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Studies on Kjellmaniella crassifolia for wildstock

restoration and industrialized aquaculiure
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A(18mm ZZ)E A& s}

F(2kg)% TGFAHAU0mm)O)E o &3] FaR
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4 ATFE A JTFE ATE FAE o8 2EH(EFAIZ 5x5am,
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2. AL F e AT
7t AR A ERE E
2004'd 9€ R 200513 7€7HA] JNTHAIEE A2 sl £ WHIt= 9¥€d 3t

Z 211C, $4 5m 2027C, 4 10m 18.6C, 54 20m 16.7°C, 4 30m 15.8C

2 AfFoz /P Egon, 3¥4d F= 60T, £4 5m 57C, $4 10m 46T,

44 20m 34C, 4 30m 23CE 7HF @toh
AEFET B 33.02~3420% HHE At §EF7HAE 2¢99 F4

30mollA] 0.125mg/ ¢ 2 H3AE YeHUleH, 11€9] 4 30mol A 0.018 mg/ ¢

2 FAAANE YehiSla, AZ 01mg/ ¢ ©l3te] W2 F=E YeAth =g

HZoAME 0.028~0.11mg/ £ (BT0.078 mg/ £), 4 5Smol A= 0.025~0.118 mg/ £

(BT 0.075mg/ 2), &4 10moIME 0.022~0.119mg/ £ (BT 0.069mg/ £), T4

20mol A 0.020~0.120 mg/ £ (BT 0064 mg/ ¢), 4 30mol A= 0.018~0.125 mg

/2 (B 0.059mg/ £)2 AZFol vl EFo] Ft 009mg/ ¢ & ALE YE

pra=d

LERIQL AMHOZ 001mg/ ¢ ©l3tEA AR FF3 AHE YeRA
on, 1935 499 4 30molA 0.04mg/ ¢S 0.05mg/ 4 & 7 & FAHE Y
1231 4=

2005 9L EE 20063 7E97FA ATiAlwl 2 M A &L 9€d S
223C, ¥4 5m 221C, 4 10m 204C, 44 20m 15.8T, 4 30m 145C=
AAFoZ 714 o, 3¥dE ¥ 78C, 4 5m 57C, 4 10m 46T,
4] 20m 34°C, ¥4 30m 32CE 713 @y}

AETET HT 33.00~3415%° HAE EJAch §EF7|2ae 2¥4 4
30mo)A 0126 mg/ ¢ & B3NS Yo, 1180 4 30molA 0.019 mg/ ¢
2 AAXNE Jehida, dAZ 01mg/ ¢ olate] e v55 YEhhde. =3
ZZ)ME 0.030~0113 mg/ £ (BF0.079mg/ ¢), +A 5molA= 0.026~0.120 mg/
2 (BT 0073mg/ £), 4 10moA = 0.020~0.121 mg/ ¢ (B 0.067 mg/ £), T4
20mol A £ 0.020~0.120 mg/ £ (BT 0.064mg/ £), 4 30mol A= 0.019~0.126 mg
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At bE hAlebE(H) SAEa (Rl &8s 22/ EA -Jr & Kjellaniella
crassifolia. Miyabeo]™, d£%-2 Gagome O]E} 7}]1:]—/\]1:]-_4 ua = Hero
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3t o 7HE7HA AR S

2) B8 AT
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e I
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5) AAckAlrke] 7R ge A7

MAete] 7| R8s AT 577 Fo |y Aok AFo] AlFEHE
9o Aol 70%, T=Fl 20%, ﬁ}ﬂﬁéOl 10%°192H, 1049+ AAY, 5
28, #7180 Zzt 80%, 15%, 5%, 11L8d= 22 80%, 20% 2 #7138 7]

B E S8R Egtt Axo] e A1HQA 1¥€d= 47 65%, 30%, 5%
2 #7189 715 E 71 AAVE gA 8393, s2Fol Sk RS
H Aok

6) €8 AH AT

MiAete] e zALE BAHog AN 4¥ A2 9dol 943, 4%,
o] Z}7Z} 65+23cm, 22+3.3cm, 65+8g ©]al, 10€e] ZZ 75435cm, 23+5cm,
70+5g o2 Yesth A% B2 11€94E 242 61+2lcm, 25%4.5cm, 55+4.5g,
12909 Zr7} 54126cm, 24+3.3cm, 40469¢g0. 2 §FA WEE AT FFL FA3
o531 HdFL 28Y IO Y 8 €55 ¥R FojEe A=
Bk 39FE gl AAs] AHsAE, of W 7, AF, TFC] 44
65+32cm, 12+2.5cm, 55+59go]l13l, 59| Z}Z} 87£32cm, 15+5cm, 70+8.7gl =
dgol AAsE BHe By, 790 Z+F 110445cm, 18+5.4cm, 85+11goliL, 8
Lol z+7} 87+41cm, 21+6cm, 62+64gC 2 WA X &HH O 2 o]F X YAUTh

e

7) 937 4F v& A7
= A&7 AN 5 47 Blge] dE2A vEnd. A4
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2 QERT o] weA AYPHUL, 3EHEE 412 FU15t 8E71A 4471
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2 2A W2 2041270, 1247 AWeAAT AP TFE 35:128 e olg
g AHAZ Ao Are AXFe @7 HEE AAvte AW, AW
AZ, EA HEAE 5oA A HE A5 EH7 vvg 302 YEET

4. BAZA 23 ZEAA A
7h BAZAC 9% A FEAAN AT

AEEA A3 2= FHS A5t 5, 10, 15, 20, 25, 30T 504 A8+

2 dAslgen, viXe PESIZ 4FY Ao E wEHeHy, BHFS 60 uml - m
2.5 BEAE 12L-12D—6—}01 oF 4097t Wik AFE A AT 2 A {FFEA
= FRAA 307 ol tiFE A FAIPOY, i FFAE oF 34
A %2%%‘01 R E AT FFAY & 0% FEIAGeH, 54
T OE tAubRFe BlE] FF Yol EdetA] Xetioh wi oF 1847t A 1Y
TE T goldHo] FAHT AlREHY, A WolE 10~15T

ZZAA HH%} 3 {oﬂ 90% o] Woldo] FAHUL, 714 WE BT B
Aol A ooz AHEHAD, AL 5CAAM 71 =d dAL B
H %‘E 124 o]l BE A =AM A9 oyt AAHJT EI H2 e
A AL wIANA 5YFEE Holy] AFFH FAl AEEE] dojutr] AR
'6‘}%11:} - FHEATE FEEHT AIEAS A Y 4YE G BlEL 64
A2 hul A vlgo] A4 YElgtoy IR sidedMe wdle d9x YA
o & - A BAH e X0 & 10~15TAA M ¥A As
sle] ol A E FAHoH, & &5 ZANAE nFFRTGE AP A
A AZI Asol WA o]FojFTh 20C ZUAME w7t H&stA ofxA
SAE Aol HAAT 5C ZANNE & - FHl$A 7 Aso] wf g =g, o}



ZA QAR JPLo] v Wkt oTAE AW SIS 1 AF FEFE 9
e A9, 10~15C ZZAA 718 A vebg.

