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The three subgraphs come from the same sample detected which analyzed with different parameters
Pl 1a b AT EUR O FsC S AETOE FL3 1 4K B 1c O FsC SR ETO FL2 1 4 nUE] RSN 4 ARSI 5300 R
BREE—Fh( Symechococcus sp .) JREEEREE( Prochloococcus) FMIRI SRZ I ( Picceukaryotes) B AR FAZ A ( Nanceukaryote) , &l 1b FBRT ¢
EREEISFERIFEI  FEIIAN 1.0 pm BRHEDEETHER ( beads , Pdyscience 2 H)) X 6.0 n m — A THER ( beads , Beckton Dickinson 2 7)) 1 4 AR (A Kk
AT ABEAL 2000 45 10 HARBEGHTK E7 5507 20 m IR AANVHGAKRE S BT 45 5 .

FTHEARAE H AT B R AT 50 N .
221 RETOCHEA
AEARMRAEGR - Pk S B ) 5 5e BT

AT A N U SUEAT e bR TR Xt ot

RS KRR AT 2 BRI AL

R I T R (A M EE | R A RAE) |

éfE%}Eﬁ%lJ%*EFEE’J%EJﬂL%( antisera) , AL B ey 5

Wty b AR R 4G R GRS ik - il

SAEWREE )5 s g P BEAT R, Misser ZEL°!

1978 4R 0 R FH i 2L H M HEAT S8 9t 8 1t KAt

KPR LK |, Shapiro %5 1989 4F . Campbell

1989 EMIZRAG T HAZ SR M MR Biak T H T i

RER O R RTINS oy (28 pEEA L A

25y, Viieling 5 1995 . 1996 4F-7 FH #4151 o4 i Bk

L3 70 G T A0 Dino fla gellates prococentmm,#ﬁfclﬂ

I At RS B T X R e e e
2.2.2  DNA.RNAERHTHA
Toi AL T W A ) 38 2 BOAZ T W A A BT A%

YT, AL PR AS S IR 1R AR IR | el

huis 55 A OESE T AMEERIFEY) DNA BRI L

PP, AR DNA S & (A PR YA I

%) FF R AR i 2 TRAEAE RAFIATDCOR &R . I

WA TR ST DNA . RNA JE 27 77 [ A

BAAAS H AT RZS R LT 4 A5 .

(1) TR LR 20K (genome size) Je 5Pk

(ploidy) 5L HIREAR Galbraith 5" O H T &
SR ER AN B A5 1 B FE DR A K /INa BT, AT A
MIREFCH | L2 /N BTl DR A AE 2 EARABL
TP s AR AT U A o b ) vy AR SR
YR EAZ I 0 PR A S R R e

(2) VRUFRED AN PR R B 43 BT (cell cycle analysis)
20 36 350 3 A ET S BT 3 U VR Ui AR A A iy
K5 PR an ot K s R B IRAR R R 1 ik
T ES WA IR FAR K AR T A A0 IR 53 A (cell dive
sion) MRS | AR B A 2524 A1) FERFUIR U AE A 3 A 1)
HLEE R A

(3) N PR SEA% A TR 7 SRR ET B R A 4248
(in situ hybridization) FHATVFHFAEYI ST RNAFH —
T P A AERE A R v R R AR SR 1R i At 3 2 )
H5MeA o8, NS mmMER T B &4 v il ; 9%
PR E ) cRNATREF RS /DN | 85 o7 i ] 40 M o
o 55 5 SR ) R B 228 B 2 A8 B bRl
AN, T S R R R S, AN T A X TR
7 22T AN LI 5 ' 58 a7 T W)l 2%, TR T
P WA BRI FrTe AR FIIRE 5 40 B A S5 2 A8
MR A IR 2R 26 1 B R 2O ST BT
B¢t . DRI N FH Gt QA A 0 57 57 o e R &
A G G 84T 0] N TR IR I
ZREME (divesity) FFFC, BEBEARIEN A Y VA 45
¥ 55 Sl s TR KA A& e,

