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have transformed medicine and biomedical research. The human genome and the genomes of nu-
merous model organisms are now fully sequenced. Initial exploitation of this wealth of genetic
information has begun to revolutionize research on these species, and the applications derived
from it. Progress in understanding the ecology of microorganisms (including marine taxa) has
followed closely on the heels of these advances, owing to the tremendous benefit afibrded by
major technological advances in biomedicine. Through the application of these novel approaches
and new technologies, marine microbial ecology has moved from a minor footnote within marine
biology and biological oceanography during the 1950s and ‘60s to the focus of much of our pres-
ent interest in the ocean. During the intervening half-century, we have learned a great deal re-
garding the overall abundances, distributions and activities of microorganisms in the sea. Recog-
nition of the extraordinary diversity of marine microbes, the predominant role that they play in
global biogeochemical processes, and the potential for natural or engineered microbial products
to benefit humankind, has placed marine microbes in the spotlight of both scientific and popular
attention. Our fascination with these minute denizens of the ocean is not likely to wane anytime
soon. Recent studies have indicated that we still know relatively little about the breadth of mi-
crobial diversity in marine ecosystems. In addition, many (most) of the predominant marine mi-
crobial forms in nature have not yet been brought into laboratory culture. Thus, our knowledge
is still rudimentary with respect to the spectra of biochemical, physiological and behavioral abili-
ties of these species, and the study of marine microbes will remain a major focus of investiga-
tions in marine science well into the fore-seeable future. As a large cadre of researchers moves
headlong into this work, we can expect many new discoveries and more paradigm shifts regard-
ing tile composition and marine microbial communities.
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1.1 —A IR AER 1A (The evolution of a modern paradigm)
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BV P LR, X MEY S KA TR ESHRIRHNE A T EEMNER. X & FRE%R
ERE YRR ARE R B THRE - BRAM. Ho & MBS0 RS BZ SRR RS

HEE R SAR M TR E MM HEDESFRFERAMRBEAR Z . X EF XA T A 58 7
A SRR L 207 3 X OOE BB N T R AR BRI BV S, T K B AR M+ Em
W JEREE G EARENMERNEYETERME TEEZHNELS. B ERAREEMRR . R RE
ME, ZUHAEHF L EFERBENLET, ARV HARE M RBER EREME] 2~20 pm K/
REZHYFNT 0.2 pm BHFHHRT., RALERKIOFCHBERHEEERNE A REE DY NERRE
HHRENA VBT MATERE PR FIEESR XA T BRENEN A2 REIYMBPETRA LS
B/ AMERTEBRIM, KR H 0 E—TEA I TR SR KA K G P EFREEDN
Y SR K3 S AR R BT TR A R v B T RE R B A B A E R A

1.2 E&EMFTHANETER

M 20 42 80 FERFHEF 90 ERY . 4 FAYFOHN FREM T EFREATIFERAEY KRR LS
HHEAE XERRENM A FEED T EH GO . X AT, X S0 0 56 78 00 4 i 2 BB o A R AR 1 K b
M EMEFNEEEN., #EETERE - REXRMEDBHENITER T IRESENE R TS E
M TE ISR, (BB IR I & X 40 40 B A 7 4 U A R 1 09 R R A0 S 4 B ER S0 F R B L A R AR VB /KBE T R AR
THEARYRRE ST LEE - RIEULH.

XERHRTHRE T RERXMEREDNEZHEE EHRENBEFETREHEAEEASEBE LN
BREX., HPERMEEH T XAMELERE HATRGIEFH — g4 S 2 3 (16S rDNA o) 4
B, X— R He W EEWA R AR T RAGER RN AT ZREEE 7, F351 &AM
XRECRBARN A G ERTNEFEFHE I RRENER=ETHE., AEIH XEERREEFT
— A EERFEREF A BB R A AR VI A A e

X AL A YRR AR o b e R T H A S A AT B R B 20 42 00 ERVMERIFFIIRK R E ir &
MR AU EREAE KN MEYEFHEA ERES A XRHIEEYHN =85, BEFE S A
BRI THABEPERAARSFEE., FIEJLFE.NEH W E L (Proteo-rhodopsin) 3% £ 4F % £ 5% 1
e ERBEE UK EEA T E N EAXERED LR P EE TS ZAANTEYE, C 2%
AT AMIMBEPTZHAEYEREFEXSETEHRENHRE,