4
X—Vé' BF THE A% Aol FFE 10, 20, 40, 60, 80 pmol - m” - 5] 5
g%t g @ 7+ st e, & 10T, Wi PESIE A3}
A3, 94FY tFos HHX]%— A @t 1 A7 10 - m” st AFTF
£ 155/m, 20 pmdl - m = 450um, 40 pmol - m” - s'E 578um, 60 umol ‘m? - sTE
369um, 80 umol - m™ - s /\]34——[‘1_ TAVSES AT F 40umd - m? - sTlA AR
Fzd A 2735 Jepdh

-y
>
o
e

S

ll‘

3) BF7] A+

B3y EBE 2A3 A 8LA6DNA 530+120m, 12L:12DN A 410+112um,
16L:8D A 290+35um, 5L:19DAIA  310+52um, 19L:5DoA]  180+31um= e
19L5Do A A 23 23S Bl wbdA 8L:16D FF7|odA 713 & ZFAE B
i, AEEE 7P =4th

4) FFola A+

1IREE ATFNA w194 F¢ 7.8+24mm, ¥ 1095 8.7+3.2mm, 209
8.9+3.4mm, 30¥ 9.1+39mm=E AU HjLolM= Aol AxdFeH, A 2%
e 5o 2 nirel ojdsH o, Wik 60 30.4+11.5cm, 90Y 68.7+15.6cm, 120
d 1103+321cmZ #W-E S BAh sl 309 09lem/LolA 60Y
304cm/ Y2 wWE AFE BYPS, T FHES 470 F He AFES Ho|wA
EFHAE 600X 12087HA] 11.5cm/ LF 15.6cm/ Y, 21.1em/E=E LESITH
AHAAEL 1-1097F 0.010cm/ Q] AL HQl whd 10-20€ 3 2030 zHzt
0.002cm/ gl AFES Ut EN AFEo] FA Fole 3E ¢ F U 2
2} 30-604 ) 0.983cm/E=E WE AFE JEMRSTE 23 AFE 12 A5 1)
A2 vk 194§ 125834mm, ¥l 1094 16.7+54mm, 20¢
20.3+59mm, 30¥ 254+6.1mmZ= AW HjFolA Aol vl HFzdHow, Ay
2% A% So7 Highe o)Astgth AR EL 11087 042mm/ Lo A
< Rl HhE 10-20¥ )& 0.36mm/ ¥, 20-30¥ 0.15mm/ L] FAES Yege
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2ZH AFE] AFHLE FojE AR YEEH.

5) Ml E AT

4 3.6+1.6mmE WAL A Wi R Ao, W 1094 45:1.9mm,
209 6.9+23mm, 30Q 7.4+25mm, 402 7.8+28mm, 50% 8.0+34mm=E Y43}
o} AjuleF 309 o]F Aol AxIFATE FEwFS ANEE WYH 50l
He 9y gurst AT JAAFES JEINY 4R FES 1109
0.100mm/ 23 10-20¢ 0.240mm/ L9} LB FES HYPou 20¢ o|FHHE
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SUMMARY
(B LT

I. Title

Studies on Kjellmaniella crassifolin  for wildstock restoration and

industrialized aquaculture

II. Objective

Many seaweeds exhibit distinctive seasonal growth phases; winter growth
phase and summer degeneration phase. In the marine ecosystem, seaweeds
provide valuable fishery resources such as fishes, abalones and other
invertebrates with habitats and spawning grounds. They can be valued
products for human as well as for marine invertebrates.

Aquaculture is one of the promising activities for seaweed production.
Activities of seaweed aquaculture have pretty much short history, but they
have been intensified for last decades.

The submarine forest is very important in the structure and function of the
subtidal ecosystem as is the terrestrial forest. The marine plants that form
submarine forest are of several benthic marine algae belonging to Laminariales.
Recently, the submarine forest and its composing species has increasingly
drawn a public attention because of its ecological function in the marine
ecosystem. Moreover, the recovery of coastal fisheries resource is achieved by
the construction of seaweed forest, that, in turn, could promote the quality and
quantity of coastal fisheries resource and improve the structure of coastal
ecosystem.

With an aid of phycological researches including taxonomy, systematics,
morphology, ecology, physiology, genetics, and breeding, the aquaculture
business have rapidly developed. Kjellmaniella crassifolia Miyabe has been one of
the valuable seaweed crops cultured in the Korean costal waters of the East

Sea. Recent changes in environmental parameters, however, have adversely
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influenced the crop production, thereby stimulating a technology development
for the species restoration.

We studied the ecology and gamete preservation of Kjellmaniella crassifolia
inhabiting Gangneung coasts for laboratory production. The production
technology will be applied to aquaculture and wild stock restoration of the
species. Mass production of the species will be used for human consumption

and extracted for some functional matters.

II. Contents and scopes of the study

1. Survey on the life cycle and ecology

Kjellmaniella crassifolia Miyabe is perennial species and endemic to East Sea
of Korean Peninsula. The species inhabits deep water of the sea. For a
biological information, growth of the species have been monitored for a year.
Materials of this study were monthly collected from deep water (depth,
20~30m) of Gangneung coast by scuba diving. We monthly investigated
growing pattern, maturing time, standing crop and distribution. Maximum
blade length, 110 +45 cm, was gained in July, thereafter releasing zoospore in
November. Sporangial sori started to form from September, reaching 85%
maturity in November and 89% in December.

Kjellmaniella crassifolia was abound in Gangneung coasts by 1990s covering
about 50ha at density of 500 ind/10m” In our 2004 survey the habitats
reduced to about 2ha with a density of 1-2 ind/10m’. The habitats and density
increased to 7ha and 5-10 ind/10m’ respectively, after our effort to restore
wild population of the species. Kjellmaniella crassifolin was dominant species by
1990s at water depth of 20-30m. However, the habitats were dominated by
Agarum clathratum with a coverage of 80-100%. Ratios of blade length and
width were 2.8~2.9 for maturing Agarum clathratum and 4.1 for growth phase

of the species.

2. Development of seed production

For the determination of optimum cultivation conditions, the sporophyte
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was grown under 5 temperatures (5, 10, 15, 20, 25 and 307C), 5 illumination
quantities (10, 20, 40, 60, and 80 pmd + m™ - s™), and 5 photoperiods (5:19, 8:16,
12:12, 16:8, and 19:5) in a medium PESI for 40 days. Zoospore germination
was strongly influenced by higher temperatures: all the zoospores failed to
germinate in the temperatures higher than 20C. Best zoospore germination rate
(80%) was achieved in the conditions of temperature 15C and illumination 40
umol - m™ - s7, while worst (10%) was in the conditions of temperature 20°C and

2.5, Optimum condition for gametophyte growth was

2

illumination 80 pmol + m’
10C and illumination 80 pmdl - m™ - s™. In the condition the gametophytes grew
to 286.0£35.20 ym for the experiment. The favored photoperiod (growth) for
sporophyte was 8L:16D (5301120 ym) followed by 12L:12D (410+112 /m), 16L:8D
(290£35 ym), 5L:19D (310452 ym), and 19L:5D (180431 ym). The seeds produced
were maintained in the hatchery for a month using free culture and

transplantation in the rope and then transplanted into the open coasts.

3. Sequence analysis of Nuclear 185 rDNA from the seaweed Kjellmaniella

crassifolia (Phaeophyta) in East coast of Korea

The polymerase chain reaction (PCR) catalyzed by Tag DNA polymerase is
a very powerful and sensitive analytical technique, with applications in many
diverse fields, including molecular biology and population genetics (Innis et al.,
1990). Since Hong et al. (1992; 1995) established a simple method for the rapid
extraction of nucleic acids from seaweed using lithium chloride, PCR has also
been applied to the field of seaweed molecular biology. Molecular study of
evolutionary divergences requires sequencing of very slowly evolving genes,
such as nuclear-encoded genes for small and large subunit ribosomal RNA
(SSU and LSU rDNA). SSU (185 rDNA) is more highly conserved than LSU.

