REWAR T « PNASMIE ORHEREAZITIZH81T D Locked Nucleic Acid % VM=

PCR 7 7 o 7 HfiOBAFE

Aok @k, BT R
o Sl S e S S 2 ey
T890-0065 LV FSIRARTT 1-21-24 B099-285-8660

SSU rRNA AR T- 2 HE & U7 RiAR i - PNASHEE OFEEREAITIC IV T, A L TR 7 (R
rar RUT « 7FZZXFR) ©DNA bfHRHZIEA L, PCR KM 77 A ~— CHilET 5B
7RRENTAET B, AW TIE T TA ~—DT =— 1 U 7N 5T A0, S hay KU T
T Z AF RO SSU rRNA 5 FIZRFRA7 INA 4 U X7 LATF R (INA) Za%at L,
7 SSU rRNA JE{5 1D A% BRAYICIEIE 3 D BN OBRIE 237 7o, KRR Ofli DNA 2 T,
FTINA O Tmfl (7T =—V > 7IEE) ZRatLiz& 2 A, Tm X 70°CONHE Y CTh 5 &l S
Too £ZC, BEVE (4C) L7 T4 ~—DT ==Y 7 (54°C) ORIZ, 70°CH LNA DT =—
Uy %A, LNA OREA7 %2 T PCR #1772, TOFER, I b= KU T TlE 3.0uM LLE,
77 AF R TIX 0.5uM LL T PCR H#EIEAH0 L, MIE O SSU rRNA B s 12 @RI R 92
ERAREE Ty ET2. ZOFEME VT DGGE fiftia1T-7-& = A, LNA OFINZ X - T,
PERDOFETIIRE SRS ToME OB bR T 52 ERAREE o7, BLEXY
LNA-PCR 7 7 > 7 Hffi. HEMHRIE - AR OREERE ST I B W CHERORIEZ ATk LSS
BN TFIETH D LR ST,



1 &8

FEPAR PRI A BT 2 M 23, FOABITK L CEHER# X2 L TW\D Z L iTd <2 b
HHINTND, IHFEOEEEKST L72W oy TAEFTFEOREIC L 0 | BEPIEM L~
FROBEOMENZEAAET D Z LB LN S 4L, R OBREZ IS L7 B HIR S
TW5, L7>L. Small Sub-Unit Ribosomal RNA (SSU tRNA) i&fn 7+ &40 & LIz AT
IR X DRERE - ARPEICAER T DI OREEREEMRNT Tk, AL 717 (I har R 7T
T T AF K**) D DNA HHHEHIIEA L, PCR SUSKHIHIEH 77 A ~— Gl ZHE S
HEKHIENMEET 2V, - T, MR - ARNERIZAE T 2lE D SSU rRNA Bz 1% 3R
FINCHEIE T2 2 L 3 CTE UL, TERDOEFRIE THIE SN D > T bR CE 5 K 510725 L
HISH, ZORER, FWAEB I RIZ IR ORI B4 2 5 RSRERRICED D, RRRRIEE iR
P B0 O & 7D, ABFFE T Locked Nucleic Acid (LNA) & FHIIAD N TR %25 A
1AV IX I VATF REMEH T 74 ~—L5iad DEICREIL, R har RU TR T RAF
NIRRT =— V) v 7 &8 H 2 & T, MIEA 774 ~—2%i 50 SSU rRNA i#{5 11 PCR
FOGKHC T =— U > 745D %FEL, fMEHD SSU rRNA {5 1D & % ERAIZHEE S5 5
LNA-PCR 7 7 > 7 Hifli DA% 2 il 7=,

*SSU rRNA &5 1~ : i 2 A 7 ZRE S 5 A0/ —a— R, VARV —2L%HERT % SSURNA
% a— R 585 - CR S 13K 1500bp, 2013 4 3 HBIE 230 J5 LA EOFE ORIV E GRS LT
Do LR E Rip S, ROWVAEME(LOHFTO LT OB L TWDH7cd, BlFIDENHRE
FAUTREWZE, ETHRHRANCHEL T D, Fo, AT & RFFEIBRDAET D720, IRIF
FEIR OB 2 VT T T A ~— DX R AIRETH 5,

