TR

Life Science 2(2), 108—119, 1992

$4308

Z 3 DNAY 79 Z2A W3} 16S like 2HE

Z 3
o
A SE 8 A7l

Aol o] &%

(Sequencing of Enzymatically Amplified DNA and Its Application
to 16S Like Ribosomal Gene Amplification and Sequencing)

o § ='-
SATO SEaL Abelal ey ek v) A Sl -

I. M g

frzzae] gz 1970t E A gbE o], 5 d R
AApet 4537 southern hybridization®'' 2} ¢ 7]wh < 7
A g v Eeke] w2 A2 7ol i ol

FAYEGANE BEA E2A QR gue

{rAsleb A4 8h7E 2 o] skl ool dideoxy) el 2@t
oﬂ/]HHod/uq Wi g Ao o]gzm‘}s.—a;ol_&kl DNA
sequencer?] 5 oluld g ftel R8sk vIEHel |
Bk “Lith cloning %ol clone®] & 4¥tAldl Qlo]Ale]
sk, Agskel Mt o R el gllch A

Al-ligase & th5)3= cloning®] 9|3t

FEM L EHDNASY vectorit AT AR HHES DNA

llga el o4, SE(REHO R thgat)ol AdAA 52
} 7} ol o Vector & AR plasmld 2] —?"Alﬂf“p‘

Aal Yoz AT plasmids FEAA, AdE R

@ahd 54DNAS 858 F Jou Wiz 37449

o

olN

}

B
8
el AE 4242 DNATEH(polymerase chain
reaction; PCR)-% ol &byl bt zde) vl#gl 48
(K-8 ofmcihufd, ofnnAtul g o) HEA F)uk obH
W AR e Mo 29k o] DNAVE 53 ¥ 0] cDNA®]

Al Ad el A& (g} vhgshAl sk ofss
g '/l el Mo faxte] a7 W G o
virusHFel et 2 R nasr A9l otof s 2-8-0]
7hsstet, ek 2b53k DNA sequencerd '3l slo] o] &
s AN £ S AR A& s vhssit CL
Hn BgeAe & (gene amplification) ' .31
M PCRM e vigstina o 3 2] HLFRNA:

2} A] Al (molecular clock) 124 A 5 2] Al%s& v=sfiz vl

A%

vy 28

z 2 %
PR SRR EU XU R S

Aol My HA 2AL 2k sl stio|ut, F ot Alat
(bacteria) ol 411> Carl Woese'®' ‘5ol ol 165 ¢|4+%
RNAS] ¢lvjufel s wivbo iz Algo]l dijule} gtal ofip
ol 1 ol rakis 185 vlRERNAS ¢ /iwjed 11 % o]
;»”L?_X] §},\!}/ﬂ(1 5H1r] oﬂ ’:!r’~—,°; u]rll
Q1 ool PCRM S o] &3 165 like ] EDNAZ]
SEMY OO0 PCR-GE AT 2] 17wl 21w ol ) 3o
A&y 2t 191491 leading error 5 WA BRAL 4]
49k Apgal ) Al (EA”l HeFo] 4y DNA sequencer @)
Mubsh Algko st vHsakA woieh Jreliiil cDNAQl

Toll diall e Afsabara) &bl

1*110 Jr}ﬂo‘

:%L{\l} A3 {\} 01 /]uH ol 7] Ao
. PCRE0] 93} cDNAZE

PCRYI- 1985451 Cetusel R. K. Saiki ‘ol ¢1-+3led
olall arohyl W oL A SHE A ligase ol ol g clomngHL

W A i R s S U W poly-
merase™: X AH&¥) ol 43t polymerase 2] KlenowkHl
oo otsf bR el A Hgky]o) u cyclentth ML
i Avhskedol b AR o2 sty 7] gt
1987 4ol Wl 4 9] polymerase”’t Thermus aquaticusit
e L S NI e S S ) S R
TLolgol W irake] kARl fef s A MRl ¢

PCRY 9] ka9l ¥ 4o DNAS ¢4, primer®] 71
&, primere] 2 gwHg-o)v, o]t 1pg o] Wk O 5 iy v
troo 4] DNA®] &#0] 7FoahHFig. 1). PCRYI A} 57
DNAGHA S 92004 15~30%(H 2o I &
714 ), primer®} A& 45~60C (Tm-5C) X 15~
607, primer extensionH-3-> 72Co 4 30~60%= 30~
40 cycle &l DNALHA S} HE 490 FFA o) exte-