Kjellmaniella crassifolia Miyabe, an edible brown alga inhabits in limited
regions from Gangneung to Goseong of East Sea and is very a useful seaweed
compared to other Laminaria sp. However, K. crassifolian was gradually declined
by several effects, such as over-utilization and typhoon etc.

In this study, we investigated the phylogenetic diversity using the nuclear
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185 ribosome RNA gene (185 rDNA) from the seaweed K. crassifolia collected
from east coast of Korea. Also we aimed to obtain a new genetic marker for
identification and to compare it to other Laminaria sp.

The results was Nuclear 185 ribosome RNA gene (185 rDNA) from the
seaweed K. crassifolia collected from east coast of Korea was amplified using
the polymerase chain reaction and its sequence was analysed. The 185 rDNA
sequence was an 1838 bp and showed 97% homology to L. japonica (the
GeneBank accession number AB022817.1). The Genetic markers to classification
were obtained three candidated gene sequences; one gap sequence and two

insert sequences.

4. Gametophyte Separation and Preservation for the Artificial Seed
Production of K crassifolia

Kjellmaniella crassifolia Miyabe, an edible brown alga inhabits in limited
regions from Gangneung to Goseong of Eastern Coast of Korea. We conducted
to reveal the conditions of separation and preservation of gametophyte for
artificial seed production of K. crassifolia. The released zygotes were cultured
on four different gelling agents with added Provasoli's enrichement (PESI)
under different light conditions (20, 40, 60 and 80 ymol - m? - s'l) and
temperatures (5, 10, 15, 20 and 25°C) at 12L:12D. The highest percent of
zygotes’ germination (85%) was produced on semi-solid medium composed of
1.0% transfer gel agar under 15°C and 20 imol - m™ - s” after 4 weeks culture.
Zygotes germination was formed in PESI liquid medium at the percent of
935% under 20°C and 20 md - m”®-s’. Maximum growth of zygote was
252+19.7ym on 1.0% transfer gel agar under 15°C and 40 /mol - m” - s™ after 5
weeks culture and was 76.7+2.8um in PESI liquid medium under 20°C and 40 v
ml - m? - s’. The number of separated male and female gametophyte from
germinated zygotes was 157, 93 on 1.0% transfer gel agar, respectively and 14,
28 in PESI liquid medium, respectively. Maximum growth of separated male
and female gametophyte were 575+28.3 yum under 5°C and 60 mol - m™ - s” and
686+35.4 ym under 20°C and 20 zmd - m?-s? in PESI liquid medium for 3
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weeks, respectively. The highest percentage of fertilized ratio was 93.3£5.8%
under 15°C and 20 mol - m™ + s in PESI liquid medium. These results show
that the best condition for separation and preservation of gametophyte (male
and female) was culture on 1.0% transfer gel agar under 15°C and 20 zmol + m’
2.5’ It would suggest that K. crassifolis could be possible to be
mass-produced by cultivated female and male gametophytes if necessary any
time during the year, and it is believed to be build a gene bank by preserving

the male and female gametophytes of K. crassifolia.

5. Studes on optimal water depth for the aquaculture K. crassifolia
Cultivation technology of K. crassifolin was first developed in Korea. In
order to examine cultivation availability for K. crassifolia from northern coastal
area (Gangneung) of the East Sea. The cultivation was done at 5, 10, 15, 20,
and 30m. Unlikely our general knowledge that the species inhabits deeper
coasts, shallow coasts were preferred for the species. The highest growth depth
is 5m reached blade length 75.9+18.9cm. It is reverse result consider restoration

area.

6. Studes on Kjellmaniella crassifolia for wildstock restoration

K. crassifolia distributes in the coastal waters 20~30m depth and usually
grows at 25~30m. We had K. crassifolia transplanted in the coastal waters
where wild populations are decreasing due to enforced human activities. The
techniques used for the restoration were based on the techniques developed by
East Sea Fisheries Research Institute. To developing the techniques for the
restoration, East Sea Fisheries Research Institute (ESFRI) in National Fisheries
Research and Development Institute (NFRDI) set up the study field in
Sagunjin, Gangnung. The transplanted seaweed, 320432 ind/ m’, survived 155

ind/ m?, representing 4.7% survival rate.
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2 2 2ANME uFFROE AFF 20 AFH A& WA o]FojHh 20T =4
A= WA 7F A5t ol A GAR Aol HUAR 5T AN & - Ful AT A
o] - }.:Eh ofx A GARE Zago] wy AohTh o} TAE AWt 1 AF A
S ot A, 10~15C =AM 7H A4 velkth
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AAste 3 @ 2 widstgen, & 10T, WiX= PESI WA= s}Mil, AdFY 7tH o7 )
A% A% w4t 2 A 10 pmd - - st NFFE 155im, 20 pmol - m? - sTE 450im, 40 1
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18FA} ZF 2o 10em 7HE O 2 0]A3le] 18mm ZEo| TA] Ze WHoE Byl 234
g F QS F D7 AUFzolA wikd F ouiche] oAtk wiY¥ 1dA F4F
12.5+34mm, ¥ 10¢ A 16.7+54mm, 209 20.3+59mm, 30¥ 25.4+6.1 mm= 2] B Fol) A
Aol wjg AzxdFon, AU 227t A5EH7) AFSES oA ATHLE 20). AsolH
AL 20-30mZE &Pt ATAZEL 11097 042mm/ Y] AFE HQA WHE 10204
0.36mm/ %, 20-30¥ 0.15mm/ L9 AFES YepdozZH AGEo] IAZF FAEJTW(TH
21).

__70_._



—
—
I
2
2
I
L A A 1 ] A
(=]
g & 8 8 3 &
- — ~—
(W) R

20 30 60 90 120
i 2¥ <

10

1.60

1.20

ww) ERRZR

0.00

90-120

30-60 60-90
Al Zhoh (2 24)

20-30

10-20

1-10

R

R

_7‘]__.



0
00
—-_
n
o
bl

55555555
333333

.....

Al Zh o (e 2H)

o4 & ANWHE Wk

a9 21 I

3?.

J

&

o, freloh g

FE AN E 87

Foz )

AS o

st 4 2~7mm

o
=

[o]
FRRE Y%

£ 10~127C, 40 pm

3/ T2 &

s 12L:12DE sl o™ PESHIAE dFY Ao s A 38

|4 sttt f49 3.6t1.6mmE tHdeE FAAA

| - m?> -

[=]

WFE A, W%

S

2=

09 6.9+2.3mm, 30¥ 7.4+25mm, 409 7.8+2.8mm, 50¥ 8.0+34mm=E A

(o]

1045 4.5+1.9mm,



R
ofy

Fatgoy AueldF 309 o)F Aol HEIIATHLE 22). FEMFS AEEW &
i gy 99 A dAFES e AT d88ES 1-10¥€  0.100mm/ D e}
10-20¥ 0.240mm/ Y49 FFES EPou 20¢ o|FFEHE LA EC] 20-30¢ 0.050mm/
Iz FZ3 Zo)EUomH, 30409 040mm/ L 40-50¢ 0.020mm/LZ AEA AT
2 23).