I hay RUT 7T AF R M/ NEEDO—>THHM, I hay N 7RG OGFE MR,
7T AF RIFFRAD T T /37 7 U T NI IVE L= b O TH D728, MIEICEI7-ME O
TE2FFD, ZDi=, #MIEMA T T A ~—T PCR Hlg X5 ERARIBEIMEET D,

2 R

2.1 LNA O

LNA 1% Locked Nucleic Acid OREFR T EBEDOFE /3 T NICAESEZ FFO N TR Ch 5 (Fig. 1),
W OIS o B HENKE W20, DNA/DNA O BRI TR A AF]
272> T, —F, LNAIZHHBRELZZETHRESN T\ A7, LNA 25T ) @04
U AT, D) 7T=— U CROIRE (TmfE) 75 EF-T 5, 2) AHMfeEEz 7 T, LNA
WIS A~ v TFIHET H LT =— U U ZHEOIRE (TmE) 13RS T 5, B¥E R,

E o Base mg o Basa
“"""!-
Ej : H
'D=g'0‘ D=g-':"
o wdn
LMNA base DM A base

Fig. 1 Numerator structures of LNA base and DNA base



2.2 ILNA-PCR 7 7 7 i

Fig. 2127 & 912, #i# SSU rRNA B 2B\ TC, MiEHT 74 ~—0B7 ==V 77 %
P EHAET D X OITERE L7 LNA 4V 2 (W& IR T, MR OB E 1237 =—V
Y7LV & PCR SUGNKIZINAZ D, 20 LNA AV 2%, M7 74 ~—X 0 bEiEcr=—
V> 73579, PCRIZEBWT, OAZENE, @QLNA A4 I07 ==Y 7 @RKRETT7A~—
OT ==V 7 OME, OKIGEIAITY 2 L2k - T, HBEIs T OHEIEZ B35 2 & BT
x5, 5, 774 ~—I% HED SSU rRNA BB F-OHIT ==V 735728 (a1
IXLNA AV Lo TTry 7 SHTWD), fMEOBEE ORI 7 PCR MR FIEE L 725,

S50 rRMA CGene of Bacteria

881 rRMA Ciene of Plant {rganclla

LM A oligonuclentide LM A oligonueleatide

=== Extension does

=%
FTallel not eeone for FTalleal
FL1T1HLBLLILTlLle] 1] phaspharyladion i *
Plant organclln ¥ k\ :
58U HANA gene Ty S T I I I
Nifferent sequence ! Bacterial -, Fl
: TR - T
Ructerial primer compaved with bactecia NSL FRNA mene .
TTTTTT COH €an’t e anmealed
Ter the mismsiches
Can't be wnnesded (CTam ping) .
I Primer
P £ OH Extensinn
[TATTG] CTTTTTT .
I I N o O | dl 111l leilajll

LNA-FCR elamping ol FUH

amplification of organelle pene

Seleelive MCR amplilication of
bhacterial 88T rEMNA gene

Fig. 2 Principle of LNA-PCR clamping of plant organella SSU rRNA gene
and selective PCR amplification of bacterial SSU rRNA gene.

3 XER
3.1 HEAGCEIOTEES X UF DNA Hilith

ABFFETIIAR (2 eBY) ZHRREET 3 MRS L. FERICHE U7z, KRB 30 A HAR
ZPRIL, RE(HZ 0.05%-SDS K UWE/K THEd%, BEYIHL T DNA Zht L7z, fici
FastDNA SPIN Kit for Soil (MP Biomedicals, Solon OH, USA) Z W fHED 7 1 b =2 /UZHE> T DNA
Mz T o7, IEBIO M vEr 2 HHEEZTE L T, SEIGKFEEIO 2 & LTz,

