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The total number of microbial cells on Earth is
estimated to be 10%° (Turnbaugh, P. J., 2008)
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EYRI ST EXREEFELE Metagenome), the genomes
of the total microbiota found in nature”
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Methods and primers used in microbial diversities of soil samples

Samples Methods Primers References
Agrcultural soils, forest soil, Pyrosequencing A92RT87F (V9 region) Roesch et al. 2007
grassland soil and wetland 54100 and sequencing 27F/1492R Bruce et al. 2010
Microarmy, cloning, and sequencing 27F/1492R lor bacteria, Crue-Martinez et al. 2009
1492R/23F Tor archaea
RFLP 27FN1492R Baik et al. 2008
DGGE I41F/A 341 Tor bacterial 165 rfDMNA, Kim et al. 2011
UT/U2 Tor fungal 285 rDNA
Soil from cave FISH, RFLP A1aFA3I0R and 27F/1492K lor bacteria, Engel et al. 2010
Al120PA934b as archaeal primers
RFLP 27FA492RK Tor bacteria, Arch2 1F/1492K Chen et al. 2009
and Arch2 1F/ArchY58R. for archaea
Soil from Antarctic DGGE, RFLP 341 fze /534, BYE/ULS10R for eubactena Smith et al. 2006;
Cloning and sequencing amoA-1 FamoA-2R for ammonia oxidizing Shravage et al. 2007
bacteria, 16F27TN/T6R1525XP lor eubacteria
Soil from marine DGGE, RFLP BA41F/O0TR for bacteria, CYAISOF/CYATSIRE  Diez et al. 2007

lor eyvanobacterium, CNEF/CNE. for the nilH
zene, 27F/1392R Tor bacteria

Real-time PCR, Clonng and B27F/UT492E for bactena, ASF/UL492R for Wasmund et al 2009
sequencing archaea, pmoA189-T /mbo61-r for pmoA genes
Soil from mine sites and Cloning and sequencing, microarray  330F/1490R for clone library construction, Fastogi et al. 2010b
hydrocarbon-polluted place SE1492R and Arch SD21F/ 14921 for
Phy loChip hybrid ation
Cloning and sequencing S530F/1490R Léhr et al. 2006
Microarmays 630 1392r [or bacteria, Arch 21F Arch Fastogi et al. 2010a
Q58K lor archaea,
DGGE IAEFLOTR Zhang et al. 2010
DGGE S-C-Act-235-a-8-2008-C-Act-878-a-A-19 for Bjorklof et al. 2009

Actinobacteria, nu-SS5U-0817/nu-550U-1536
and nu-SSU-0817/mu-5850-1196 for fungi



Samples Objects Methods Primers References
Human  Bacteral diversity of swmach, Pyrosequencing TEAF/ 10601 R (region Wa) Andersson et al. 2008
throat and fecal samples
Bacteral diversity of human Microarray, cloning, 2T/ 1492R Lemon et al. 2010
nostril and oropharynx and sequencing
Bacternal diversity of the healthy Cloning and sequencing SFMA3IOIR Bik et al. 2010
individuals® oral cavity
Bacterial diversity of breast milk GG UoaSL1401-r (Ve to V8 region) Delgado et al. 2008
in women with lactational
infecuous masttis
Bacterial diversity ol synowvial Cloning and sequencing BacOs/Unil 390 Siala et al. 2009
MNuid samples of reacuve and
other forms of arthritis
Bacteral diversity of the penodontitis Cloning and sequencing ZTE/S19R and S151F/1525R Hutter ev al. 2003
patients” oral cavity
The distributon of methanogens qPCR, T-RFLP ME]I/LuR for the moerA gene Vianna et al. 2009
in the penodontal and endodontic
samples rom necrotic teeth
The impact of antibiotcs on intestunal  Pyrosequencing B-27F/533-515R Dethlefsen and Relman 2011
bacterial Pyrosequencing, cloning SF/1391R, (967—985F)/ Dethlefsen et al. 2008
and sequencing (1064—1046R) for Ve region,
(A3B—35TFW(533-515R)
for V3 region
The rcli-g.‘f}n between gut microbial Cloning and sequencing SF/A1391R Ley et al. 2005; Ley et al. 2006
ecology and body fat
The relation between gut microbial Cloning and sequencing, BE/14921R Wang et al. 2009
ecology neonatal necrotizing T-RFLP
enterccolitis
The relation between oral or gut qPCR. pyrosequencing 2TF/338R Koren et al. 2011
microbiota and atherosc lerosis
in humans
Micro-cukaryouic diversity of the Culiure-dependent method, Fukla/Slerr ITS1FATS4R Scanlan and Marchesi 2008
human disial gut microbiota GG E
The relation between cervicovaginal qPCR, DDGGE A4IF/S34R (W3 region) Ling et al. 2011
microbiota and female lower
zenital tact infecuons
Animal Bactenal diversity of the oml FISH Rober et al. 2008
microbiota of dogs
The development and stability of GG Bi-F386-405/Blr-R 593-617 Yuan et al. 2011
the genus Bacternodes in the for the genus Bactleroides
human Mom-associated mice
The bacrerial diversity of fecal RILP 2TE/1492R Xu et al. 2010
samples from the wild pygmy loris
Bacterial diversity of fecal from T-RFLP Bact-27F/Bact-1387TR Szekely et al. 2010
human-habituated wild chimpanezces
Bronchopneumonia in (ree-ranging RFLP 2T7F/805R Besser et al. 2008
bighorn sheep
Biodiversity of larvae and adult Culure-dependent method, 27F/1492R Rani et al. 2009