109

sep 1 sep 2 sep 3 cDNAE 5%, 71 A A4S sto] 3/l 17l s
I - o o s
overlappingA| 7 WH <] wd-& Ao
owd = e . ) . .
@ S o okl iz 1 7] 2] cDNAZ ¥ & O. Oharas'™ o] K.alg
~ e /' denaturation cextention . . . E — =
g 2 q ! one-side polymerase chain reactions =422 Af&
E , poly
~ /
£ / 44 Fig 2014 BAHoR HolFa )
& ad/
22° 4 ) . ZolHM Z ¥ 1
Primer anncaling 1 S o ‘r‘TT_‘QI o H
T T T T \ T T T T T
1 2 3 4 5 6 7 8 9 1 oplicbel HEQO] Wi fAahR ol A ofuln st
Fig. 1. Principles of polymerase chain reaction. ol thgk %] 40 uh O 2 primers 2HA| T, o)y pri-

meri* UhA mismatch7} 8] & 51u 3"dvkel 7v)i: g els

nsion*] (- A, FELE Az S| apolof k. obuli b o] 4] o F¥ = el 7)ule

cle ] (% w5t # A kil eycle®] 4+ £ 7H3 32 degenerate primer® Vb thA4:9) mismatch 7}
At Taq polymeraseslol AF WA & A(Vent™ o]l degeneracyir #ojiz ¥o] HojAo] & (DNA

DNA polymerase, Bst DNA polymerase, Tth DNA poly- ZXo| oz}

merase) 2 ¥ 1 719] <1214 @) 415 3HDNA sequencer, of Fohriol FZo poly A RNAE o] &8tz Aol

¢3¢ bio image analyzer)i: -1 §-&° & VS WA 8t o1} AMHDNAS £98 7Rssa A ahe A E A

Atk bR oL 2Kbolste] SH - vhgol Zbgsil 2 RNAS whgomslm £417h gith DNAS B3 o

Kbolidel f-xzke] F2o- Fohtdt, 3599, 57599 9] 21 395 ake] RNAS) el A 1119 24 phenolol

a

POLY(A)* RNA

I

ss ¢cDNA Synthesis 8s cDNA Synthesis -
[(dT20 primer} (primed with R2] Addition of dA Tail
N v
PCR with primers 1st PCR with (dT)20 and R3 1st PCR with (dT)20 and R2
R1/R2 and R3/R4 2nd PCR with (dT)20 and Fr} 2nd PCR with (dT)20 and Fr2

Size Selection
(Agarose Gel)

uencin, Slze Selection
R

Design of new specific primers
T
! 1 cDNA i 3'-End ¢cDNA Amplification 5'-End cDNA Amplification
b
5 JAAC-AAA 3
Rl»- - - - «R2
R3p— — — - - < R4 }Core
@D~ = ~ = - -R2 .
@Da> - = - - <«F2 }5%End
R3om = = = = = — ~(dT)20

Frie— — — —(dT)2 3End

Fig. 2. Three-part strategy for cONA amplification. (a) Steps involved in the amplification and eventual sequen-
cing of complete cDNA transcripts. ss, Single-stranded | TM, tropomyosin. (b) Position on an idealized
tropomyosin ¢cDNA sequence of the various oligomers discussed in the text.

Vol. 2. No. 2(1992)



110

o3 F27& 5 5 otk d4xd RNAE FYox
cDNA®| A AA| & 9 H AL A (reverse transcriptase 3 mu-
rine moloney leukemia virus, avian myeloblast virus, Rous
associated virus 2) & AHESIYH £ F8E 9 4 ok
A HA G AFE-5 = RNASS X% poly A RNA #H4
100 ugd =, A Hl:t“‘ RNACIH &2 5~10pgS AHE-3ht},
SR LIS LR °ﬂ 3] 4vl5 et pCR A4 AHE
N AR 3’—%‘% NaCl, KCI& Taq polymeraseZ #
detrz #HE PCRWE AN AFweE 0.1MoldE {4
pofof g},

