FHNOWEIEERICE G LT\w5bZ & H 5 (Griffiths,
1994), TEETOWHEMBERICEDLIAEMIBIEL LT BT ILSN TP o228 EZ 6N 5,
OMAPWFFTE L, APHRELLTHERERE
FIHT 5121, 1320 O E R o fHE 2 ks
VETH D, TEMTEROKHIE, EICHEHMET
TILEEIZ Lo TATH N T & 72 (Foissner, 1999) .

B — 3o [ JE A AW X $% (http://protist.ihosei.acjp/
taxonomy/menu.html) | % An Illustrated Guide to
the Protozoa (Society of Protozoologists, 2000) 7 3.L7z (l&4 - 4, 2009) o
EDT—=INR—A%BEIITHIENTED, LIL,

TH) R RHEFEEMOTHUTWELEENEL, B
DXPNEZEEL N EHDH D (EE, 1993)

—7J7, 18S ARV —2 DNA (18S rDNA) i 3
YN LA MERMOMRIE, (5 —4 v LD
DNA 7— % X—ATHfETHY, DNA Data Bank of
Japan (DDBJ) (http://www.ddbj.nig.ac.jp/index-j.
html) DOMBERREEDILGEHENTWAEDS 201344 LLBRAR-TEBY, ZoOMEEOEER L OE % F)H

W4 © TS 4~—Io £ AHEE e
ITS 7542 —%ZM\i: PCRILIC X % Lhid 5 oGkl
e ey
(2013466 426 0 %)

= =]

WG A8 (2014) 1TS 774 ~—% 72 PCR{EIC L B 140 5 O TE ik e JuIHpHE B DR E
61 :17 — 22.

FIEFOMT I F IS 5729012, Internal Transcribed Spacer (ITS) 754 ~—% AWMt T
NEZFES L7z F9, 2009 FI2F%5E L7 MR B 11K 2> 5 0 DNA % v, 18S rDNA 124 %
[5E & ITS FEIIE ZL B A DA% 1T\, ITS FEI T E A OFEAF R e H 2 b7 T4 < — %3 ET L7z RIS,
T 58 DNA 2HiH L, ShE§ME LTHREILA ITS 754 ~—% MW PCR #47-7-£ 2%, HM®D
B4 XD DNA Wi SISz 20 DNA WiH ORI % R L7225, HOMTEROEYTH 5
CENHERRTE, —HEOMMBTIEZFELTHIENTER, CNETEIATORTOABEBET TOMERD
BHNE, BB 2200, EELIHLTEL Oz L L, ITS 794 v =%z PCRICE 5L, Ak
RS RESELZ LN TE, FHLIGELLEE L2, ZOMEEL, R TIES T~ OFH D I
EACET- N

¥—J— K3 MR ITS, PCR, 7'91~—, HH, BE%: DNA.

I. #

17

HEBAETHMT RO S 85803 3039 H:Th b, i,

M D 16S rDNA 7 — & X—2® 3,860,269 12~

THEMERIL MEEOBAEEL L TCLEETRE 5HE008%EMmOTY v, BERELTIE, TR
DNA 32 & BB A AT IC L D RIE E TOFik

WAE, WERE KEEAE L 721% (12 DNA Z fll ili
L, HERVEZHBTTAZEICLVEEZEETLH
EDIT b T 5% (Dopheide ef al., 2008 ; BEAD |
2007), THEHTEHITIRESLKGZEDREDZEAL
EBERETOMEROMANL, FEEEWER  TIOIFLEL LI, BEEIEIRETHS (FEADS,
2007), 22T, FHIZ, BEZTHITLRGHERL
TER»SR)Z B DNA 23l L, @ AT 9207 % i

rDNA &, 35U B W) o B 4 1 i 0 AT | i

JREIE, EELSNTWLRBERED, i SN TE7: (Lawley et al, 2004; Fell et al., 2006;

