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Gehch o8 ASHTHE AUES v FeMPBO L vjoel THY bl FA(viable but non
culturable; VBNC) A &) 99% o] 4 A 8] 3l A L2 ¥AH . o] & VBNC A 79 R 7= 4 & 918
o Ef 2.2 ¥ A} DNAF 23} 16S DNA-ARDRA ¥4 & 53}« A 534 54 & 7 589 &vF
3 S]] Eoko.2 3e 244 111 clones, 108 clones S 858131 Haelll A 3 95 Abol] W} 30 groups ¥ 26
groups®] ARDRA group.2.2 27315} 2} ARDRA group 2 2.3€] 9] ¥ clone-$ A'H3}e] 16S rDNA G714 d
£ ARG A3}, 259 E99] 34 a-proteobacteria (12 clones), y-proteobacteria (3 clones), 5-proteobacteria (1
clone), Flexibacter/Cytophaga (1 clone), Actinobacteria (4 clones), Acidobacteria (4 clones), L&} 1L Planctomycetes (5
clones)®] 770¢] Al FZ°] #¥HU L, A5 JFF B A& a-proteobacteria (4 clones), y-proteobacteria
(2 clones), Actinobacteria (10 clones), Acidobacteria (8 clones), Planctomycetes (1 clone), ZL2] I Verrucomicrobia (1
clone)Z 671 2] 43 A FFol §AHUG. o], 25 3 A5 TR EF Jjo] E4 8= 99% ] 39
‘?31;}(3 ]‘1]'{';7'_;}’391 AR oG ZL2 v FA T2 AT HAH L2 i v)A 9 v E2 FAFHe] Sl
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Froll whet o8k Jdo] thEa, ojegt o|FEH #Ea%1e
o we} Yedialol #ofshe nETE HEITITHS, 6,
13, 16, 22). 735 ev g 2 AUF-R ) vRAETR) B3 A
TEIE R G fasty 455 vgE Ul A
ETF A &) T2 ZAEATHIS, 20, 21).

Ed Foe e n|AdESe] A3 Adsolx BFeha B
U ES] AR A77t vAES] sgte]eh vl 7)x
8lo] AFE o} wjoke] T kA Al (VBNC; viable but
non-culturable) 3= dAsh=d] A4S EAH] tka AH
Hol $th3, 8, 11). A2 PAZAHIRES S B3k &
I Ao zRE A &3 DNAS ttoE vAETS
9] T2} 7158 HelEr] Y% BAAESHE WS AlEsla
Slt}. E3], ARDRA (amplified rDNA restriction analysis)¥-<
&l 2= 16S IDNA & FE3ta AFELE A3t vl
AE e F3F S gt £48 WHoE 4
E7 9] AEfErE Qo B A o] 8E I AThGS, 25, 27).

B AFqAM= AU (Quercus acutissima) B3 AU
(Pinus densiflora)89] 355 FAEF U EXse vy
o] Aejsk B4& Hlwelr] A3l AP ABHT WY S ol &
st A Y7 AL Fouebgel oja) vigke] Z@dk
Wej Al AT (viable but non-culturable bacteria; VBNC)e] £
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48e 2B o)F VBNC A E38 BUES ) m)4
22 A% S4¢ AEsdd.

HE X

EYANR

2 dFere FFA AR BARIS] SV (Pinus densiflora)
A3} AT (Quercus acutissima)B-2 ZARRZ M35}
7zt ZAA AHHESOZRE AFE0-20 cm)9} 5HEE(20-40
cm)E TEIL 5 B B ARE AFHSHL AFE 4
HEY Age 47 1g ¥ AFst 100mie] Bl ¥
U3 homogenizer (AceAM-7, Nikon Seiki Co)E 15,000 rpmol
A 283 FES] BAAT L dagel Yol ¢xdoz 3|4g
F ARSI THS).

MMz 53
BAEST FHIDOE A FFINAE DNAY HsHile]

%2 ethidium bromide (EBNE |83} A718] B39 -

200 pi& 0.2 um nucleopore filter”} 32E funneloll |23k
% 0.1 M phosphate buffer (pH 7.2)°] 0.01%E%=2 ZFA)% EtBr
< F7rsted 3R Gste] #HFEW) H(Leica DMLS, Leica
Co3lollA AATTE SA3IATE Aldd<= 20 Aokl &3
2 A3l HEghs TG, 4).