3599 SF A= 2] WY E 9 mRNA7} poly
A talls 3700 7FA L glo B o] il thd dT pri-
mer (20~30 mer) 9 4% %9] YR E o] &3l &

©]5 <) primerE A8} PCR =L
¢l el cDNA°ﬂ 7HE Eol 2l prlmer/} Agsto] FE ),
132 54 PCRE 13 vl Ashe, 13]w) PCRoA| AHE-3
primer®] A2-919] shire] WjAdS 7hd MRS PCRE2]
5018 primerg AM&-3H} PCR‘E'}%—? B9 53X
DNASl %% &3] 98 hybridization® #3&
probe® AT Sol A4S FA717] 98 gelol M PCR
H2S YA HADNAE R
gel2 F-F 353}

dT primer®) hydrid® o] St ZA-*oli= dT pri-
mer®] 5 2o 20771450} et wjd S AFAA an-
chor PCR* *V'-& AL&8tc} o] dT primer®
W2 RNA polymerase} promotertl ¥ 5% o] &3}
%% DNAI X RNA probe® #3 24| 7V5 3l th &% poly
Ax-o] FFs] 77l ol dT primers] Aol dAs

hybridization 2
5t

oro X
1=

S o, whe}A) PCRZZAE L 279 BUdE
vepd e, 22k PCRE cycle S 5 7FA171W o] 2 w7 &
= Ieh PCRAME 9] A4 G ujd A **l o] M3t Wit 4
wj F-ofl poly ARl 7} ol 2} FY R E oA} 3o 2
A7ld e ARt

il

o
L

3.5 FEW

_JlN

5% e linker(adapter) @] %7}, E+ terminal deoxy-

nucleotide transferase(TdT)°} 9%} homonucleotided] ¥
7}k cDNAY FEoff Mg xlojol g}, B dAR717} A4

ARG, C1epE 3'EY el FEo AR primerE A}
&8 4 913, back ground7} W7 wjiolv}, §4 o}
kel DNACA welzl wjad s 71 itste] 5e% 5%

ol e RES AY R R 8l oligomerE =] B},
o] primer¥ ©)&-8fo} 5t A9 DNAE gt
olm primer%¥& #Folil mRNAS primerQ] hybridiza-
tion Al k& 218k 7ol Erh (DNAF ¥ phenoldE,
ethanol @ Aol o]8] vhd 9@ t}eke] deoxynucleotide
A A8k, 70% ethanol ¥ ¥, 1129 TdTHHE-& dfhe).
vt sample#e] d& 9 carrier2A poly C¥ etha-
ol HHAl H7he. TdTHHE-F EDTAH7), phenol¥%,
ethanol #1158 cDNA% &]53ke] PCRe| Abg-dht,
Fol cloning®] 490 5UEHEES A £ giv
B7E Ao, 5hvhed o cDNA°] FERL QAR A
2oe] A o] & W pCRYE Hadozy 9
Ak shretedelel s do] shgaht.

. 16S like ZI2ZDNAS| S=

AR RshE f #A2d 9] 8 (duplication) ¥ ¢} 7] %18
ToR vheskm, 1 dstel by fube] o e e
7)Es]o] vk AHFAFFAMY WEe AgAA
FA I E 3t H{ A KAl EAshe #ae
shiblo] glom iAo vl L AU} AEeo)
oA gt 2z ngﬂo Aol WMo HAge
nome?] {4-& vl R A Fik HHl 74157‘]35}
“’}71]"1] gk sl 7hsatA HSich Aol ¥

AT 7)F, 28 2 4 O v‘f—z}%’%ﬂﬁ
A7k DNAE O] doldog AAs L glA &
ol M= 53] BARstEQ A4 7125 F ASAS

wA o] FES W 211:}
il

Agr-‘,Jr_O‘rf

e I 4

A
ToR 1L uio] H%’~ AALE L1%’~ del.; 9;9_111, X

AR oz fo o] 9l Hxjolofol & HulolL]z}l 489
o Fofl *1 ol W S doyshofob ehriw
MU RS el wele] R pAT S Ak

N ol B Qv A EEo] A B2 165 like



UJHARNAT A= AgdsiaAe sidd a3 of
Aol waL

168 like v] #RNAC e &
7j kgl RNase T,ol 23 &l &
logiell 4 W5 -x©], Lane '5“'011 o Ri Avugd
ol o) Aaixlof gha W7 Ae 2] HEDNAS
cloningsted WA L% stoighe), 58] 2|HERNAS Uy
o g Aotel vpikel ]MEFRNAVE BQshi, Alu
CJELHRNAVE $Hdol A 8)s RNaseoﬂ sl e xlof
Wi AvF A A Al L] 8E glo] A7)y
T A e o gol A9lal cloningl v el M ol
siek upel (ko] clone?] #HSloll VS Al¢bol 9| of
data®] Z#o] #[¢x]o] ghr