2APAE AFoMeE FE 5~10mm FHS U FMEFS HASIAT g 82
15+1.5°C, 50~60 umd - m™ - s?, 12L:12DE PESIHIA S 4FQ 7132
J8&7)e 5¢ olad FXE AFEIAUT 94 41£0.96mmE WFL
e 1094 62+1.1mm, 20¥ 87+26mm, 30¥¢ 10.9+3.1mm, 40¥ 12.3+3.5mm, 50%
13.7+3.0mm, 60Y 14.2+4.0mmZ AFsH o AWHlg 309 o)F o] AxATHIH
4). FEuige ABE ety o) dge g 4vhe A3 dHAZES YA ¢
S 1-10¥ 021mm/ 23t 10-20¢ 025mm/ Y] AFES HYey 20¢ olF RH
© Y7AZEC] 20-309 0.22mm/YE EAEUSH, 30409 0.14mm/ ¥ 40-50¢ 0.14mm/
d, 50-60¢ 0.05mm/LE A&HA SAHE 25).

°|

N

12 r

= (mm,
[=)]
|

uf 2F el

a9 22, ek s 9 A

_73_



0.30
0.25 F

o
N
o
w

ww) BERERiZE

w0

-

o

o
-
o
&

.05 F
0.00

30-40 40-50

2030

10-20

1-10

AlZhoi (2

¥ 23 FEu gl % dAGE s

DO
UMMM

NN
DA

////////////////
////////////////
/////////////////

///////////

(=]

50

40

30

20

10

OF 24 gl o 97 A

_74_



0.3 r
0.25 F TS
E
S 02 * *
o )
Ko
E_ﬂ 0.15 | - -
a
0.1 F
0.05 F -

1-10  10-20 20-30 30-40 40-50 50-60
Al zb o (e 2h)
a9 25 frejaj kel o JAFE W)

2 A 5 FRAL AT

7h 18FAF ZHEY 712 & o] 8% FEAN AF

HFA ABE 959 1247 YA A A3 BRE AP HIXE HEHE FA9
ERszd J#AHFE ¥ F FEHA AoFUt WE F %= 102 AP dnBeRE /F
HE(18

A BE R Y S AR ¥ 100HH Aok 2 30707 2 Wl AEES WA A
A FHEADS 5004 olaE T4 W L% 10~12C, 3% 40umd - m? - s, FF7)
12L:12D 2 PESI ®iX|2 A< 4—1 Fg dyed, WY F e F2F € 527/
o] A A3AT

18FAL ARV FFAE MBSt AW udd A Axols, wieA 8 E 7,
%3l AL AEVIA 4G B 9L SHo] ofH Y okxAst FA4Ee A WY 209 #
B 22 AANSEth 2 23, wek 209 0.12+0.02mm, ¥k 309 0.32£0.08mm, i % 50Q A
0.87+02mm=Z oz FF JhsdHch vk 90d A 8.7+2.6mm, HF 1108 15.3+4.5mm7}
A ARG o] 18T o) FFstd dF IAHAY xS @0l BAse Ay
S FAEI B2 Jlol st 26). A ZES X5, 20-30¥° 20im/ A=
et aL, 50-704 0 167m/dE FFe)l #A4% S UEUHAL, 90-110¥€ ] 330m/ L=
< AFES YEHITH2E 27).
A4 AT e AEEASEAL AR WD FFAE Austy AA4 5~17TC, 4
0~80umd - m” - 579 AAFY, YFY Aog AF FFgon, o U‘H BAFER, —‘%
& AAGRILH. 5~108 AWE Fx A g3t ME F HAHe #7279 =

i

!"N

_75_



l
o
ot
fijo

ZAFo2A AASRA

NFAL Alge] 8oz 1834 LYY FFAE AHHst AUl AME 2o b
*g A AEolE, WA A & 4, £3 38 Au|E S84 #F 2 FHo| o
9 otZAZ FAEE AL FFA ABAHAA wiF 20U FH FAHS AAEAS. 1 2
7, wjek 20 0.25+0.025m, ¥i % 30¥ 0.77+0.09mm, ¥ 50 A 3.95:0.3lmmZE SUASE F
2 JVesiFch sk 7094 6.85+0.87mm, MY 90¥UAl 9.12+1.31mm, WY 110¢A
17.35+3.75mm7} 2] A3 o o] o 5C7A spdste] AuoA o] =i @&
5 B oge Hoz wd 7044 AUulgE FASL ATFF R Jhol XAt
28, 29). YA FES BAEH, AU wFIedE 0.052~0159mm/ L o]Rot nvig 7t
o]2 % 0114mm/YE Z7}8tgen, MY 1104 A= 0412mm/ A2 o] ALY 30).

o rr

2% r
20 ]—
g 15|
E
K0
81 10 |
5F T
0 'l e, A L 6l [ m ' Z [ A 1 2 (]
20 30 40 50 70 90 110
i 22l

a9 26 18841 2 el ARE ATiAleke B3

_76_~



035 r
¢ 0.330

0.30 f

0.25 F

¢ 0.225
0.20 |

¢ 0.167
0.15 F

AZIMEE (mm,

0.05 f

¢ 0.020 ¢ 0.023 ¢ 0.032

0.00

20-30 30-40 40-50 50-70 70-90 90-110
AlZkdy (2d2h)

29 27. 184 Z# 2ol 9] AHTialnke] A E.

25C r

20T f

15T |

+2(T)

10C |

2005.10 11 12 2006.1 2 3
4

% 28, 38A AR

ofji
4
rfo

=

_77__



NN\

C  all

25 r

20 F

(w) 2 B

5
0

110

90

30 50

20

29 29 18%AF FE RGN AR B o At

-

0.6

o]
o

.3

<
0 (=

N
o

~

o

50-70  70-90  90-110

30-50

20—30

a9 30. 18TFAF FZd R YVAA 9 ATAIrle] dAAZE.

- 78 -









A5d SAA 9x ¢ BA IF

A eH(Laminaria) &2 FElyvel AddM BEAGE g@E7tn ded HE At
(Kjellmaniella) & Z3A1 AA2ZAA FH 143 g 2 bitd 741 £X319 1990
Aol A7 FFFLE 1,000 9 AA AAFE EAoy AT H=g Aol g, Add
2] o3 FE53 BFoR AT ALSAF WsE Qs sivith AdFFe] F43] Hasn A
 FAAA BY dodo] dAai.

Ho TAANETZ AT £ Restricition Fragment Length Polymorphism (RFLP) "
o °]& &7 (Stiller and Waaland, 1993), Random Amplified Polymorphic DNAs (RAPDs) '
Hell &3 54 (Dutcher and Kapraun, 1994), Rubisco spacer 714 &l 28 £ 7 (Brodie et
al., 1998), isozyme®l 9|3t FF(Yamazaki et al, 1996) 52 WHE] 2ol Yo}y 1 F &
3 AZ & Yo EA3}= ribosomal RNA AHe FARCDNA)E FEE vrEEo] e
repeated transcription unit®24 YA EoA= 285 rDNA, 185 rDNA, 5.85 rDNA2 371¢]
AAE HE EFstal JrH(Williams et al, 1988). o]& FHE FTolA 53] 185 rDNA gene
D71 Lol Bol BEH oA Fo 7 T E/FH AT ©@o] 2421 Yt

et dA EE A7 e FEd AY EEFA AUAebE g =23ste] 18S
DNA #F3Ae) G7IEE4 S 38ty a;ﬁ”‘} ANEFE FHA database ARE P A 35}3}
W olE 7V|ELR do oF FTHY FAAYS Hn ENFORN FAAIozM] HEG
€ FE 2 A FEAXMY T RE E EFF Q 59 7I2AREA AFdte AE BFHO
E o

1L AP 2 AXY

A3 AMEE AAvte ZdE 24T BXaE g 20061 1989 Scuba divingol
o AT A& AU AT AT AL 10 F F BAPEY 29L& AAs
7] $18tq 2 3AF 72 184 29 AT F 1% Betadine & 187 g2yt 23l
T2 AlHE 33 RESHTE AA 4A1T AR te Agd AHEE A 20T olA
WEEH A HPark et al., 1998).

