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W% PHEE MCV SRR EDNRIGMER Y 6 X, AL EATARREHE
HTER HERFNESPRRNERPRBRGE SHERE, S FFET% 70%, B
HETFHROBEREY 19°C,pH 7.4, HiR 5200 Ix, FEEEH 70 A HEEKD,H 2 Y
RISRELA; 48 A FRAS, HR“+78k 23 4 “—7H 25 A& 20 RS AL
Mo ATFARFEN EMBEENRERYANSMHI 1 8N ERER”, thBIEL K
BA TR, /M — R R ik o

X@A  PE,AMLEE,RRELEINMBEEATHR

EL7E 1879 ££, Joseph BLIR T Peridinium stygium WNEFRESMERY, ZEHT
80 Fh, WRBEERHPTEREENE T —HEFEESRIR. Fritsch (1948) ANH
BRRARAEENBAIE ", HZE von Stosch (1964, 1965) HET Cerarium
horridium F1 C. cornmum H¥:EEBENFALE"YE, PENGHEEAEI N
o B4, E/DETE 15 B 30 # B B ATE B rh MBS A iy a1,

EEERENAE T E (Peridinium bipes Stein) HH:ATAREM b, WHLZER
(mating type), BHEHAE FHPE . EHAEENBERRE FERZHEET THE—F T 5.

MBS

(=) WASPTANRE.FIBEE.

WA % BB RE E R LBA/ N K. SREGSEAB KRR, CRUETANRE
BN, ZE 1/2 MCY B35t 3E % 6 1R» A 4 X 10 AL RESRARAY/ L, &5
ANFLIME 4 0.2 ml B9 1/2 MCV 55383, 3L 38 T 400 MMM, A LRH-150G /&
BB RREH, 16°C, 3500 1x YR 12 h:BES 12 ho B4 AR 4 200 FLNIE IR EY
F 100 Pk, AREERLEANE 3ml 1/2 MCV B35 i/ N B BBR R AT HE 3R, SOR

* LR AEBAFALERARANEARINEY, HRNE A LR EFDHE LR TROBHE,
1988 2 6 A2 HIKE
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JE¥A 50 ml Eh e MCV BT8R, 018 96 MM miER R, raHASE
BEXKE (15 8, 30 min), MHIHFEN 75% CHEREFHK, B HEIMTEH 3h,

(Z) BASPREBELARRGHBE

FERL K RAEHEEY, 4 X 30 W H ﬁ'ﬁﬂﬂ%%@?ﬁ:ﬁ%ﬂ?ﬁi%ﬂﬂﬁgo pH BEE L
I F 3.85 mmol/L Hepes {E 422351, A 1 mol/L NaOH #1 1 mol/L HCl % %& pH, il
E JH Cole-Parmer 5985-50 & pH i, BifIkEE 2 000 cells/ml 4., FH QYQ-200 Hy
WATEL 50 pl 8% 25 pl Ke384, R _BEEE G EL e MR A o

(2) ZERBRBESSEGNHRE

BRBEAERKBARERY 40 ROV L TR 2 B30 (500 # /min, 3min), A
LE B MCV 5%, RIEEN T H®THE, 30 REERUETREFLETE
B UIHAE & R ENRER,, ERTEERAMN, +" " —"KE% 111 BE . REKEY
2000 cells/ml, BR¥ERASL, ES&H%: 18°C,35001x M 12h: B 12h, 30K
Ja, A ERAERE 100 p] #&, R-_EEEE, 23N EFRARMESTIE, B THEA
NITEE& FF:

) — 2 X (B33 /ml) ,
EFFH) = Grmpm 2 x aTEmD

(W) HELBEERFESFHATENRE

HEIAEANERANREXABE LA, B MCV ExuMzhh, XN,
FENNMILTE B MCV R¥AREAS 1 M, BEEATHLANUEEHMRE
BTEAWHRNETRBBN (meiocyte) HAMAE MCV EHEHOUB d, 8RN
2%, WZEH Olympus FEHEM Zeiss Winkel WNE B

