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DNA microarray = B2 £7¢] DNA sequence
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(immobilization) st BEAIZl Ao 22X, DNA probeEe] &
0734 2719] A H(array)o|2k & 4= o} 71222 2 Southern
hybridizations] $1eE o|&-3kw, AIZ. el probeZol 423t
+ DNA/RNA sequenceg°] JYeAE ZASH "ok A
¢DNA microarray 9} oligonucleotide microarray 2 % 77}

Atk cDNA array = partial(expressed sequence tag; EST) &
+ full-length complementary DNA(cDNA) sequenceE2 +
A= probeEL th7] PCRYCZ AZdrk Oligonucleotide
array 2] probew= 15-40 mer T2 FAEH EAT coding
regionol| hybridization¥] =& A ¥tk Oligonucleotide array
o Aeels & fAAF 10-2070¢] probert AHE-E AV
mismatch probeE¢] ¥ o]&E8 4= gtk ProbeEs ¥
de2 WEE 7 7] "Eel & bl ol hybridizationS
e Yo 2 7F58HA 312 multiple-color fluorescence dye
°]-&3t hybridizationo] 7}53817] whie] Y=l Ay A

=

=3
e WA v £ dvke FHE et o9dz
hybridization solution®] Y& Zo]3 A|FQ FEE ZYO=E

A reaction kineticsE® FXAlZ $ 7 thA} genomeo]
sequencing o Sl= 7%, genomeol] ™3} global information
oL} global gene expression pattern¢] A" 4= QJri= AA
o] Jck 3 AFFsheE AHHlE olggro=N tiF Aato] 7bs
3l data %] softwarel} systemT S 7k 7bssich

L. MEfA/ERAEAoel 88

oA microarray hybridization< PCR©J\} DNA sequencing
o] g3t 71HPH ThEoly & JFE &3 gk A 2
7] @AM fARRe] Z15S WE)7] s ARSE e,
Saccharomyces cerevisiae®] full sequence® AREE HA-77}
2=l Hol JrkDeRisi er al., 1997; Wodicka et al., 1997).
I % 539 #9xe] Edol(Hacia er al., 1996), £33

3ho] A<l 442} Sl(Heller er al., 1997), wlo]g2 &A%}
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al., 1999). Oligonucleotide arrayE

Ay = o] &5 At Chambers et
o]-&3} DNA sequencing
o} genotypingS T H LK Gingeras, 1998). Affymetrix
(Santa Clara, California)7} photolithography e 2 A &}3t
oligonucleotide array ¢! GeneChips-& microarray hybridization
< ©]8% sequencing g chipo & A{sell, FA Xt
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U yeast® open reading frame(ORF)ES 97317 s
GeneChip& B 3l2 JoH, 0|58 ©]-83lo] gene expression,
polymorphism, genotypingE2] A7} 7Fs3ltk Prokaryote
9] genomeJTE ¢+ microarray= o} 27] @Aolw, 1]
AES, AAES 12y vYEAEE FoliME ARE
LA} mutation®] metabolic effect, &4 Az} AM, g
ZAAFo|A DNA sequencett genome?] €A W AZE
pathogenicitye] #HH HFHAA 2 A+, YEEL
(bioremediation)o|\} A& A8l8H4 W 3 (biogeochemical
process)ol]l #HE hAAZY regulatory network] HF,
evolutionary divergence FU7E ¢33} natural population?]
o895

screening, community structure £4] Zof 288 4 9)& A
o2 Algdrh

ARHA F4¢ DNA chip2 AJEiA] 2 34 RUEY 23
EE FFEnFAAM I EAgo] RIEY FE2 mAE
Aol HTE F U e el EYe] flon, tekt
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=5 ol&F A Y S&EokIME tde] He Rl E
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k= dbgolth @n|7d FFol wi S Edie PIRE 2
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AEiA B 37 248 DNA chip B AIZHIY o) W]
o DNA chip ollA AFEHE FHFHR HANNME wlk
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AR s Tk 10,0007FR]9] H-:4EE DNA probeZ A3}
H 10,0007H1¢) wiES £4 4 itk 10071]9] probe T
ARERITE SAEE 10059 PSS A3 HEZ uAE
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9] BF 3EAE DNA chip2 &4l Aol EA6HA]
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Ao} 2 &L aRET Y70 33 #2148 DNA microarray
o &% 2 ALl E g Z 20 woE #1738 DNA
chipg] 7o) SFAZAE o|FAXA gith et At
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ol BAAZHCE 12 2,000999 NS FHT Aoz =
g, F AIAE 48090 o]F FoE FAHTHLG AR
39, 2001; Front Strategic Mgt Consulting). ©]o] wig} DNA
chipe] AL QI7F A ApolA¥gt o} plAlE, AE
5 RE Bolo] Ayl 589 Ao] SHAHM S4vE
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0] Arg APHEIA AL FAAS BH, BT ¥
¥ 52 ZAT 4 e he B PHES AT FE )
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oZRE fuT Be R $UA 2BE $HY BS @
AEAS A A0l et ARE e AYoE 9 £ 9
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Rayon 5% Hlo|23 Fopl AJEo] HAEIL Slof Hle] 3
A A Fde] B EXs A Aok AL Affymetrix
¢} Molecular Dynamics 7} F%o| Hoj 7|&7)d3} 535
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okt FATAE w= uAEAEEHQ] A7 EIHAM
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7 WAE, AE 5 EE Folo] AuFs 382 Zlo] a4
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79 1. DNA chipg o]£3 3
o} 7159 Tk