midgut microllom

cloning and sequencing
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Marmne enFvimes discovered Irom Microbial and Metagenomic sources.

Activity Source Habitat Reference
Esterase Metagenome Deep-sea sediment [@7]
Metagenome Deep-sea basin [72]
Metagenome Surface seawater [69]
Metagenome Agrctic sediment [98]
Fibrio sp. % Sea Hare Eggs [99]
Pseudoalteromonas haloplanktis Antarctic Seawater [71]
Lipase Metagenome Tidal Flat [74]
Metagenome Deep Sea sediment [72]
Metagenome Baltic Sea sediment [67]
Pseudoalteromonas haloplaniktis TAC125 Antarctic Seawater [73]
Aureobasidium pullulans HIN2 3 Sea saltern [100]
Cellulase Pseudoalteromonas sp. DY 3 Deep-sea sediment [77]
Pseudoalteromonas haloplanktis Antarctic Seawater [7&]
Teredinibacter rurnerae TT7902T Shipworim [79]
Marinobacter sp. WMSIO32. Marine sponge [7a]
Chitinase Metagenome Estuary [80]
Arthrobacrer sp. TADZ20 Antarctic ice [101]
Rhodothermus marinus Marine hot spring [81]
Amudase Metagenome Mlarine sediments / sludges [102]
Amylase Aureobasidium puliulans N13d Deep-sea sediment [103]
Metagenome Deep sea hydrothermal vent [66]
Phytase Kodomaea ohmeri BG3 Fish gut [104]
Protease Pseudomonas strain DY A Deep-sea sediment [105]
Marine bacteriun Antarctic Seawater [106]
Aerpyrum pernix K1 Coastal solfataric vent [107]
Allcane Metagenome Hydrocarbon seep [82]
hydroxylase
Metagenome Deep sea sedument [68]
3 vlanase Pseudoalteromonas haloplanktis Antarctic Seawater [108]
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20074, TrinaMcMahon%s A JC2E R 40 5 vEWT 015 /K A B AR B . —
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Environmental sample

# | | I 2 X

Fixation of Target Protein RNA Metageno- Single DNA
samples preparation || extraction extraction mic DNA cell extraction
[ Probe design I Identification mRNA/ Amplification of - -
1 of peptides cDNA DNA by MDA I PCR amplification l

| Hybridization | l / \ / / l l \
/ \ [dentification || Probe @ T-RFLP || sscp [ RFLP || DGGE
Scanning “ Visualization | of proteins design
! | % £ & 1 % KN L 1 J
[Microamay ] [F1sH ]| \eombre” | [

R l = . £ &

Data evaluation: community diversity and
function analvses

used two or more culture-independent methods (CIMs)
and/or complemented with culture-dependent method to
reduce biases



and single-cell genomics (Lasken 2007; Ishoey et al. 2008).
denaturing/temperature gradient gel electrophoresis (DGGE/TGGE) (Muyzer 1999),
single-strand-conformation polymorphism (SSCP) (Lee et al.1996),

restriction fragment length polymorphisms (RFLP)(Laguerre et al. 1994),

terminal restriction fragment length polymorphisms (T-RFLP), (Dunbar et al. 2000),
and quantitative PCR (qPCR) (Takai and Horikoshi 2000

non-PCR-based molecular techniques

fluorescence in situ hybridization (FISH) (Bottari et al. 2006)

microarray(Bodrossy and Sessitsch 2004)