Y d7s SYY et W@+ 53

AH A %‘@‘ﬂ(direct viable count; DVC)} Kogure®] ®
H(17, 18y WHIA ARG ESFEENL 15,000 rpmel
Al 1087 33) WRESt] AAAA 3l EYAIR W 8457
E-& AASKET EddEted 500 plol 100 we) DNA F43 A8}
A(nalidixic acid, 100 ug/ml; pipemidic acid, 50 pg/ml; piromidic
acid, 50 pg/mD$+ 200 ple) %71 A(DNB, acetic acidyS 33t
200 W] ATTE Eo| F7e] 1000 plo] H=2 2PsHc)
A7) E3E MRS 28°CoIN 36417 MEIEA 6X7kni)
NES s EBrE 4% F ¥ B0)7(Leica DMLS,
Leica co.y& o]-8-8lo] A7 - Hithate AEE Aste] A2
733 AH0). ‘

IO st T+ &E

B AR (plate count; POl &3 A4 F3L EYAIR
£ Figol SR HNE F AT 789 petri disholl 1
mi¥ HZET NB (nutrient broth; peptone 1%, beef extract
1%, NaCl 0.5%)% 10-28] 3293} DNB 3HHujR| S o]&3le] &
sl 28 AEE 28°ColM 1,200417F vjoksPaA B
el AE colony 75 F7I1FOoZ AAFE SAIRTA).

Total DNA &2|2} |
AFF 4 ESAEEZRE total DNAS] FZL& Rapid ¥
@6)ol AT EYAE 5g8 120mM phosphate buffer

233 Aeuid EY Wl VBNC Aldeye] Alssks B4 vl 117

(pH 8.0) 10mloll &3t =N humiic acid ¥ PCRZZ A
HED 5L AASEY. A¥E ESAE solution I (150
mM NaCl, 100 mM EDTA, D.W 100 ml, lysozyme 1 g, pH
8.0) 8 mlE F7F3kaL 37°ColA 2A)17HE9E ¥kE-A1Z] 3 Solution
T (100 mM NaCl, 500 mM Tris-HCL, D.W 100 ml, SDS 10
g pH 8.0) 8ml 718t -70°C deep freezer®} 65°CE RHE
AEBIAL 7,000 rpmellA] 10827 A4 Bt ASdS AUt
8 5H A5l 5 M NaCl 2.7 ul, 10% CTAB 2.1 st 59
chloroform:isoamylalcohol=24:1(v/v)& 7Sk 15,000 rpmoil A
1087 daElstgnt. A5 do] B3] 1.6 M NaClo] 54
13% PEGE 47}3}%] DNA pellet@Ic};. DNA pellete A% ¥
750 el D.WE H7I8tA 37°Cl| A Eo]i 10 M NH,0Ac 190
w2819 ethanol 18] FH9] isopropanol2 7}5ta] DNA
& %5315 70% ethanol 1 mIZ A|F3 F ZFHU 2 Micro Vac
MV-100, TOMMY)3t3itt. HE2 o2 DNAS AHAlstn 719
& (Mupid-21, Gel documentation system, Bio-Rad)2. 2 2913151
o1, 9).

16S rDNA2| PCR &

E. coli 168 tDNA #E9] conserved sequence® 7]%% 3t
27F (5-AGAGTTTGATCC-TGGCTCAG-3") primer®} 1492R (5'-
AAGGAGGTGATCCAGCCGC-3") primerE ©] &3t} Total
DNA®| PCR AHEAS HAiglsly] 95t DNAE 3|45t
AHE-3FATE 168 tDNA PCRE 94°Coll A 5E3F vk3-31 T} 94
°CollA] denaturation 1%, 55°COl|A] annealing 18, 72°ColA]
extention 142 303] WHE-3}aL, 72°Co) A 108-7F final extention
9] FZ02 Perkin Elmer (GeneAmpR PCR System 9700,
Applied Biosystems)E AHE-31] AAIFATH(1). PCR SZ4HE-L
A7 %95 Mupid-21, Gel documentation system, Bio-Rad)s}] >
Z 4RE FASATHD).

