. fluorescens complex.

Key words: fluorescent Pseudomonas, ITS 1 region, phylogeny.

el HALNA B FBA Pseudomonssol= ¥
A Al o] &3 fAKRE A A setA B4 viebd
o] A= v AA Aol slck An] WAl 2k
(brown blotch)& 43l Pseudomonas tolaasire .
el2] (Pleurotus ostreatus), ¥5°1(Agaricus bisporus),
F31(Lentimda edulis) 52| THFgt wMAlelA E2l=9]
v}(9,15,16, 22, 24, 25). P. agarici= ¥Eo] A A (cap)
9] FE(gil) ¥l drippy gill& 427l HIA A
2.2 Young(30)o] 98] Hx=E wywH ¥l 3l Bes-
sette 5-(3)-= 2w 3} {413} yellow blotch 4+¢] =
ele] WA (Pleurotus ostreatus) -2 He] HYA A2
83 P agarici® AT SEvEtllA= A
S Al 5-2(12,24)°] =ele]9} Ho|ZHE] P. folaasii
o} Ae]H EAJo] o} B Pseudomonass |5k
ol 5E P. agarici® X33 <7} il Wong 5(27)&
ko) Z2XE P. tolaasiiths tha o}E WAL fubsl=

*Corresponding author.

Pseudomonas ‘gingeris HZEZ B g v} glch P. to-
laasiZ} F2A ] ¥ukE PAISET pitting testell )
a3 ksS4, P gingeri = ginger
blotch disease®] WUFo 24 324 (yellow-brown)
o] wulke $uigheh(27). 2Bly, olF P. ‘gingeridl
g A= AEEby o BREbE d7e FE3] o] FAAAA
3k, Bergey® wFAol A4 oz FEHA
23 Aefo]eh(20).

g, A HA L E FE] E3) s I3 FA
Mo 2= Pseudomonas fluorescens biovarEd P.
‘reactans 5°] Qlv}. P. fluorescens®] 1] 7}A] biovar
7 WAL B e FEE %21 (9,26,31), o5 WA
A 7V &3] W= AlfFelt). P. reactans = P. fo-
laasiie} Sx|vleF & 735, P. folaasiiol &3] HR|=+
lipodepsipeptided! tolaasin®} AFAlell €8] A== o
£ lipodepsipeptide?] WLIP(white line inducing prin-
ciple)9] -SAukg-oll &3] Ao} AAE = white line
& PAshs BAE 71X, o]#’k BA-2 P. Treactans
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£ Aolsled o] 4510, 26,28). P. gingeri <} wH
ZFA 2 P. reactans E W HE o33 AESe] H A
Al 5784 od7(systematic taxonomy)+ ©]F<]
A& ¥k, ©]52 white line reacting organism
(WLRO), indicators, P. Teactans 53} Z-& t}efsl o]
22 EEHR|aL 9lrh(9, 28, 31).

oAz} o] WAl Fel=l= 3B Pseudomonas
= WAl o3l E Al FoB EREHT A, A
Astsb ol EAA= B AdEF P. fluorescens
2] biovar ¥ P. reactans & FH3A FEs = 5
ot weba] Al B4 slolAE olES P
Sfluorescens complex® ¥-7-317] = 3}(31).

Ribosomal RNA gene2 AEF2] A&7 frdRAE
FHsl=d £3] o]£¥1 glti(1,18). rRNA gene
clusterd 16S rDNA+ £719] AEEFE AF-sk=d
et 7 e o] 4w e AR, I Fr|Ade] A
3] REAH 22 23} (conservative evolution)3l] $7] o
ol FAFAA} 717 E7 (interspecific) 32 2|
9] Al$ZH(intraspecific)®] AL A sk=dl 9lo]
A AA3EA] 23 9= 3Ith(29). rRNA gene clust-
erg Wol] A&y} & HESZE= 16S rDNA¢} 23S
rDNA #}e]®] spacer region?! ITS(Internal Tran-
scribed Spacer) 1 <43} 23S rDNA$} 55 rDNA A}o]
of Exjsh= ITS I 3] gleH, o]F F ITS [ 494
2 vlxA =77 33 WelH X7t 16S rDNASF 23S
rDNAsl vizl] "4 =2A ehd(l,18), o]& £ o
71 dE ¥4 vlEF2H FA/AT} 7R F21
AF EFIH A7 7sE Ao As .