Appl Microbiol Biotechnol (2012) Can Su

{Culture-independent methods for studying environmental microorganisms: methods, application, and perspective )
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DNA Sequence

Analysis — whole
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Sk D EvES R e ESEIDINA

o ETREH 1996 { DNA recovery from soils of diverse
composition )

FE—:

3gin s (2mL)

AN 4mLBIDNAIRBXBuffer, & /g3 GR=E/65°
MNAEE2mg/mL, 2/\Bf, 37° C

BAASDS 1.5mg/mL, ZEBEGImg/ml 2/7EF, 50° C
BAE/BRIR GRE/65° )

1000gZE 1109759, LiEEE,
Rt/ 45/ %EE, MIAO. 1435 MNaCl, 2.5 vEKIEE, 70%FK O,

DNA extraction buffer (200 mM)NaCl, 200 mM TRIS, 2 mM
sodiumcitrate, 10 mMCaCl , 50 mMEDTA, 0.5mg mL1 ), 5 mM sodium
pyrophsophate (NaPh), pH 8).



BEZ:
3 g sediment b5 mL of denaturing solution

(4M guanidine isothiocyanate, 10 m M TRIS, 1 mM EDTA, pH 7.0) by
vortexing for 1 minute.

1.8 mL aliquots of the slurry, 2 mL bead-beating tubes containing
0.1 mm glass beads homogenized for 40 s at level 5000rpm ,

The tubes were then frozen and thawed four times in liquid nitrogen
and a water bath at 65 ° C, 20 mL of extraction buffer for 30 min
at 65 ° C.

(100 m M sodium pyrophosphate, 100 mMTRIS, 100 mMDTA, 1.5M NaCl, 1%
hexadecyltrimethylammonium bromide, 2% sodium dodecyl sulphate)

10 minute centrifugation at 6000 g,
phenol/chloroform/isoamylalcohol (25 : 24 : 1).
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L1RaxAE
Bl & mDNA # KA& 2 7 4 49400 69 A DNA 4 30 F 2 M i i 4 7] £ | £ 14
Lt AMBEIELZ R Mt At BART RNGENFLEG LTS
4% %

L XL EX
A&k x & ( A-bacteriophage). # 4= (cosmid).
&% 4 AL T % 8,4k (yeast artificial chromosom, YAC),
14 FPleg e g AL € 4 (Pl-derived artificial chromosome, PACQC)
4m g A L % %, 1k (bacteria artificial chromosom,BAC).
T # LA L & 2, 4k (transformation-competent artificial chromosome, TAC)
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Table 4 Comparison of eight cloning vectors systems

AR T BAFRER

Library system  Host ~ Structure  Insert size
A -bacteriophage  £.cON. ~ Circular ptasrmd 20Kkb
Cosmids E.coll Circular plasmid 5-43kh
P1-clones £ coff Circular plasmid 70-100kb
BACs E.cof Circular plasmid <500Kkb
PACs E.coli Circular plasmid 100-300kb
YACS S.corpvisiae Linear chromoseme  100-2000kb
MACs Mammalian cells  Linear chromosome  7>4000kb

TACS E.coli Circular plasmid 100-300kh




x N [EEEE
1974 F#Murray & ¥ 4 Al 69 5w # 4k L&~ FEA A 20kba % -
« CosmidMNJE

1979 Royal ¥ & 4.4 = 7 4 Cosmld & & P Lk s B9 T
., WEATHAEAT ER. JAFRATARAXEAANEN ALY P
& F LA H. Cosmid % & ¢ ~—A& % 5-45 Kb,



« Y A C MJE ( yeast artificial chromoso e, B2 A T 2 )
19834Murray§r§%/\ﬁkw#‘3i¥io A LERGA LS. 4 3 ’f
SAGFREAE mmT&ﬁmaﬁmfﬁ & A 7
S S W A IS S A

#os: N EE
x B 1) nmeNtanra (40%-60%) (Caietal,1998);
2) #. = H £ (Anderson, 1993),
3) & ~DNA & 5 a. i@ # (O'Conner et al,1989;
4) 3% 4L & 4% (Venter et al, 1998; Rolf et al, 1999)