Shimano et al,, 2012) . EAEY) D rDNA 121, ok
®18S (small subunit) 121z, 5.8S, BLU26S (large
subunit) 2%» V0, F7z, 18S &£ 58S, BLU 58S &
26S OMIIZ2D0 ITS FHIAFEL TV 5, BERHEIC
BUIFAWZETIE, 7 2=v bORIZIHEIIHHIDS
FIIIFE L THEAS, ITS HIBIIEIC Lo TR ST

JUMPhHERESERTZE & > & — AR REBRBEIT 78 3HI © 861 - 1192 REARBR-GETHAE 2421



L7233 FEISE LTS (BH-FE)I, 2004) o JE4E,
FEFFRIY R ITS 7' I 4~ —SER S, IRIRF DT A—
NOKHTHHWSHNT WS Z EH S (Sheehan et al,
2003), TIHEMERTHITS 794 ~—%FHTZS
WHEMEA D 5

RWFZETIE, TIEME B 1E K2 S 0 DNA ik
(B4 - A, 2009) #JHWT, 18S rDNA |2 X 5 [F
sEE ITS ISR LI O EAT A 1T\, TTS s 5
BLH ORI RIS o T I/~ —%ikGt Lz, £
LT, ZDITS 7’74~ —%HWT, TEILOME
WO A FIEE L L 72O CTHET 5,

I. MEBELVFEE

1. g

L, SuM AR RS ey — AR (
I VLA IRTT) OV IV I LB O 2 [ Hb I By (13
A, B) g+ (0-10 cm) % 2008 4 5 HIZHRILL
TR L 720 148 A o LML, b e
% 14 mg/100 g, V) > # 17.3 mg/100 g, pH (H,0)
6.1, EC (1:5) 0.06 ms/cm, Z#at:7)L 4 211.2
mg/100 g, ¥k~ %2 4 301 mg/100 g, 3cHR
P77 24305 mg/100 g, CEC 19.6 me/100 g (Hr,
2008) THo7zo 1T3E B O LML, 15720
4283 09 mg/100 g, V) ~ Mk 43.6 mg/100 g, pH
(H,0) 6.7, EC (1:5) 0.06 ms/cm, 3SHuEHIN 72
2979 mg/100 g, zHPE~ 2+ 7 4 50.3 mg/100 g,
A4k 1) 77 4 39.8 mg/100 g, CEC 20.1 me/100g
(3=, 2008) T& -7z, Most probable number % (=
15, 2004) 2L B HIEMEROE L5720 OMFEIKE
1%, 18 A (149 £ 1.00) x 10° cells/g, +#E B i
(1.14 = 043) x 10° cells/g TH o770

2. TIEMTEROERESHFE DNA OFAR
TESTEROREEICR A L o8I, W
L7z 2@ (&G, 1993) 200 mL 12 A &
(Enterobacter aerogenes) % 1 FA&H 7ML, 25T
WC1~2HEE LTS/ 0 2wz, it
#003~01 g2 EZX9Icm DEHE Y ¥ —LIZANT
FA8 10 mL 298nL, 20CICEE L CilEik L C& 72
TR R LEAR % FEARBEEE T TH IAERY M &
ATl biF7z, HEORAZ#TL0, 37
TLyiarA74 FIZKEL (A, 2003), RIZH5

617 (2014)

UL DIREEDIZH FAERY NEHWTATA KT FA
RizseE, AMB OB E g LR L7z, T
WMEHRORBIZ LA EOFEL, [HAEAYNE ] B
X O An Illustrated Guide to the Protozoa (Society
of Protozoologists, 2000) % F\:TiT1-572,

ZD%, ERPEMET CBIE L RAHKRGDFES
LCHEMTROANEKLFE TRHEDL, # 1.5 mm Ml
Ylo7-E A (No.131l; ADVANTEC ##) %K
Ly FCOFATHEFHERD LIZHE, Ertvh
DIETHLIRLORL 720 ZOBME, IH K5 u LS A-
72 PCR - 2—712# L, #@Ei (10 mM Tris-HCl
pH 8.0)4uL & 7074 4+ —A K%l uL (0.1 ug) MMAT,
60C Tl ML 72, ff%IZ, 95T T 10 3 mEkL,
—70C T304, F7/213—20C T1ERRILI_EBRAS S,
PCR D720 D #ERIE L7 (B4 - f&E74, 2009) 6