o:g‘xo _‘:L"%Ei‘“/‘ L U]Agﬁ:’]';g =

chip (LA, vlelglX AE8)& /s 2 dsegt vt 9l
THwww.clo2.com/reading/waternews/MicrotechNews_Mar99.html).
ool W}EW HE=E ZAAME DNA chip o] SAEA ZAM|ZH
o) 71 B 48N A0S DS BN
APHO wvlgle] HE2 V/I0E 74" Ao riggc) 3t
bioMerieux A= DNA chip A7 AFFAE] shelu)=
o] Affymetrix AR} FFo2 AFe T4, WA WAL
HE 2 HEE BAE 494 chipg AAIZ HerislEh

BAlS) 5 AL A WY 2 70 BA0) o[ L5 DNA
chipe] thHE-S A3 A2 bioMerieuxAl 2 Affymetrix
Aol @i BRI & 4 QU] 1-24 el el vy
=9 ZAEolu £42 91 DNA Chlp—g-»] HjZo| AR Ao
o F=m ole} §A 2T AlejA 2 37 EA8 DNA chip
o 2% W 1 ARE F4F WS BY A0 AR,
4, J7|sdat

Microbial genomics H-7¢] H=2]9] =721 DNA microarray
= A Agh wkel o] =2 gene expression patterne] £
A, AZL metabolic pathwayl} regulatory networkES &
A31= microbial functional genomics Ho] F2 AME-E|o]
AL lev AV e E87 BUEHE 5o 5HoR 3
Rl gt mE e Rolold $88 S IEkCho, 2001;
Tiedje et al., 2001). ©}Fet £572] microarrayE¢] F7n]AY
=83 s ‘@Eﬂt—’} okl 382 F Jd& Zo= AYss
t 7Fsd dokee AA oKl THE AEE ¢ dem I
& A7kA] EH’“O] He WHES o183 3438 FUEY
% gEEY P29 715 slele] e BARel,

AA), type strainEo

1+t environmental isolateE2] genome

=2 3AH community genome array(CGA)7} 7FzE Zlo]
59 A E 4
composition©]t} dynamicsE A7sk=t] o4 7l5d Ao=R
A}Z#ck 7} prober whole genome DNA-DNA hybridization
S 4308 reverse sample genome probing(RSGP)(Greene
2000)¢) microarray versiono]# ¥ 4 JZTh
1= b BEY
=} A ORF array ¢} hybridization Kinetics?t A tf2
A guid s ACE Alsdrk B §-844 d% e diY
2739} microbial diversity9} biomasse] o] E#3loH, T
o2 ek 7hsst Aol AvE & Aok Aelth Z}“]
Aol EAek - > 90%)9] Altse] oFd WY &7}
S, doE WY VeE °] A HE o] FAl= 47
A g Aog 7"tk & AlFYA community genome
arrayr RSGP&| 822 biomasse] A diversity7} @
A= AL 75T AL AZEY, 53 bioreactorgol 3
48 7-9- biodegrader£2) composition3} dynamicsS 13}
o 28 AoZ gtk 97 T H WhHolA T, genome
fragment microarrayS ©]&3&}a] bacterial species TAHI
genome similarityd] 33t AF7F 7Fs8H(Cho & Tiedje,
2001), A HE WS o83tk RSGPAA Al7|=A0™
cross-hybridization 5ol 2J3F EAHEE AL 4+ AL A
ol specificity® FIAE F U= Aotk
4, nAE 2-F2 B48 938 SSU 1DNA array 7} 7}
58 Aotk oF 12,0007] ©)e] prokaryotic sequenceZ} &
£5o] 9l RDP database(http://rdp.msu.edw/RDP) 5024
Bl 9& sequenceEE vlEkO 2 oligonucleotide arrayE A
2 4= glom, Affymetrix5oll4 Ag8k= GeneChip7|¥ 5
o] A2 4 9t} $-A ribosomal DNA sequenceE2] phylo-
genetic framework7} A3 ojo} & Zolc}. Sequence conser-
vationA =4 W} highly conserved sequenceS2- Y2 9