& S

(=) NASTFRERDBERMF

RBTHKE Chu 10, SE, Volvox™ J7 Carefoot™ Zirstuy, kB ME %R,
ZERAR, BH TEANALFEERN MCV 5K, BH%EFEENSE 1000ml
ME I ml BEE%AR, BHRER, RAMEAMESELEZLX A, HHAXALH
BEEEHAAEREAY . B 1A B ATKRA L REA KL, XFEE 18°C,
38 3500 1x, YEHI 12 h B 12t BEFIEE 2200 cells/ml, 2 40 £RXEE
o SMIELE 2.7 X 10*cells/ml, MNfEREIA 9 Ko EELRABT, NASHEAK
BEERE% 18°C (B 1B), BiENHE 5000 Ix REH (B 1C), B pH 2% 7.2 (B 1D),
FERFET A maEnEL 6 Xo

R PLESR, R REE, iR, MESBESKHET, WAL FEEER,
AESHERER.
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Fig. 1 Growth curve of Peridinium bipes in MCV medium

A, e 18°G,3 5001x g i2h: Epg12h; B, REXNEKHEM;
C. %\ EKrHM; D. pH MeEKNER
A, Culture was incubated at 18°C on a 12:12 h lightdark cycle under a light intensity
of 3 500 1x; B. Temperature effect; C. Light intensity effect; D. pH effect
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FB L B MCV B 5 1adUE K RED 70 M EEREE T B S, 30 RERE. &
BIFE PbC58 F1 PbC66 WA HIEPH S THR. BEXF M BHRERERE, BRENES
TR BB PbCS8 I PbC66 HRAREEA . WM THY 68 MMM RERE, X5
B A8 AN TR, K TR 23 AN, “—"HE 25 AN, TRE 2K 11, B 204
SR TR FIA & TR B 228 “0” o ¥ “07 ¥RamfusE A G B MCV HEER,
ERE S, TRAN LA RERBEENR, HREEDRE. & 1 HEFHF
B3 4 S e R A B

(2) AHLEENISRABERTAERHMNESHE

AT T R R A M AT SRR A 3A BrRe  DIRHEATHEER “+7,
“_rpk 1 BAEE (AELLBERBRIASTRAMRIRKE: 2000 cells/ml) {F
Wi, 35001x 12hYH : 12 hBEs, 18°C & BT 30K, X, MCV, 1/2N.
1/2P. MCV, 1/5N. 1/5P. MCV, & N. P. MCV, & N. MCV, X P. MCV, 3}
Ca** MCV., & Mg**MCV FE Fe***MCV R K'MCV W& FFHRI51%: 124%
0.9%.7.2% 42.9%+ 59.0% 54.4%~ 5.9%+ 0.8% 1.0%5.9% T 1.6%, " LERERX
EHAMNAESHERS. RE. ¥ MCV BEENHETFREET 1/S5HE. 1/5
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Tab, 1 Rearranged results of mating tests of some clones

PbC 1+ 34 4+ 12+ 6— 9— 16— 26— 270 340 360 590
1+ 0 0 o 0 h b b h 0 0 o0 0
3+ 0 0 0 0 h h h h 6 0 0o 0
4+ 0 0 0 (] h h h b 0o 0 0 0
124 6 0 o (] b b h b 0o 0 0 0
6— h h h h 0 0 o0 0 0 0 o0 0
9— h h h h 0 0 o0 0 6 0 0 0
16— h h h h 0 0o 0 0 6 0 0 0
26— h h & h 0 o0 0 0 0 0 o0 0
270 0 0 o0 0 0 0 0 0 0o 0 o0 0
340 6 0 o0 0 0 0 0 0 0 0 o0 0
360 0 0 0 0 0 0 0 0 0 0 0 0
590 0 0 0 0 0 0 o0 0 0 0 o0 0

E: 0 RAEATFE, bRTASTE “+HR“XREMVHERERY

0 no hypnozygote; h hypnozygotes present; Designation of mating types as “+” or =7

was arbitrary
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Fig. 2 Potential for sexual reproduction in different growth stages
of batch culture

@ —@ HEK iz Growth curve; (O-eerer O & T =% Frequency of zygote

formation (%)

ABOARR0 8 L5, B IR AF 0 18°C, 3500 Ix, BRI+, “—"#RBEKE 4 ml, VL,
REBEE 111 BA, B 3min (500 #/min), BAGRE. BEFHP, KEH 2000
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K% ST RBE BRI KRS,

(m)

FREREEEESF RN RERY

BREREN 19CHBEFT%% 67% (B 3B), #4CH,BTHRARZMHE, K
MU RET,FUAFFREE, XEWHESRNARSBEE TS AKE.
30°C B, AMFEL, ELA FHR B 3C HHBXE THRMEMo HIRIE 5200 le kY
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Fig. 3 Effects of nutrients deficiency (A), temperature (B), light intensity (C)
and pH (D) on the frequency of zygote formation in Peridinium bipes Stein

