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S RN SR & T4 ] ( Chlorophyta) 72 H
(Ulvales) . fift JJii Bl ( Monostromaceae ) . fift I J&
(Monostroma ) , T %535 56 fE 5 2 2 M (E 42
R — R, B R Rk B R R L
2l RS T SRR A T Sk ARG
RH T EFEIHG , A B S A R, ME LA
TEENRAE, B o KA E . IR & ok /Y
VB IR U I3 B9 S IR HORAT By THaxX S fa] Y
fiftke [N 2R O SRR A B B BRI AT T
Az PR, 25 SRR B AR B R B T 5
SRR S A AT, TR AR A
B AE  SORR I ) PR R SR AN iR A, A
FATCHE S, 4 AL SL & v A, O R SERR IR L
RGN, Sy OB RR $5% T TE 5 i A
T o T3oh  BFFE SErE R I A B AR & B 43 Ak, T
THIRJEE BRI Rl RS R —E
PR RE S, A Ry S T B o 28 i A o AR o 4
i,

L MRSk

1.1 #sl

S5 FH v il R A A1 REIE: 2008 4110 H (11
HF12000 4E 1 H R BT A8 BRI 5 ROIR I X
1 ~3 cm (L BCEEAAR, T PR T30 vk 4% %) 07 5 R 55 76
KA H Al [l S0 =
1.2 Fik

BRAGTAE Pk il R A R, 1
1LV K B A R T S A e S R I T 2
WK, R LR T B 24 RS , Y Ve T4 5 K 95
SRR RN E 22.2 ~26. 1 HIN G A
BEEEA 10 x107°11 x 10 ™5 R 4R 1 TRk, 15
FOME TR BE IR 48 N, B JE IR 16 ~ 48
pwmol/ (m® + s), YEJE W 12L: 12D, J& & 10 T A&
£, RAHFR 4 ~5 do 4 ~5 d JEPhIE R BRI
BRI EA 10 mL B GHARB(L g AT E
TR, g RIRER,25 mg HIEWERMO0.2 g
FHRIET 100 mL WK ) {5 100 mL (1) K 3 i
IK RS AR R S0 T kS 15 3% 24 b, 3R 5 #E 1T
PR f SO o Tl A T 5 R AR — B, LAY D
S BE ) B BORR 2R (A S N2 5, AR T
25 V1) it ik 2 P

Bk oy R & RO A R T g
WY T R ek ik, BAR R 4% FEE G, 2% 21 4k

#if#,40 mmol/L CaCl,,0. 7 mol/L H #&E%, pH
6.0, HIEE 30 mL $hEk 22. 2 ByIHEEHEK,
A EZE/K 20 mL, FRIK 2 g SRRHE 1 g £F4ER
li§ .0.222 g CaCl, 10.930 2 g H & ],
1% MR RVA 15 pH $] 6. 0 12 °C) . BlJG
it 5 F A B DL (0 ~3 T)6 000 r/min B5.0 10
min, BB AERR @D RAE T -20 €

KA AR o
RARKA & BRI B

14 T P AR B ARSI B 2o A ZH 2L B L rp
W THFETCE KIS Ve i 2V80R 5, T B¢
60 ) H i 45 21 U8 L BR VIR A A T . 8 I g AR
M B A BOE A BRI, AR
A 80 ~100 r/min [iff% 3 h, BRI E RN 24 T,
WA B 0 5 o AR A PR G TP R A T, DU 3
TR B RE ) T 2L, A1 D A B AR ol LK o A
SRS R A AR AR PR A O T 7 60 ) H
i 45 L 08 DA 23 B R B L 2B . B T AR IR R
L 800 ~1 000 r/min Z5.0>5 min )5, {32 3/4 &
W, AERE S 39. 2 A [m] A4 BR 1 2ok 108 T 75 ¥ K b
Fu, WA B A 3 UK, LA 55 A T R A R 1)
AU

R R BRI AR
VR OO R W AR PR LE AR B W
WK A P A R, AR R O A AR A A ik
Wefe , FLER I I O o A I 7 0% i AR B 1 5
AT Fh 3 P R IR IR A 0 AR B S B Y 4 24 AR A
RIE .