3. 18SrDNA (L LB HIEMERDREE

%79, 18S rDNA o —#B, ITS 38, 5.8S rDNA,
26S rDNA O —# % ¥8lE 35720127 7 —AMPCR %
TV, #58\C 18S rDNA O — 2 BIE 4 2 72012t
7%~ FPCR%#47»7. 77 —AFPCRIZ, SR1:5
TACCTGGTTGATCCTGCCAG-3° BXU LSUR2:
5-ATTCGGCAGGTGAGTTGTTAC-3 » =1 =
IN—H )75 4<—+% >} (Takano and Horiguchi,
2005) & v 7zo PCR RUBBEOMBLIL, Aiab D #HH
DNAZ4&E 10uLl) &7 54 ~<— (100 pmol) #
FNZN01uL, TagDNA £V *5 —¥ (TaKaRa
Ex Taq: # 1 /844 (¥k) #:%8) % 01 4L (05
unit), dNTP (%25 mM) 16 u L,10 x PCR /%>
77— 2ul, MEEZEK6IuLEZMZ, &=
%20 u L & L7z PCRIIS &1, 93T 14T
TULArFax—Tartk, 93C30#, 50T 30 #,
72C 140% 35 A2 VATV, 2D 72T 5 5% 17
72 &5~ F PCRIZ, 18S rDNA o i & H 45 iy
By %5 —rvhelL7z7I914~<—t v (CS322F:
5 -GATGGTAGTGTATTGGAC-3", EU929R : 5’
TTGGCAAATGCTTTCGC-3" ) (Puitika et al.,
2007) #H\WT4To720 PCR KIS 20 u L ORI
X, $8IDNA 74577 —AMPCREWE 0.5
ul, WHEZEEKI6 uL &L, ZRLAtiz77—24
I PCR LA BfIZ L 720 PCR BG4 1%, Puitika et
al. (2007) OFEMEZ—HZHEL, 94C545 T LA
YFa2N—=Tarth 80T 14, 65C 14, 72C 147
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1V A7), FnT 94T 14, 64TC 14 2% A7
ZTEIZICTOmELE FIFA), 72C1axkl1 47
LT19 A7 vaiT\v, ZD% 94C 145, 55T 147,
RC1HE 1A NVELTIOTA7, wEIZ94T 1
4y, B5C 14y, 72C 55 %i1->72. 6N 72 PCR E
¥ 1%, Invisorb Spin PCRapid Kit (Invitek, Berlin,
Germany) T # # L, ABI PRISM 3100-Avant
(Applied Biosystems, CA, USA) 124 ¥ —7 v A%
1Tofze 1357213 #E R DNA ALY (500
bp # ) 12X A MDA E 1L, DDBJ (http:/www.
ddbj.nig.acjp/index-j.html) B LU GenBank (http://
www.ncbinlm.nih.gov/) THiZR L7z DNA 15 £ B 71
LB L TITo72

4. ITS 7514 ~—DERETEHERD

ITS #E¥IE, RiED 77 —A+ PCR EW % HWT
/2 F PCRIZEYD HEME L7z, ITS #Hi% & PCR 13,
77 —AMNPCREW 05 u L &, ITS FHIE% 88 E
XKLL= N—H NV TI4~<v—+ v} (SRI2CF:5
TAGAGGAAGGAGAAGTCGTAA-3', 25FIR:5’
-ATATGCTTAAATTCAGCGG-3") (Takano and
Horiguchi, 2005) ZHWT, 77 —AMPCR EFRIU S
- CIr o720 155172 PCR EWIZ, ek FIEE [
BRICLTHELR, =7 v R fTolze T—FR—RIZ
BERSNT WD IR A B RO ITS FHIsE Ry & o
W AT, ZOM IR 5 5 5 ITS 794~ —
wixEt L7z,

