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FEERAEFEMEBETS
K#HEZEEEXR

B, LBS, HEY, HAET
(ESAERS BEFH REIAFHRERERALSEIFKERE, L% 200090)

I %) S R  Laminario joponica) AR G R () RECHW (L. longisima) MR F AT BB R H4T
LAMRENF TREN, HET 31 TREM A MESTHREY, k8RS 0E SR TELHERER
RARmeR©empt, H 360" RRTBEKAEA, SREMRMR SR T HEEE2 ¥R IEERRE,
MEMEM K RAH THEST RAPD 447,30 T HIALT I WI8 2] 185 M {8, HP EREME 76 1, & 41%,
FH UPGMA X[ TR R RAPD 3B B RA T REL . KA T EEEREETHTIRA RR AN
FIRAR IR R, A% | 5" SEEFWZMAFTRENFRERR . ETRTNM RAPD EMMERER, A
#1B"R—AFHGRM HEBRTRER R LS, MALFTHREREY.

S BT 18 TR 9% 1 . RAPD T 1K
HE 4 3B (949, 288. 4 XMRIATE: A

MEHEREARNT KAERANENER, RE
TEMHr (Laminaria joponica ) @ % T #FA0EF 8 77 I JT
B FEERARBIA . BTEEE B & R B e, AR AR
e R BEERSKREFEEY BRI
H870, pln, W BOEH 860" H R
1870 1 B <m0 B0 g
RB1E"D . R4 15" R 2000 £RAEFR
RMFEERAFEN AR B"VELI) 8%
(F). HAT, R 0" HER.“RTERLB". 5
15" ERRRAFIRERREFAHE.

BHF AR S TR TR P ETR AR EE
LI HERBIR R BN B BRE (Ir K
R R AREERIMERABENSE) X BES

B B :2003 ~02 ~25;  MEIT B M9:2003 -07 -29,

E&E ERARPEES (9800105 ); HETHRFEEESS
“BH- 0 H (98 - 5G ~32).

RS RERI(1964 - ) 55, M52, L, IR E A R
FIBFSY. E - mail; zgzhou@ shfu, edu. en

DESHBENHE, RLEFRELPR. HELREHEF R
F—R 1" e, 1991,

DMEHAEHEAR PO “AR—SEHHFENETEEH
. 1995,

WS 1005 - 8737 - (2003)06 - 0474 -07

BIEESHEBERBE" , CIRERPSHELEH
AER FEREREERERANERLY. W
i, FEME AR S E RIS, SUBHE B A AR X
RS ER RGN, AHEET 4 LR DNA 35
IBAHAR TR B RS X R AT

Neefus %11 B[R T RGH AR 8 B — b &
HA KB RHT T BER SRS, Yo
sukura 4% % FIREHLE 1 £ 2 DNA(RAPD) £
ARx MG MG (L religiosa ) F1FI %4 (L.
ochotensis ) FEFT M B B , A WG W R 58 4
F ESHABHEE RAHE. SWEH KT
ERR TR, FHFA TR RAPD AN B PSSR
(F) ik, OB K Y RE.

R He SRR T —F AR TRFRPRE
B B DNA #9073k, 3% PCR REHLY 1 i &
HEHT THRA™ , e - RNTRERRE
A RAPD BRI TR AR, 3 E R AR RR &
F(H) BT REE I R 1 B REA
RBURKELR () SREFSHBELE, D
W AEPRICTENGH & Fh o R S e R
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1.4 #F{k DNA #E
1 BR5HE
5 5 Hu 2500 5 s WS S T BRI
1.1 RBHHE AR R R 4 i, SRS ) A CTAB % Hu &M

1.1.1 WHERKEEFEHBAEM 860" &
1 (1 860 ke, W TR B E A B i 5
RFEERETRERBAME. “H=RR1
B RR{Zeo ) RETREBH TG, £
B 8 (Rongl ) A& KFEEAR LB

LR =R, EER B T8 (Laminaria japonica
Aresch) , B5E M H H 28 5 AT EMIMEET
30

“UEF 1 BT @R 0L HFAKPEEARE P
DM RIER SR, RS S KRR
Fh, ¥ ( Laminaria longissima Miyabe) ( Long) £
HWEKEHARRE POME,

1.1.2 BFEEHEARNTES & LiRRRH
FHAF A ERIS0 ks B R AT
BRI R, T KHH.

1.2 BFEIEEREREHENE&

ArBIFREL 0.8 g S A RS TR M
WA, UEPTEE 15 min, i1 1 mL B HH0. 1
mol/L Tris-HCl, pH 8.0,5 mmol/L EDTA,0. 3 mol/L
P, 4% PVPHIO0.1 % B-FidZBE), 3 Zhou
sl e ORI R, ST - 20 Tk
#H.