BAFRG RS il A TR
BRI, A7 8.0 x 10" AN JRUAE A, BLIE A
10 mL #2239, 2 fH i I8 K 3G SR L,
BT TR R LR YR b 8 2 ~4 h AR
F RN AT , AR5 W35 3R ML in A 10 mL 5 52
939.2 WEBIEIK . JeiF T 24 h iR eSO
Bege ARG IR B T HOGKT R, o't B o B 4 il 1
6.4 ~24 pmol/(m® -+ s) , J& B RE 5 1 35 Oy 32
pmol/ (m* « s) LA b ¥R IR MR B AL TR &
22.2 ~26. 1, FEFEFIMREEBE R 10 °C 6 JH
Jy12L:12D, BEfE 7 RIEHRIEFRE —IK . TR
FRERE SRR T, B R DOGS BB gl Sk A
TEPER A B R AR L B IO, R i fE 5
FEIG YA 3 KA 7 KEAHLE 10 4> 0 B 42
THIEA: BUA A TE 3
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TEREE B AR, AR D Y TR B
AT (BRR-1) o 1.0 g i 5L B Afk A mT R it A4 o
PR (12.3 ~25.8) x 10° A, T MR 715 19 D A I
PR (ERR-2) 52 B s 3, /ol (10 ~10.5)
pmx (10 ~12.5) pm, FLRE PR A SRR AL T
JEUAE A — ], o5 R A DA TR A A R AR A R A
R X LU R AR R, hh TR Bk
iy, R A, I HHR A 2 o K JAE o
RRBEB TR 24 h g, KREVHAAIIEE . 4t
THEFRM IS BUARSS 3 REVAETG 58 92. 7% , 5
7T RN 81.6% . MRS NI SME A T
WA TN IUBE A/ NI HES 7 5, DL E AT
AW R T IR, wR A A & & 07 o
8 TSR, BE AT A 40 i, o mT S B A A
Mo TR ANIN A B R AR 3L p 3 BRI 7 Fhah
R, BN M EE W AR R 3 RS A, ok
TSN AT ) 21 758 5L 73 S A D) 240 e AT R AS R U 4
JE P 2 BhEE R, A ORIE i 9 26 T 3o o AR
o R B (ERAR 22 40 10 ) BRI IR i e
TEARIEEIE 1 MR AR 17 4 FPZE2R

MR A AR A AR A (A3 ~
8) o £yt 12 d igR, — W s E Bk 2 LA
Feor e, S th BUBKLAL , I 32 408 A i BE , &
FRAC T (B3 o P12 s, 2 BE
ARV BRI T Az g, 05 W S BER
R BT (BUE, i B 2 IR KHEE)
R ok (B RR-A) o BCEUR , B T3 2% , Bof
BNz s MR . WICHL A S 745 J158 ,3 ~4 h
Ja , RSy AR BER G & T B TRIR LR, A
RIS R B ERTE (FEIRR-5) o 20 d ), [ 35 1Y B K
e el 7Rt — 2 At T (BT R-6) o LT
PEEAE 35 ~55 pwm, FE A2 ] R A RTRLIR , RA
BIERANMIBE . A5 PRE LA —or FEAT Y 5, i
WP RE IR 879 R AR 16 ~
32 A PUMEE i At (A7) ST R 1 B T 0
LA FR, AT R E O 2 B AR AR
(FRR-8) o XA AT RIS NI SE T TE i
5 A 3 52 DAt A A T R ST AR ) S B AR S
B AR S B, B A A A SOR IR T R 3R 1
PRSI FE AL AN A AN E

55 R R B RSB A0 A (B RR-9) o 4
22 d B5 5%, A A 40 T 8 3 T 1T RS- (1 B
JZALH AR /NS TE VA A0 AR TR (EHE
FIREE  TEAR— M B S (3, 4 i w3 P
BTG, T AR, T . gk s k& 7 5
2 ~3 mm WIRATULJE , iR RSB K AR
Ho AT AN S 257 10 d 5, AR
DL E IR IR A R — R O] B U

55 =R E UL A0 A A (I RR-10) o 4n i
PR BN R , — Mo 2 8 ~ 32 A2 i 5k
ka3, AR R, 29 1.5 5 F1E# ik
W, 220 KINETE K T8, A PRS0 8L
5 )2 HES K% A W R SR X 28 A
P4k 22 5 55 AN P AL 4