20 WEFERL2E 2003 42/ 26 27 45/ 55 4 W



EVIEWS

3 YA TR AT T )

3 FH i
3.0 PR TR A SO i A A

FRUFI) oA SR

H v a0 fuvt 22 N H T B A )
FIRS DN, BSR4 el AR T Synechococcs
Prochlowcoccus N & N A BT I AE ) s HH
T A ST R RE S AR B 5T S, AT BRI
H ARG, PRI S e ST, 24 OFE & RVER
WAL I R A B R A AR EAE T K
BT RN PRV 22 30 A 7KW Frankel 557
Hi A G SR SR BREEA R0, Veldhuis ™ EZT
HERREFL, Vaulot 55 WEATLIRVR 7K X SR 3KEE /A I
AR BT, Philips ™ X SR EREEAT P 2 HLIAHE
—ANE AT PN B T T BRI K AR FTRIFA | I AR 2R
S BERTT T SR BRI K AR TE BRI

Hofstraat'® . Jonke r'** %o TV WA P 10 oL = 40 Jfa o1
SRS AR R AR A A SRR OO R S
A3 CICRE VA R - IR BE BA R AT IR OGO R |
BVAEXFPCR b SRR R R FE TR T
NIRRT A= 4 d (R DTHRATT B | U 40 B vt 11 25 S )
AT (Rl AN[RI R T A A (R BTRR M AT 5 58
WA
3.2 VRN AR

TR A S O CEFREIKR S HEE
KA ARSI BAT RS € 1 AR ) R 3 AT i
, REZBORWHAY) /3 AR R B TR IR X3
B FOGR SRR R IR, A LR A
JREIRBER I A0 TS E TR X, g v
20 B ) A 9 4 S AT A s bl R & A A D
X FEIAREPI IR R, U TSR] 40 4B B A 14
Hit AT Sy R A B B ) LABAA A 6
R SRR TG IE PR RE N DL — R
R R R B R A pses A HH IR S e eH IR
Tt R ) P 1 T A e A5 20
3.3 WMAESREZHN L ES&

AR RRAR — RS E KB B2 AT
FERIF AL, AR H HAT R R AT B | T HaE
AR S ST A T TR AT I S5 LA 70
LS RGP IR AL AT AT 1] S P B R
WA I N RS R R N T R AW
BRI IR T A 2 D@ ) CE IR R AT A
LR

4 A M T R ARSI 1) )R
PR A J e

A A T BT IE AN e 58 A0l & Tl
ZEWFST A0S B B PR RE AL TR Ok
PR AESE) O SO 5 S 00 2T R S R A g R
BRI, AR BN A N ATTRURS A 28 250 D R I T
T Stk 478 T R U0 B0 3 Je e ot 7 (10 3 R sl B Ak
PR T R A NR O CRIETT B (R 36 7555 i 25
TR B & B M S E 5O T,

Dubelaar % P2 W iF 7 — & [ TH T V20 73
Fritsm sCan j vk 6 et oot SRR RS AL B
IRIBR/NGVET PEAA | I w5 B st xR el
Javr AL X PP AL S i A0 T AN S A0 i
UM TR | SRR ) | I R E 2 AN B
BB RIE 5000 pm FFERKIE 1000 pm R TLPRT
T FE A AR P (] T T (EE £ 1
& BHEEZAETE H A SHMEREE RS
HEAT T 84 e A T o AR R B = i1
—AN AR EE TGS 3 E AR TR
WM 43 3k 5 85 F7 4670 B 1 =5 T3 R A 9 i it —
SR, BRI BRITENIS | X ITHAL Vaulot
SECWEL — RS, WRAEIX LT A PSS I
B2 K IKAR BRI E M 22 (W S T 9T . Uk4h B
TIER Sh AR B & i Rl v 2 IR =
2EWFS | BEAS N T 70 A 257K bl DL S i g 78
SRR IAAE AT 77 TRUE A& — AN AR S0E ANk w
SR AR AR I .