16S rDNA Cloning X PCR 52

Z% % 165 IDNAS pGEM TEasy Vector (Promega, USA)%}t
3:1HEE 275 T4-DNA ligaseS H7HEH Th3 4°ColA 12
217k &<t ligationsl 4Tt Competent cell (C.P cel)2] A=
200mi8) LBENA)(Difco. USA)Y] Ecoli DHS o & REa}1 0D
#ol 047 2 WA 37colA W wi st RS ST
5 M CaCl, 10mIE o] icecl A 10837 WXE &, 6,000 rpm
oA 102 Bt AHREFA celtE A 2 mld] CaCRE
H7VSk3. CP cell 50 pi¢} ligation® DNA 5 piS A3 &
T T iceol A 1ATHERE HHFE T 42°Cl A 4537 heat
shock3HE LBHIA] 450 pig H718 T2 37°Col A 1217K8eH A
g 3 & X-gal (20 mg/mb 1ml, ITPG (20 mg/ml) 100 pl
222]3 ampicillin (20 mg/ml) 1 mlo] E£3E LB IR &
wate] 37°ColA] 24413F Wl EHT). LB plated] AAIE colony
£ blue-white colony AW 2|5 FAAGAE 483t clone
libraryE WHE ¥ T7 (5-TAATACGACTCACT ATAGGG-3)
primer$} SP6 (5-TATTTAGGTGACACTATAG-3") primerS A&



118 Song-Th Han et al.

3ted . colony PCRE 43 3}31L 168 rDNAQ] vector insert®: 2+
213}HtH24). Colony PCRE 95°C, 587+ Wh8-3t TS 94°Co|
A denaturation 303, 60°CO|X] annealing 303, 72°CelA]
extension 132 308 WHE8kE, 72°ColA] 727t final extension
9] %702 Perkin Elmer (GeneAmpR PCR System 9700,
Applied Biosystems)S AF&-3he] 2A1EFTH).

Amplified Ribosomal DNA Restriction Analysis (ARDRA)
L

AEH clone?] 168 rDNA PCR SEF4Hgo| thsle A|gas
£ A3t F 7 clone®] AT WIS TESFIU- 4 basesE <)
213hE 2.5U 9 Heelll (5..GGVYCC..3, 3..CCAGG.5"E ©]
434l PCR product 1 pg, 10X buffer 2 pl, enzyme 1pl, D. W
£ Egst AF 20 uE BF WS tubeoll ¥ F 37°CollA
A7 Akt AlIFEAE Hegh AR 4%9] agarose gel
(IX TAE buffer; 40 mM Tris-acetate, | mM EDTA)S AF&-5}
&) 1X TAE bufferdl 4 100 V, 300 mAZ 1A1ZF 304 5<F A7
AE3 ¥ ethidium bromide (EtBNZE 308-7F @251 UV (Gel
documentation system, Bio-Rad)3}ollA] &lstdct. 221 band
9] pattern Gelcompar I sofiware (version 4.0; Applied
Maths, Belgium)= AF&-31ed 2} clone 7H9] ThkA-S- w3t
Q7).

16S rDNA H7| M 24

A 168 IDNAS 5225 ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosystems)&
Aha3te] Gr1MES A T) Sequencing PCR-S BigDye
1.3ul, T7 primer 1pl, 16S rDNA sample 1pl (100 ng), 2X
buffer 34 ol BF ZFF 133uE & EFST T cycle
sequencing 2 A1SFATE PCR 222 100% ethanol 50 pl$} 3 M
sodium acetate (pH 5.2) 2 WS 7 & 15000 pmollA 258
7y HAAF)AL 250 ui2] 70% ethanolZ A& 3t H2AIZ F
HiDi Formamide 20 ulE #7}8le] 95°CollA] 22 &<t denatura-
tion 3 ¥ L&l WZHAF1 ABI PRISM 310 Genetic
Analyser (Applied BiosystemsyE A8-3F¢] 168 rDNA (500-580
bp) 71X E-2 AAFAT(19).