L3 ARAYAENERRER

DNA F3{5 & R RE B RMAEY ¥ UREEYD T HME T S8 Tk, s b &R M A
AR A A A R (— R RER R/ AR T EHE) . ERNE RS AERKLEE
ERRFESIE AL HE ERHEA B FIRUN FAE = P58 F RE R A i SRR 25 R E T Ok
AT BB E IR ZFAR/DNT 10 pm) A LR BA T EMEABEENKDER EFFELXELGRR
RENE N EmiB. ERXERMUEMEAEIEN TREXINMETENEANAZ TR . EHAMTER
EEYPREIHEMXRR AHEARE BB S ERFIE SE X 5 IR PR MBR R R SHIES £ 7 EZ
B .

BARE — RN 4 FAE Y2 F BT 5T R ARG A: AR Wy R 0K, SR 50 40 81 0 oty 81 A 1 4 o A 2 0 (L T 2 A0 F
FHRRAE, I BAERN R LY R ESEWNER L RIRETRTEENEMK. BT LEEFINMHELE
B BRI RE O 2 BTl O S MRAS BE 23 Je o i IR MESR 3 1 — R AT RE AR A2, RO O B BILAR £k 12 1T A A S 2K 4
1E B A K RAE 1B E Y GRS 1 A4 B F LR KRR A 9 W B IR A

BT s /DT B RNA B[R (18S rDNA FID M EMMAM ZHERERE T UMIEHEICRNE
RS, FEAREERTRBHFIHMERMRENE R RGO B AL RR A fiE %
MEFAKF L@ Erett. nH, AEHMEDBHESHRRERN ARESFELZMARNRRIER, Xt
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ERBE T AMIE—- ST RXLELBHORIE FFELRENTIALREH#TESR, XU THBTEER
CAATE R HE KT T

AFERFEFEATRAEEYESS RTHETEHEEMI, - EERE SR RBURXB YR TR
ERER. REMXRRREVBEN S FEVEMT EERTEREKF HREAE YO EES 2R
FUEBTHRESHEERSENRE. STRAEDE ERFBTALBRELNYHNBEE T HEITH S
AT AERRARAPR BEALRR AREROHBAREYARLEARRPEEE AR EERYH
B

SEERE. 20 KM 21 HEMP XL AL FEDF T EERATRBEREYREEHHRE
AR, EEHRTENFAMTEER, BRI T - SHAMEHEELFTHRANE”, 19 ek, GHER
S R AR R T R A T v 0 R 0 A 4 R 400 ) O R A P 2 B BT 0 R R O A S B BA
R RECEILEN"BILY BE . MEDES¥SRNERERHER, MARRS FEY LT LEN K
EVEHCRE XX SHEN TR L EOER, X —EBRAT KOS Y3 M YR
HFMERP . EXMXEHIBRD BEDESENSERRIEOE TR EMBET H%.

2 BEMEMESEHLBHIR

B — A4~ B T BR A B U R R IR LB R k. BAEMHEEYRESEN R
UREWRERE, WL ERT WEENEYESFTEF, — L EANONE (KB RER EERHE
B EMAREFNAMWFHEYEE - LABHHRFTAHET KEHE, A BELTFRESESREY
ST 59 LA A D R ATTXE 3K 46 4 ] R S Sh B L S0 ] S0 o R A A M B R R AR R R T
KEHBRME D,
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Fig.1 Marine microbial community analysis in a molecular world
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2.1 “-omics”"ZE i (The ‘-omics’ revolution)