wEbs] 2 Aol M2 Y HeElEe o] £

9] 33X Pseudomonasd) g ITS T 34e] g4riAdS

Hlw BAsle] MAloR R HeElE= YA Pseu-
domonasS7re] §ABAS w1, 714G vl
e S 32 53] Ape] HE-E Yo 2y

°o159] FAol dagh 7= A8E AFstat k.
Nz 3 A

SAIZEE 2 HILEA. B AFe] A" AT
Table 1l Yeput gict. S £2] F5F= 22U ¢
2] A AAAE vkt F 2 d& 3)43le] PAF
(Pseudomonas Agar F)ujx]ol] =23} 5 & 34-8 uhsds}
< colonyZH5-€] ¥elslgdct. P. fluorescens biovar F<
LMG 5939 E)dlA ¥ejd #4575 Fohdghon,
USA 71948 45+ Wells(26)2 58] Hofike Ay
A gElgFelth. A dFE 25°ColA 24417 Bt
PAFui=]| el| 4] vl k=] ict.

HRlM 3 MP|A EMZAA. UVEAL &3 PAF)
AlellA wieFd AEES FFAHEA AR HAS
sitt. Pitting test ¥ (2, 28)ol &3 AlF<] WA A5
Z 7o)l A AL, white line test® Wong® Preece
(28)9] whg& wgit}. Biolog test® 93 BUMG
(Biolog Cat. #70001) ulx]ollA] vjofgt HE2]F-8 0.08~
0.17%] 5= (optical density)7} === s}l 95557
o] k4] Ale] 9l 96 well®] GN Microplateol] £33}
1, 24217k F-of] 714 o] 8145 H3 F BiologAhY]
softwareel] 2]} FA43ksict.

ITS | ¥Ho| PCR B=. ITS I 4L PCR £33}
7] 918 R16-17} R23-1R®] primers ©]43F532.(19),
primer®] 3714 4 annealing sitex= Fig. 14l vtely
%t PAF wix|ol| A wifdl A& 1x10°~10° CFU/
ml FEZ S5l "ERE F, PCR HRg-ol o] 8- %ok
PCR BH-Z71-2 (i) 94°CellA 447} denaturation, (ii)
94°C 1%, 58°C 1%, 72°C 3% 35 cycle, (iii) 72°CellA
10#7}e )%t

Cloning ¥ sequencing. PCRoA] & 4HrS 0.8%
agarose gelollA] 71353}, QIAquick gel extrac-

Table 1. Strains of fluorescent Pseudomonas spp. used in this study

Species or subspecies Strains Geographical origins® Sources
Pseudomonas tolaasii ATCC 33618" USA Agaricus bisporus
Pseudomonas tolaasii CB6033 Cheongju-shi, Chungbug Pleurotus ostreatus
Pseudomonas agarici ATCC 259417 USA Agaricus bisporus
Pseudomonas fluorescens biover. C J14 USA Agraricus bisporus
Pseudomonas fluorescens biover. F LMG 5939 Belgium Soil
Pseudomonas fluorescens . KN8 Jinju-shi, Kyeongnam Pleurotus ostreatus
Pseudomonas fluorescens CB4 Cheongju-shi, Chungbug Pleurotus ostreatus
Pseudomonas ‘gingeri Pf3 USA Agaricus bisporus
Pseudomonas 'reactans’ CBS Cheongju-shi, Chungbug Pleurotus ostreatus
Pseudomonas ‘reactans’ Pf8 USA Agaricus bisporus
Pseudomonas ‘reactans J20 USA Agaricus bisporus