F-LI

[I‘

Az B13E A vt ZF_Z‘JQE HE Total DNAS F&-2& LiClW 4 (Hong et al, 1995)&
o] &3t MriAlml 2o 2RE FEIHh ARE 01ge BA AE F, plastic tubed] Y1
4ml®] F=&Y(lysis buffer; 0.8M LiCl, 10mM EDTA, 0.6% Sarcosyl, 0.2% PVPP, 5%
b-mercaptoethanol, pH 9.0)2.2 55°Col|A] 10&7F A& o 4°ColA 1A B¢ Aegatg
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o ¥hg &, 587 AAE(L,000rpm)E st FEFAE ANEE plastic tubed] %A 01
volume®] 3M sodium acetate (pH 5.4)9} 2 volume®] ethanolE o] F o] & o]FAAEE
20°Ce] 1A17F B stk 2 ¥ 587 3000rpmol A YAEEYE sl FEH DNAE 3%
3til, 70% ethanol® A& F Az AJAA 30049 FFT FAoh

3. DNA A%
} DNAE spectrophotometer (260/280nm)E A HF3}le], PCRY FHOLE AE-317] 9

4. PCR 53

PCRZZ 2 iCycler DNA thermal cycler (Bio-Rad Co.)& AR&3te] 3 sttt 18S rDNA
FEE FE357] ABNA specificdt primers setl 5SSUSL NS2, NS3¢ NS4, NS59F NS6, NS7
I 3ssUe 2oz AMESEUHE 20). PCR ¥H8 &9 F 2540 7 1409 template DNA
(3ng/ ), 144 each primer (20pmol/£), 14 2.5mM dNTPs, 24 25mM MgCl, 2.5x4 10X PCR
buffer, 10 125% Tween 20, 030 Tag DNA polymerase (5u/ul, Promega)E Z7}st%ich.
PCR ¥H$ Z7AL ZI7|HFES 94°CollA 58 ¥kg- & & 94°C 30%7F DNA denaturation, 56°C
9} 60°Coll Al 30%7t primer annealing, 72°C 13 20%3%F DNA extension® & 353] ¥Hg-A|7]3L
A, npxjeto 2 72°Co) A 1087 PCR AR EES FE3] extensiondt At

¥ 20. Primer list for amplification of 185 rDNA sequence used in this work

Primer Sequence Reference
555U 5-CAACCTGGTTGATCCTGCCAG-3' Stiller and Waaland, 1993
NS2 5-GGCTGCTGGCACCAGACTTGC-3 White et al., 1990
NS3 5-GCAAGTCTGGTGCCAGCAGCC-3 White et al., 1990
NS4 5-CTTCCGTCAATTCCTTTAAG-3’ White et al., 1990
NS5 5-AACTTAAAGGAATTGACGGAAG-3 White et al., 1990
NS6 5-GCATCACAGACCTGTTATTGCCTC-3’ White et al., 1990
NS7 5-GAGGCAATAACAGGTCTGTGATGC-3 White et al., 1990
3'ssuU 5-TGATCCTTCTGGCAGGTTCACCTAC-¥ Stiller and Waaland, 1993

5. Agarose gel electrophoresis ¥ DNA 3|+

10442] PCR productg 05ug/me] EtBro] XF¥ 12% agarose gel AolA 05x TAE
buffer(20 mM Tris-acetate, 1 mM EDTA, pH 8.0) 100V ¢t 2 2583 A719EE sHst
% ch(Sambrook et al, 1989). ¥714FE 3 F, 95 DNA bandE agarose geloll* 2z
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o] MiniElute Gel extraction kit (Qiagen Co.)¢| W] w2} DNAE 3531
6. DNA ligation ¥ transformation
DNA ligation®} FZAE-L Invirogen At Topo TA cloning kite] el wzf 343814
o}

7. Plasmid 5% 2 A ¥ aLA 7

Plasmid %< QlAprep spin Miniprep kit (Qiagen Co.)9 o oz}
PlasmidE FZ3% U2, ¥3l= PCR product’} A YIAEA Y ARE &ls}t7] ¢
RI AlG¢a42 ddste] DNA A4S &3t

8. B3¢t 7HtkAlwle] 18S rDNA @7IM EEA

DNA 4714 €2 DNA Auto Sequencer (ABI PRISM 377, Perkin Elmer Co)E E-43lR 0
o, 97] 454 NCBIY BLAST search ZZI1#-8 o]&3to] vHlustytl. AA 185 rDNA
sequence= 7]&9 NCBI¢] 5% Laminariaceae TE(E 21)& A SE Clustal W 1.83
program+= ©]-&3} alignment A|F 1, alighment views Genedoc program (Nicholas et al.,
1997)-& AH&3tth Phylogentic tree= Treecon program (Van de Peer and de Wachter,
1994)& o]&ste] xR

# 21. The Laminariaceae species and GenBank accession numbers for genetic analysis

Species GenBank accession number Reference
Laminaria japonica AB022817.1 Yotsukura et al. (1999)
Laminaria angustata AB022818.1 Yotsukura et al. (1999)

Costaria costata AB022819.1 Yotsukura et al. (1999)
Saccharina japonica AF123575.1 Boo et al. (1999)
Saccharina sculpera AF123577.1 Boo et al. (1999)

Ecklonia cava AF123579.1 Boo et al. (1999)

9. 18S rDNASY F=
A 185 rDNA 9 FF357] 3t Z}¥E Primer set® 2§38t PCR %3417l A3
primer 5SSU-NS2E A&+ 73-¢- 578bp 2719 AAAEC] SEHHAT. 283 primer NS3-NS4
E A ¢ 603bp =79 AAPE, NS5-NS6E AHS3 7% 289%bp =79 AAE,
NS7-3SSUE AH&-3F A% 363bp 7|9 AAEEC] Zzt FZHJHIE 27). ol 47HA
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O 413 o] 1838714 FrIZ FAHAA de Aoz Uehgen, AtAuie 185
rDNA sequence F3¥#-S NCBI®] BLAST search Z213-g o]&3le] L&A thA|vla}e] 18S
rDNA FAAET A ZAAE& 4A13 A3}, GenBank accession number AB022817.1¢] &
T A vl (Laminaria japonica)$} ¥lmsted 97%2] AFAL HFon, 7144 1690bp d717F ¢
28tk 18] 3 Treecon program© 2 243 phylogenic tree (L 39) Aol A E 7 thAu}
T oe tAra HREgE | 7% FAME JeER It wEkd sitiA)ele 185 rDNA
o] A7IMEE tArlTe &3l Ao 2 et

8, angustata

S. japonica

L, japonica

C, costata

E. cava

— K. croassifolia

S. sculpera
1% 39. Phylogenic tree of the members of the Laminariaceae species

based on the neighbor-joining method, determined by bootstrap analysis
with 1000 replications.
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1. A% 2 AA