DNA §7|MY B g AIEE By
24" 165 DNA E7]X<E9 homology™ "DDBI/NCBY

GenBank database®] BLAST program2 ©|-8-3}o] v]w&t3c).

Z} G714 92] AHEAIL alignment Clustal X program®E ©]-83}

o yEg ggsgon ASTe AEL 2™ Ayl oA}

of AABIHATH3, 24).
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AP ATy #4F EF W) AAT (ol
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ditrect count; TDC)E Z=43}7] 98] DNAY I&Alo] =2
EBrs 0|83t EYANEE 4% & 2 A7 sl A
3 43, AUFE B AE 1.7x10" cells/g soil, 52
T3 Eok Fdi= 4.46x10" cells/g soile] AlHATH £33
HAH (plate count; PC)Y| o3l Bi4-E SA3 A%, AT
g Eoko] A9 49x107 CFU/g soil, V-3 E9kr] 8ol
T 3.71x107 CFU/g soilo] A= ol AAd52] 2F 0.01~0.28%
o] Wke AlFAE YRR ol¢h 22 ARZHE MHES
ol Bt o 2 vjeko] st Wl Mol v &
A3 Pgoz FeE At
AR A SAYUOVO)S AdEE A5 JU71A7G
DNA 34 AsIAE 37lstal ©AIRE sl ostaA] AEido] o
AB Aeistol A A% vithste A E7)12L o]-83fe] gl Agt
s Zhe AE F3ANE A Algshs HOE widE B
312 eknr FARAAEe] U ‘viable’d VBNCAHTS 71&E
33 Wgolths, 10). £ dFolAe DVCHE ©]&
gt AuF-dH Aeeutd B e EAsks ©]5 VBNC
Aol A Hrle ST Kogure 501(17, 18) AQIzH
DVCHE EPAR A8317] 93] DVC HHE)S o]8sh
Aid S 3% A9, AUFEE EYY DVC 42
1.5%10" cells/g soil2 AAT52] 88.2%, ArelWF-d B &
NE 1.91x10" cells/g soilE AMTFF] o 43%7) a5 &
A=At o9} 22 Azk= 3719 HEel o3 AlgE A
2t} 300-50008] ©)d =& Al A Yehlle], DVCH 9
&) Agd Aol thall Fobel o8 A" AFREo)
HES AR Y B A4 033%, A EdolMe
0.02%=2 %k 78k AT 1% mlwke 2 YebdthFig 1). &,
F718 diatlA AEREG7MAE R A FAdol 2
g VBNC Alito] AHRIES ol 99% o) EAoE FAE
At 53], AFEUEE EYSY A% AURd EGRY
VBNCAITFo] Al Al AEH o8 Mol AeEy
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Fig. 1. Comparison of the number of bacteria obtained by total direct
count (TDC), direct viable counting (DVC) and plate counting (PC)
collected from Pine and Quercus forest soil.
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16S rDNA Cloning & ARDRA pattern £4]

’3719] ATATel A vERd vke} Zo] AFIESF Yo
HjekHol oz ko] LS VBNC Aol 99% ofd £
£ 7log #ERIFo] 71Ee ujdel 71zt ARHES W A
A A BETH RS skl oA B AR IS
AARSIAEL. o]} 2-& A S Asl] fiste] 2ol vl ol
9]&3}x] &5l ARDRA, DGGE Z12]i1 RFLP 53 & tjokst
A ESHE BAVRE o83 rAE o] Alex
ATH(14, 27). B AFME 2UFEEY ARy ES U
VBNC Md#3¢] AlFsH 248 93t Rapid PR
DNAE F4 FZ3Ath & ESAEZRE 553 DNAY
16S tDNA ZZEALE-S cloningstd AUN-3 Eoko 2 RE 111
clones, AT V8 EYOZHE 108 cloness ZH 2th

- =

ar
= OEL‘;
)

Pine forest soil

90
S

n
£

=9 7} cloneSoll sl 2 &E A(Haelll, Promega)ys &)
3t FojRl AR FdE B8 AldTRY] s HES
ok I A3, auFE BEoke 24 E EEE 111 clonesE 30
groups (100%-level)?] ARDRA pattern®. 2 1% 0 ¥ (Fig. 2)
Freuid EGoZRE EH 108 clonesS 26 groups
(70%-level)2] ARDRA pattern® & 215 AThFig. 3).