SEVUFP & B RAR A 3 A I (R RR-11) .
TR0 A L NI A B, 22 0 R L | S 0 8 R R
AN — I S AWK TR A K AR 22, H
H— TR I O o PR 22 40 i 1 A AR
220 FLA 0 JRE 1) AT LB DN 2 ) O S R
0 O Y B M — ui R AN it — 20 4 3 I
BAMTE— BN MLIRAS , BIAR 22 20 MR 2, Hod /b
WA —43 R I G Ik — 253 3504k, T B
W, HL 22 R o e — A AR . X SE iR I
BTARSERE 55, A TE A IR 1T UL A0 IE # B 45, th R

SRR B BRI (EIR-12) o K
FRIJEE FUASS 4 ~6 KT — IR, %
oy5. MRERRR TR At — 250y 200,20 d A4
TERE 8 ~ 16 AL, X SR Z B, PIER AN
JLHES R, 525 TG 43 A, 60 d B} 75 AR 40 A4
WA A AR A SRR A S B AR AE RRETF
1) FE REE e R I - RRAEARLLL , AN HES 2%, A 2
LT, (H G 25 7 , G A0 Z Ak HE 1 25 i
WMH . TR ZA 0 5 LG, 3k He R 4
HYE SR AN A5 B B L2, JT e ¥, T
IR T4, B0 T, R H R E E T,
M5 LA SE 50 A B IE

NP R B SR R (EIR-13) o i
A SRS R B A 2 I 0 R 1 2 2 e, 21 4
HIANE B AR/ INAHES )y 2R R IR
ARG IEH R, 48 J5 41 U3 A &
FRM A0 R LRI , AR, X P A
HRRFR I, AN A%, Ak e 5 95, A ok
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HIEMBAR o SR ITIE B 4k S 55 5%, — EL AR Fr
JEUIR , AN AAR FCE R AR

LR AT BE IR I B (& R-14 ~ 15) o
JEUAE TRAHE S 1) 240 M SE A5 A 2203 %8, T8 LA i
B B A AT, SR T 240 e P HEL o — 0 20 A i
B 2R 22 A M 4L AR (I RR-14) L 55—
TR T A ARAR (I RR-15) o B2 AR A I3
SUBIRE A I8, A3 i 2 5 2RI I, 240 i
HE % LG M A

o\ R B E R iR A (TR RR-16 ~20) .
TERXA R B SR, A R B3 — 0 R B
TEIF IR FRIG B 7 ~ 10 K, N—d L 2875 50
TG R, AR 2E(ERR-16) , HAR AT, 4l
i FP A A ZR A 2 A HCIRAE g ERAR I SR 00 240 e
Oy ZIE I P A, B AR (B AR-LT) |, B
— TR, B AR 22 Bk R
BAR, 75— T4l i i<, (H AR AR, 4k 250 545y
e, R T HIRIE (B RR-18 ~19) o 3K ik
3 A ARYEE SR, A IR AT A B A R AR R A
AIE A IE 5 AR A (BT R-20)
2.2 EHBRERGEZESNSRERERE,
KN EEBLLEY X

B LA R 20 F R T AR
HR R/ LS OB B2 25 2R, — JB0A O H i
AN RS/ NHBEAR T & 1 £ AL A 2, P
AR AR S5 AR BT A B AR R A IR /N
Yo TEARIF] A BE A A B IR 28 AE TR, SERME IR St AR ot
PRACTT oA A R 5 e R ZR I ] RN AN [ 3

MIRFRINZE 1, NFR 1T ATHL R A 1 AR
(K >3 em) T 1E 78 & B ACBC T 2% 19 3 4R 4
J A5 A SR A AR 22 % 1 AR B AN, BV IC 2
K H 11 A FERER B AR /N (K 1 ~3 em)
PR TS 0 o A A L A /D, 2 T ) o3 A AL AE
W PEAT , S SRR T AR 1 D AR Ak 7 R4
AT 2. ok A T 10 A REA cm
FEAT) , G A Ok W R A AR BB R B A A
AFEAREFAE (0 MAR £

K1 HRAER 3 cm £ AT B, NEEHRAK
UKHLO ~1 cm,1 ~3 cm [ 4L V) B, 43 T g it 5
g, WA G MEE R, 0 ~ 1 em 1) B4 il i
R R R F T N 2, 8 A R E A MR
), DMBAR A ERWRHIE R Z 1M 1 ~3 em I
it it 1 P D A TR 22 T TR G 2, o T
TR T . BLTEEG , AT T4, i
BIF BRI, W R B, RS —Fh &
R