MAAvke] A TAAE 200601d 1990 29 AT B2 (Y 40)9)A Scuba
divings &3l AHFAL, AT Bxe A FE FH 2L o]EFE AAT T A=
=Rt EA Y F 5T BFHE AdY F 2@ E AHES] brush® 2~3W A F )
epiphyte 5 F#Z =3 AA Atk QA= oF 15Co] AN 3212 SAAZ F a7}
= HlojA FAE ¥ FHELE A A 7] &S FE9Y. #5F4 BE =

AOZE F2E& 15T, FHL 40~60 umol - m™” - 72 3Gk FFAE zpGuke A 1058 Fof 1)
=5 7] AlZFstRom, 1008 Aok 15703 7 W& H ek £33 {32 WE Al A4 GAA Y
T U 55 AASY] 98 100 m Jol&%o] F H o3 A )

e B~

to

128° 34" E

Sampling o
: area e 38° 15" N

_ | Goseong
7 " Bongpori
-

¥ 40, ATAEE 22 AR 9.
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2. Hj ]

FFA UE, A AR 2 As, ofxA AR T A4F TAGAE vl Agste WA=
B A (3 22)¢F TAIA| (R 23)E AHEStR o, AAu) A= a5 PESI € 9 (Provasoli,
1968)& AH7bstd AHEEAal, RAMAE xF ZHuw Gl AHEEE 1.0% FHH(Agar
Sigma, A 1296), 1.0% Transfer gel(Sigma, T 5660), 1.0% 17+ =3%t3(Agar, High gel strength;
Sigma, A 9799), 1.0% “g A3+ (Purified agar; Sigma, A 7921)& AH&-3F A TH(in et al, 1997). &
o BAA FE2F HAd A% AP 2FE HABH] A GeO, (PESI ¥iA 143 2mb 7
< HjFE Aol Hrte

3 22. PESI(Provasoli, 1968)¢] =4

B vitamin mixture
vitamin Bi» 1.0mg
Thiamine 50.0mg
Biotin 0.5mg D.W 100ml
Fe (as EDTA 1:1 molar sol)
Fe (NH4) 2(804)*61_120 1 .40g
or F92(NH4)2(SO4)*24H20 2.12g
Na,EDTA 1.32¢g D.W 2000ml
PII Trace metal mixture
Boric acid 2.24¢
Fe(FeCls)*6H.O 0.09%g
Mn(MnSQOy) 0.24g
Zn (ZnSO4)*7H0 0.044g
Co (CoSO4)*7H0O 0.0096g
Na-EDTA 2.00g D.W 2000ml
Germanium dixoide stock
GeO, 0.25¢ D.W 1000mi
Stock solution
Na; glycerol phosphate 1.00g
NaNOs3 7.00g
Tris HC1 8.14g
Tris Base 1.86¢g D.W 970ml (autoclave)
B viamin mixture 20 ml (filter-sterize)
Fe (as EDTA 1:1 molar sol) 500 ml (autoclave)
PII Trace metal mixture 500 ml (autoclave)
KI (0.25 mg/ml) 10 ml (autoclave) Total 2000ml

¥ GeO; stock(autoclave) 2ml/ L PES
© 20ml (PESI stock solution) / 1 L (sterile seawater)
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X 23. gelling agent®] %4

TYPICAL TRACE ELEMENT
GELLING  -pH at ASH

TEMP 1.5% CONTENT

PRODUCT NAME DESCRIPTION
Ca Mg K P Na

A1296  Agar
Plant cell culture tested.
crobi . d
Microbiologically teste 3235C  7.075 2.5% 030 010 001 00l  050(%)
General purpose agar for most
research and production needs. Use at

6-12 g/L.

A9799  Agar, High gel strength
Plant cell culture tested
Use when firmer gel is required. Use
at 4-8 g/L.

34-37C 6.5-7.0 3-4% 0.03 0.00 0.07 0.09 0.72(%)

A7921  Agar, Purified
Plant cell culture tested
High purity agar for research and
protoplast culture. Use at 6-12 g/L.

30-35TC 6.5-7.0 2.0% 0.02 0.01 0.01 0.01 0.35(%)

T5660  Transfergel™ Plant cell culture tested
Transfergel is an effective carrier for seed drilling practices. The gel is prepared by
mixing a solution containing the desired inorganic salts, vitamins, carbohydrates and
growth regulators, with Transfergel, at 1.5-2%(w/v).




3. #7449 wol B WAt okEAY 4F AT

7 72 wo}p A7

FAe] ol AFE 8t FLuAYNNE F& 5FAG, 10, 15, 20 E 25C)9}F FF 4T
(20, 40, 60 2 80 pmol/m” - s)2 23 AR 207) A)DT} A )R] 807K (207H x LA H
A 4%F) NPT F 1007 AETE D29 YAt $A, 2HF 9L AR = A
W 222(18x24 m) 218 Y1 AW e DG §574 1000cell S HE3he] 1583 XA A
FFAE RHAAD. 527 3288 87x15 mn Z7] 9] Petri dishel] A& u] A W u)oks}
Rt LA R o = 35x12mm F7]9] Petri dishol] vj9-A] 27} Hs=E 37 95l A=
A o] 200cell & =@t z+ APRASZ &4 4847 vl I Qo F3=7)E 12L:12DE &
A3 ot
AA A o] FFA Wol2(%)S Petri dishe] AA| cell 3 wjF 6U7FA] 27] WA ©AZ
HoI7t cells FAeY 742 2% - FFE AN 23R, nAMAE AA A} w3t
7}A 2 Petri dishe] AA| cell 5 vl 28U 714 7] v]-¢-%] GAZ 7t cellE 2H 3] W
&2 RASH T

1) B u)=)

T FolgE 42 201 c, B 20 ol - m” - ST A 9B5%E FHF FL ol S BY T,
2 25C, B% 80uml - m? - sT A 75%2 7g @R ol g HAh LEEREE 2 5T
X B 324%9] Tolg g RS 2 10CAME HiF 791%2 ol BYa, & 15T
X 86.9%2 Wol&S HATE £ 20T e HH 884%9 Bol&S B & 73t F 7}
F Ee Lole S HYA, € B5CANE BF 125%2 713 *e wolgg ngon, v
Z AYPHA Zan ZE AA7 AP AT FFE AA 2= 7T ollE Y &5 7
Wl A= F33 B3-S BolA Fsich AR AN 2x9} FFE 2Fste 54 Lolg A
e A3 HF 80% o Fe] wolgS B AL 2 15T 0T e BE F7F 77H20~80
umol - m? - s7), $& 10CAAE 20~60pml - m? - s TRl B, $& 5T} 25T ME Wolgo]
Az YGTHY 41).
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C20uE-m 2-s™' E40uE-m2%s™' HEH60uUE-m 2s”' E80UE-m s

100
- % B s v
2 i % %
' o,

s % T o ovs
E B j::; A,
£ 1]
E 40 |1l Z
(] ///" o
S ;Egig//,«j

20 | [

2
o L] . ,

8,1
—
o

Temperature (°C)

79 41 PESI WA M 25 2 B {549 wolg.