16S rDNA §7[M<d 5N

2V B AUy EGCEZRE 5 F cloned
16S tDNA-ARDRA pattern ol W& 7} ARDRA groupl &
HE] I clonesg Asle 168 tDNA UM ES 2431,
Gene Bank database BLAST search ZE13& ©]&3}a] 714
o] u]8E 16S rDNA F7IMES vl A48t Avy-d
Eoko 2 HE AMad 307 hE clonesS a-proteobacteria (12
clones), y-proteobacteria (3 clones), &-proteobacteria (1 clone),
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Fig. 2. Analysis of microbial community in a forest soil by using ARDRA. UPGMA dendrogram of cluster analysis of ARDRA based on the

Haelll 16S rDNA. 16S tDNA genes were extracted from pine forest soil.
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Quercus forest soil
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Fig. 3. Analysis ¢ of microbial commumty in forest soil by using ARDRA. UPGMA dendrograri of cluster analysis of ARDRA based on the
HaeIH 168 rDNA. 16S tDNA genes were extracted from Quercus forest 5011

Flexibacter/Cytophaga (1 clone), Actmobacterza 4 clones)
Acidobacteria (4 clones) A=Y 1A Planctomycetes (5 clones)®] 7
Aol Agol FAHA) =g, PRy EFIME o
proteobacteria (4 clones), y-proteobacteria (2 clones), Actinobacteria
(10 clones), Acidobacteria (8 clones), Planctomycetes (1 clone),
2323 Verrucomicrobia (1 clone)§ 6719 AETo] EN=AT
(Table 1). ©]E clones®] 16S DNA €71MES 7|A9) viAE
3 AFAE NG A tREo] vl T mERTeR
ERIFo] FHEY Wl A= VBNC At AlFgHon
ul$- chket vlAle) BlAEE FAR0 9e0E SAHA,

2SR A4S £ L VBNC MEZFel AE
& 8§Y

3719} Fig. 29} 39| JERH ARDRA pattern 9ol 2] A3}
By 2478 E9ke] ARDRA groups & 67) ©]442l clones
< X F3E= ARDRA groups (group 6, 8, 9, 12, 14, 15, 16,
20, 25 F8 AFTIeE AslAchFig 4). ©l5 AT
9] 2 ARDRA groupst Rhodoplanes®S X381 group 8
6 clones) group 12 (7 clones) 283l Braderhiyobium 2
Afipia®-& £33 group 9 (10 clones), group 20 (10 clones),
group 14 (12 clones)®] ZF 570 groups®l a-proteobacteria® )
2™, group 15 (6 clones)y= y-proteobacteria®l] &3FTt 1
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Table 1. The closest microorganism of the dominant clones on ARDRA groupé from Pine and Quercus forest soil