5 FEFEISHHTTRIILR A AL

) FH U 2 At I i A A0 T T R
B e R R AR T AR H R
MLEI%E G (30°45° N~32°000 N,121°000 E~124°00 E)
TEBREEI A T A MRe o, AR A DR v 4
MUTT ( FASCalibur) MR T 4G —LERE 5 | (R B B
S 10 Z50H U B 2R T XA ek 28 3 i RE ) 1) 3 AT % B
A LCABSL T 1999 4 9 H E ok N A K Al vl
( Facscan) WU T 25 Bifg R AR V- R A 1) 20 AT AR
BTN EE R AERF R IR . 973
PR« AR B AR S R YA ) 5 MR A 2000 4
10 AMUKES | AE B e i U 20 S U A k465 4
RGN (ARTTLL 1T, R RE) T
] 2 S5 DX OO VR IR AT T IS A I L A ME
HPERIUGEAL T 2001 4 5 H AR BENTRIRR A R
AT T AR 3 IR S PRI | o T R
AR ASGAEDIR S .

Marine Sciences/ Vol .27, No.4/2003 21



EVIEWS

FTEA A, R s B v i ke 0 )

PR L B A A S B B R R R £
I BRI, HISR IR T 8T T %
AR IS OE A N0 K ARG BEAE I AR
BTN IXEATU T A th 238 5 T .

BT 71 B 1 R TS K25 T 0 2 0 5 5
AR AL 5 4 0T J% 72 AE L 1 4 T 0 9
BRI 1

SE3H

1

10

11

13

22

Paau AS, OroJ, Cowles J R. Application of microfluoro -
metry to the study of algal cells and isolated chloroplasts . J
Exp Bot, 1978, 29:1 011-1 020

Paau AS, Cowles J A, Oro J, et al . Separation of algal
mixtures and bacterial mixtures with flow microfluorometer
using chlorophyll and ethidium bromide fluorescence .
Archives of Mcrobiology, 1979, 120:271-273

Yentsch C M, Horan P K. Cytometry in aquatic sciences .
Special Issue of Cytometry. Cytometry, 1989,10(5) :1 250
1255

Yentsch C M, Horan P K, Miirhead K, et al . Flow cytometry
and cell sorting: a technique for analysis and sorting of
aquatic particles . Limnology & Qceanography, 1983 ,28( 6) :
1 2751 280

Yentsch C M. How cytometric methods to assess our water
wold. In: Damzynkiewicz Z, Crissman H Aeds. , Methods
in Cell Biology. New York: Academic Press, 1990. 33
Chisholm S W, Oson RJ, Zettler E R, et al . A novel
free-living prochlorophyte occurs at high cell concentrations in
the oceanic euphotic zone . Nature , 1988 ,334:340-343
Campbell L, Vaulot D. The importance of Prochloicoccus to
community structure in the central North Pacific Ocean ,
Cceanogr , 1994, 39( 4) :954961

Mirie D, Partensky F, Vaulot D, et al . Current Protocols in
Cytometry. [ S.L. ] John Willey & Sons. Inc. 1999

Visser J W M, Haaijman J, Trask B J. Quantitative
immunofluorescence in flow cytometry. In: Knapp W,
Holubar K, Wick G, eds. Immunofluorescence and Related
Staining Techniques . Amsterdam: Elsevier/ Northr Holland
Biomedical Press, 1978

Veldhuis MJ W, Cucci TL, Sieracki ME. Cellular DNA

content of marine phytoplankton using two ne w fluorochromes :

Li mnol

taxonomic and ecological implications . J Phycol , 1997,33:
527541

Galbraith D W, Harkins K R, Maddox J M, et al . Rapid
flow cytometric analysis of the cell cycle in plant tissues .
Science , 1983, 220:1 0491 051

Simon N, Badow R G, Marie D, et al . Flow cytometry
analysis of oceanic photosynthetic picocucaryotes. J Phycol ,
1994, 30:922935

Vaulot D, Birien J L, Mirie D, et al . Morphology ploidy

14

15

16

17

18

20

21

22

23

24

25

26

27

Ik

pigment composition and genome size of cultured strains of
Phaeocgtis ( Prymnesiophyceae) . J Phycol , 1994, 30:

1 0221 035

Vaulot D, Oson RJ , Chishom S W. Light and dark
control of the cell cycle in two marine phytoplankton species .
Exp Cell Res, 1986, 167:3852

Amann R1,Binder BJ, OsonRJ,et al. Combination of 16S
rRNAtargeted oligonucleotide probes with flow cytometry for
analyzing mixed microbial populations, Appl Env Mcrobiol ,
1990, 56(6) : 1 9191 925