D.pH
pH (D) HATFERHEEAEW

HEHREENRERTFSEREEFREBEE. REESED THYEEE XERNE
B, BRFHUHZREKST RN —RARS R ERELEKKET X RAKS
BB LURF ST » MBS F L BB & & F R L A B B2 3 o

(F) RASPRNAELRRNEATHNL

ENAETFRETHEATRS, KSUBEREREERERARTY. BRE
51 /0 BB A A ML IR B SR 52 BRI B B (BRI TE 3 RO A TR o

FEERALAH PbCS8, PbC66 B/, RTRA, AW BRI Bo BNE, B

MR EZHE, B LS. 2 T/LRNEEEL, ERELAEEFRK (red accumu-
lation body) WM& F. HETHBME, HRERKNOEE, BEiZG. ARNEXENTD
FIEWEN . EATERIMIBABLTRAE 4 MR O —RAKRMANRE. X¥HE
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VB BN (vegetative cyst), {BLIMIEA,H A MCV B33 30 KRNI, MEHR
I BIEHA MCV M50 38 4 K 5 B

@ AL TR E E
B354 F (hypnozygote, X#k: KR
C - Hﬁ) FEH resting cyst M BT sexual cyst)
_HEE B3 5 ARKIRIG, FHRdik. BhE
@ . B E AL, JERLREE 1 B
L MERER”, TEREE, WhEEER
o ﬁ% —fy R BB, B — R R R R
/ Btk N EEE R b BEECR B o KRS, 48
M R, MIFRAIIRE @28 iR
, #ine, AR G A BGE R, F oW
\ HHBFTR 4 Tl MM BERK, Emh R R
T R T
S A A s, Bl: MJEEIAHE (auclear cyclosis),
~ \;\&\ e | AR R EAER TR R, KM A
had XRBANE (meiocyte)™, HMTHB A
| BRI REEBA, EfWERE B
_ B ORASRRMERL  mipmpmasit. 2, RRAKHRY
Fig. 4 Life history of Peridinium bipes Stein HﬁZﬁ,Hﬁfﬁj'—?%%Z[ﬁ]%ﬁ—“ﬂé’ #IZ
FHETETHERIRDBUEBRE B
Arrow indicates the “tubular structure” ﬁ}fﬁ-ﬁ%%?ﬂﬂ@ﬁg%ﬁo %v’:’ }‘)\ﬁﬂjécp
appearing in the process of hypnozygote W — I, M IRR A, AT 1 R
germination 2 AR E M KN SN,
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WNAELHBENETE 3HESAHN: @ EFREANES -EFTHEEEHETRE
2 O WEFWENNEES; @ RETHBYTBAR#EE. Th, EEETFEAT
2rh, FAmaeAiritdE% —o 7E Pfiester {RiE Peridinium cinctum, P. willei,
P. gatunense, P. volzii 1 P. limbarum BFYH M ATEKN, #FMBEIET BFEMNEEES,
ik Dirr (1979) RERBER A h, AILIEBWESR P. cincrum thE —EFHEE N
EE—REFTHEEEATREANERY Hit, FfELH B AERTFHARREH
WA RIS —/, RELD LA LARE B

(Z) BEAFHERTEPHANERER
NIF R EEE TN 3 ERBE: BERRA EWRIINEE (exospore wall); KK

[ N
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FEHREFE KA ERE (mesospore wall) FEFIRAFIKK A B B (endospore wall)o
E&THRELE . A EMRLRHA. BE, XNOEESFRAREE, E&TH
MR, MAREE AN 1 EENERER, MY 2 pom, K ETRES FR%ER
SERR 1—2 B B, BB BEBOT MK, R R A UK ER —~EM B H o WEEALAE
R AE R B A HEBR A 85 55X —d#o  Morrill & Loeblich (1981) KYRFZER BA:
PREFFEOREERA THEEARBEMEYI (sporopollenin-like material) #y
RO XHRER IR B B SHRIE A RERNTE, XURREREHREERKER
BEERR. EEEATHEIE S, RRIREH R R R F A Rk R R e &, Tk
“BRERTHHISHEEDHEX. HIEMENR.. R ERMENNERE SR Ko