TRP1 CEN /
TEL | ori | [URA3
==

q 1
# wE DNA KK B

TEL



Bacterial artificial chromosome ) |,

1992 # Shizuya% % — A, #) # 7 BAC# 1&-pBACIOS8L, & 474 FE.
colitgth B F—F & F g —AF 5 A K 4k, % KK 2 Z L4454 HBAC
DNA(\:,{‘L E.colif £ N A48 ® 5 .74 69 KX ErepE, oriS, par A, par Bfe
par Co

5 mAF B HYAC
hE:l) #NHAK. ekt B L4 EFH(<5%) (Song,2001)
sk Bk S Eo
2) &3k YACH LA 510-10042
3) BACUn K BEANXNGEAS FL- SRR
4) BACH ~hr BT A4 34T K% 5o



100-150 Kbp insertion
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pBACI108L
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) HIEs, parBMparAfa] 7 # 114
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rumen DNA combination
59174 bp

50Kb Insert



<<Advances in Recovery of NovelBiocatalysts from
Metagenomes>>
Mol Microbiol Biotechnol 2009

- Table 2. Lipolytic clones from metagenomic DNA

Library details Lipolytic clones Reference
source vector clone average total size total 1/Mb DNA  1/number
number insert size® number screened of clones
kb
Soil plasmid 73,000 6.5 474.5 Mb 1 1/474.5 Mb  1/730,000 Henne et al., 2000
plasmid 180,000 6.5 1,170 Mb 1 1/1170 Mb 1/180,000
plasmid 98,000 6.5 637 Mb 2 1/318.5 Mb 1/49,000
Soil BAC 3,648 27 100 Mb 2 1/50 Mb 1/1824 Rondon et al., 2000
Soil cosmid 1,532 325 49.8 Mb 1 1/49.8 Mb 1/1,532 WVoget et al., 2003
Kenvan soda lakes phagemid 60,000 (& 360 Mb 2k 1/180 Mb 1/30,000 Rees et al., 2003
phagemid 100,000 6 600 Mb 1 1/600 Mb 1/100,000
Topsoil fosmid 33,700 35 1,179.5 Mb 8 1/147 Mb 1/4213 Lee et al., 2004
Pond water plasmid 30,000 3.8 114 Mb 11 1/10.4 Mb 1/2,727 Ranjan et al., 2005
screened screened
Hot spring fosmid 2,000 20 40 Mb 4 1/10 Mb 1/200 Rhee et al., 2005
Hot spring fosmid 10,214 40 408.6 Mb 10 1/40.9 Mb 1/1,021 Kim et al., 2005
Deep-sea hypersaline basin  phagemid 4 » 10° total 5 2,000 Gb 5P - - Ferrer et al., 2005a
% screened % screened
unspecified unspecitied
Cow gut phagemid 14,000 5.5 77 Mb 11 1/7 Mb 1/1,273 Ferrer et al., 2005b
screened screened
Mud flats, beach & forest fosmid 6,000 35 210 Mb 5 1/42 Mb 1/1,200 EKim et al., 2006
Drinking water cosmid 1,600 35 56 Mb 6 1/9.3 Mb 1/267 Elend et al., 2006, 2007
Soil cosmid 2,500 35 87.5 Mb 2b 1/87.5 Mb 1/2,500
Korean tidal tlat fosmid 386,000 35 13.5 Gb [4) 1/2.25 Gb 1/64,333 Lee et al., 2006b
Soil, compost plasmid 32,000¢ 3-8 26 Mb 14 1/12 Mb 1/1,500 Lammle et al., 2007
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Cloning-Ready
[}S pCC1BAC
EEE— CopyGontrol™ supplied
+ pCC1BAG™ Vecter
Genomic DNA Fragments 4 hours
Ligaite
Translorm TransforMax™
EPI300™ calls
Plate, Salact,

E_:-:‘__' - 20 hours
- —— -
Clones selected and maintained as single copy to ensure insert stability.
4 hours
Pick clone(s) .

Cultura
Add CopyConlrol™
, Induction Solution
"'-k e
CopyControl™ ..J—"'““- ﬂ"" ol
Induction Solution =

._L

. DNA i High yield
CopyConitral™ BAC elores ate induced o 10 - 20 coples per el High purity

for high yields of DNA for sequencing and fingerprinting.

Ecol2 | 282
!