FEFL7ZITS 794 ~—OMIEMHEZRIL, FhEhn
DOTIEWMERD 7 7 —ANPCR EW 05 u L % 851
DNA & LT, 77 —ARPCR &R L4 CTPCR 21T\,

1.2% 7 77O =27 VESGKEI L, RO A &
Wi ORSSEMER L7,

5. ITS 7547 —&RAW:18BH5DOMERDHKREH
TR BE DNA (&, ft3l 8 o 05g = H v», ISOIL
for Beads Beating Kit (Nippon gene, Tokyo, Japan)
THhiHL7zo SR1 & LSUR2 71 ~— (Takano and
Horiguchi, 2005) #HWC77—AbFPCR %17\, #
DPCREWO0S5 nLe g DNA &L, #ElIL7:
ITS 794 ~—%H\T 18S rDNA Mg & [ 5h Tt
717 8 PCR 41572, f#bN 7zt s F PCR EWIL,
1.2% 7 /0 —A7 VESIKENC L0 BE0E O 4 5 L EiE
Wi OKRESEZIERL, 6T =7y A &) HiE
DNA Wrh D& = fgfT L, MOMEREIT72,

I. BRELVEZE

1. ITS 771~ —DixRETEFERR

TS HEE L 7o B A JERES L UF 18S rDNA
OIFFEFHNC LV EE L7zo FE L7ZME RO,
+ 3 A H & @ Diaxonella trimarginata (Accession
number AB684386) & Holosticha manca (Accession
number AB684389), 1 i B H % @ Oxytricha
lanceolata (Accession number AB684395) % 4 {F
BB, ITS 794~ —%i%at L7 #&GhL
72ITS 794~ — DR FERINIB 1 RITIR L2, 2
NoDTI4—%HWTPCRx1To72& 25, D.
trimarginata T\ 467 bp, H. manca Tl% 448 bp, O.
lanceolata Tl 452 bp @ ITS FEIHAHENE L 72 (551
(a1, 2, 3))s

F1R BEFLEZITS 7 9A4~—
B ER TS5AR—DLEF TS5 —DEF (53" SN SEYE D)
Dicxonella irimarainaga  D- M- ITSF (Forward)  TAACACTAATCCAATCATTTAAACC 467
HXONENa ImArsindta n tima-ITS-R (Reverse) GCACTTGTGCAGATGAACTGCG
Holostich H.manca-ITS-F (Forward) AGCCTTAAGTTGCAGCAAAAGAT 148
orostichamanca H.manca-ITS-R (Reverse) GGTCTAAGCACTTGTGCAGATG
Jlance-ITS-F (F ATCAACCTAAACCTAGCCTTCA
Oxytricha lanceolata O.lance-ITS-F (Forward) CAACC CCTAGCCTTCAG 452

O.lance-ITS-R (Reverse)

AGTTTTAGTGTCTAAGCACTTGC




(a)
1

2 3
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(b)

4 56 7 8 9

%1 X

(a) ZNEN O LEHRTE R b OHEIE

EH L ITS 77 4 ~—I2 & % PCR Hii@

L — 1 : Diaxonella trimarginata, Vv — 2 2 : Holosticha manca, Vv — ' 3 : Oxytricha

lanceolata,

(b) BRBE DNA » 5 O B4ig
#7% DNA X, L —> 4, 6,
BREE DNA,

FERALEZITS 774 ~—ty ME, L—24, 5

8 : hHE ADREEDNA, L—25, 7,

9: LHEB®

D. trimarginata O 1TS 77 A ~—

vy b, =26, 7: Hmanca DITS 774 ~—% v b, L—28, 9: 0. lanceolata

DITS 7'I7A4~—ty b, v—I—:

2. ITS 7oA 7— &AWL ELSDBERDKH

HETL72ITS 794 ~—% AV CTHIED BT DNA
75 ITS #I8 @D PCR Mgz A A2 L2, 14 A 7
5 HEE SN2 D. trimarginata & H. manca %, 13E A
DEREE DNA TI3IIEL, +iE B OIREE DNA Tidid
L2207z (1K (b4, 5, 6, 7))o % 11X (b4, 6)
DOHEIE DNA Wi 23— 7Y ALze2h, HIYET S
ZNENOMERDITS HHIH Th 5 Z LD HERR SN,
T4 B A 5 MEAE 212 100 84 O #E & R & B EE T T
HEE 7275 D. trimarginata & H. manca |3 H SN 7%
Dotz LIzA3oTC, 138 B2, D. trimarginata & H.
manca \IAFAAEL W EHERI S 72,

—7, 13 B 2L HEESN/ O. lanceolata 1%, +
BALBELLOEE DNA #8172 PCR T3
WEL72 (581 (b-8, 9). ZMH DR DNA K
FaEy—A AL 5, O. lanceolata ® 1TS 815 T
HDHTENHEREINT . O. lanceolata X, TIE A 75
HEAVEAZ 100 B O R 2 BEM S T CHEEL 2L
IR ofons, T A IHFEIEL TV A
CEDHOEM I o720 LI2HSo T, BHMEE T TOH
BEECIRES BN ho/Ed, ZolETHNE
M TEXLZEN LR o7,

18S rDNA 1%, Z <O TYNVFIV—EZTFTH
D, $ELRN D D09 FEIHIICE R

OneSTEP ladder 100 (0.1-2 kbp),

KTV, RLFHSNTE, ITS #HiEIE, 18S
rDNA & L C, I L TH-THHMD L
B E L, MBI L CRETEZED LI ENSTE
% (Mora etal, 2003) . ZD7z, ITS fEEIL, %
flE 2 kBT e M E ~ — 7 — @\ fn & LCH 7 5Ei
L% 2 51T\ 4 (Daffonchio, 2003). #T4E, ITS 7
TA =, SESELRGHTHEHINTETBY, H
JE T Pythium J& O O 72812 ITS FHI A & 35T &
NIRRT T4~ =D s S N7z (Lévesque
and de Cock, 2004), F7z, 7TA—NOBH D702
O ITS 7IA~—HFH SN T W25 (Pélandakis et al.,
2000), BEMEE T COMEROMANL, FEMEZL,
EELBHELEL T2, Lool, ITS 794~ —%
M7z PCRIC X AR, A#IHRE2HELZE
BTE, TGO LEL L 2\, 2512, TR
DOHEZIZHENT W5,

Doz ehs, BEOMEROMANIIIL, FHEE
B ITS 794 ~—% M7z PCR I X DMk
PHOTHHTH L. 4k, MEREZEWRELLT
FIHLTWZz0I1iE, SR HEEH T —
YEREEL, HIEETRHRENICHFETLIMERY
FELTCOLLEN DD, ZORELBTE oM %
X, TERBORELLLIMERPEINT -GS
2, HESWEIT) ECoMMHL T TE S,
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Detection of Soil Ciliates by ITS Primers

Chikako Shimaya

Summary

A new protocol for detecting soil ciliates using internally transcribed spacer (ITS) primers
was proposed. ITS primers were designed for rapidly detecting soil ciliates. Some soil ciliates
were detected by using these ITS primer sets. Identifying soil ciliates under the microscope is
very time-consuming; however, this method using ITS primers can detect specific soil ciliates
quickly. This method could even detect them using environmental DNA from soil in which soil
ciliates had not been detected by microscopy.

Key words : Soil, ciliate, ITS, PCR, primer, detection, environmental DNA.

Agro-Environment Research Division, NARO Kyushu Okinawa Agricultural Research Center, Suya 2421,
Koshi, Kumamoto 861-1192, Japan.
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