*ATCC, American Type culture Collection, Rockville, Md., USA : LMG, Laboratorium voor Microbiologie, Gent, Belgium
*The strains of origin of USA were provided from Dr. J. M. Wells, USDA, USA.
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R16-1F  SP1 R23-1R
> > «
[ 16S [ msi | 238 [rrsn | s ]

1.5kb variable 3.0kb variable 120bp

Fig. 1. A structure of ribosomal DNA gene cluster of eubac-
teria and primer design for PCR amplification and sequenc-
ing of ITS I region used in this study. R16-1F (forward prim-
er): CTTGTACACACCGCCCGTCA (20 mer), R23-1R(re-
verse primer) : GGTACTTAGATGTTTCAGTTC (21 mer), SP1
(sequencing primer) : GTAGCTCAGTTGGTTAGAGC (20 mer).

tion_ kit(QIAquick GmbH, Hilden, Germany)Z ITS I
g g3t DNAWE=E AHAY F, pGEM-T
easy vector systeml(Promega Co.)& ©]43] cloning
sttt Cloning® AHE2] 971442 T7 sequencing
kit(Pharmacia BiotechAh)E o]&3] ZAAFA}
Sequencings ¢3l R16-1, R23-1R 2 SP1¢] Al7}#]
primer% ©]-8-31{cH(Fig. 1)

H=E 2= (phylogenetic tree)0| B, AlE RH%
Z AAs7] 8 ITS 1 499 9471492 Clustal V
program(11)ell ]3] ¥j<d (alignment)gt F T3 o=
B A3}t Distance matrixs Jukes®} Cantor(13)9]
S o3 zHdEgen, AEEF=(phyologenetic
tree)= MEGA(17)9] neighbor-joining program< ©]
£, Saitou®} Nei(23)29] neighbor-joining methodel 2]
3 2FAd =gk

g2 o

H2AAM Sl MPIN EMQ oIt 2L =El2IHA 22l
0| S5, F WAl o2y 8 4dFE
o 3t A FAPEI= Table 29 Yeligich. PAF
R Al A 4T 5 Y34 vielsli e, WY
A 52 AA 7] ¢13F pitting testellA= CB60447t
o] ofAuke-g vtelhfgict. White line testell= P
‘reactans 9] ATCC 143403 dxjujekA] CB6033¢], P.
tolaasii®] ATCC 336183 uHxmi<}A] CB57} Z=
white lines 3A3}ict. Biolog testell €& A=A &
A7A A3}l vk=w CB6033 P. tolaasiiell 7V3 77+
2 Ao Jeltw, CB49} KN8&S P. fluorescens
biovar A2 EA =%}t 283 CB5AE-2 Biolog test

A P. fluorescens biovar GZ F4= %2, ATCC
33618 thalul o} A] white lineS BAISH= 7ol v] 3o
P. reactans & 53 3}3it}.

ITS | Y¥Ho| X 24, Fig. 12 dubdal eu-
bacteria®l rRNA gene cluster2 ehdl Zolc} ITS I
3-8 16S rRNA gene¥} 23S rRNA gene®] Afolol| &
A FH2A, A & 2 F 59 FFD9 (taxa)
7kl o] 59 z7] 4 ArIAEL AR o e ZeE B
252 vk, 18). FA1E 33A Pseudomonass 127
Zof gk ITS I ©329] =7]%= 495 bp~527 bpsict. P.
agarici®) EFFF(type strain)dl ATCC 259419
ITS 1 999 =7|& 527 bpEA 74 3oH, P. flu-
orescens biovar C2] G10 5= 495 bp=E 7H 29kt
12752 47144 v|ZellA vrehbe= Absl (insertion),
=) &H(substitution), B4 (deletion)& &g A A H71A
o] =& 556 bpsith. ITS I9 < ell= F71¢] tRNAZ} 9
23k gle Aoz ksl gk 74~76 bp 719 tRNA™
coding gene2 97| E 97~172 G7]Alo]dll EA13},
73bp Z712] tRNA** coding gene< |7|W3E 212~
284 7)Alelel] $1x3lsdct. o1& F 7He] tRNA cod-
ing geneS- Ab3] REH Ar|AGE 23 A F
2 A E7Ee] Aol v At