Hpa 1 7671
Pri | 7524
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Sca | B47
Apa | 7014
Hzal BAS2

chi ®

paB  CopyControl™  ragr
pCC2ZFOs™
181 bp

- oV = Sacll 2525

SnaB | 5873 .
a2

repE

Bsti | 5127

EcoM 13511
Afe | 4608

EcoR 1332
o BamH1353

| Hind Il 383
Hpa | 7618 FPyrfs
Pl 7471

Apa | G961
Bs&rlﬁ?ﬂﬂx

paB CopyControl™  eqr
pCC1BAC™

8126 bp

BaZ17 11832

T Xho | 2380
SnaB | 5620

BsfX | 5074

,
A

/ " EcoM | 3458

BstZ17 11888
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IP 0RR4395 Z-oxoacid ferredoxin oxidoreductase
fos-5dl spl _31— [Burkholderia sp. 25, 4 30,4 B3k 2
fos-Siz spl  LL-U[828 bacillopeptidase F [Bacillus 50.4  B0.4  24% 4 00E-04

1 licheniformis

_ ZP 0R112387 heavy metal translocating P-type ATPase _

fos=503 spl 2.1 [Desulfotomaculum nigrificans DSM 574] 01 301 100K 3. 005-04

i)
—1
[n ]

fos-5d4 spl TP 0051083 und?c?p:.renyl.dlphosphat? synthase 576 B0% 6. 00E-90
70.1 Acidimicrobium ferrooxidans 1

2 o D YP 0018185 hypothetical protein Oter_Z2674
Phi29-sea-water FOSmid I}%s—wﬁ epl — [ont s tersas 3.2 36.2 25% 6.9
AR £ 2800077 % fos-5d6 epl IE 0029744 hypothetical protein Athe_2612 0.8 50.8 92% 5. 00E-05
50,1 [Caldicellulesiruptor bescii
fos-5dT epl ZP 0609534 CRISFR-associated prote:.m Ca?ﬁ family 152 159 954 1 00F-4d
. . s 0.1 [Desulfohacter postgatei family
Phl29_sea_sedlment Fosmld IP 0RGR13T replication initiation protein
IE%{%@ZOOOO%% fog-5d3  apl r [Escherichia coli BOSE] 415 419 OO HEEEREEE
_ ZP 0891875 Asparaginase/glutaminase
fos=5d9 sp2 4.1 [Thernobacillus composti 35.8 458 3 1.6
fos-510 spl ZP 0BET055 rod shape-determining protein Rodd 312 212 R BREARLLE

)
—
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an average clone insert size of 102 kb
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DNAJT8, R 95 SR I< DI gE 3 A 1 Fr 411 i PR % BRPCR 5
), 1813 H%ACEPCR 3 iR % se b 1, MOCPE FRakS H Y
FEIH, RN 2 IRARIE, 19 2 B DG R

INRETH 1% (Function-based screening) LA HLL R,
T ELEARYE— S lig I H K Th A, ET A PR A g 2 B L B
19— AR, A o R Sl [ 3025 B el g o e 7 70 S T
MR, SeERAS BA Y TR B T e bE T, FRREAT AE ol
TS BIA N BB N 45 . 8IS T R TR ik BE 1S 2 SE R B T e
FN e G H B R RN %, 1 H X He T fe 5 R 1R ] fe & 4
A, VLRSS MRIATR L (SIGEX),
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HAERE REEAEREN 21060 421 (2%)
AR HHEAR RN 14976 149 (1%)

H R R ﬁﬁﬁ%%%ﬁ% 15360 30 (0.2%)

TR B ]V 22656 237 (1.05%)
[ o« LI 28356 425 (1.5%)

Fg i B =TERHE M 15360 215 (1.4%)
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Figz. 3 The metagenomic expressio

expression

detection

n bottleneck

1,a shuttle vector

2,Escherichia coli, Pseudomonas
putida, and Bacillus subitilis

3,limited by insufficient promoter

recognition.

enhance the expression capacity
of E. coli by using the transposon
MuEXxpress
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BN RESCE, DNAEREE MK Fore.