1.3 EIMmBkoha

10 % 15 % (L E LY RERBEK
¥ERE(PAGE) 7E 4 CIKA P47k, B F 300
V, BREBHETAAEBRTRE 2 ~3 h 5
fi,

LT IS MR TREA S, 23 12 MRS
#, Hs B8 (EST, EC3. 1, 1. - ) # Schoenberg
2508 oo e W RRRAR 28§ ( MDH,EC1. 1.1.37)
S35 # % B8 5 B ( SkDH, EC1. 1. 1. 25) # Francke
207 Jrpkau a8 Ak ¥ 5% LB (SOD, EC1. 15. 1.
1) # Beauchamp & Fridovich! ™ frie e, , i3 WAL
Fi(PER,ECL. 11. 1. 7)) & niB 1™ sk e 5, I
RV PREARE(ACP,EC3.1.3.2) [ BRI R ( ADK,
EC2.7.4.3) SEMRBE TR (GDH,EC1.4.1.2) . H
%% -6- BRI Z N GSPDH, EC1. 1, 1. 49) . 2%
B (HK,EC2.7.1. 1) . RAriene i 4 & ( IDH, ECI1.
1.1.42) B3E R MR (ME,ECL. 1. 1. 40) & Murphy
=) ek iute  EKEETEIHRILR,

F IR DNA, BE W HIE#T 50 ~ 100 pL 8 TE
[ 10 mmol/L Tris-HC1 {pH 8.0}, 1 mmol/L
EDTA] &M,
15 B34

RAPD 4r#r: 88 b B i1 FIRY 10 bp BENLSI W Ey
BEEBETARTRERAA., EREN 80 4
P 0 RBESETEENEZSERT. X
Koo RFMNBRIEL,

¥£1 RAPD A ERAMNS [ MR
Table 1 Sequences of random coligonucleotide primers em-
ployed for RAPD analysis

34 BERAS(S 8) py BHMRTIS )
Primer Nucleotide sequence Primer Nucleotide sequence
{(5'1037) {(5'w3")
0P8 -22  TGCCGAGCTG OPS =73 AAGCCTCGTC
oPs -23 AGTCAGCCAC OPS-T4 TCLCTGETIG
0oPs-24 AATCGGGCTG 0Ps -76 CACACTCCAG
OPs -27 GAAACGGGTG OP3-T78 TGAGTGGGTG
0P5S-29  GGGTAACGCC OPS -79 GTTGCCAGCC
OPs -31 CAATCGCCGT OPS - 121 ACGGATCCTG
OPS -33 CAGCACCCAC  [|OP5-124  GGTGATCAGE
0OPS -4 TCTGTGCTGG 0PS -126  GGGAATTCGG
OP3 -35 TICCGAACCE P3-127  CCGATATCCC
OP5-38  AGGTGACCGT  [OP5-128  GGGATATCGG
0P3 -39  CAAACGTICGG PS-130  GGAAGCTTGG
OP§-40  GTTGCGATCC  (0PS-132  ACGGTACCAG
0P3-65  GATGACCGLC P8 -133  GGCTGCAGAA
OFPS -66 GAACGGACTC OPS —-134 TGCTGCAGGT
OP5 -68  TGGACCGGTG  ||OPS-136  GGAGTACTGG

1.6 PCRERERBk

ST e (AL R TP AT IEAT PCR R
. ¥R 0.8 % HFRMER PEk{(&0.5
p/mL WAL Z4E), BIKENE N 1 x TAE (20
mmol/L Tris — acetate,§ mmel/L EDTA,pH 8.0},
FEX S V/em,3 h G ESMT TRESERHHARICK.
1.7 wEsa

HEMERE b B A & ATC N L AT R O,
FHAFGH . R Jaccard R BT HELR S =0/
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Hi0g

(a+u) HEMMARES, ™ K« RETE2 M
S22 IR ) 483 89 B, o R BR BN I 2 B
BEERHERAK D= - 1S, 38, ] UPGMA
(v2. 0) HH AR P FT AT, FIH Mantel BFFIT
¥ RAPD 57 TR BB LM,