t} o] E°F sediment, water, bioreactor

et al.,

9] taxonomic groupE=, 11 hypervarlable sequence =

£ genusy} speciess59] taxonomic groupE-g WS E 3}
£ oligonucleotide probeEZ o|&E 4 9 7)10113}. AR O
2= community genome arrayS}= B i AJEjARRE
S TEEA Yot Avke Hely, el dAe A7
o2 wEolRl arrayE thE FR/Y AEAIY T 0188
T Ate otk YO 2 = rDNAE o] &3 HhH 9] resolution
TAoIth B d7AkEe] 16S rDNALY 7]EF THE geneE9)
sequence FHE PE 4 Foll o)&stT YA, tiFEe
739 1 resolution©] community genome arrayolA] AFE-3h=
whole genome DNA-DNA hybridization®l] ©|x%] £
t}. ol & o] Pseudomonas(sensu stricto)] A9 B= spec1es
£9] 16S iIDNA FALEE >93%010, B £9] speciesE2 99%
olde]l FAIEE Ho|w(Cho & Tiedje, 2000), 16S rDNA
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sequence similarity 9} DNA homology ¢}2] #A]= log-function
olgtw HuHgtkKeswani ef al, 2001; Devereux et al.,
1990). 2HEA Fal, WI, AN ELT A A% 5
;} 2 AEEY] w2 Q3 EXEo] subspecies ©]3}2]
FEoM BA"ETE AS I8, single gene sequenced]
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25 7RA B AR AAE, 1§54 versatilityol] 9t
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Ao 2 A€
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o o] A% F 7N A9 arrayrt 7hed A0E AzEh
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enzyme- codingdll e HFAASY complementary 3t
oligonucleotide probeS-g AMHEsk= Zlo|th Arraye] Az
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AF=2] 73&o|} sequence variation o] AFEE F S A
oo, mRNA population®] ARE-ETHH expression patterng
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functional gene array &} & T} o 2] o] & £ bioremediation
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fragmentE o243} arrayE A|2FeF TS expression profile
oL} %;q;(} AES Y3, A3 73 Fol] AEF genome
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biomass®] <o] =T total RNA @ mRNA9 H|&& t}=2
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sty w3 AdejAl 2 87 £48 DNA chipell A2 probe
A R ARA wis ol AAgje] STk Ad AEA S

[o]
4 4



HERA B BH(2dE, F

TAE e FER tesie 1 41 JRE 933 Hekse
U AA lTNE B AF TEol SR ol £B
probe 2] AA7} 7Fz3slt} sle#l= DNA chipg AZX/EA =
A4 8 know-how?} 7slEwl AR QA T A7)
YHe Lotk AW 9Ash LS AALATE Tk Agdel
ANA A7k $E W Tk Role) ATAES ¥ o
78 oA A2 4 Y Ao B

EHoFEs

Chambers, J., A. Angulo, D. Amaratunga, H. Guo, Y. Jiang, J. S.
Wan, A. Bittner, K. Frueh, M. R. Jackson, P. A. Peterson, M. G.
Erlander, P. Ghazal. 1999. DNA microarrays of the complex human
cytomegalovirus genome: profiling kinetic class with drug sensitivity
of viral gene expression. J. Virology 73: 5757-5756.

Cho, J.-C,, and J. M. Tiedje. 2002. Quantitative detection of microbial
genes by using DNA microarrays. Appl. Environ. Microbiol. 68:1425-
1430.

Cho, J-C. 2001. Environmental genomics: application of DNA
microarray technology to environmental microbiology. AJEH] 14
24-30.

Cho, J.-C., and J. M. Tiedje. 2001. Bacterial species determination
from DNA-DNA hybridization using genome fragments and DNA
microarrays. Appl. Environ. Microbiol. 67: 3677-3682.

Cho, J.-C., and J. M. Tiedje. 2001. Bacterial species determination
from DNA-DNA hybridization using genome fragments and DNA
microarrays. Appl. Environ. Microbiol. 67: 3677-3682.

Cho, J. -C., and J. M. Tiedje. 2001. Microbial Identification Chip
Based on DNA-DNA Hybridization. US Patent #60/296,982.