0D260/2801ERZ#E1. 8~2. 0 Z[8];
MmETNMAE23KbLL E, RIEEE R TPERR

HmKE: HmbRESSET, SIEAMET5H0ng/ml.
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Applied Biosystems ~
ABI 3730XL
1 Mb / day Roche / 454

Genome Sequencer FL>
100 Mb / run

Applied Biosystems
lllumina / Solexa SOLiD
Genetic Analyzer 3000 Mb / run

2000 Mb / run
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Feature Sequencing by Cost per Cost per Paired | 1°error | Read-length
generation | synthesis megabase | instrument | ends? | modality
454 Emulsion PCR | Polymerase ~ 560 5500,000 Yes Indel 250 bp
(pyrosequencing)
Solexa Bridge PCR Polymerase ~52 5430,000 Yes Subst. 36 bp
(reversible
terminators)
SOLID Emulsion PCR | Ligase (octamers ~52 5591,000 Yes Subst. 35bp
with two-base
encoding)
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Perl / BioPerl

Python / BioPython

R / Bioconductor
JAVA / BioJava
o WM BRI
NCBI SRA - Sequence Read Archive

UCSC Genome Browser
SEQanswers - WiKi & Forum for NGS
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« Velvet
* Ray

* ABySS

« SOAPdenovo
« SSAKE

« SHARCGS

« MIRA

« Edena
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« BLAST s

« BLAT

« MAQ

« SOAP
 Bowtie
« BWA

« SSAHA
« ELAND
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« SAMTools

* SOAPsnp

* NGS-Backbone
« MAQ

* SeqMan NGen
 CLCBio Genomics
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WHHZREEXTIR1G T 27755 Sk b S HEX I E R, X378 57 FUN Ay £
EH1T T IR uE, RAARSELOIREREZ S T4 = MEREHE KR

Lucker3 (2010) X—NEBE&ERN trospirathZl|E%& N E S E86%E7 M E 47
BRI T EREAEH#IT TNFES T, FHEHEKCIBRIMEESERITES
BERINi trospiraE N EEEEHFF, FLALLRER, XN trospiraZfiEBY
RIBIThEEHIT TIiEM DT, &R T ZHEERNEZEHEAEIIHPEERYLE.

SnapareddyZF (2009) X—Pmis/KAGIE] BIHEmAY T EE B H#HIT T 717,
LUBRISEI9 IMbp 3TN B B F EThee R B S R NI sE[B|BISFMI &
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Xia, W., et.al., Autotrophic growth of nitrifying community in an
agricultural soil. The ISME Journal. The ISME Journal (2011) 5,
1226 - 1236

Yang F., et.al., Saliva microbiomes distinguish caries—active from
healthy human-populations. The ISME Journal , (30 June 2011) |
doi:10. 1038/ismej. 2011. 71



Untangling Genomes from Metagenomes: Revealing an Uncultured Class of Marlne Euryarchaeota
Vaughn Iverson i

Science 3 February 2012 ! 52.5%
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201242 A2H RRAE (BLE) HAT) i —F v 577 A T BE SR AL 2T A0 SR VA 78 N D N 7 22 [T 4H 5 i v vk B
ANFR R AT . BTN SOEARATTE 77 v 8 BN 5 75 (Puget Sound) 7K [ 3R43 FI7K R b, REE 14
FAS ) A= 9 2H 1% ) DNATR & W0 e A 52 B 2 R AL 3
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10018, RHEIATEARKAEEES —TERABIREFEANFEwRR, BE_EREA.

MEREREM, ARERKSHHEVINE @GS0 E A RRE YRR R ML —45
ALREREMHER, LLIAE2005FiEIVREEFHEFZRREMNAU R FZ R KT W VR E
S5BRRMBEHmEBRANLY; X—AMELHZALTERANRNBIERFREGRER

201 0BEARLLFHIH T AXKmETERBREIEFEIR, KT AXBETEEANMRE T HAIRE,
AEEREREAT, BLR, ZRNMERMRMEHENS ALBRIXZREZHRE IR,

MRS RA, FRNEFNERFMESNSANERLET. £E2HEEERX.
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30;5(2) :203-10. Epub 2011 Nov 23.