Source Taxonomic affiliation  no. of clones The closet microorganisms Similarity (%) ARDRA group
arproteobacteria CPA-22 Afipia broomeae 99 9
CPA-34 Uncultured bacterium clone 95 24
CPA-37 Afipia broomeae 99 14
CPA-46 Uncultured alpha proteobacterium 98 12
CPA-50 Uncultured soil bacterium clone 95 4
CPA-73 Uncultured soil bacterium clone 95 11
CPA-97 Uncultured bacterium 92 2
CPA-99 Uncultured bacterium clone 96 13
CPA-117 Uncultured bacterium clone 99 8
CPA-120 Uncultured bacterium clone 98 21
CPA-125 Uncultured alpha proteobacterium clone 98 20
CPA-137 Bradyrhizobium sp. 97 30
yproteobacteria CPA-20 Uncultured bacterium clone 98 15
CPA-70 Uncultured soilbacterium clone 98 29
CPA-75 Bacterium Ellin405 99 19
Pine Sproteobacteria CPA-21 Uncultured delta proteo bacterim clone 95 18
forest soil  Acidobacteria CPA-44 Uncultured Acidobacteriaceae bacterium 97 25
CPA-59 Uncultured eubacterium WD261 99 27
CPA-68 Uncultured soilbacterium clone 98 16
CPA-133 Uncultured Acidobacteriales bacterium 99 23
Actinobacteria CPA-52 Uncultured soilbacterim clone 99 22
CPA-67 Uncultured eubacterium 98 26
CPA-92 Uncultured eubacterium WD294 90 1
CPA-122 Uncultured actinobacterium clone 98 ) 10
Planctomycete CPA-1 Uncultured plan ctomycete clone 91 7
CPA-24 Uncultured forest soil bacterium clone 97 17
CPA-26 Uncultured bacterium clone 92 5
CPA-33 Uncultured bacterium 93 6
CPA-91 Uncultured soil bacterium clone ) 91 3
Flexibacter/Cytophapa CPA-79 Uncultured bacterium DSSD32 95 28
a-proteobacteria CBA-2 Afipia sp. 93 20
CBA-26 Uncultured soil bacterium 93 24
CBA-57 Uncultured bacterium 92 13
CBA-107 Bacterium Ellin5003 94 26
wproteobacteria CBA-25 Uncultured bacterium 90 25
CBA-44 Uncultured gamma proteobacterium 98 6
Acidobacteria CBA-1 Uncultured bacterium 95 21
CBA-37 Uncultured soil bacterium clone 92 19
CBA-58 Uncultured Acidobacteria bacterium 94 18
CBA-67 Uncultured bacterium clone 97 2
CBA-77 Uncultured soil bacterium 92 14
CBA-88 Uncultured soil bacterium 92 23
CBA-93 Uncultured eubacterium WD205 92 12
Quercus CBA-106 Uncultured bacterium clone 90 4
forest soil  Actinobacteria CBA-11 Uncultured actinobacterium 94 15
CBA-36 Curtobacterium sp. 95 5
CBA-43 Curtobacterium flaccumfaciens 97 7
CBA-45 Curtobacterium flaccumfaciens 98 10
CBA-47 Curtobacterium sp. 91 11
CBA-49 Curtobacterium sp. 90 8
CBA-63 Curtobacterium sp. 97 1
CBA-76 Curtobacterium sp. 92 16
CBA-92 Curtobacterium sp. 97 9
CBA-79 Curtobacterium sp. 94 22
planctomycete CBA-97 Uncultured bacterium 91 17

Verrucomicrobia CBA-70 Uncultured Verrucomicrobiabacterium 93 3
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No, of clones

23 24 25 26 27 28 29 34

} T2 3 4 3 6 7 & 9 10 11 (243 14 (5 (6 (7 (8 (3 20 21 22
ARDRA groups

Fig. 4. Distribution of the ARDRA groups obtained by restriction
analysis of 16S rDNA with the endonuclease Haelll from Pine forest
soil.

P group 16 (6 clonesy™ group 25 (7 clones)= Acidobacteria®)
%3191, group 6 (6 clonesy Planctomycetes A1E-2-N 45319,
CHFig. 5).

T3 g R E9%o] ARDRA groups & 671 ©]4t9]
cloness XE3F3t= 8712] ARDRA groups (3, 6, 7, 15, 20, 22,
24, 26y 8. ARDRA group2 2 A5} chFig. 6). AEte

AU 29 2 ARDRA groupsS Bradzrhivobium2s, -

Afipia%-& X3S group 20 (7 clones), group 24 (11 clones)
133 AzospirillumesS X33 group 26 (8 clones)®} 371
groups®] o-proteobacteria Al BTl &3k AR golgglon,
y-proteobacteria®ll Z3}H Tk Group 3 (6

clonesy&  Verrucomicrobia® £3FHIL, group 7 (12 clones),

group 6 (7 clones)

group 15 (6 clones), group 22 (7 clones)= Actinobacteria A%
ol Z81ckFig. 7).

& d7aA AR ety Bk Ulo) 99y o)A
EA08) = Aoz Hrke VBNC AaTde AEstd EAe
AHEZ A7, 27 Eohlld £¥sk= a3 5 50% ©]
&o] o-proteobacteria A1FTOE 717 $HH) ASToR &
QIEINIL, Acidobacteria 9} Plantomycetes A0 247} 15%%
ARBe FQ ASTOR eI AU B BEY
W AEEE F 2 40% ool dctinobacteria ASTEOE2 71
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Fig. 6. Distribution of the ARDRA groups obtained by restriction
analysis of 16S rDNA with the endonuclease Haelll from Quercus
forest soil.