[ —35 3R 50, ok B 1 1 R — B A
AL AR T AR R B AN F ) & B e SR
i IR 22 4 i Bt 1 i 2B o ik e kB IR
HRZZANME . Ab T AR B Ar 1 R A48 77 4 e
it it 1 S A AR R 22 kI -5, I T B
BT, RSB TENE T REHTTEET
Ab T AR U 67 8 R AR 5 200 A ) D A
kR B K2, 4 A] AR AR I E Y 1
R A T 1 R TR B /IR 0 T 1 AR
CIpUE &8

®1 EHRBERERELESUSEERENE KNITRBLAKR

Tab.1 Developmental patterns of protoplasts related to the growth period,size and

original location of the thalli from which the protoplasts were isolated

REHR KA [E] sampling time BEAR KN (em) size  FEARYIBEHAL location of the tissue

developmental pathway Oct. Nov.  Jan. 0~1 1-~3 >3 0~1cm(HEH) 1~3 em(GK¥HH)
[T S + + + + + + + + +
LI 40 4] regular cell mass + ++ + + + + + + +
AFLIN A irregular cell mass + + + + + + + + + +
BAR N FE (G rhizoidal abnormal seedling + + + + + + T+
TEABARIRTE
rhizoid-deficient adnormal seedling * * * * * * * +
FABARMIE Y rhizoid-like abnormal seedling + + + + + + ¥ i
BRI tubular abnormal seedling + + o+ + + + + + + +
TE%# 7 normal seedling + + + + + + + + + +

T+ + AT L BOR, + R, H LN

Notes: + + indicated a certain developmental pattern of protoplasts occupied greater proportion, + meant this pattern could be observed, but

occupied smaller proportion.
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3.1 RERGEHMEEAX

AL OB, SO B A R kB R
A8 M JRUE AR Bl Z R K 7 5 5K
FE SRR ATRER LRI E] /N RIS A AR
ASANTA] 576 A A B A A0 200 23 A R P ) oA
R4 5%, 53 512 i MRS 37 5 0F B2, W DE I
EIRERRRLEE S0 L SRR AR I R L
B 2% AR N P AN R R A 522 P4 S A
A B W TS HAT BRI (B, 24 5 s
LRABIEH PR, SEREME IR A 0 HoA =
RIEIIACIETY, RV 28 J P00 A B 20, 200 M ST
O EFRMIE AR Z AN AL 11 H iy R
WA TS A DL A B B 3R 22 R & 9 Al AT, 3 T
A SR A ML Ab T RE RS 7 RAE KA G, 1 H
A LR T A4 1) D A TR 22 T JE R 4
X T E -5 VR 200 M LE A K B O LT, A ) D
A BE T3 T o RIS A B AR Jo 1A s
FrHINROE SR BE 4 15 IR IS RS IR R e 2
MIZAET , 2 N BL T4, X -5 v A m D i
JBEREAAE T A AR 5 A G . TERERRAY AN [F]
KB, AT RE AR A PR 20 M JRUSE AR 41 2R
(EE (BARZ AN B8 RN SF) A F BB (8
TR B A ANIEAT ) TR AR AF IR DA
ARG IR PRI R RE SR P B 5

T BRI S8 R IR AE 1 st v, I AN 5 R IR
X — B, A% S 56 e B Al A A AR A T
BRI, CHEN %5452 58 i ik 5 504 R AT B 10
ARV ARSERGI7 ] K 7 IR, 33k b & 05 32
UL AT 2E TR 3 AR Z (A7 — E 1
e AL & HILLARY 25 i FH 7543 (19 3E 348 UE
B £ 2 AN & R AR AR 1

AR PR TR R X
SRR Y % B 7 A T BT A R S AR S
FRIERE IR AR R 7 T AP Z b .
IRER S GEREE T RN 1], s Ao b 22
FLR (A0 A M A A B AT an e AR AL, X
AT
3.2 REREEFNEA