165 like 2| LERNAC] 5% 07 3'59)olofliz 7hg9]
Wit g Hor HEo] 5 ofo] Exgte] of
gols 7122 & PCRE primerE #AE 47} 9lep2 2

ol3% primerir o838} 16S like BlHEDNAS V&
PCRW ©.i2 F¥vbsattt o] 9 16S like ©]H.FRNAS
5019 {12 AV E e forward primers} 3'9 ol A
KAl Vv 4 9] reverse primerS #HAl, PCRE primeriZ
AH8 8 CH(Fig, 3).

Eubacteria 16S 2] 2.ZDNA2] PCRol A} & 54z primer".'"
Table 101 glxof ol o]F E. colig eubacteria®ll &
&% 16S CJHERNA § /103t alignmentdF 1o Fig,
4ol 3iA]¥]of Qlth o]% PCR primer?] ZFo R F#y
Stelat ol A e FEIBGE ARt Wi 3552 Table
29} Table 3o “FERHILE

D)2} rD, primer4 t}%$ eubacteriav'2] ol
ol &% & vk 1D, thA 1P, 22 Ak 1 WO chakst
29] Lo o]g¥ 4 glo L]. D, °] ';'I:oigioﬂ 7} 7LS-
7 }AL]r uLo e o] ol /] z S@oﬂ - OLo}L} P, EH }\] P,
A Al o] /b M PCRAMGO] YA Y] Y|k gk

23l M2 forward primer® 5-ATCTGGTTGATCCT-
GCCAGT-3°9] W4 7hel 213} reverse primeriA]l 5-
GATCCTTCCGCAGGTTCACC-3°9] isl& 7l 21 A

£k 168 like TIHEDNAL SEo] 7b58lu(Fig. 4).

At Carl Woese/t

2] oligonucleotide cata-

[
at
~

it

\Q
I

ol

V. PCRUZS] V(A BHY

PCRAFE2] ?1718) < 714 2 subcloning S 8hod 44 &}i-

111

g 3
3 -5
o
3 l 5
5 3
--————— ("3
&

-3
T
3 l 5
5 3
—]
g

5 — —————» 3,
-7
0

3 5

Fig. 3. Schematic illustration of 168 like ribosomal DNA
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Table 1. Summary of primers for the PCR amplification 16S of eubacterial rDNA"

Primer Sequence (5" to 3) Designed for

D1 ccgaattegtcgacaacAGAGTTTGATCCTGGCTCAG Most eubacteria

D2 ccgaattegtegacaacAGAGTTTGATCATGGCTCAG Enterics and relatives

fD3 ccgaattegtcgacaacAGAGTTTGATCCTGGCTTAG Borrelia spirochetes

fD4 cegaattcgtcgacaacAGAATTTGATCTTGGTTCAG Chlamydiae

D1 cecgggatccaagctt AAGGAGGTGATCCAGCC Many eubacteria

rP1 ceegggatccaagett ACGGTTACCTTGTTACGACTT Enterics (and most eubacteria)
P2 ceegggatccaagett ACGGCTACCTTGTTACGACTT Most eubacteria

P3 cccgggatccaagctt ACGGATACCTTGTTACGACTT Fusobacteria (and most eubacteria)

“Primer abbreviations ! f, forward : r, reverse : D, distal * P, proximal. All primer sequences are presented in
5 to 3 orientation. Linker sequences containing restriction sites for cloning are designated in lowercase letters.
The “f" series of linkers all contain EcoRl and Sull sites, and the “r" series all contain Hindlll, BamHI, and
Xmal recognition sequences. Reverse primers produces sequences complimentary to the rRNA. Primers rP1,
rP2, and rP3 are identical except for the 17th base from the 3" end. Under most amplification conditions,
they should be functionally equivalent. Primer rP2 has the sequence corresponding to the greatest diversity
of bacteria.