2) IAEA
7}) Transfer gel
FFAL] Wolgo £ 15T, B 20 umol - m™ - s oA Wol& 85.0% 2 HF =& ol
S Bt 2EHEE 5TCoA] Hi 649%2 WoleS HYow, 10CAHNE HTF 789%Y
& Byt 15TCoNME 798%2 % 3 £ 71 & wolgd HYgow, 20TAHANE
Hit 729%9] Folg&S Bt 25CoME HiE 81%E 7FF e dol&S BRPom, ujoH

rong o

=

14 2= oldg Y 25 AlFFAME TR AEFS RolR dth Transfer gel H
2 =

& 2R FF4 TokE NPP A, £ 5-20TAAE BF 24
A =]

BAGol 60% ©14, F& 10~20TAAE 70% o739 FF2 wol&S B 18} o
25T 7% B 20umd - m? - 7 AT Bk 40, 60, 80 ymol - m? - 5T AJHFAA Fap=
wobstx RS Wik 49 2ol AEshe RoZ UeRthaE 42).
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100

80

60

40

Germination (%)

20

N

R L h ; ;g
N
TIIIIISIISTITIITIIIIIIISTIISISIYIYILIR Ty

5 10 15 20 25
Temperature (C)

1% 42. Transfer gel BiA oA 2= 2 F#FHE FF2] Fol&.

1}) Purified agar

o, 20CoME Hi 155%9] olgS Bt FFHEIZ e AA LR oflst Fd 2%
FHNAE F83 AEFS KHolx gk} Purified agar Bj A A =9} FHFS 2{st #

2 ol ANPE 3 A, & 5~20C FHolNE FF Ao #AGe] FFA oyt d
oygto} wolgo] 40% olstZ RYTh EF & 5T, BF 20umd - m? - s ME FL& 25T
o] RE FF AP vt s wolstA 2, A% EAAEE JElW Y Purified agar®]
A RE NYFeith =33 Ay} PESI wiA| 9} Transfer geld D2A FF348] Wolgo] &
AsHA don, A mdsiaoy 22 JEE FASATHIE 43).
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020uE-m2s~' E40uE-m2s™' E60uEm2s™' E80uE-m2s™
100

80

60

40

Germination (%)

20

.

Temperature (C)

1% 43. Purified agar ¥WAA &5 2 FFEH {FFALe] dohg

o}) Agar

FFAY wolg& £ 10T, %ak 40 pnol - m? - 7oA 28.0% 2 M T ol
on, £& 5C, F&F 20pml - m” - sTNA 125% 2 7FF e dolgS Ryt 1
20C 9 25C9 A9 A3 wolstr| g1 a2 IAFEE Yehidt. 2EEEE &
oA H 169%4 dolg& HYgoern, 10CAMeE Hd 254%9] Wol&S
7} A JElgth 15T e 221%9 Solg-g Bt FFERe AA & F8w of
Ut 59 2% 77 WolAE 33 AFS Rolx dUth Agar wWiX AN =9} FHFS
zgste §F7 ol AL 3 A, £& 5~15C FHAME FFxHd Al +FA
Foprh dojiront wolgo] 30% otz A A Wttt Agar®] B$-%= Purified agarst vt
ZNAR FAT}F dolE A Fol Ad A FEE FASFATHLY 44).

tlo
b

v
o T
o 3 rfo

@
£
fo
f
-
o

_93_



1 E20uE-m2s™' B@40uE-mZs™' HE60uE'm2s' MEBOUE-mM s
00

80

60

40

Germination (%)

20

4

29 44 Agar WA LE 2 FE fFAe) Gole,

2}) High gel strength agar

FFALe] wobge 42 10T, B 60umd - m? - s A 34.0% 2 M L wol g S
om, & 5C, % 60umd - m” - sTolA 105%2 7FF @koh a2y £ 25T B¢ A
dropalAl ¢kl atE EAAEHE e 2EEEE 2 5T BT 105%2 wof
&g Eiom, 10CAME HT 243%9] Pol&e B 2= 73 F 7HF =4 deigth 1
5Tl e 221%9] ol S Byon, 20CToME H 17.0%9 Polgs RAT FFER
AA LWt olyEl FY 2% FHNME FEHI AEFES HolA Agkth High gel strength
agar WA A =9} FFE 28t FFA ol A FE & AH, £ 5~20T FAM=
BF =70 BAGe] Loprt oo} wolgo] 30% o|dE @AEA X3kt High gel
strength agar®] 7-$-% Purified agar$} Agar®} PIR7FAE EX7} wolE 844 Fob Ald =
At AHE FASFATH(ZE 45).
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b20uE'm2s™  @40uE'-m2s™' MEE0UE-m s’ M8OUE-mZs”
100
80
3
§ 60
®
=
E 40
o
5]
20
0 [l
25
Temperature (TC)
1% 45. High gel strength agar #iA A &= 9 FFdE FFx9 Tols

v A e AR B AT

WA o] AR Y5E Gotr 7] st qA A} RA A= & 5TA (5, 10, 15, 20 2
25C)S} B3 434 (20, 40, 60 L 80 ymd - m” - s)E 23 AR 207 A)B TS} A A
8070 A1@7-9] F 10070 AlE & TEO] #Fsitt 4, W FFAYE AR = A
=e2(18x24 m) 270 E W2 AW S22 VT 52 1000cell S HF3ke] 1583 FAAA
FAE BZA Y. fFAF 225 87x15m 2719 Petri dishel] AAWAE @1 ) g3t 4
o}, ZA MR o= 35x12mm =7)9] Petri dishol -4 27t Ad=& 317 sl A&
A S+ 200celle =TE 7+ AHPZACE &7 48417 Hl R, FFE7)= 12L12DE &
A3ttt

AA =) o vl--A o AT J& 7] WA A o}2A AR HFL
AufA = v g 354 74A o BF-g FH st vmst gk wAS AFLe A o =2E
338t v H ok

L _jmc

1) GAuRA|

W 6L FE wlA7E VERGS] Al Rete] wi ek 189714 S A3 Wi $-Ale £& 20T,
3 40 pmol - m” - T REZNA 767 bR AAES MR 2o AR :
5TAMe SAe AFE Mg 69 10.7 moll A vl 184 el = 40.3 m7hA 43}
AEolu ol AR AP HA ZIAT £L& 10T B9 wd 69 11.5 mol A wj<k 16Q0] 41.5
7t AL 7SR vk 169 o] FHE = v A7t g o] ol XAE JAYEHJAEH g 18Q
A ofEA ] A= 382mATH F& 15T A% vl 62 18.7 moll A vk 16 60.6 m7}tA]

o
f
3R
g
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AU W 16 o]FREHE A7 A& ol XAZ AYHJ=H g 18YA ol
Aol A= 53.7 mATH F& 20T 45 vl 64 22.8 moll A vl 16€00 61.1 m7hA A3}
o &5 7 F P & AGE BAY w169 ol FRE = w7 A&EH] ofxAR
A= A=l v 1824 ok XA A7|= 584 mATh & 25T A5 EA7} wofadte] ul-9-
A7 HA Zoha AR APEETh FFY B9 & 5~10Co e & Aot fiey &
20Col e A B 20~40 umol- 2ot W AT A4S Jegien, & 15T
AN e 1FF 60~80 uml - m” - 57 FZHAA WE AR AF5S GERAUT vl 16Y9l 5T
=2 Xﬂﬂ%‘z EE F7HAA wiA 7 AsEo] vt 18Uole o2 A7} HUATHIE 46).

100
5T
O M
0 [ —
10T Juvenile sporophyte:
L}
E Gametophyte matured+ A 4
~ 50
£ ——
g -M,
2
e 0 -
z 15T
a ) 4
e
o
£ 50
©
(0]
0 ]
20T 4
50
0 3
6 8 10 12 14 16 18
Day

1% 46. PESI HiA e &% F3FE A A€ 20umd - m®-s”, W 40p
ml + m”+s?, A: 60pml - m” - s, x: 80 ymol - m? - s7).

