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MM ZFIH Lo KRLBRIE, TR TEFEK DL
VAT LAV NS R ERRA RGFTTHW LT
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WAEMOHBEBN TETVWARVORBRTH LY, 22T
AR TIE, 7, KQBEIEENTRAE L ASVF
JHIZIZ T DA & I O BB A ET 5 2
LxARE LT, ML HME % fluorescence in situ
hybridization (FISH) £}& OV&EEE FISH £ To % quick
in situ DNA hybridization chain reaction (HCR) -FISH % %
AWTHREMBRHZRAT, £, 2% 0 Z3AR]
HOME O = 2 KD, M OFERIA & 2 L.
S 1T, 16S rRNA Bin T Z45R0 & LI R mE
FRAT AT\, S U ZIZEE 5 AREME D & D3
WZEEE L, S FISHIEIC X SRR 237 7.
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AW T, BERMED 7T = 2 — W iBie & -k
WUBE S 2 7 L Td 5 Expanded Granular Sludge Bed

Table 1 Probe used in this study
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ARFE TRV 7 v —7 % Tablel (2773, FISH ¥4I
%, HHIE AAEA) L LT AlexaFluor555 % 425k < H7-
ARC915 711 — 7 Z I\ 7=, quickHCR-FISH 7&(2 1%,
B A AR & LT EUB338 fiElil (22 S 5 Bl 41 & O HCR
BOMEESZE LA =v=—% —BAzNx T
EUB338 initiatorH 'v—7 2 Wz, 72, v 7
B THWIMBENE D> REBMEDRETH D
operational taxonomic unit (OTU1) O#HIZIX, Zh b
AW % F H FTRE 72 BCR467 initiatorH &% (Y BCR851
initiatorH 7' 1 — 7 285 L H L7=. 9 EmEicix,
AlexaFluord88 % fZifk S ¥ 7 g HiR 7 v — 7 (HL KO
H2) Z M7z,

2.3 FISH &R U quickHCR-FISH i%

FISH 1%, Sekiguchi & 0 7 iEICHEHL LIT » 7= 9,
quickHCR-FISH %1, Yamaguchi & D FiEICHEL LT >
7= 4.

24 ERUVLHHEEOSERE

ARFZEClE, FISH % & OF quickHCR-FISH %% VW C
ZHEPOEITo0. LLTOFIETELERE LR AT
E£9, FISH 7£ & O quickHCR-FISH &I VW5 7 —7
(ARC915 71— 7 K, O} EUB338 initiatorH 7' —7) %
11 DEIETIRAL, AALT I RIEEE 40% TR
MRS T, ZDOREEZITY, "V LAT I R
B L TWRWESEEAIE S > 7 7 —Z T HL KO H2
2K D g 21T - 7.

Probe name Probe sequence (5-3) %FA Reference
FISH

ARC915 GTGCTCCCCCGCCAATTCCT 40 2)
quickHCR-FISH
Initiator probe

EUB338 initiatorH CCGAATACAAAGCATCAACGACTAGAAAAAAGCTGCCTCCCGTAGGAGT 20, 40 4)

BCR467 initiatorH CCGAATACAAAGCATCAACGACTAGAAAAAATACCATCW(A)GCACCGATAC 5  This study

BCR851 initiatorH CCGAATACAAAGCATCAACGACTAGAAAAAAAGTTTCCCTAAGACGCTG 515 This study
Amplifier probe

H1 TCTAGTCGT Tgatgctttgtattcgg CGACAGATAAccgaatacaaagcatc 0 4)

H2 ccgaatacaaagcatcAACGACTAGAgatgctttgtattcggTTATCTGTCG 0 4)

% Lowercase letters represent the stemstructure of the amplifier probe.
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2.5 NILF VTR OMEY B REE R

16S rRNA BEn1 & HERY & U 7oA B E fR i 1L,
Illumina MiSeq (Z X % 16S rRNA i&1x 1 V3-V4 fEIk D 7
Y 3 URENTIC K o T U7, SRS A FE
W2 LT 4y TR EHEA~ DT B, Quantitative Insights Into
Microbial Ecology /X1 77 A & AW TIiT- 72,
2.6 HEFHORHEOHH

R FISH {512 K A M O #R1%, Yamaguchi &
DIFHEHER LAT - 72 2,
2.7 KLEBEEBEADOREEMEDORENHRED

AWFFEClE, EEE FISH % Té % quickHCR-FISH 1%
EHOWTREEMAEDORTERE Z1T 72, £7°,
REEEMAEYRETH D OTUL IZH A S LI EMITxT
L T BCR467 initiatorH '@ — 7"} X BCR851 initiatorH
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B bR N K E 23072 OTU LT SN 7= EMIT,
Bacteroidetes FIZ B3 2 REFBIMAEMHE CTH 72, o
T, OTUL (Z4y#8 & #17= Bacteroidetes P2 & 4 % Ak 3%
WAEMRED Sv % o ZIZEE LTV AlREMED mn &
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Fig. 1 Detection of bacterial and archaeal microbes in an anaerobic
sludge sample by using FISH and quickHCR-FISH. (A) DAPI stained
cells. (B) Probe signal (Archaea : red, Bacteria : green). Both panels
shows same field. The exposure times were adjusted with each
fluorescent signal. The scale bar is shown in 10 pm.

Fig. 2 Detection of uncultivated microbes, named OTUL in anaerobic
sludge sample, by quickHCR-FISH. (A) DAPI stained cells. (B) Probe
signal. Both panels shows same field. The exposure times were adjusted
with each fluorescent signal. The scale bar is shown in 20 pm.

{2 qUicCkHCR-FISH 7% VTN L 3 o 738 A it O
HREOM IR AR LTz, TORR, NFr 7 3E
BOMBEREORM IR (56.1£1.4%) 1%, /¥ 734
RTOMEREO MR (35.721.8%) & i L CEo- 7o
BRI T & D MR ORI =R DS 50%FEE Tdh - 72 H
K& LT, AR THWZ 7 0 —7 TIERHE Ly
MR 7 1 — 7 ORI T PRV D AEAE, ol
BOGFENEBEZRIEFLTNWDEBEX LN,
3.4 RIBFEMEMOREMRE

16S rRNA &5 1 A4 & U 7 i E W RESEAS 1 AT O
fiR E D, 2V F T REAERITEEN LI RS AY
(OTUY) Izt L C7 rm—7 255 L, SIRAMMRHZIT
7z, mathFISH i Y% W CRgliR /L A7 X RIRE%
Bt L7z, ZORE, W OO AEY N b &N
biv, ZOR THRMEME ORI SN2,
Bacteroidetes [IZJ& 3 D AEMRED NV 3 o FITEH2
MBS LT d 2 &R sz (Fig. 2).
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AWFFETlE, quickHCR-FISH &2 X 0, »SuF% 7
BI5-9 % ATREME D & & RIEEEMAEY DT REFEHI R &2
HONZTHZENTER. UL, @RI TH
% 7= qUicCkHCR-FISH V£ D EBR G O fci b 24T 9 24
EREZLND.
BEXM 1) Yamada et al., Appl. Environ. Microbiol.,
2005. 2) Stahl et al., Wiley, NYSE:JW. A., 1991. 3) Sekiguchi
et al., Appl. Environ. Microbiol., 1999. 4) Yamaguchi et al.,
Syst. Appl. Microbiol., 2015. 5) Yilmaz et al., Appl. Environ.
Microbiol., 2012.
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