RiENLE . G EEN DNANFEHEEUS AREFILNSEER. GREBEMEMETHIFIGEE
BHRBAESEFIIREER S AE B . B, W E — AR P i 2 R 4 52 88 77 51 B B2 5K Y B 1] 2 48 48 0
FTILK., Bib, FRHEAEIEE(Metagenome (environmental) data) & FFIRIRESHEHENEREESES
FRRERAGE. ERHAB NN TERE 28k - P MARXTHEYHE MEERBED  BERR
MEPBERNAREFBENINIBRESEESR. SETRRXBNGEEREANRFRERYE. RINMCE T WE
HERNGE BT FABRBRENERIMMD . Bl E80aMER, RELZAN -1 ERRERA 2R E I &
M5 B RBF B, LR R T B R B IR 45 B AR HOC T (U Wy B & o el # 2 A BN o] A S D RE A A

2.2 $t¥t4rE s T E FE A F (Taxon-directed genomics)

FEEE 10 4, WO EFMEYHINF TEEUEREHE KN ZHH#IT. B FILAENEEREC TR
BEEFHITHF ., BOEZRMFHF T AFLRESMEGKBERED L. XN HE . FILEI E
BEFRMAEDHEEANFHET —A 10 FF8 . IF AXEF TR RE ., B F XX % 5 70
A F IR B, AT R ABEHE I K B A M R R E X N EF AR EEERMEENER. A,
AXEBEETRRRES T "B —E A FEMER (Low lying fruit)”, B0, X EHFRER T HEH A
EREFHEY P EERTASIIGAHRE S BEEHAEN AR ERL MO MAFENE I U KGR EHH
Prochlorococcus W R AR /NMEF AR Z LW ATREEWNE, ARER . XNTEHATREEE IEERN.K
Xt 1/4 S WP ER ML R — T . BX MRE RO &H FTEE.

MEGEBRTHERNAY AR EERN A ERRRERENHEDE N ER, — P RAMEYERSA
PRAEHBEEEENRLESFR TEANRBMESESIE.HAERREL ARIX-SBREE. 448EH
it A (Macro/microarrays) XEEFAERHAZFEEN TR ATUFRRARA LR G TR HFE. X&F
BHRELTRTAESFREEZNE XEHBUEY S HYE L¥MAEYHREHEEERAN—-TEE TR,
EHEMRAARARFZET HEIERR EILRNERFENEY AN E BB ER RN, XA
MRk M SRR X R SRR E . XM EERI A F (Live-on-a-chip) "M F &
TEAR X R R L F T K S RERTTAENGER ., “BIHE " BRABAFTE - M RABEFFESEN
WEMRR, BEAEMREWARIT TRMEDERNEYRL . SHESEPUEIR, WS RAENERH
VTR

RE2ERNWFN LT MELE LS AT . BHEMABLERAZHIRENEN. BT ANZE —TF
WX LER S ERATTEES —BRATE . TR SR R IESFARMRXFF. R
FTHEEREA T ERAEAMBATEREN S FiERE. B £EF VI Hr& (Expressed sequence tags ESTs)
R ATHR 1 5 F (Massively parallel signature sequencing MSPP) F1 H 1t )i &4 B (19 F Bx 09 57 1, 3243t
THREMEYERDIEH TR, XETRAHEATFREFARRAWERATFTERSNE TENBEY
P,

2.3 3B ENEREAS¥ (Community-directed genomics)

VR 7K S B 2 (X 41 2 B 5 JC B0 K 1E 9% RRE 40 I [ 3 52 2 M R, (EL R & 4R 15 B B0 38 TR ik 52 2 B i 4F 4L
—SEEL AR E ML ER AR KAREHEN B HRERZE LS. YWELT
& B B % Z R 4131 K1 (Metagenomic programs) (M FRZ N & A5 41 % * ecogenomics” 57 5 55 £ K 41 %
‘environmental genomics”) AP — T AEEREFHEYREFEHEARHBASMBETX -k, REH
MAEYKEENAXMHRBERERZ AHAE SR @ . A ERE AL L T WE B B Ifi A =& 740 B B
EEFWSRER RITERAFF N BHAESREPHAEY SRR TERAREI NSRS B BE RS
MR ERTFHHEL, ATIFZEEMNEYHICREE R DO RALEHFITERANTF. KEe T #
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BEFHEDNRESHEEN 2R TAHEBRTASARETNHEDEEES (Array) , K BT ZER Bl
BRARHBEEANINIGE. RITEFE - CHREAEEERTERBEXEFEEHMME HER Venter %(2004)
XEMBEERRULERNVNEER T - M RABFESFIFENBEER N HERE AR EAMERAS
T P] BE SR K .

