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FRHU%, 0.05%SDS K OB /K CIRZPef L, FLek & A W CE DR L7z, DNA fhHiZi,
FastDNA SPIN Kit for Soil (MP Biomedicals, Solon OH, USA) % Fv >, fhi DNA (3 Power Clean DNA
Clean-UP Kit (MO BIO, Carlsbad, CA, USA) % W THRLIL 7=,
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RERLEZY , Flo, U X—=Z{AITITS4S, ITS4, LR1, ITS4A. ITS4B. ITS8mum, R377 BL
LR2D8FED T T A ~—Z HWTHATZ & Z A I N—ZDE > 72 b DX 1TS4 & ITS8mum
T, TIVEIITSA X 97.2%, ITS8mum 1% 624% CTdh-7="

7 4 U — RO ITSOmum (X ITSIF [T T AN—Fn@n> 7o b DD, Fig. 3 1R LTIZ L 91T,
ITSOMuUmM [ IR & = AF CTEINTEVDGRO HILT . LNA 7T A ~—0Oi%EHIREE CH - 7=,
F7-, WEGAANCS 7 b LIALEORSNICHE O T HIEWT L IEEOL TH 7272, LNA AU =
X7 VAT RORGHIREEE B 2 Hivdz, —J7, ITSIF 3RRE IS U CREEE DR b K91z
RS ILTEY ., Fig 4 ITRLTIELIIC, TT7A4~—DT7 =— VU U TN TGRIRE & a2 A%
DOEFNZ L LT & 2 A, AR RHRA 7S SRR Bz, MES R ORI tho
TA~V—HRKET LTV DK THH Y | BSIORFEEDRENZ &5 LNAF Y AX 7 LAF RO
HEHIREECH o7, LLELD ., 74T — AT, ITSIF O IV TRIREE IR A Ao
Z LNAIZEHLL . LNA 7' A ~— %kt T 2 D032 Lfllrs gz,

ITS9mun TGTACACACCGCCCGTCG ., Specific for Plant

Wheat AY049040 TGTACACACCGCCCGTCGCTCCTACCGATTG-—————————=——————

Saccharomyces cerevisiae  KJ806314 TGTACACACCGCCCGTCGCTACTACCGATTG-———————————————

Aspergillus oryzae KJ814466 TGTACACACCGCCCGTCGCTACTACCGATTG-— s -=
Fusarium graminearum ~ XR_893049 TGTACACACCGCCCGTCGCTACTACCGATTG-— d‘?q“e”c‘?i are |__
Cryptococcus neoformans ~ JN939440  TGTACACACCGCCCGTCGCTACTACCGATTG--{ dVergenthere | _

Puccinia graminis AY125409  TGTACACACCGCCCGTCGCTACTACCGATTG-——————————————~—
Glomus macrocarpum KC182043 TGTACACACCGCCCGTCGCTACTACCGATTG-—=-——==————————~-—
Acaulospora laevis FM876783  TGTACACACCGCCCGTCGCTACTACCGATTG-——————————————~—

Fig. 3 Alignment data of ITS9mum and relevant sequences of wheat and representative fungi.



‘u ‘ “ Specific for Fungi, Converted to

ITS1F CTTGGTCATTTAGAGGAAGTAA LNAbases to design LNA primer

Wheat HG670306 CCTTATCATTAAGTGGAAGGAGAATTCGTAATAAGGTTTCCGTAGGT

Saccharomyces cerevisiage GQ458028 CTTGGTCATTTAGAGGAACTAAAAGTCGTAACAAGGTTTCCGTAGGT
Aspergillus oryzae EU301638 CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT
Fusarium graminearum KJ017740 CTCGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTCTCCGTTGGT
Cryptococcus neoformans  JN939495  CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT

Puccinia graminis EU014046 CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT
Glomus macrocarpum KC182043 CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT
Acaulospora laevis FN547509  CTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGT

Fig. 4 Alignment data of ITS1F and relevant sequences of wheat and representative fungi.