ITS 19 AA d<Fel& tRNA coding 293 2
XHZE BB (conserved region)®¥ op g} Wo]3-E-(vari-
able region)o] vteht=tl, <F 280 bp~320 bp F--oll
vbell= hypervariable region®] ®]xe| 2j3pd P
agaricil A o2 FF9 ITS I G490 vla)] |7]-d
o] A}k Akl (insertion)o] o]5-o12 vb, P. ‘gingeri
ZdA e d71xgde] A (deletion)o] &= At (Fig.
2). 22]3, 460 bp~500 bp 2] hypervariable re-
giondlA= 23|18 P. tolaasirs B1E3 thE S-Sl v
8] P. agariciolA d719] AAle] e, 3 32 1
7 el 47HA] FAAQ ] d7149 W)t el
th(Fig. 2). ©]21& hypervariable region> ITS I %%
FolAxE E7F el 83, F & 255 73
£ HolH o o] 7hs3tlct.

ITS | PYAE 0|28t HIEEA] (phylogenetic analysis).

FAE 12759 ITS I 2l gt AT d714d
AEA8. Table 39 vehd gict. 334 Pseudomonas

Table 2. Properties of fluorescent Pseudomonas spp. isolated from Pleurotus ostreatus

White line reaction

Strain designati Fl t pi t  Pitting test Bilog test
ain designation uorescent pigmen itting TCC 33618 ~TCC 14340 g
CB6033 + + - + P. tolaasii
CB5 + - + - P. fluorescens biovar G
CT4 + - - P. fluorescens biovar A
KN8 + - - - P. fluorescens biovar A




Numbering of ITS I region{bp)
tolaasii ATCC 33618
tolaasii CB6033

fluorescens CB4

fluorescens KN8

fluorescens biovar C 610
fluorescens biovar C J14
fluorescens biovar F LMG 5939
‘gingeri’ P£3

' agarici ATCC 25941

Whlvlvvoulviv vl

Numbering of ITS I region(bp)
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280 320

TCCACCAC-TACTGCTTCTG-AA-—GTT-TTG—ARAGCT
TCCACCAC-TACTGCTTCTG-GA-AGTT-TTG—AAAGCT

‘reactans’ CBS TCCACCAC-TACTGCTTCTG-AA-AGTT-TTG—ARAGCT
‘reactans’ J20 TCCACCAC-TACTGCTTCTG~AA-AGTT-TTG—AAAGCT
'reactans’ Pf8 TCCACCAC-TACTGCTTCTG-AA-AGTT-TIG—AAAGCT

TCCACCACCTACTGCTTCTG—C-—GTT-ATG—AAAGCT
TCCACCAC-TACTGCTICTG-AC-—GTA-TG-—AAAGCT
TCCACCAC-TACTGCTTCTG-AT-TGTA-T-——AAAGCT
TCCACCAC-TACTGCTICTG-AT-TGTA-T———AAAGCT
TCCACCAC-TACTGCTTCTG-TT~TGTT-G~-—AAAGCT
TCCACCACTAACTGCTTCTG————TC-TTG—AGAGCT
TCCACCACCTACTGGITTTGCACCTGCTGCTCTTAAAGCT