TRAAA ABTFoz RS, Acidobacteria ASTL oF
17%% AT 53] Verrucomicrobia AT Apeuidd
Bl AT veRt w9 EAAR] Ao sM=E
7% B ANEE U 95 369 HES Iy B
Aol 2 JIEFY FHS vln AR éJ}"ﬂ o3l g
TgHJ,].?Goﬂ tq-E_ Jof E 6}-31:‘,1 B:]p:]. ul x]-&a]:_‘ LJ—%_,] =
Foll we} & Aol& ‘4’5}‘4]‘3]'-1— Hastdvh). SE7 22
71852 49 #PE 53 'E‘ =T FHFANA AAGE B3
FFELS 32N BEA EYEOE o53t) o) Bl #
oAgh= HAES °ﬁ°k°§$r *’F“-r— 2, 7% T ES W )38}
2 Ao we} gkt gieieg ExahA o) 53 AEe 3
dehs 759 ol wet ol3sty AJdo] thEa, o]ddt o]
shehA 23 aRle] wiFel wet YR Bske nAET
A= AFIACHG, 6, 13, 16, 22). B 7NN HGFD @)
I GEFY TRV EYelA Z"}-‘a F8 AT 7 A
AAd 7P & A28 ATedS vas Akl 3ae ¢
AT .
el 7123t o] RhRY EgogRE el A
ol tial] AN Aol o3l 4d FAF EQY F
& M2 Bacillus & EAYE/AATE, BIA2840 745E, drthrobacter
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Fig. 5. Phylogenetic trees showing the relationships among the 16S rDNA sequences of clones to dominant ARDRA groups from Pine forest soil.
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Fig. 7. Phylogenetic trees showing the relationships among the 16S rDNA sequences of clones to dominant ARDRA groups from Quercus forest

soil.
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ABSTRACT : Comparison of Phylogenetic Characteristics of Viable but Non-Culturable (VBNC)
Bacterial Populations in the Pine and Quercus Forest Soil by 16S rDNA-ARDRA
Song-Th Han*, Youn-Ji Kim, and Kyung-Seok Whang (Department of Biotechnology and
Institute of Microbial Ecology Resources, Mokwon University, Daejeon 302-729, Korea)

In this study was performed to analyze quantitatively the number of viable but non-culturable bacteria in the
Pine and Quercus forest soil by improved direct viable count (DVC) and plate count (PC) methods. The number
of living bacteria of Pine and Quercus forest soil by PC method were less then 1% of DVC method. This result
showed that viable but non-culturable (VBNC) bacteria existed in the forest soil with high percentage. Diversity
and structure of VBNC bacterial populations in forest soil were analyzed by direct extracting of DNA and 168
rDNA-ARDRA from Pine and Quercus forest soil. Each of them obtained 111 clones and 108 clones from Pine
and Quercus forest soil. Thirty different RFLP types were detected from Pine forest soil and twenty-six different
RFLP types were detected from Quercus forest soil by Healll. From ARDRA groups, dominant clones were
selected for determining their phylogenetic characteristics based on 16S rDNA sequence. Based on the 16S
rDNA sequences, dominant clones from ARDRA groups of Pine forest soil were classified into 7 major phy-
logenetic groups : a-proteobacteria (12 clones), y-proteobacteria (3 clones), 6-proteobacteria (1 clone), Flex-
ibacter/Cytophaga (1 clone), Actinobacteria (4 clones), Acidobacteria (4 clones), Planctomycetes (5 clones).
Also, dominant clones from ARDRA groups of Quercus forest soil were classified into 6 major phylogenetic
groups : a-proteobacteria (4clones), y-proteobacteria (2 clones), Actinobacteria (10 clones), Acidobacteria (8
clones), Planctomycetes (1 clone), and Verrucomicobia (1 clone). Result of phylogeneric analysis of microbial
community from Pine and Quercus forest soils were mostly confirmed at uncultured or unidentified bacteria,
VBNC bacteria of over 99% existent in forest soil were confirmed variable composition of unknown micro-

organism.