Table 2. Primer combinations that have been proven to produce an approximately 1,500-bp fragment

Species Primer pair
Nefsseria g(]?’l()rrh()ﬁ(le ................................................................................................ fD] | rDl
C()xiella burnen'l' ...................................................................................................... fDl + rDl
And[)l(lsma }nargl‘nale ................................................................................................ fDl + rDl
Neisseria Wlenl'ngl'tl'dl's ................................................................................................ fDl + rDl
Bacterpides fragilis -+ er+eserre s e D1+ P2
BOWell(l bu?’gd()?fé?’l ................................................................................................... fDS + rDl
B()Welia heVmsii ...................................................................................................... fDS + rDl
CLOSIFIATUM POVTYINGENS ++=eresrssesrme e ssr s sttt D1+ D1
Mycoplasma  prneumoniae + 1Pl
Mymplasma JUOMLIIIES  *++ e neeesemm s e s et ettt et et e D1 + P1
Mycoplasma gentlalisgm <+ ++--++ s remesssme i fD1  + rP1
Urefaplasma urealyticum ............................................................................................. D1 + P1
Canlpylobacter ]'ejunz‘ ................................................................................................ fDl + rPl
S]llgelld 'ﬂ€xne” ...................................................................................................... sz + rPl
SRIGEH@ SORMET =+++++er+ e ssemseeeres st D2 + Pl
Chlamydia ps”m” ................................................................................................... fD4 + rD1
Chla’nydia ti’(lc‘h()maiiS ............................................................................................. fD4 + rDl
Chla;nydia pnez“nonl'a(, ............................................................................................. fD4 -+ rDl
MYCODACIEYTUm  BODLS ++++++=++-eeessseemsesmer st + D1
Legionella  pneumophila + D1




113

Table 3. Theoretical specificity of amplification primers for 16S rDNA

Primer

Phylogenetic grouping and genera which should amplify with indicated primer®

fD1

fD2

fD3
fD4

rD1

rP1, rP2, or rP3
(probably all

functionally equivalent

Gram-positive bacteria and relatives
Bacillus, Clostridiun, Staphylococcus, Listerta, Lactobacillus, Streptococcus,
Mycoplasma, Spivoplasma, Ureaplasma, Acholeplasma, Erysipelothrix, Fusobacterium,
Arthrobacter, Mycobacterium, Streptomyces
Purple bacteria and relatives (proteobacteria)
Rochalimaea, Brucella, Rhodopseudomonas, Agrobacterium, Rhodospirillum, Pseudomonas,
Neisseria, Caulobacter, Myxococcus, Campylobacter, Rickeitsia, Ehrlichia
Cyanobacteria
Anacysits (Synechococcus)
Buacteroides/flavobacteria
Bacteroides, Flavobacterium
Deinococcus and relatives
Deinococcus, Thermus
Spirochetes
Treponema, Spirochacta
Planctomyces and relatives
Planctomyces
Chlorobium-green sulfur bacteria
Chlorobium
Thermotoga
Thermotoga

Enteric members of gamma subdivision of proteobacteria v
Escherichia, Shigella, Salmonella, Servatia, Erwinia, and Cirobacter, etc.(all the enterics)
Oceanopivillum, Haemophilus, Acinobacillus, Vibrio, Pasteurella

Spirochetes of the genus Borrelia
Genus Chlamydia

Purple bacteria and relatives (proteobacteria)
Pseudomonas, Neisseria, Rochalimaea, Agrobacterium, Myxococcus, Desulfovibrio
Gram-positive bacteria and relatives
Bacillus, Staphylococcus, Arthrobacter, Streptomyces, Mycobacterium, Heliobacterium
Cyanobacteria
Anacysits (Synechococcus)
Spirochetes
Treponema, Leptospira
Planctomyces
Planctomyces
Chlorobium
Chlorobium
Thermotoga
Thermotoga (plus selected archaebacteria)

Should prime all bacteria, plus plant mitochondria, chloroplasts, archaebacteria,
and Dictyostelium, but not yeasts or vertebrates