2 &RGHR

2.1 B ERFETHRALRBIRNESH

X 12 7 E TR RS 47, 548 T 31 4
HEM R, Hrp ACP.HK i SkDH BA 2 M1 81,
PER 1 ADK B4 3 4~ & ,MDH # S0D &% 4 4
fr 5, EST B4 7 1~ &5, i G6PDH,GDH , IDH )
ME #HE 1M, PR 10 A RE&ES, 3

1 2 3 4 5
mfmimfmfmf

T

WS M HER, FHEHEITEAT MR
B, Hi“@Ex1 5" # R TEEEERRL 5
FH 93 A ANFER " BERRL Y 48
41 F1 39 MU IEE, KgH 50 35 f130 %
fu#H,

RERBMROEEE W S” 8 BETik
THEHREN S Adk-2 F1 Adk-3 FHEBAL £ H
tE(E 1 -a), BB SRR REEFRR.

AR EE Per-1 {v KR TR G H K
B, AR RS R FERTERRR AR
tHEESE RERRERX —MARFARNRE
E Per-2 fl Per-3 i LB THEBH(E 1 -
b),

1234

mfm imfmfrnf

v ey

-+

Bl TEARSPEFHCETR SR TS RMRTRER =) 11 S HE( b B T RERER®
Fig. 1 Isozyme banding patterns of ADK and PER from various cultivars of Laminaria Japonica and L. longissima gameto-

phyte clones

LOBREL 52 860: 3, M1 B 4. 851 5, 5. £FH; o BRFHETLERE; { BETHRITLEME,
1, Zao No. 1; 2, B60; 3, Yanza No.1; 4, Rongza No. 1; 5, L. longissima; m, male gametophyte clone; f, fomale gametophyte clone

BSRGREIEEEE 2%, Est-1  Est-3 F Est4 #3874
W B2 AR L REBERRL S BREFET
HWEERRITEEN, HHTS Es-7 A5 FHZ
SHEE, 557%.

ALY G Sod-1 V] BER £ BE{k DNA 4
BB, Sod-2 Fil Sod-3 fif & ] B2 4R 4k DNA £
BHIEE, Sod-3 (LR REBEA LS, & 63% ,Sed-
4 MR AR U RIG RIS, R EEHE,

MUERREE Ap-! A FEHBEME,

Acp2 fT R ERHT 67% MEBAH,

FERB AR Shdh-1 205tk DNA HH5H
M ENESMRT2EN 0% , M Skdh-2 BHE:
R DNA SR Rs, b,

ERMMEBE4 ME ERRATHENE
BRS¢ R B RKBEE Mdh-3
PR LETR MR AR T B — 3,

M | ST EC N HE-2 SRS E R
S Gdh 1R ES BT R =0.291 MR, =
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0. 05ORIRP ARG T H AR AR 2 U EHE
BEH,

W HRBEMAE RN LS
Bir, BAF 60 %, MRRERE RN ESE,
2.2 FF4k DNA i RAPD Bl 447

TE 5 BRI A 40847 T 30 43198y
RAPD 4441, Hor, HB5| B E T &4 11 £
(OPS124} , B/ Hi 0 3 &4 (OPS132) , 3515
Y=t 6.2 &, PR T IR RE] 185 M B QA
ROHEHBEMAET D, 54 %, THABHK
/NGEAR K3 230 ~ 2 000 bp, 30 4~ FENLS 4P, RA
OPS65 H1 OPS132 2 51978 5 MRS R P 1 7=
Bt | I
2.3 EEHRTSH

P FAL AR B R IR R B R G Per-
ISR, =0.6 U A&BEH (B 1 - b pHFkFr

54321m bp 54321m m54321 m54321

&), EEHEMEH R, =0.705 B/ME 2, X £ BN
WA RER B 534 SRR M R R B
BIEHR T Z —; F) R 7E B 18 Per-3 £ 45 L,
“BO"RMEURAT AR FHEHER BT, B
S MR 1 B TE Ap-1 Adk-2, Adk-3. Gdh  HE-2.
Mdh+ 4 5 EH B TR RESER,

TE RAPD B, “XE 4% 1 5" 76 OPS35 #I
OPS27 2 A5 # 543 5 15 3 600 bp 0 550 bp A7
FTHERGEREHRIC(E 20 7 2b FHLFTR) .
“860” i FR7E OPS76 514k B 1 300 bp RO desn
IC(B 2¢ PEFLIR) , KiBH 7E OPS76 Bi4p o il
IR 1 900 bp FIEMEHRIC (B 2d RE LR ).