FHREH PR EH G N D EEE L (Whole community metabolism) ” & Bl — /4~ B # (Picture) , it
HAFIH TATBEE MM E RIE M R RERL A G R UH TR — L ER, A B R EER BEE B KT
BOLLEMS, LR M EEHAEMESEEEMARRMESE T, A HEEENE. -~ MHEAR
HACKRE R RHIKT L AR BE " KFE L. EEERASTE DA R, BT BT a8
HAGERYE - MERWEZE NPT EEERXRALR. BE . BEKENFRAERE —E5L, 5
MR EMAESERN.

B T IX L6 R ENA ¥ ERRAES J7 V0 KRG W BEVE B S5 LA R T T fa) X0 3R 08 & A7 080 o 2 Y B
ZERESNERAEERT A, EXLHR P TR TR TR R BRSNS, AEENF
GEH /& 16S B 18S) M4/ 1 DNA By Wi 43 #r . PHFH 4 59 DNA #F 2 B H MR A B P 4R I, X SRR
BRI T EZ D LRG3 MR B R EN AN — N ESRRARE SHERIER (— M RHZ ® 1
R R B T — DU E /AT B CEIERISThRIN 7 B9 38 A . EL ok 5 32404 < I 1] 0 ot 5 B B VR AL AR (i
AU BT B L BT I B 503 LA AT, b W48 (1 T — AN 13 S0 9 2 B 9 2L A X AR sk A 0 PR F 28 A 1 R B
B BRI ERN A RRREME T RN RS EE AR E TN LS/ REREFRETHE
BOETHMATUBE XA EERNAFHR=ENGEEERBBEER.

rRNA B H MM FC LM MiFMBEEE . A R AR SR — MY TR
. W, X— T HCEREZAEYASS) PRE T ZHHA. BRE. EEEZEYASS) TN ARR, X F&EA
MAEMEBEBREAFRIEST., BTMFRAR T EE, R/ F AR BEE0 HE R BB
KPROMAE . HREECEBDEZAY XK AR TR AC 2 RY, 25848 555 M F e it o
Vet BB A], BER A S & e BRI 1L

BB R By S AT S = IR AV 09 5 T T B 2 U S ) BEVE LB S B IRAT R T . A HE R 3 PR
A BKE 254 (T-RFLP) 48 M0 B 5 B 8 ik (DGGE) [ 35 1k 4 8 (A58 5 il B2 43 #T (ARISA) 1 4 486 2 4
& DNA FR#E BT (ARDRA) STEN M S H SN T CHATEMES RNRE S M E B K, X
EHERRAETHRER BRI EBRE KL GEENEE  Cr M e YRR ST ER T
TR AR ARG AEHT R, RERFBRAT A EF R FIIEREMNER. B, M
R RA RN EREHESWEAE IR TERBEREYESEFARY—IERALE.

2.4 MAEYSHMERSFHHEEMicrobial diversity and molecular taxonomy)

X BB ERAEYRIRERIFIIE S M B, A B R &S RN SR AT, T B 4 2 R 118
PLEAT . BUAEMRBER A ERRTERFI .0 F4r K F R T BN SR, H0K 3 5 (I ED FE 52
REEIDMEED X T RAARIHHERM AT, DNAJFIIE RMRIRME EZ RS RM M iR A
B A AR AR OIS R R AR 57 I R RE T AE R, X TERESRET 25F
KL RS DNAGEW 2 165) . BARBAEY AR FRPBEFEEE S FALEEAREDBEN S
KPHIR A B, H2 . (RNA 2 FFF5) BLE E ARG A R M A RE K F F 97— Mg 43 2%
FAFE , P2 — A A 7r FEERHE R BT R AR A M PR S ERE B A AR ER.
SLHTE & PCR).