EXXETETE XX ET BEX ¥ EXEX

460 © 500

P. tolaasii ATCC 33618 ATTTGTGAGTT-CTCTTAATTGAGAAAT-TCGAATTTTCG
P. tolaasii CB6Q33 ATTTGTGAGTT-CTCTTAGTTGAGAAAT-TCGAATTTTCG
P, 'reactans’ CBS ATTTGTGAGTT-CTCTTAGTTGAGAAAT-TCGAATTTTCG
P. 'reactans’ J20 ATTTSTGAGTTACTCGTAATTGAGTATTATCGAATTTTCG
P. 'reactans’ Pf8 ATTTGTGAGTT-CTCTTAATTGAGAAAT-TCGAATTTTCS
P. fluorescens CB4 ATTTGTGAGTT-CTCTTAATTGAGAAAT-TCGAATTTICG
P, fluorescens XN8 ATTTGTGAGTT-CTCTTAATTGAGAAAT-TCGAATTTTCG
P. fluorescens biovar C 610 ATTIGTGAGTT-——-TAATCG——~———-—CGAATTTTCG
P. fluorescens biovar C Ji4 ATTTGTGAGTT——-TAATCG--————-CGAATTTTCG
P, fluorescens biovar F LMG 5939 ATTTGTGAGTT-~——~TAATCG—--——-~CGAATTTICG
P, ‘gingeri’ Pf3 ATTTGTAAGT--————AATT~——~—CG~-CGAATTTTCS
P, agarici ATCC 25941 ATTTGTGAGTTA-TCTTA—C-AG—————ATTTTCG

Fig. 2. Hypervariable regions shown on the sequence com-
parison of ITS I region between strains of fluorescent Pseu-
domonas spp. *homologous base pair.

FETXREE

129578 A7IMeE AEdS 83.6% olidellen,
Pseudomonas agarici ATCC 259413} Pseudomonas flu-
orescens biovar Coll &3h= J149 97|49 AAFAS
83.6%= 71 A ettt @72 A5 BIRE
B3 A" AF B o3 w4 Eed §
3A Pseudomonases AA| 37FA clusterZ T35 ok
(Fig. 3). P. tolaasii ATCC 336183} CB6033, P. flu-
orescens CB49} KN8, P. ‘reactans Pf8, J20 2 CB5, P.
gingeri Pf3 59 8714 ¥~ cluster [°.2 753
o, cluster II== P. fluorescens biovar C¥ J14¢} G10,
P. fluorescens biovar F LMG 59392 o]52{4 it} P.
agarici®] ATCC 259412 clusterl, II9}= F33A +
E=+= 5359 clusterE 43

Cluster [+ 3A3}= AETEL 93.4% o132 714
d AFAHE HYoH, Y £ BRI P tolaasii
ATCC 336187 CB60337tell= 34 45%F 7H4 &
99.4%9] A7IMd AsAHE 2ot P ﬂuorescens——]
CB42} KN89} 714" AsAL 98.6%2 o ¥
A vept o™, P. fluorescens biovar C2] J14¢} G102
96.6%2 97149 A5A-S By}, P. reactans 2 7
== Pf8, J203 CB52] 47149 4542 95.5~97.7%

Table 3. Levels of similarity based on ITS I sequences for strains of fluorescent Pseudomonas spp.

% ITS I sequence homology

Orean P. to- P. to- P. flu- P. flu- p P P. P flu- P flu- P flu- P.
rganism laasii  laasii  ores- ores- gingeri ‘teactans’ ‘reactans’ ‘rea ctans' orescens orescens orescens — agarici
ATCC CB cens cens Pi3 P8 120 CBS biovar biovar biovar F ATCC
33618 6033 KN8 C J14 C G10 LMG 5939 25941
Pseudomonas tolaasii 100
ATCC 33618 (509y
Pseudomonas tolaasii 994 100
CB6033 (509)
Pseudomonas fluorescens 977 973 100
CB4 (510)
Pseudomonas fluorescens 984 97.8 98.6 100
KN8 (509)
Pseudomonas ‘gingeri 938 936 943 949 100
Pf3 (498)
Pseudomonas ‘treactans 982 97.7 982 988 949 100
P8 (511)
Pseudomonas ‘reactans’ 963 95.7 959 96.1 934 97.3 100
J20 (513)
Pseudomonas 'reactans 963 96.1 965 967 94.0 97.5 95.5 100
CB5 (512)
Pseudomonas fluorescens 91.8 912 91.8 919 926 91.8 91.0 89.7 100
biovar C J14 (496)
Pseudomonas fluorescens 929 924 93.0 92.6 94.2 93.2 92.8 91.6 96.6 100
biovar C G10 (495)
Pseudomonas fluorescens  93.5 931 941 941 945 93.9 93.0 92.4 95.4 94.6 100
biovar F LMG 5939 (496)
Pseudomonas agarici 846 844 B850 850 853 855 84.6 84.6 83.6 84.6 84.3 100
ATCC 25941 (527)