(2) FTREZENRABHIRFERANES

1E 48 DRREAH RS, A 19 N7 9 A “— "Bk 10 M) EREHR, REFE S
BT SR RR B XA B R A S LG, IERSREE S, bkl
RABEF. Afi¥XE“+".“—"HBESEES, e XENEES T, K2 N BR
& /58" (high mating potential clones), FH 4 29 MEEEAERKRE, HAH L H
B, A BHERS, BT SULARIE,NELRE MCV 55, &F R {HRER,
W2 A “REA B 3" (low mating potential clones), F5h, BH 20 M HERER
SHAEM A, EHREAHT, XEETRERESS, REXEDEYRAEEEDR
B RN “BEAE " (zero mating potential clones), 7K 3 MR B4
BHEERS RN, TRPRARE, TAESB I SEEER,. 51 M EARERE
—Wo TRIMHIRUTSEL, B4/, AR FE o ,
 EERUBRARIEE IR AR 5 B A DR R R TI R  K o FTHERR
REFEXRANALTHE T, BRSB I EEEFRR TRESE D SE, RARER
Bro EERKED, BRAH R REN T EE L (RRNERERE R BRE
Fo 5 B 2 TSR AO S RIR B, T R 3 4 1 2, B 7 & R BE R — NS B Y HE
DL ERTR AR A e R AL & i BRI o S2BR L, B6E Bl — T b, B A TRE SRR 11
MM, BEBHBERTY. £ Chlamydomonas reinkardsii g RBPUEERD, XA
RERETRINE R E N T A A BEXERYESL,

(W) BFHRAL LB

WAL T EWEEFHIRANFTMK 20 X 15 pm B 45 X 40 pm, EFBER 11 Ko 76
REBELT, A—BFPhORFR/NMEE, B7E“+".“— "R T RE 4K #T
BREER, TREIRNEERANBEINEFRITREG. TRENAEZPROALEE
H, FEE R RERDHAT EER. XFHZEHNREHBESHNE FARFTLRERER
FERRBERN

ER—MERSESINNAL PR LSRG, BERAREANARRES. ©
THARRIEBORICER, TEREFREAERESAREAREZARSHLEER
o
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NAEZRENAZEARESREESRRARS LEERX S EIIERM LAX
AREREHNERREANSEAT, EFHOEIIREETEFROME e “+""—"BF
WEEGEERTARNE G, AREANTSARERMTME: B FR&aEEML, EaH
MEFZEBEES  EFEHHOE, “+ . “—"REFRENRER T ERNERESR,
HUEFERF N RE. RBAR, REREHN T HREEANERY, BAEN S &K
Ko MLARBRLUN: RAFPERERAREEHRASZES BEEATRAR? 5
BrEERHAXARE, Hayhome & Whitten (1987) 5 Peridinium volzii F52EE
BEMRERAE T RRRET 0N HEEETEREKR,2LE: KBHEEN —"XE
A AER " RERE;FENEERE N R ERARESY. FINEREH, H35
HHARHETHEBERE.
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SEXUAL REPRODUCTION AND HYPNOZYGOTE FORMATION
IN THE FRESHWATER DINOFLAGELLATE
PERIDINIUM BIPES STEIN

Zbang Shuqun and Li Shanghao
(Instisuse of Hydrobiology, Academia Sinica, Wuhan)

Abstract

The optimum growth condition for Peridinium bipes in synthetic MCV medium was at
18°C, pH 7.4 and 5000 1x. Under this condition, the doubling titne was about 6 days. Sexual
reproduction was induced by transferring vegetative cells into nitrogen-free MCV medium. The
maximum frequency of gamete induction was achieved at late lag stage and late exponential
growth stage of batch culture, and the rate of hypnozygote formation was as high as 70%. The
optimum' condition for zygote formation was almost the same as that for growth.

Mating types of 70 clones were identified. Two of them were homothallic. Forty eight cl-
ones were heterothallic; among these, 23 were “plus” and 25 “minus”. In the remaining 20 clo-
mnes, sexual reproduction was not observed.

During the process of hypnozygote germination, one to several “tubular structure” appear-
ed in the space between mesospore wall and endospore wall. Obviously, this structure could help
the pre-meiocyte rupturing the thick mesospore wall by offerring mechanical force.

Key words Dinoflagellate, Sexual reproduction, Mating type, Sex distribution, Hypno-
Zygote germination