KMNAHFZHAORARBAEDFK T TK%E. 0 EHRIN .S HEMAMERRA G S8R, BEtK
FHNESEATORL. MAFIMEEXMNXEEBHATALMPLE-IMHEZENTFR. M IREKEYE
UL UESF AN RMB TRELITHAREAEZT 2%, HE.DNA SR YFEREILEEMENEES L
P8 . DNA PR LR RHEEYMESARMNEGNE  ME LB —HIEH TR Pfiesteria pis-
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cicida , HIK 5 — 86 & BRI R, E 2R B — L RFEALRE., I . A FrREESEEINLKEL
PN REEAARBENMFARDIRELRNMRE WASER AH%R. BE HLLEENRE¥$FR
HEEGSR T EBLBELHLHANL. IHATXKREENMRAESRTHEVHESEANESE., X—F
AR A Y & B8 8 (Consortium for the Barcode of Life) "X HE#yiTRIM R, 5 — TR 2R 7 # L L
MR EEEIE 1 AEBEERN, AR ENREESMATINERN D FrEEM~EH.

RFBEANEFBTARBRZEREATOGESRRASY. Al KEEREBSRESTLETHN
(R, TRBERTREEEX S FARENERNE DEAEEZNERREI AR E(HEZ-LL2ERNA
MM S RARBE—-IFHENTE. ZEAREBFEZRTEANGRENZRE M FAXENHECIE
&),

WEMED S FHRFH kB EEY ST ESG LG RR. DNA JFIHE REHEERKHE
HTEHFFIRRITAEEENEZERRMEDEHEPHEAY . 22X FOEEREHEIARE. FIH
B AR TN REARE S T LFE N E . XHRGE KT (Phylochips)”, S E A S FEHRM
REHE BB EFEST EAFRERE XL,

HEFENE BREFIGEENMEY LB TERE L HARBRIBARA YOS EHOET, X
ZEHEYERBEERERESE LNYMEE B XTFEEMAYHESAURE, RINFE/ERD, X
AR E X EHRTEREARTITH A%, RN, ZTF DNA B4 28% K EM ¥R UL S E X MES
SPEFFIERR IS FERE—FrE B 5035 0] B8 7 e ik B AR A K F .

2.5 BEMEBMY FTIF L (Expansion and exploitation of culture collection)

AT LABU  ZE AR LA ] M PRI AE W) B B R AR O IR 2 AN R RN R BRI T R B R R . B3B3
ML R BN F AR FMN., — N EEFKEER, FFREITEMEY YR ALY R
¥ EERROEARIE. NBARAEZGRENEEOIE. e EEHKNLEZERR AT FE RER
B 55 A X A A FAT B

B ARG RN T EN RABEHRTALZ RIVAORZC T F 2B EBEYBERER, XER T AL
B EZHAEY AR, BdRAARUARET R HUEHERZRULBERBERE (S EAH
REREREEET AR EH FR A RREMSBEMIERFMEDNRINER, B3R EEFR
MARMZEE, KEASHERBTEESARENEERAXRE. SEFHBTFPRENRLEERRX
RESRRBMBBEY R ERYEINBRE. EERNAFTEOEEMBLRRA AL AT ER M
Rk

Rt R HEMAEYNEFY AR ENAEFERARERENNERENAESY ETHRBNE 2K
T HRE HBERR ., BB, A B R RN AR ENTR T SR EBE RNEASH T RER.
B KBRS . XSO 77 34 0 A et B PO AR B[R] A R I 45 4 | B RO B R B R BR A KA R
B, BRA¥FEEWNAKESELSTNKFEREIMED T EEBENEN REMAOR, S ELTER
[ i) 261 T B B0 . SR A (EL AT DAL 8 21 13 #6759 4138 S L, 1M EL 0 BE 4 ¥ X S8 R 7 B I FE iR AR A
(A58

B ERCVAREMRROMEERRER BN ESVIMNAESBER TR EMRBRONE, B
ARG REM R RN BREFEHRRE. EREZREARAE - RIAKESE . LR IEAM B (&
BERMLEADFALCEMRES. SAFGXNKE, UM T RLHEEREFEIEPEETROFH
BRHERETEHLE, kN HMACYRERNRR T ERATFEHNHRERANBEY S TRESTH
BEME. MW T HFFREDHRBES 5E. i