Y 8= ZAANZDUNTIE, Fig. 5 L OVFig. 6 1R L7 K 912, ITS4 & ITS8mum D7 =— 1 7R
DTS SRR & 2 A CRERMZIEIDTRO DIV LNA 77 A ~—DsFHIREECTH - 72,
LN LZRN G, ITSAIZHOWTIE, MEHTIODY 7 b LIAALE OGBSI T 2 AR RRA 7
EDFAELTHEY, LNA 3V IX7 LATF RORFIRARECTH -7 (X 5), ITS4 1 ITS8mum &
DA NR—=RNEL, ZOML T THoTZEND, U ASA—=AANZEBNT ITS4 EHAT DALEIC
I LX) LNA A Y X7 LAF Raeiatd 25 Lz,

Specific for Plant, Converted to LNA bases to design LNA oligo

ITS4 u u GCATATCAATAAGCGGAGGA
ITS4 LNA oligonucleotide GGGCTACCCGCTGAGTTTAAG
Wheat AY04904 GGGCTACCCGCTGAGTTTAAGCATATCAATAAGCGGAGGA

Saccharomyces cerevisiae  KM029995  GGAGTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
Aspergillus oryzae KP256849 GGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
Fusarium graminearum KM056322 GGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
Cryptococcus neoformans  KM085009  GGGCTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

Puccinia graminis KC853413 GGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
Glomus macrocarpum KC182043 AGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA
Acaulospora laevis KM078598 AGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA

Fig. 5 Alignment data of 1TS4 and relevant sequences of wheat and representative fungi.

ITS8mun No specific bases between wheat and fungi TAGTAACGGCGAGTGAAG

Wheat AY04904 AAGAAACTAACAAGGATTCCCTTAGTAACGGCGAGCGAAC

Saccharomyces cerevisiae  KM029995 AAGAAACCAACCGGGATTGCCTTAGTAACGGCGAGTGAAG
Aspergillus oryzae KP256849  AAGAAACCAACCGGGATTGCCTCAGTAACGGCGAGTGAAG
Fusarium graminearum KM056322 AAGAAACCAACAGGGATTGCCCTAGTAACGGCGAGTGAAG
Cryptococcus neoformans  KM085009  AAGAAACTAACAAGGATTCCCTIAGTAACGGCGAGTGAAC

Puccinia graminis KC853413  AAGAAACTAACAAGGATTCCCCTAGTAACGGCGAGTGAAG
Glomus macrocarpum KC182043 AAGAAAATAACAATGATTCCCCTAGTAACGGCGAGCGAAG
Acaulospora laevis KM078598 AAGAAACTAACAAGGATTCCCTCAGTAACGGCGAGTGAAC

Fig. 6 Alignment data of ITS8mum and relevant sequences of wheat and representative fungi.
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Plant Fungi

" " Fig. 6 Selective PCR amplification of ITS regions of plant-associated
fungi. Lane 1; PCR product amplified with conventional procedure. Lane
2; PCR product amplified using LNA primer and oligonucleotide-PCR
clamping technique.
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Simultaneous extraction of plant DNA during
extraction step is major limitation in investigating
the community structures of plant-associated fungi.
This is because the sequences of primer—annealing
positions are nearly homologous between fungi and
host plants. Although fungal specific primers were
designed, there still observed the phenomena that
the plant DNA was excessively amplified by PCR,
resulting in the underestimation of community
structures. To solve the limitation, locked nucleic
acid (LNA) primer and LNA oligonucleotide-PCR
clamping technique (LNA techniques) were applied
to selectively amplify the fungal internal transcribed
spacer (ITS) regions. LNA primer was designed by
converting DNA into LNA, which were specific to

fungi, at forward primer side. Meanwhile LNA

oligonucleotide, whose sequence was
complementary to host plant was designed by
overlapping one base with annealing position of
reverse primer and by converting the plant specific
bases into LNA, at shifted region from 3’ end of
primer—binding position. PCR with LNA techniques
selectively amplified the fungal ITS regions, while
those of host plant were predominantly detected in
the products amplified without LNA techniques.
Thus, application of LNA primer and LNA
oligonucleotide—PCR clamping techniques was
considered effective to widen the scope for the

community analysis of plant-associated fungi.