Cho, J. -C., and J. M. Tiedje. 2001. Electronic DNA Chip. Invention
Disclosure MSU-06871 (Patent pending), Michigan State University.

Cho, J. -C., and J. M. Tiedje. 2000. Biogeography and degree of
endemicity of fluorescent Pseudomonas strains in soil. Appl. Environ.
Microbiol. 66: 5448-5456.

Cho, J. -C., and J. M. Tiedje. 2000. DNA relatedness of world-wide
collection of fluorescent Pseudomonas genotypes. 100th General
Meeting of the American Society for Microbiology. May 21-25.
Los Angeles, California.

DeRisi, J. L., V. R. Lyer, and P. O. Brown. 1997. Exploring the
metabolic and genetic control of gene expression on a genomic
scale. Science 278: 680-686.

Devereux, R., S. H. He., C. L. Doyle, S. Orkland, D. A. Stahl, J.
LeGall, and W. B. Whitman. 1990. Diversity and origin of
Desulfovibrio species: phylogenetic definition of a family. J. Bacteriol.
172: 3609-3619.

Ferea, T. L., D. Botshein, P. O. Brown, and R. F. Rosenzweig. 1999.
Systematic changes in gene expression patterns following adaptive
evolution in yeast. Proc. Natl. Acad. Sci. USA 96: 9721-9726.

Gingeras, T. R. 1998. Simulataneous genotyping and species
identification using hybridization pattern recognition analysis of
generic Mycobacterium DNA arrays. Genome Research 8: 435-448.

Greene, E. A., I. G. Kay, K. Jaber, L. G. Stehmeier, G. Voordouw.
2000. Composition of soil microbial communities enriched on a
mixture of aromatic hydrocarbons. Appl. Environ. Microbiol. 66:

) 2L{E{2/2 DNA chip 19

5282-5289.

Greene, E. A., J. G. Kay, K. Jaber, L. G. Stehmeier, G. Voordouw.
2000. Composition of soil microbial communities enriched on a
mixture of aromatic hydrocarbons. Appl. Environ. Microbiol. 66:
5282-5289.

Hacia, J. C. 1996. Detection of heterozygous mutations in BRCAI
using high density oligonucleotide arrays and two-colour fluorescence
analysis. Nature Genetics 14: 441-449.

Harrington, C. A., C. Rosenow, and J. Retief. 2000. Monitoring gene
expression using DNA microarrays. Curr Opin Microbiol. 3: 285-
291.

Heller, R. A., M. Schena, A. Chai, D. Shalon, T. Bedilion, J. Gilmore,
D. E. Woolley, and R. W. Davis. 1997. Discovery and analysis
of inflammatory disease-related genes using cDNA microarrays.
Proc. Natl. Acad. Sci. USA. 94: 2150-2155.

Keswani, J., and B. Whitman. 2001. Relationship of 16S rRNA
sequence similarity to DNA hybridization in prokaryotes. Int. J.
Syst. Evol. Microbiol. 51: 667-678.

Tiedje, J. M., J. -C. Cho, A. Murray, D. Treves, B. Xia, and J.
Zhou. 2001. Soil teeming with life: New frontiers for soil science.
pp 393-412. R. M. Rees, B. C. Ball, C. D. Campbell, and C. A.
Watson (eds) Sustainable Management of Soil Organic Matter.
CABI publishing.

Wei, Y., J. M. Lee, C. Richmond, F. R. Blattner, J. A. Rafalski, and
R. A. LaRossa. 2001. High-density microarray-mediated gene
expression profiling of Escherichia coli. J. Bacteriol. 183: 545-556.

Wodicka, L., H. Dong, M. Mittmann, M. Ho, and D. J. Lockhart.
1997. Genome-wide expression monitoring in Saccharomyces
cerevisiae. Nature Biotechnol. 15: 1359-1367.

Ye, R. W.,, W. Tao, L. Bedzyk, T. Young, M. Chen, and L. Li.
2000. Global gene expression profiles of Bacillus subtilis grown
under anaerobic conditions. J. Bacteriol. 182: 4458-4465.

= R &

1986-19909  A7ujsh. et
(oTskAD

1991-19939  A&Tjsh mlyEsts)
QEEI)

1993-199813  Auish wlgEss)
Qe

1998-2000d NSF Center for Microbial
Ecology, Michigan State
University  (Postdoctoral
Associate)

2000-2002'3 NSF Center for Microbial
Ecology, Michigan State
University (Principal
Investigator)

2002-84 ¥R A% (2

Vol. 29, No. 1 (2003)