*(' ) length of ITS I region expressed as number of base pairs
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901 P. tolaasii ATCC 33618 —

P, tolaasif CB6033
P. ‘reactans’ P£8
59 ‘——'—— P. ‘gingeri’ Pf3
b:]— P. fluoresceps biovarA KR8

— P. ‘reactans’ J20

. ‘reactans” CBS

P. fluorescens bhiovar A CB4 ' -

l—— P, flvorescens biovar P LM 5939 =
‘—l P. fluorescens hiovar ¢ J14 | II
&

80

P, fluorescens biovar C 610 I

P. agarici Atcc 25841 [II
Fig. 3. Phylogenetic dendrogram based on a comparison of
ITS I region sequences for fluorescent Pseudomonas spp.
The branching pattern was generated by the neighbor-joining
method (23). The numbers at the nodes indicate the levels of
bootstrap support based on a neighbor-joining analysis of
1,000 resampled data sets.

24 2 AEL 971499 ol v|xd AA et
e}, P. gingeri®] P3¢} cluster [22 ¥-/H of& £
7re] 97| d AFEALS 93.4%~94.9%2 714 Zotch
Cluster IIZ 3Asl= P. fluorescens biovar C2} F&| 4
719 AL 94.6%~96.6%ZA HERG ™ (Table
3), biovar F&] LMG 5939+ biovar C J142} G10el
272t 95.4%, 95.6%% @7iAd AEAS B,
biovar C] J14¢} G102 96.6%2] 4543 vehlidct.
Cluster I¢ll &3k 553 cluster [12 ¥-F/-5+= 45
E71e] 971D 89.7% °14e] & A EAEE Bl W
H, cluster IIE 5% P. agaricie cluster 1, 1ol <
e TFEF 83.6%~85.3%2] vy F 7|49
A5 & e At

Cluster [ TA3h= $E5& o} subbranch&&
F-E=]=d] 0]52] hootstrapits 60% PRt g EA A
AZEE o] E2] @stth(Fig. 3). ¥, cluster 119]
27}A] branch?l P. fluorescens biovar C& P. flu-
orescens biovar F2| bootstrap@t< 69%2 8|23 7|
veh(Fig. 3), ITS 1 49l 28 Al R/l ol&
% biovar®] TH-& H|ZA & AEE Zdevhe A

& o 4 gk

d|
p

B e 2 ve B3t ABA Pseudomonas®] = %

Soll A AF £F7E 918 rDNAF ITS1 9442 4
71€4& PCR F3&F A3k ITS T %3¢ PCR
ZFZ5 98] rDNAS] 2E 7]4 < (conservative se-
quence) ZHE] 39 oligomersE A3 sttt For-
ward primer24] 16S rDNAS] 3"dxH3-21 & o] 831
©m, reverse primer24] 23S rDNA®] 5' U9
HEQ7IM LGS o)43tgt). ol & 7 49| primer2H-E
A== PCR AHES agarose geldllA] 7]99% & 2
3}, DNA 239 Wi=e 3t oAt AE=Hd=d, ol=
Kim3} Song $(14)°| Erwinia®} Pseudomonas®] 4+
Z& o]438 ITS 1 99L& I3 A9 dx|gc)
PCR W] & 2 =)= Fof upebi lolrt sldleH
o] = 1~3hsivh AT o & W=F 27 clon-
ing® ¥ 47| 9& #4938 vl 16S rDNAS] 3" #ed4-9]
(35 bp =71)%} 23S rDNAS] 5" Le4-91(40 bp F7])
9] HEH A7|MLES 4 FE(clone)E FAE &
ZFol|4] o) ITS 1 ©39-8 PCR £Z3191S o
e} AlgellA] ZHolrt th e o= A9 Aol FF