2.6 WMEMBENSIM(FMME) Dissecting (and constructing) microbial communities]

FEILHFEF MEYEESRAMITEIATHNHSES ARRN. MBEEUEILHEARLZRER
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. RIEAT AT UFBREFEEREARFANRBEREA, K 300 ZEAHBEDH Antonie van
Leeuwenhoek ME BT 14  MAV ¥ FREB LW EE WX MEXNERBNBHELENSHEUERMT AH
M7 RAFASFECHEEE? BRFMEYRELERNT? BUEYR LR KT RTE7E #0774 0 7 %5
B WMADRK LR R RO RK U REMNMAERE? —MREDRENRREEEN/RREESS
BB R X EXFRBEN, MAEYBENERRDRERMA A7 BEMAEMX LS.

BE & BT 0 5 F A 0% F BROAER 2 R BLAE AV TH 50 » [0 20K 2 0 L Y S B R A TR/ AAT T . Bl
W, RAMBAEYZ BRI ERRBRARCEFCBRESE T HHARE . RINAFHEIENAY . E0d
FAEYTEMENRERBEYHERRNEIMEEAXAN S TEM. XRTRERRITHNAREE
HESAAM AL WA AR SR, ME. 8 TEXREEZE THENLEY RS BB EY
RAEEREFA DT EYER TR, EF-ERBFERTT UM R R EY ¥ BRI NG LR RM
AHRIEREIS. XFERETFEREP TR 2 8 2 78 M BRI &M DRt g .

A, ARG HEEYSHEENENEY R ETE R RMEZHXRNZL, R
KHFTHFRERDHBENMEIVE. IMNEAFENTFESRLRETERESE, IFIEERXAL2BEYL
MEMARAEYRELEREGSRNOELS, RW.HEYRMEHTHOERFHLRRE, B MR HEY
MHB I HERALBRENRE. TURR ERAKER . RINATED T HFSEFRLUNESHESR
B BB A N TRE” . DX LB T AR R 52 30 1 3t T 56 T8 B RE A A X 2R 52 1 0 RO 38 E ik A 3t
HRER L. ARXARENEHNERAZGFERSAD TRANEEMXLEXRNOET.

2.7 EERRDPHNE . KA EHE R (Applications in nature; Monitoring the microbial world)

KEMAEVESERRE M KP BRI LM XYM EFE . SR MEE. XY
MAREEFESHEMARBREXHEMNALBRE A EREE ROFT K, % E A SR # X
EYHEKNEFRZERARBUHTHUELEN., REXMER M EEF NI ML ESFES B IAE,
HEH#ITHEY A G ENENEPHE LN EREFEH G .

E B R (Moored buoys) ., 1% #% 1 7k 2§ (Remotely operated vehicles) fl B 5 % 7k 2% ( Autonomous vehi-
cles) BRARBERENLEMERATLR, YESEARF WREENH . EE ARERSHERLEF
MEBENECETRRMEBRAPXBETNAREFEL. PERBUERRE#HEBFEREFIECEER
BEVFEBOBATERKIMRT B4, MR AUH BB TS L E#1TH B X MR
S BRI AE .

FEXERENEBFAEMAREN. XKEFEV¥UEERZIALELBRMWEMED LR
F£E, XEUTERUBEAATEER W RINERDOCREEGMEGRE, R &3 PCR ¥ 1
DNA,RZXAFERERD . ENEREEVFLEEREY EFERB S ST EHFTHERN EIFEK
B XRFEFSIEMER. T—RUEYRELAFEIRBAS FEVFREVNRS  REHBETRIAEL,

AW RIMNEETTLUHFEAANERENENENFREBERENHR  HFANBTEYRELFRA
HOAAEERLIMEREENAERBEENTEH. BRiEFEUSNERSETENEELERE RN
B ONEHITHERRABNMNEDSRENAY Y. REX M T EREESEEKENRE, KREKHE
BRI — N ESREYERN—BER) HE, REREYEARFZEINEFH AR, LHEREH
ZRANFRTRUNEN S RMNEREZE/N, ATEARH N B AED LB E DA AR E MITFE
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