32INA AV IXI VAT RO Tmfll (T =—V > 7iE) OEt

LNA-PCR 7 7 > T &R ELATH I2DIZiE, 4 CTEEML, MET 74 ~—0nT == 7
TERUVEETINA AV X7 LAF R, 2 hay RU TR T 2F Ko SSU rRNA B 1
W7 ==V 738, ROMET T A ~—D7 =—1 7T, fll7 74 ~—0n3%i 5 SSUrRNA
BT ==V 7T H50%AETIUIR, ZOfER, ME77 1 ~—I3fE o SSU rRNA
BIRFORIT ==V 7 L, iEREER{R 70O PCR BB FIREE 72 5,

FATLNA AU AX 7 LATF RORGITE DA T 74 A2 MK > TRATRER, 63t 7+ U
— K77 4 ~— (5-YRKGCYTWAYACATGCAAGTC-3') & 1492r UV N— R 7 T A < —




(5'-GGYTACCTTGTTACGACTT-3") N7 =—1 > /T ANE CHEITRETH H Z LI LT~
T TT ==V TiRELZ 60C—72°C QC&IH) OFPHIZETE LT PCR HEZ1TV Y, LNA 4
VIX 7 LAF RO Tmfl (7T =—V 7R ZRatLiz,

33INA AV IXY L AT RO%E

LNA # U AX 7 LAF Fid, i OFESEITI AN TWD 7T A ~— Dl Z2 b L1Z,
DNA Data Bank of Japan @ DNA 7 —4~—2 (DDBJ, http://www.ddbj.nig.ac.jp/index-e.html)
2Bk STV Dl T L OME) D SSU rRNA BB FES AV, 7T 4 A2 L CaRE LTz,
HEEE D SSU rRNA G F1T. RRFHIRIBIE FOZIRMELZBE L TDNA 7 —Z N— A bIE L
77 2B 63f T+ T— RS TGA~—L 14920 VR— AT S5 M ~—% I T TT AT, Fi
TNDOTFA ~v—LBETAHAEIC, I hay RUTEROT' T AF RICRRA LNA ) X7
LUAF REFEG Lz, £12208, RO LNA AV X7 VAT RO Tm . (7 =—V > 7{R)%)
DORFHEREZEE LoD, 2 bay R TROT T 2T RICkREM)7Z: DNA #5% LNA ¥ E
#al7-, LNA AV IX7 AT RO 3KETY gk L, PCR K&t A 7/ CLNA A Y IX7
VAT RNBHERIGNETRNE 21T LT,

341INA 4V IR 7 LFF ROPEERG

LNA-PCR 7 7 > B> ZIRM72 INA AV X7 AT ROWEEEKR L7, Bihd, PCR X
SR ZEGAIREEDS OuM, 0.5uM, 1.0uM, 2.0uM, 3.0uM, 4.0uM (2725 KD ITLNA AU IX 7 L
FF REMZTITo72, PCR BSKRIZIZLNA AV X7 LAF ROM, 63f 74+ VU — R7 T4 ~—
£ 1492r U N—RX 7T 4 <w—% Nz (ENE40.8uM), Ex TagDNA 7R Y A7 —+E (TaKaRa, Otsu,
Japan) % T PCR R Z1T o712, =12 b — /W TR S L7 AR L OS5
flitt L7z DNA Z vy, 8T PCR ¥R AT - 72,

3.5 Denaturing Gradient Gel Electrophresis (DGGE) fi#4T

ERAI AN O SSU rRNA 18 {s+-% PCR HiiiE L 7= PCR FEM A ##82, DGGE 17’7 A4 ~—& L
CHEEH OBEEREIERNT I AR S QD 341£-GC 38 TV 907r % FV T nested PCR %475
7o BRREFERRIZ, 7T A4 =13 TN TIURACIRED 0.8uM (12725 X 5 ITHINL, Ex Tag DNA AN
U A Z—¥ %V T PCR HlEZ1T - 72,