“Primers are considered applicable if there is a perfect match for approximately 15 bases at the 3 end of the primer.
The list is definitive only in the sense that the taxa mentioned represent the sequences available to the authors. The
absence of a genus from the list does not imply that the primer will not work. Because the majority of the available
rRNA sequences are derived from direct sequencing of rRNAs with reverse transcriptase, there is far less information
available about the 3" end of the 16S. In some cases, the indicated genus is represented by numerous species ; in
other cases the indicated genus is represented by only one.
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CONS=90% AGAGUUUCAUC UGGCUCAG GAACGCUGGCGG - GC U A ACAUGCAAGUCG
E. coll AAAUUGAAGAGUUUGAUCAUGGCUCAGAUUGAACGCUGGCGGCA- GGCCUMCACAUGCMGUCGAAC GUAACAGCAAGAAGCUUGC
fD1 S'crqaattcgtcqgacaacAGAGTITCATCCTGGCTCAG-3 (extend) ----)
D2 5'ccqgaattcgtcgacaacAGACTTICATCATGCCTCAG-3' (extend) ---->
£03 S’'cecqaattcgtcgacaacAGAGTITGATCCTCCCTTAG-3 (extend) ---->
4 S*ccgaattcgtcgacaacAGAATTTGATCITGGTTCAG-3" (extend) ----)
CONS=290% G GGT ACGGGUG GUAA U A UucCC GG AAC GAAA UAAUACC AU

E. coll UUCUUUCCUGACGAGUGGLCGGACGGGUCGAGUAAUGUCUGGGAAACUGCCUGAUGGAGGGGGAUAACUACUGGAAACCGUAGCUAAUACCGCAUAACGUCG

CONS=90% AMAG GA AU AGC U GUUGG GGUAA GGT ACCAAG C A GA u
E. cold CAAGACCAAAGAGGGCGACCUUCCEGICUCUUGLCAUCCTAUGUGCCCAGAUGGGAUUAGCUAGUAGGUGGGGUAACUITUCACCUAGGLSACCAUCTCY

CONS=90% A C G CUGAGAGG GA C G CACA UGG ACUGAGACACGG CCA ACUCCUACGUGAGGCAGCAGU GGAAU UU CARAUGG G aA CU
Z. colt AGCUGGUCUGAGAGCAUGACCAGCCACACUGGAACUGAGACACGGUCCAGACUCCUACGCGGAGCCAGCAGUGGGGAAUAUUGCACAAUGGGLCCAAGECY

CONS=90% GA AGC A GTCGCGUG GA GA G U GG GUAAA cuu GA G UGAC UA
E. colt GAUGCAGCCAUGCCITGUGCUAUGAAGAAGCCCUUCCGSUUGUAAAGUACUUUCAGCGGCGAGGAAGGCAGUA AAGUUAAUACTUUUGCUCAUUGACGUUA

CONS=50% A AACC CGGCUAACU GUGCCAGCAGCCGCGGUAAUAC AGG GC AGCGUU CCGA U A UGCGGCGUAAAG G G AGG G
E. cold CCCGCAGAAGAAGCACCGGCUAACUCCGUGCCAGCAGCCGCCGUAAUACCGAGGGUGCAAGCGUUAAUCGGAAUUACUGGGTGUAAAGCGCACGCAGGLG

CONS=90% G AGU G GU Aaa GCU AAC A AC CU GA AG GG GAAUU GUGUA
E. coli GUUUGUUAAGUCAGAUGUGAAAUCCCCGGGCUCAACCUGGGAACUGCAUCUGAUACUGGCAAGCUUGAGUCUCGUAGACCGGGGUAGAAUUCCAGGUGUA

CONS=90% G GGUGAAAU CGUAGA AU A GAA ACC U GCGAAGGC CUGG A UCAC CU A G CGAAAGCGUGGGGAGC AACAGGA
E. coli GCGGUGAAAUGCGUAGAGAUCUGGAGGAAUACCGGUGGCGAAGGCGGCCCCCUGGACGAAGACUGACCCUCAGGUGCGARAGCGUGGGGAGCAAACAGGA

CONS=90% UUAGAUACCCUGGUAGUCCACGC UAAACGAUG U GU G AG AACGC UAA CCGLCUCLG
E. coll UUAGAUACCL'UGGUACUCCACGCCGUAMCGAUGUCGACUUGGAGGUUGUGCCCUUGAGGCCUGGCUUCCGGAGCUMCG\.GUUMCUCCACCCCCUGC\.