£ olf WA 9A|9, 16S rDNA%} 23S rDNAS]
HEAQ Wdr-9le] BE F7|M S 2= PCR A9
A7 DS AEZE] frddA Aol o] 8ste =N F
A Aol 2t AE i 7hsslelet Aks =

3, 2] el melelmegre) 2)d 934
Pseudomonas% 394 4 white line test S-olA &4
3-8 Mol IF-5 sl RAPDE 3o 7} &3]
vels 2708 RAPD 258 Aldslgict ol 5 4
aFolA 57FE Autsle] Biolog test ¥ 23 1075
2% P. fluorescens biovar AZ F3= % rh(data not
shown). ¢|5 & 7z} 18& dixs= 52 KNg#
CB4E A& B3| o) &3}, 22v, P. fluorescensS]
biovars7te] Aeld EAlol] o o] WEslA| &
¥ opg} Fpol 2 HelEe FATS FE P flu-
orescens biovar G+ CZ2 4 A 91-8(26,31)% 3183}
] Biolog testell &J&F =9 ete] ReldF= A
2 2 P. fluorescens=. 3333 ct.

Bergey2] E741(20)° w29 Pseudomonasi 2.2
2 5EE £E52 rRNA homologydll &8 =LA A7}
A group(rRNA homology group I-V) 2.2 #5531 3]
o}, EFAdAE HAcEYY el AT 5 F
P. fluorescens®] 57F*] biovarE rRNA homology
group 122 F5F3F vl ok A%, P. tolaasii, P.
agarici, P. reactans, P. gingeri 5% 72 WAl &=
Eof thshAl= rRNA homology testell &1 A% &5
& o7} o] F A A] Ugkths o E, P. tolaasi®h
P. agaricidll o=t BERSA Ay EE
rRNA homology group VE - ez 73982, P.
‘gingeri ¢} P. reactans = AAEE Z2A] E3 o2
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rRNA homology groupellAl A= cH(20). P to-
laasii, P. ‘gingeri 9} 72--&- W4 FFE53} P. reactans,
T =ete]ie] AlEQl P fluorescens®}t & AT 5
g2 WA B2FS ITS I 9399 79 AHEA
o] m%- £& Wut o2} Al EZke] FABA) WS- 7}
7h- AL 2 et o)lE 5L P. fluorescens®y I
rRNA homology group 1.2 #5749 4 9L & &
At ol8ld A= De Vos E(7)3F Goor S(9)o)
Z+Zk DNA :rRNA hybridization test @ DNA:DNA
hybridization testell 9|8l P. tolaasiiZ} rRNA group 1.
2 &7 o dvke A4 $EH oz At} 3k,
Byng 5-(4)¢] Wkl opwlicake] A3HAIA 2ol W3l o
TFoll &3l P. agaricie P. fluorescens®}t 37 rRNA
homology group [°2 ¥-F% v} glov ITS 1944
oJ3t E-FollA+= rRNA homology group 128 2%
<= P. fluorescens 53} 3 thE WA Bl v)2y
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Z2A vehd, o]F o] 4714 9E ©]48 4% PCRe
Aol 7b5& 7l o2 Algslr)

2 o

oFeolet eleimAl oz e HelE WA 2 4
AA Pseudomonas 11459 EoF Rl 17F 5 £
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T EFEH fFA3AS EA37] 98] rRNA gene
clusterg ITST 49E& S249% F 97149S 95}
o] 59] ITS I 99L& 495~527 A7 22 o] Fo]x 9]
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