+ Open resource metagenomics: a model
for sharing metagenomic libraries
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Bk P 3% 4% B &,k PFGE

1984 # £ & F 43k E £ % Schwartz FeCantor & 4] Bk &, ik, # &,
% 4, & B F 8 8 8 4 ( Saccharomycescerevisiae) 4 #,4ADNA # o
%, Ak 5 TDONAw 3 %,

PFGER — A T Al F 9§20 Kb~10Mb x4 F EDNA ¢4 # &1 5% £
@k Ko

¥ 1 Sk~pHE)]i545 M DNA T ERITEH R
b EfE (S

5

FHRA R DNA #FHE (kb)

20~ 100

25 40~ 400

45

40~ 600

40~1000Q
100~ 1600




PFGE & 72

IR IEAERE B LS e E R R EHT 35,8 F 6.
KtaabaE k) x%u%, 3DNA 2FF#F
61 ¢4 &t ia) - F BCf A 4 81, DNA st Tz £ 9 F 2 £
o FF o

CHEF

Chu ¥ 124844 &% 22,4424 N B G M| A F
7o A A B LA @SS AR P A AR N g,
# = A % F 4 K ¥ K & % (Contour-Clamped
Homogeneous Electric Field) , % # CHEF.









Bertin Precellys 24 2 D) BB S 15 i 28

Precellys 24;¢ — G4 E .. . BIFTA—KH
ZIRe. miEEM M EE . MR 4R 5
HAl. Bl =4 mdE IRl (5 =16800rpm) ,
B EEER (BEFSRR. PEEER. BNBRSE) MR, 1A
BIFFE AT . A BRI E B

HARZHL:

1. ¥ )5 £ 5000~ 6800rpm/min,

100rpmAJ i

2. NE2MEFF, WHAEREEOHER, &

AR B e AT A3 M R

3. FAMEHIZITHS [ 91-90s, 1sHH;

PEIRZ AN A] RE 48 o b, AsiEEml i

4. AFEREA (HEEFRD EEFE S

B, [FEERREETE, E 24

5. BEAE LT AT, BEENE, B

E

6. 3Fp e &P EIRE. B,

PN

7. LCOXU AT o s gk i

8. XIFE I E SR R -, A
S
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@ fLis LR K (exponential waveform) 1753 (square waveform)

OE T RTA IR, R IR EAZ I

@ fibki%it, £44 main unit, CE module, PC module F!ShockPod

® KB P S, I E. B GRFEEEHITA S48 BRI R S S

@ i [l T Bio-RadfJ & FlHi A PulseTrac HL# I Arc {9 H A (US £ #5 4,750,100; 4,910,140)
® TiFEA L ANALHVEE 8 WA B BB AN Sh Y 2 i 2R B ) S 36 7 P

O F [ ZwFERT o] 3 NS S p A S50 B B Y 48 BT 75 22 1R i ) 7 4

@ 1| {57 14440 7 H SRR

O LR P IIThAE

@ FE TR AL SR RIS Bk A s, ELFEI ) H £, SERRAUE I, ko A] A0 Ak e ) 45

@ 7 = HL S R Ak B 3000 VI HL 7R HL IS Hh BRI B 500 VI LR

@ FE 15 1 A7 TN [1] T LOO K S I 1 S 56 2 4

® H ' S BUEFE v VAT e m AR R B

@ S ER 4

@ LB HL Tk vl

@ =391 ShockPodHi i i ( shocking chamber) T BLFHE1E, REIE 24 e A7 B i b ok BEAT 22 4 B
O A 2 22 4 4EAR . EE: EN 61010, EMC EN61326 Class A

@ {ENPulseTrac RSl — 43, P ik B AT R e Al H 25 2l 2

FiAb:
GiBiCo cell-porter  BefRUEAEVK FHAE, SCELmIE=ERAL, HEECR B
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WAL B

— MR RE 96 FLAR K B A% A [ A k35 A%

1,9 e IR FE v I Tk B B 702

2, R AE FRIAR A i B — Bk

3,49 AR A k%

A, [R]IN i B 3R AR (rif) BROBAR (FiE)

IEFHIPL
IEMS 2 448 FH 3 7 1 3 LAR DD #43d AT #8 %of

FHNGEAT SN, RONIREZE RN T
0.3C.







Hybrid Microplate Reader

BioTek ¥ #5 A =] I BRI HT B I --Synergy H4 4> D RERFARAX
[E I #7800 A AR T e b R 58

% E A EEBio-Tek Precision XS £ Hah ke T ik
[y

sl bl seBiol <
Precision™ R 2L Bah N+ T {Ei4

Procision™ AN HINF LA MASSHBERERNNRE. &
PHEIE. HLOE. MSIILRURIMAKZBNBRDFALIF.
ProcisionT RSB . SHAURIZEAANBARR. 28R
HERBAMITLE. BACABRSGQN, @MPrecisionn] iatdR
Bo%. BERR. ENREMALEENRSZRORE. @Y
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