CONS=90% AGUACG CGCAAG U AAACUCAAA GAAUUGACGGGG CCCGCACAAGCGG GGAG AUGUGGUUUAAUUCGA G ACGCG  GAACCUUACC
E. coll GAGUACGGCCGCAAGGUUAAAACUCAAAUGAAUUGACGGGGGCCCGCACAAGCGGUGGACCAUGUGGUUUAAUUCCAUGCAACCCCAAGAACCUUACCUG

CONg=90x UUGACAU -GA A - - ACAGGUG OGCAUGG UGUCGUCAGCUCGUG CGUGAG U
E. cold GUCUUGACAUCCACGGAA-GUUUUCA~GAGAUGAGAAU -GUGCCUUCG-CGAACCGUGAGACAGGUGCUGCAUGGCUGUCGUCAGCUCGUGUUCUGAAAY

CONS=90% GUUGGGUUAAGUCCCGCAACGAGCSCAACCC GUU CAC G G ACUC ACUGCC G AR GGAGGAAGG
E. coll GUUGGGUUAAGUCCCCCAACGAGCGCAACCCUUAUCCUUUGUUGCCAGCGEUC ~CCGLCCCGGAACUCAAAGGAGACUGCCAGUGAUAAACUGGAGGAAGG

CCNS=90x G GGA GACGUCAA UC UCAUG CCCUUA G GGGCUACACACGU CUACAAUGG ACA GC A G GA AGC AA C
E. colt UGGGGAUGACGUCAAGUCAUCAUGGCCCUVACGACCAGGGCUACACAC! GUCCUACMUGGCGCAUACMAGAGMGCGACCUC GCGAGAGTAAGTGGACC

CONS#90x AAA UC AGU CGGAU G CUGCAACUCG C UGAAG GCGA U GCUAGUAAUCG  AUCAG A CGCUGAAUACCUUC
E. coli UCAUAAAGUGCGUCGUAGUCCCSAUUGGAGUCUGCAACUCGACUCCAUGAAGUCGGAAUCCGCUAGUAAUCGUGGAUCAGAAUGCCACCEUGAAUACGUUC

CONS=90% (GGG CUUGUACACACCGCCCGUCA CA G AG AAG AACC GGA CA GU G
E. colt CCCGGCCUYGUACACACCGLCCOUCACACCAUGCCAGUGGGUUGCAAAACGAAGUAGCUAGCUUAACCUUCCCGAGGGLGCUUACCACUUUGUGAUUCAUG

CCNS=90% A UGGG AAGUCGUAACAAGGUA CC UA GAA UG GG UGGAU ACCUCCUUU
E. colt ACUCCGGUGAAGUCGUAACAAGGUAACCCUAGGCCAACCUGCGGUUCCAUCACCUCCUUA

ruy (---- (extend) 3°-CCCACCTAGTCCAGCAAttcgaacctagggcccsS'
Pl {~~== 3 ~TTCAGCATICTTCCATTCGCAL tcgaacctagggece~S”
P2 (~=-= 3 -TTCACCATTCTTCCATCCGCAt tegaacctagggece-57
rP3 (--~- 3' -TTCAGCATIGTTCCATAGGCAttcgaacctagggecc-5"

Fig. 4. Sequence alignment of the amplification primers with 16S rRNAs of E. coli and a eubacterial consensus
sequence. The consensus shows positions that greater than 90% conserved for a phylogenetically diverse
collection of approximately 85 bacterial sequence.
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PCRAME O] A B2 F&Aloli= o4 T, DNA ligase’ gase™ Z1Al7Z 4= Qlub s @4 linker® PCRAHE o]
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Fig. 5. Nucleotide sequence of 16S like rRNA coding regions from Saccharomyces cerevisiae(a), Aureobasidium
pullulans(b), Athelia bombacina(c), and Collelotrichum gloeosporioides(d), The appropriate gaps( —) have
been inserted to compensate for differences in sequence length. Dots signify identical bases for the
positions specified. Y=U or C.
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ARAA N2 B (sticky end) S THE0] T2 sticky
end9 vector®ll subcloning®}7]% 3ich

Y GUIMEEE N 2 HE ALE EEE 4 9
G Folth, ¢ #EE 9|7t 27 &8
7% 8X10°/nucleotide/PCR cycle?]
2X10*/nucleotide/PCR cycle
(Taq polymerase™ proof-reading”]’s& 7}A1%] ¢&) &
5 9 A7 EAT £ e s A Wl subclo-
ning*1 = 549 cloneoll &}l 7 |wj =& E<ldtojof s
44 PCRAMESY] d7ofd S 2A3sH o128 artifacti=
HESA devh A 72 A At 165 0w
EDNA2 A9-ol Lane §*'2 universal primer A, B,
reverse B, C7} sequencing primer 2 AH&-2 42 glt}, ojuj 12
HZAol =2 9ol sequencing primerS A g}