PCR H4lE#% ., #J 600ng O PCR pEW %, 176 FIZIANT T 27.5% 57 5% D ZEMEF IR L AR 2+ 1 F
=77 VVT I R MZESKGKE) 100V, 14 KH#E) L, YA =27 ) — 2 Cchefafh, UV BT C
DGGE /X% — %457, 728, 100%DEMH L1 TM OJRFHE E A0%DFNLT 2 R Gielfik s
EFSNTEHY Y, DGGE BfEITHK 5O 255147572,

4 HBRRUEE
41INA AV TRV VAF RO Tmfl (7 =—Y > 7)) OffEd

Fig. 3127 =—V > 7R 228 2 CRFRD> S A L7= DNA % PCR #8ig L 7-RFOfE R A 77T,
ZOfEHE, 60CTIEI har FUTH LT T AF RO SSURNA HHE T OB/ IE HER S




DIZXF L, 62CEH XV 64°CTIIEMERITRAD L, 66 CICBNWTL I fENTH -T2, E7o. 68C
L ETIE PCR FEMI IR SN2l o T, 65T, INA AV X7 LAF ROT7 =—V U 7IRET
68 CHME Y & &R HTZAY, 68°C TILESVKE) Tttt SAVRWREE THIE 77 A ~—3 7 =— U
7L hary R TEBIOT T ZAF KO SSU rRNA BG-AMEIE L T D ATREM M O 72 o 7=,
LNA 4V IX7 VAT ROT7 =—V U 7IREE, ME 774 ~—0N7 ==V 7 TERWRET,
RBNOTEDLEFRVEER BN &0 AFETIZLNA A Y IX 7 LAF RO Tm 1% 70°C
2725 XD ITEREN LTz,

M 60°C 62°C 64°C 66°C 6B°C T70°C 72°C

el e Mitochondria SSU rRNA gene

5
1500 bp [ENSRE
=
1000 bp Plastid SSU rRNA gene

Fig. 3 PCR products of extracted DNA from rice roots amplified with the PCR primer set
63f and 1492r. The annealing temperatures ranged from 60 °C to 72 °C in 2 °C increments.

42INA 4V IX7 L AF FOi%E

WMEH 77 A ~— Al L OWIE O SSURNA L 1527 74 A2 b LT-fER% Fig. 4 1077,
BREFLTZINA AU X7 LAF RO COR LT, KSUFIE INA ICER LR TH D, I b=
Y RUT7® SSU rRNA BB 2B\ T 63f I A4 ~—LiiaT 25 LNA 4V IX7 LATF K%
LNA-Mit63, 1492r 7'7 A ~— L BT D Ei % LNA-Mitl492 &g Lz, i, 77 2AF Rick
WA 3Bl &M OREY) T, LNA AV TX 7 L AT REEGHEROEY )3 872 > Tz i=d, AR
WP ClIA FRHEDI R LNA A4 ) X7 VAT RERGH LTz, 63f 7o A4 ~—LaT 5
LNA AU X7 L AF K% LNA-Pla63, 1492r 7*7 A ~— L BiET 5 Ei% LNA-Plal492 &g L
72, Table 1 |[ZE%FF L7 LNA AU I X7 L AF NOESZR LT,




Fig. 4 Alignment of bacterial primer and LNA ohgonucleotlde sequences with the correspondmg region of the
SSU rRNA genes of the plant organella (either mitochondria or plastid) and bacteria. Underlined sequences
were corresponded to the LNA oligonucleotide. Bold letters were LNA bases replaced from DNA bases.

Table 1. Scquences of designed LNA oligonucleotides specific for the SSUT tBENA
rencs of plant mdtechondria and plasiid,

3?;2:;3;13;13'. Sequence Length dbuses) T (°C)
[N A-MiH3 S-GTCGAACGTTGTTTTCGGp-3 B 70
LNA-Mit1492 SCTTCACCCCAGTOGAAGAP- 15 )
LNA-Plag3 5 -GTCGAACGOGGAAGTGGTp-3 17 70
LNA-Mlald9z  5-CTTCACTCCAGTCGCAAGCp-37 19 7