B 03 4710 R F B A IE 1T B L AV
EERERREHEERTERPERLE, G
#H—

B2 ERHREEICENE OPS35(2a) ,0P827{2b) ,OPS76(2c) ,OPS136(2d)4 FBEHLT | 4 F iy RAPD Bk R R
Fig. 2 RAPD patterns of various cultivars of Laminaria japonive and L. longissima using OPS35 (2a) ,0PS27 (2b),OPS76

{2¢) ,and OPS136 (2d) primers

1B60; 2. k&1 % 3. HWEMLE; 4 W18 5 K89 n 4FEGR
1, B60; 2, Rongza No. 1; 3, Zao No, 15 4, Yanza No. 1; 5, L. longissime; m, marker

2.4 EEXROH

B AT M RS AT T R 4 B TS A
SR (R 2) TR, “860” 5 RMe HERL T 1k o
RZ A RHUREED, R 0.388, X EZRETFEY
Hfes R0 BERR1S7H 1 57)20
WA S. RARFEAR TS BEHA, U
EEWE BT E W ST AEHR, 3 B T
AR RBREYEZ B RARUREE . TR
M ET = e A M RS T (4 5 7 R 2 W]

LIREEA, EEHIE 0. TI(KEH)MO.75(“ 1@
RLUE"), WHBMNZE ERE, D EERFE
AR 2 (6] 7= f A BN

FF 4k DNA i) RAPD 2087458 (% 3) iR #d,
HWHERRRSKETFZ ARG ESD R,
F524 0,300, Hp™ M1 57 5860" BR LR
“EFERR ST SRIGHZMKREERS IS
i&0.381 #10.365,
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478 hE k=R %

L UL

B2 REFTHRIE AN RS RESNKEHR(F) 8 (M) EFEXERAR 2 8K Jaccard HIERMIS,) (F

Fm)IRCEM(ETH)

Table 2 Pairwise comparisons of mean similarity coefficients (S;} of Jaccard { upper-right} and genetic distances of varlous
cultivars of Laminaria japonica and L. longissima male (M) and female (F}) gametophyte clones based on isozyme

banding patterns of 12 enzyme systems

& Semple ZaolM  ZaolF  860M 860F 901M %01F  RongM  RomglF  LongM  LongF
ZaolM - 0.633  0.308  0.326  0.3%  0.367 0277 0.245 0400  0.3%
Zaol F 0.457 - 0.438  0.465  0.414  0.424 0378 0,360  0.417  0.357
BEOM 1178 G.826 - 0.388  0.346  0.333 0324  0.400 0,311 0.306
860F L1201 0.766  0.947 - 0,370 0.300  0.303  0.361  0.262  0.239
90LM 1.033  ©0.882  1.061 0,994 - 0.750 0,202 0.388  0.291  0.288
901F .02 0.858 1100 1.204  (.288 - 0.333  0.400  0.34  0.345

Rongl M 1,284  0.973 1127 L1184 1,231 1.100 - 0.600 0,15  0.19
Rongl F 1406  1.022 0916 1,019  0.947 0916  0.511 - 0.163  0.216
LongM $.916 0875  1.168  1.33% 1234  L1S1 1.8  1.814 - 0,710
LongF 0.926  1.030  1.184  1.431  1.245  1.064  L.655  1.532  0.342

M ERZEL RS,
Note; Sample name refers to material and methed.

H B RS T RR SN (B 3)  BRERH
Xk AR —FEA M R T AL T R R —
B R RS KR BRI BN, T 8607 &
RIBAERERA BR1 S5 FR1SH

aolF

] ] 1 1 1 ] ]
1.034 0.862 0.689 0517 0345 0.172 0.000

Genetic distance

M3 STRTRMANBROTRARRA(HIEERKAT

B (F) B (M) EFHTIERAKZEHRAER (&

RESLHREHZ")
Dendrogram of varlous male (M) and female (F)
gametophyte clones of Laminaria japonica cultivars
and I, longissima derived from UPGMA clusier a-
nalysis using the similarity coefficlents based on
isozyme patterns