A M7t M+ forward sequencing primer€ 339~357,

:] Klenow
fragment& AM2-3

g 4|8}, Taq polymerase:=

785~805, 907~926, 1391~14063} &2 AA(E. coli
2| BZRNAY B7I9AD7F AHE-E AL, reverse sequencing
primere 357~342, 536~519, 802~785, 926~907,
1115~1100, 1406~1392, “18]1L 1513~1494 A
of ARH @712 © primer’t AHEEU THAA
&2 £ 2 sequencing primere Al HEA O] 2
gl 2 A7IMEE 7 forward primerdt AR A S
7H4 reverse primer% AHEE 5 =l olE Table 4l
trehfol A Qlet

G 71a g 714> Sanger®] ddNTP% chain terminator®
AHE-8F dideoxy 0] o] & FILk o]l B G WA T &
(P*, §*)% 4% deoxy nucleotide(**P-dATP, *°S-
dATP)E wh&ool o] 4% DNAVE ZAHA @ch
(Fig. 6, A). SAMEANLE Abgate 7 g 28 &

AL
FEor gy, & shedn ol Hvlwe BE

Table 4. List of oligonucleotides, complementary to conserved 185 rDNA regions, which are used as primers

for sequence determination of the 18S rRNA gene of Candida albicans

Number, Sequence(a) Strand (b) Corresponding position in the
18S rDNA sequence of C. albicans
1 CTGGTTGATYCTGCCAGT f 4— 21
2 GAAACTGCGAATGGCTCATT f 83— 102
3 AATGAGCCATTCGCATTTC r 102— 83
4 AGGGYTCGAYYCCGGAGA f 368— 385
5 TCTCCGGRRTCGARCCCT r 385— 368
6 ATTACCGCGGCTGCTGGC r 580— 563
7 CGCGGTAATTCCAGCTCCA f 572— 590
8 TTGGYRAATGCTTTCGC r 398— 922
9 TTRATCAAGAACGAAAGT f 950— 967
10 CCGTCAATTYYTTTRA r 1136—1117
11 AATTTGACTCAACACGGG f 11691186
12 ATAACAGGTCTGTGAGCCC f 1409—1428
13 GGGCATCACAGACCTGTTAT r 1428—1409
14 TTTGYACACACCGCCCCGTCG f 1614—1633
15 GACGGGCGGTGTGTRC r 1632—-1617
16 CYGCAGGTTCACCTACRG r 1777—1760

(a) The simultaneous presence of two bases at a single position is indicated by R(=A+G) or by Y(=C+T).

(b) Oligonucleotides with a sequence corresponding to the RNA-like strand are indicated by “f”, oligonucleotides
complementary to the RNA-like strand are indicated by “r’".
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) Y, =)
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D E
= T‘% @ INTP
A— dNTP x ddNTP
00— ddNTP Jabel
\ O — ddGTP
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Fluorescence labels

Fig. 6. Schematic diagram for DNA labeling.
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Fig. 7. The steps of chemilluminographic sequencing.

V. 229 168 like 2IZERMXIY ZZ0| 23t

EATIS Al 79 1 0|18

& AEAsEHel At e PCRE AHE-§F o
7t #Zg geolth L. Hendriks 59 #J¥%DNAQ &
ZA8A Q1 Aol o Adell Al 4H7HA ¥ Candida®
Aol o2 ol AR Pkt AR 4HA A9 Candida al-
bicans7t Ayt A ddel BEAYY (Fig 8). A%
A g sk A8, A4 statE ) Aol 2R
Taphrina%:3t 3| %etoke] Edo A Bel¥ Saiellads &
AR, SR FEHor FAo] AALE oA g

)

CEES

Homo sapiens
Artemia salina

Athelia it
Aureobasidium pullulans
Aspen;;llus fumigatus

im
Neurospora crassa
Podospora anserina
Candida albicans
Saccharomyces cerevisiae

Achlya bisexualis
Phytophthora megasperma
La‘genidium giganteum

9
Y
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