LNA Dbase was indicated with bold letter. Underlined DMNA bases were the
overlapped sequences with bacterial primer, The 37 end of all TNA oligonucleotides
WEre phmphm}rlatad not to occur extension in PCR reaction cveles. It was indicated
with small letter ¥y

43 INA 4V IX 7 LAF ROEERE

WIZ, BEH LT LNA AU X7 AT R TRl SSU rRNA 5 7-OER7) PCR HaME 25K
iz, FIROFER IV INA A4V IX 7 LATF RO Tm fEI1X 70°CIZ72 25 KO IZEGH L2 2 &b,
PCR HEIRIZI TR OS2 V- 5 94°C3 43 (LT 0) — 94°CL 4y (BEtE) . 70°C1 4y (LNA A
VIAXT VAF ROT ==V 7)), 54C1 5 (FT7A~—DT ==V 7)), 72°C2 % (HEKE)
Z30 %A 7 — 72C10 57 (RA KT ), 6 BEFEDIREE (0uM, 0.5 uM, 1.0 uM, 2.0 uM, 3.0 uM,
4.0 uM) T PCR iR L72RFORERZ Fig5 (-7, TOREE, 0uM TIEI b= RUT KO T A
F R SSU rRNA #f5 OB E 7RSS SN2 23, LNA 4 IX 7 LAF ROFRIMIZE > T
HHEE D SSU rRNA IBAB - 2NERPHENE S AL TV D O30 D M5, 2 h a2y KU 72O T,
LNA AU X7 AT RREOHNINf > CTHEE &I L, 3.0 uM LL_ETiX PCR EMITRED &
NWiehote, £lz, 7T AF RIZOWTL 0.5 uM LI_ETZ? SSU rRNA #1510 PCR HEIE 241




HITHZenTE, DEORRELY . RBFFETHZ L LNA-PCR 7 7 > 7HiffiL, S hav R
VT K OT T AT RBfa - OHEEH], M O ES OBHREIEIZ G2 TH 5 &l ST,

LNA oligonucleotide (uM)

o |
b
&
=

=
100

0 05 L0 2.0 3.0 4.0

Mitochondria

2

|':-IH|I|||

0ooep T

Plastid

Fig. 5 PCR products of extracted DNA from rice roots amplified by using
different concentrations of LNA oligonucleotides that ranged from 0 uM to
4.0 uM. PCR products of Root (aseptic rice root) and E. coli were used as
controls to investigate the efficacy of LNA-PCR clamping technique.

4.4 DGGE JAIZ X 2 BEAERETEARAT

Fig3 4.0 uM THIIE L 72 PCR FEMZ #7732 DGGE Ml 7' 7 A ~— & U Gl ORESERIEMRATIZ
— AN AU TW D 341£-GC 38 LTV 907r & VYT nested PCR %4772, #J 600ng @ PCR FEH)
%, MARE AR AT =T 7 VLT I RS VCUKE L, DGGE /32— %457, Higxigel L

LNA(M) - 0 uM CHiE L7 PCR 9% DGGE 177 A ~—"C nested PCR %47

0 40 7~ Fig 6 (TRLZE DT, 0puM & 4.0 pM @D DGGE 734 — > Z Heii

T5&, 0uM TiEI b2 RU T KO T AF RIZHKT 5 DGGE N

YRR FEHERAN RE LTRIEESNZOIZR L, 4.0 uM TIEZENLD

(ZHRT DY Ridt sz ie, s, X har KU T RO T

AZF RUSAORIEIZ BT 573 RIZOWTIE, 0uM IZH~R4.0uM T

B < B &Nz, 4.0 uM THTISHE S > R, ik 4

WL Tl S 7R > 7ol D SSU IRNA B FTh 0 | A4

ZECBH%E L72 LNA-PCR 7 7 7 HAITIE, B/ i O tic & A2h72
FTIETHD Z EDVRBE T,

LU EOFRERIE, TERDFE TR AR T 5 Al OFFERS S AETIC
BT, ZOREME 2 NHE L Q022 EEERL TV D, fiE- T,
4% LNA-PCR 7 7 T BIRA1EMN T2 Z LIk 0 | I OEB AL
IRAIECHTFEOMIEN R S5 Z ERNFRENDS & L bic, §Er
ARG CEOMIE 208 ST 5 2 & C, EwEM & U TRERAL
TV ZEBLAREIC2 D & TSNS,