Mirie D, Simon N, Guillou L,et al . DNA/ RNA analysis of
phytoplankton by flow cytometry . In Current protocols in
cytometry, [ SI']: John Wiley & Sons, Inc., 2000

QOson RJ, Chisholm S W, Zettler E R, et al . Pigments,
size , and distribution of Synechococcus in the North Atlantic
and Pacific Oceans. Limnol Qceanogr, 1990, 35(1) :4558
Partensky F, Blanchot J, Lantoine F, etal. \ertical structure
of picophytoplankton at different trophic sites of the subtro -
pical northeastern Atlantic ocean. DeepSea Res, 1996, 43:
1191-1 213

Frankel S L, Binder B J, Chisholm S W. Winter presence of
prochlorophytes in surface waters of the northwestern
Mediterranean Sea. Limnol QOceanogr, 1990, 35(5) :1 156
1164

Veldhuis MJ W, Kmaij G W. Cell abundance and fluore -
scence of picophytoplankton in relation to growth irradiance
and nitrogen availability in the Red Sea. Neth J Sea Res,
1993, 21: 135145

Vaulot D, Ning X R. Abundance and cellular characteris -
tics of marine Syrechococcus spp . in the dilution zone of the
changjiang( Yangze river, China) . Cont Shelf Res, 1988,
1171-1 186

Phlips E J, Badylak S, Lynch T C. Blooms of the
picoplanktonic cyanobacterium Syrechococcus in Florida Bay,
a subtropical innershelf lagoon. Limnol Qceanogr, 1999, 44
(4) :11661 175

Hofstraat J W, de Vreeze ME J, van. Zeijl WJ M, etal.
How cytometric discrimination of phytoplankton classes by
fluorescence and excitation properties . J of Huorescence ,
1991, 1( 4) :249265
Jonker R R, Meulemans J T M, Dubelaar GB J, et al . FHow
cytometry : a powerful tool in analysis of biomass distributions
in phytoplankton. Water Science and Technology, 1995,
32(4) :17F182

Vaulot D, Mirie D, Oson R J et al. Growth of prochlo-
rococcus , a photosynthetic prokaryote , in the equatorial
Pacific Qcean. Science , 1995, 268 :1 480-1 482

Scanlan D J, Silman NJ, Donald K M, et al. An immu -
nological approach to detect phosphate stress in populations
and single cells of photosynthetic picoplankton. Appl and
Envir Mcrobio, 1997, 63(6) : 2 411-2 420

SE BRI BhALHE | MBS RGNI | M AE
17,1999 ,16( 6) :665670 (TH#EH=)

WEFERL2E 2003 42/ 26 27 45/ 55 4 W



(EZEF 22

28

29

30

31

Hansen F C, Witte H J, Passarge J. Grazing in the he -
terotrophic dinoglagellate Oxyrrhis marina : size selectivity and
preference for calcified Emiliania huxleyi . Aquat Mcrob
Ecol, 1996, 10: 307313

Zettler E R, Oson RJ,Binder BJ, et al . Iromenrichment
bottle experiments in the equatorial Pacific : Responses of
individual phytoplankton cells. Deep Sea Res I1,1996, 43
(46) : 1 0171 029

Rivkin R B,Phinney D A, Yentsch C M. Effects of flow
cytometric analysis and cell sorting on photosynthetic carbon
uptake by phytoplankton in cultures and from natural popu -
lations . Applied and Environmental Mcrobiology 1986, 52
(4) : 935938

Haugen E M, Cucci TL, Yentsch C M, et al . Effects of flow

cytometric analysis on morphology and viability of fragile
phytoplankton. Appl Environ Mcrobiol , 1987,53(11) :

2 6772 679

Dubelaar G B J, Groenewegen A d C, Stokdijk WS, etal.
Optical plankton analyzer: A flow cytometer for plankton
analysis , II: specifications . Cytometry, 1989,10:529-539
TABAZ IR DL ARTL I RS AR /KB 40 1 (1 5
A R e B ILIRBERAY | HErREiR, 1991, 13(4) ¢
552559

P

PSS IAYIN

- VUSSR R U A ) ¥ 1) 20
WS HIE 1999, 30(5) 1506511

(ARGt )

Marine Sciences/ Vol .27, No.4/2003 81