Fig. 3

ERLARE, HEAERE LR 5860" R EAR
B, M4 ERRBRLBNA, EEPEBKKY=
AWERR(B0 BERR1 B 5 ¥R
B BR)AERENESXE, ENESKEFER
ENEE HALEERMEREMEXB TR
1, R S Y B DNA X KB AT
FhIE A 2 R T AR 19, /58 7 B 0 R0 I 190 i vf
TaE, ERE R R AR R, B¢
#1 B HEEHETH, EREHS KEHFNE
Ak, 4 tHERC i B SEPEHEEER
. BAE3IME4,TUBH" FE1 B N
“ 1B RAMKETHARER, PBEF
hEA FR1B"BREBS);BR” BK1 87
54860” B RMR TR B X RRIE(E 6),
{B58 5t Mantel $a90, 7 4 5P 5 ZHMAELER(r=
0.549,p =0.05) BEATE 4 58 6 WAEXREK(r
= —0.201,p =0.05) , E#" Mgk 1 B MR T4k
K B K%, Loning &7l 2 LKA K 1
BRRLEROEHBESREBHEH XA,
e 1 8" BA L URETROWF9R T KEHFK
#EAR, F TR§50 RAPD sOB B B2 1 8" 8
MR F iRk B H, 3ORE AR 163 Jit B9 A B IR SE
T Lining % #y5ik .
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¥3 HRERAPD BT AR AR R TIICAS LR
B9 Jaccard H{URE(S, ) (A LA ) RRIEER (LT

)
Table 3 Genetic similarity [ upper-right) and distances of
various cultivars of Laminaria japonice and L.
longissima sporophytes estimated by RAPD mark-

ers
B
Sample Zaol 860 901 Rong 1 Long
Zaol - 0.769 0. 730 0.799 0.694
860 0. 263 - 0. 683 0.776 0.8697
901 {.288 0.381 - 0.785 0.726
Rongl 0.224 0.254 0. 242 - 0.731
Long 0.365 .361 0.320 0.313 -
ERRESR HHESHE",
Note: Sample name refers to material and method,
Zaol
Rongl

860
g01
Long

0288  0.240 0192 0.144 0.096 0.048 0.000

Genetic distance

M4 XF RAPD @SSR IAE SR () FHR KRS
BTz AR (ERESL ' HBEHE")
Fig. 4 Dendrogram of various cultivars of Laminaria ja-
ponica and L. longissima sporophytes derived from
UPGMA cluster analysis using similarity coeffi-
cients based on RAPD patterns

ZaolF
—1 860F

931F
_-‘| RonglF

LongF

| 1 1 1 1 1 |

1.099 0916 0.733 03550 0366 0183 0.000

Genetic distance

B ESTEIMBURINARSR(#) BERKEN
B(FIRTHIARARZAHRLAB{EREST
“BEE5RE")

Fig. § Dendrogram of various female ( ¥) gametophyte

clones of Laminaria japonica cultivars and L. lon-
gissima derived from UPGMA cluster analysis u-
sing the similarity coefficients based on isozyme
patterns

ZaolM

LongM

860M

901M

RongiM

1 i 1 1 L 1 J

1192 0553 0794 0596 0397 0149 Q0G0

Genetic distance

M6 ETEIMMERIHFIEHRR(M) GEREEY
BEMETHANEARIANRAB (R0
“HREGE")

Fig. 6 Dendrogram of varions male (M|} gametophyte

clones of Laminaria japonica cultivars and L. lon-
gissima derived from UPGMA cluster analysis v-
sing the similarity coefficients based on isozyme
patterns
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Genetic relationship among brown seaweed Laminaria
longissima and various cultivars of L. japonica
in China revealed by isozyme and RAPD markers

ZHOU Zhi-gang, SHI Xi-zhi, HU Yuan-jie, SUN Yu-ping
( Key Laboratory of Genetic Resources and Ecology in Aquaculture, College of Fishery Science,
Ministry of Agriculture, Shanghai Fisheries University, Shanghai 200080, China)

Abstract: Of 18 enzyme systems tested, there are 12 enzymes providing definite isozyme patlerns with 31 loci oc-
curring in various gametophyte clones of Laminaria japonica cultivars and L. longissima. In the light of similarity
coefficients of Jaceard, the similarity is high between male and female gametophyte clones from the same parent. In
comparison with other samples, the genetic distance between male and female gametophyte clones from the strain
860 of L. japonica is larger due to its possible higher heterozygosity. During the RAPD analysis of various cultivars
of L. japonica and L. longissima, 30 random primers can amplify 185 loci with 76 polymorphic, accounted for 41
percent, By UPGMA cluster using the similarity coefficients based on isozyme and RAPD patterns, the result shows
that the similarity is high between the various cultivars of L. japonica cultivated in China and Yanza No. 1 is close
to L. longissima genetically. Yanza No. 1 is a hybrid, of which the female parent is from Rongza No. 1 strain of L.
Japonica and the male from L. longissima,

Key words; gametophyte; isozmyme; Laminaria japonica; L. longissima; RAPD; sporophyte
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