Fig. 6 DGGE patterns of community structures of bacteria associated with rice roots, which amplification

27.5%

Denaturant gradient

§ I =2
Mitochondria | S
and Plastid ™ p '
o

57.5%

products were prepared without LNA oligonucleotide (0 uM) and with LNA oligonucleotide (4.0 uM).



5 tEEm

SSU rRNA #1n 12450 & U 7TAEiR I - PNASHIEE OFEERSERIATIZ W I B A L TR T (R
far RUT « 7ZZFR) ©DNA HIHERHIIEA L, PCR RHIHME 77 A ~— CHiET 5 B
IRIEDMFAET Do 1> T, AHEE D SSU rRNA s 1A BRI R T2 Z L 3 TE AU, FEEENE
EATEIC BT D RERT VA 7 AN—Z2 0 55, AFETIE, DI k= RUTROTZ
AF RITFHEA7L LNA AV X7 LAF R 7 7 A ~— L BT DALEICERE L. KFgR)
D L7z DNA ZHWT LNA 7 7 7 HIOBF 23T, ZO/ER, I har R 7RO Z
AF RIZFFRMZRINA Y X7 VAT RENZ 5 Z &I X - T, 245 SSU rRNA #1510 PCR
HEME 2455 Z & 3 T 7o, BTSSR 72 I35 2 L3 AlE L Ze o 72, F£7-. DGGE
T 24T o7 24, LINA AU X7 LAF ROTINC L > T, 56RO LNA 4V 2X 7 LAF R
ZINZ TORNWFE TR SR> TofiE OB - bR T 2 Z L3 vRE L 2r o7, LLEE Y
ABFFETHHFE S4U72 LNA-PCR 7 7 7 Hdf%, fdiiim - WAERIE ORFEROEMRTIC W THER
DOREE PR UG D ARV FIETH D &l ST,

6 Bt
A A MDD HIZHT- 0 . WFFeE %2 38 U CIEW- o o A BHARE R 3 L ORI E S
IR OB ER L ET,

7 5IRXHER
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The simultaneous extraction of plant organelle
(mitochondria and plastid) genes in the DNA
extraction step becomes a major drawback to
investigate the community structures of bacteria
associated with plant root surface and inside. This is
because the organelle SSU rRNA genes are easily
amplified by PCR with a set of universal primers for
bacteria. To suppress the PCR amplification of the
organelle SSU rRNA genes, locked nucleic acid
(LNA) - PCR clamping technique was applied for

selective amplification of bacterial SSU rRNA genes.

The LNA oligonucleotides, which sequences were
complementary to either mitochondria or plastid
SSU rRNA genes, were designed by overlapping a
few bases with annealing position of bacterial
primer and by converting DNA bases, specific to
either mitochondria or plastid, to LNA bases at the
shifted region from 3' end of primer-binding

position.

with  LNA
significantly suppressed the amplification of the

PCR  reaction oligonucleotides
organelle SSU rRNA gens from rice roots.
Denaturing gradient gel electrophoresis (DGGE)
analysis showed that the conventional amplification
without LNA oligonucleotides generated the
predominant DGGE band derived from organelle
SSU rRNA genes while the little detection of
bacterial bands. In contrast, additional DGGE bands
derived from bacteria were detected in DGGE
patterns, which amplicons were prepared using the
LNA oligonucleotides, indicating the detection of
the SSU rRNA genes derived from minority bacteria
associated with rice roots. Thus application of
LNA-PCR clamping technique was considered to be
effective and useful technique for selective
amplification of bacterial SSU rRNA genes from
extracted DNA containing plant mitochondria and

plastid genes.