PRANAE A 07 U R IE, 2 T il e 1A
M 7V AR AR 250, 75 A BE Ve T 5 A S A
FEHERA O MEL, RS8R R S0 7 A A

FEAN . B AR AL 5 F A
L RS2 % B SR K, AR Kk AR AR
R A T A R TR R R AR AR BN T e e 2 4
R 2 R B A B EUAL S ) R A6 TR i
I AL 200 L 4 B 1 it L P L A 20 o o
J& , IR B AIH , DA AR R M Rl i R 5, X 7E
— G SRR R S B 24 3 S N A BOR AL i
B B B RR R A AR KR
VBT A T SR, A B L g0
KRISHNA %:'°/ 11 REDDY 25" SG 5 il T 2 Fh
T P D A O A ) 355 SR B I R R AR T R A T
PR I T J8 e 48 & B e % BE 1Y 4 1, CHEN
2L 3 S R DU A 1 0 B R R A A
BB 240 B A Ak 2 LR IR A, P R AR
BRI, ARSI E , R T i
HEE D A T A ) 2 1 O =, Sl R R AR TSR
HTA 2w e ALl . B IE & Sl & B E
OO P 1 o B4R AR U F A
TR & B BOEH ORI & F 72 7R
PEAEFE B R SE A — 0 (E ;T2 L4 M 141 A
W T2 1 19 & 8 5 S DA s S ik . B
XA & T 7 AT T r R R ATA
AE M H 7 28 H AR 8 LB %) B R AR 7 R A, A A
WEFE AR T PR A P, ARSI DL SR S
SEEAEEH W I RS SR R A AR R 6 AR
FAR & B 52 A 5, e ) S AR B AR &k B AL
BRI, DA A2 7 I AT R BRI kil RO id
FVFZ SR PEIE [ B A R, I A AR B 1R
IRANBETEA: ™ N FHHES , PR 32 3 2238 o
B (A B U JEAD I A4, B A AR 1 F
TN G T B IR AT IR, A 8RR S
), B A B0 1) W i JRe i 5
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Differentiation and development of protoplasts of Monostroma latissimum

XIE En-yi', HUA Wei-hua®, MA Jia-hai**
(1. Fisheries College ,Guangdong Ocean University , Zhanjiang 524025, China
2. Jiangsu Provincial Aquatic Technology Extension Station ,Narjing 210036, China;
3. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract: Monostroma latissimum is one edible Chlorophyta species, and is a potential new species for
economic seaweed cultivation by fishermen in China, for viable protoplasts could be potentially used as a
source for seed material of macrophytic marine algae cultivation and for other applied phycological research,
so the aim of this study was to develop a new breeding method by culturing the protoplasts of M. latissimum ,
to form seedlings quickly, to shorten the traditional period of germlings cultivation, to maintain a stock of
seedlings in the laboratory for longer periods,and to provide abundant germlings for large-scale commercial
cultivation. Protoplasts were isolated respectively from different parts of the thalli of M. latissimum which are
collected at different time by enzymatic method ( optimal enzyme composition consisted of 4% pectinase and
2% cellulase ). And the regeneration, differentiation and development pathway of different derived
protoplasts are studied under uniform conditions of isolation and incubation. According to the cell
morphology,such as the formation of rhizoids, whether having hyaline sheath, or the size and arrangement
ways of the cell,and the eventual development and differentiation trend, the protoplast development can be
divided into eight results, include forming somatic cells and reproductive cells. The somatic cells formation
can be classified into cell mass which includes regular or irregular cell mass; abnormal seedlings which
include rhizoidal, rhizoidal-like, no rhizoidal and tubular abnormal seedlings; normal seedlings,3 types, 7
results. The reproductive cells formation developed into gametangia firstly, and then developed into
sporangia. Each development pathway is associated with age,size and location of algae. This is the first time
to report that some protoplasts underwent repeated cell divisions and developed directly into thalli similar to
the parent thalli,and the application and expectations of protoplast culture were also discussed.
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Plate Development of protoplasts of M. latissimum

1. Surface view of the middle part of gametophyte of Monostroma latissimum, x 500 ; 2. Protoplasts just isolated, x400; 3. Gametangia, x
200; 4. Gametes, x400; 5. Settled zygotes, x200; 6. Zoosporangia, x200; 7. Zoospores, x 100; 8. A juvenile thallus, x40; 9. A kind
of tissue, x100; 10. Cell clusters, x400; 11. Rhizoidal cells, x200; 12. A thallus with leaves, x400; 13. Abnormal germlings, x 400
(scale bar 600 pm) ; 14. Rhizoids of a tubular thallus, x400; 15. A tubular thallus, x200; 16. Germination of somatic cell developed
from protoplast, x400; 17. A rhizoidal cell germinating from a somatic cell, X 200; 18. Celluar germling dividing, x 400 ( scale bar 600
um) ; 19. Celluar germling with rhizoids, x200 (scale bar 600 pm) ; 20. A juvenile thallus with rhizoids, x20.