2) 2} A
7}) Transfer gel

oA E F& 15C B 40 umd - m? - sTNA 252 m7tA] AR A 2L AZE BA

oul, #¢ BCANE ZE B TN MF 7d F o o) AFE A Eapn BF A}
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G PAT F& 10~20CAE wj$A Aol 4238 A deldrh £ 5ToNE FHol
FFe A e Ao YRtk £ 10TANE WF 359714 2FF 80 umd - m? - s
NN E& AFE BYT, & 15C9 20CANE FF 40l - m” - ™o)X 7 2 A7
& Bk Transfer gel Wl o)A o] w]-¢-A= AW o] Fold B Hgou} ojx A2 AP
AAHZE 47).

300
5C
150 |
0 - -/—_.
10C
g 150
£
s 0 -
o 15C
(0]
£ 150 |
i o
Q
(@]
= 0
= 20T
«©
O 150 }
0
25C
150 }
0 -
2 7 14 21 28 35

Day

1Y 47. Transfer gelolAd 2% FFE vj$A A2 (@: 20uml - m”-s”, W: 40u

mol * m?-s?, A: 60 pund - m? - st x: 80 pmol + m™ - S'l).

W) Purified agar
Transfer gel®th AFo] =AAT £ 20T, 3% 80 yund - m? - s7JA 108 m7tA A3}
o 71 & AFE Bt 22HEE §£2 5TAMe vl 289744 AAE A &oir} )
F 3599 nFFA 80pmd - m? - sTAMT AFE FYrh. £ W0TANE F& 5T
opR7FA 2w 28R A 3hA Foib vl 35Ul B HFQ 80und - m” - s AR
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|

AL FPTh 229 15CoAE wik 149717 AAL 314 @izl wiok 21U EE WA}
Alzret L, 515'% Q1 80umol - m? - sTAA FHF B @%T% L}E}kﬁ‘;} F2 20CAN= 1%
o) 80uml - m? - st AP Be AL RYgow AFFQ 20umd - m? - sTAA AHF e
9 95, Se BUANE AF BUAA AH BRI GE ASD ek Pusived
agard ME F&& 20T FFe ARt DFFAN o Pl g Ao yehih

T FFEA7L Lolste] WA ARG BE TN §4 WolE A L o
2o A M & @71A FFA FHE de AE U T F AJHTHE 48).
150
5T
75
0 - - . - -/f
10T
—~ 15 F
g -/X
<
S 0 - - - = -
3 15T
S 75 |}
5 ké%
Q
2 0 = =
£ 20T
2]
o 75
0 —i il
25T
75 F
0 - m = - - -
2 7 14 21 28 35
Day
19 48. Purified agaro]]/\i L= FFE w A /‘3’5}(0 20 ymol - m” - s, M 401
mol - m? - st , A: 60 pmol - s, x: 80 pmd - s'l).
) Agar

e o] WAL 4 10T, 20uml - m™ - s?NA 92 m7tA] AAES M B A4S B
dr} e 5CAE wok 21977 AAsEA &ohr) wlok 219 o] ERE A A)F
ste] L 20 @ 40 pmol - m? - sTA B RS BAT & 10CAME AB ) 20 pmd -
m? - st A %3 AAL P, &5 70 = 3 £ AFZS RaT. £& 15T
A% B 60mmd - m? - st A B ARFL BPon, FF 20umd - m? - s E W

_98._



35714 43 A we Ao Usdth £ 0TAHE ZE 3
A @gkom, £e BTANE WP 219744 BRHA @n ARSAh. EF Purified gelh
SRR §FATL Felste] W SAR ARHGOY BE TN FF4 B
o YRR AAZL G F DA FF4 FUE Qe AL FA T 5 AAHIY 49).

off
-
=
2,
R
o
ol
o
ol
o

150
5T
75 |
0 - — - -%
10C
75 |
0 = = =-
15%

20T

Gametophyte length(m)
\,
(6]

75 1

25T
75 f
0 i - — 1
2 7 14 21 28 35

Day

13 49, Agaroﬂfﬂ o Bk BH—?—iﬂ ‘3%}(’: 20 pmol - m? - s, M 40 pmol - m?
s, A: 60 pmd - m? - s, x: 80 pmol -+ m? - 57,

2}) High gel strength agar

vl S-Ae] AAe & 15T, B 60 pmol - m” - sTN A s wha) welst:, 134 m7hA] A
Aot 7Y £ AGS BAT 2THE FL& 5T Wk 21974x] AAE dA grt
g 219 o] FRE A7) ARE] 1BHQ 80umd - m” - sTAA M B AFL 1Y

3, AFEFQ 20umd c m” - sTlAE ¥ 35UAR] WAL 4R LYth F& 10TCAMNE B
20, 40, 60 pmol - m” - s A Wi 21974 A AL BA] Lrir) Wi 219 o) FEE WAL A
a9, FF 80 umol - m” - sTNAE Wik 28U K] WAL 3R] $rirl wjk 28Y o] THE
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d

AR A Aste] AF= 20uml - m? - s A I Be AFS BYgow, 13T 80 und -
m® st T e A4S RAT £ 15TAME uﬂot 7UAA M-g: A sgehrt
F 7Y o]FRE AAEY) AFstS B 60umd - m” - st S B AFE BYT £
20CoAN M= B3 20, 40, 80 pmol - m™ - sTO A B 21?-__]7]}21 MRS 5A i}l wiek 219 o]
FRE AFS NFAL, BF 60pml - m” - sTAME WF 14L7A HAS A @izt u
%k 149 o] FHE sty AFste wjk 359714 b B AZS Ve & 25T
M ek 359714 RS A ¥3 AE {FFA FEE BA High gel strength agarol]
A= Purified agar @ Agard} vEAVINE §FA7L wolsle] wleA2 AFAoY BE T
A 3R WolE d1R e UlRE A v 3 9tx 324 AHE YE AL

2 & F AATHZE 50).

150
5T
75
0 y | -- %4_
10T
- 75
S
£
3 15T
2 75
>
=
Q
..g 0 -
£ 20T
<
o 75 |
0 ———4-========lF=======HIE§;;;;;;:E;;;;;;;;:
25T
75 F

2 7 14 21 28 35
Day

19 50. High gel strength agardl X €% 33Fd wj$-A 43(@: 20 umd - m” - 57,
W 40 - m?-s?, A: 60umd - m? - s, x: 80 pmol - m? - s7).
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ok olE:A Y A AF

ol A o] AL Lolr ] Ysled AR 2 AA WA= £ 5FAG, 10, 15, 20 2 25C) 9}
FeF 4920, 40, 60 R 80 pmol - m”? - s)E EAFF] AAhA] 207 A @ F} DA A 807 Al
F3o F 1007) AYFE HES wIFSAh ¢4, S FFAAE AAWAE AW S
(18x24 mn) 270 B3 AW Fes T FF74 1000cell S HE3S 1583 BAANA FFaE
BTG, #FA7F 2235H 87x15m Z7] 9] Petri dishel] HAMAE ¥ wjF3tArt. A
Hj 2] ol & 35x12 mm 7]9] Petri dishell #]-$-A] &7} A= F 817] At DEE AA shd
200celle =3l ZF APzAoZ &4 4817 vidsl g, #F71E 12L12DE A8 4t
ol E A o] AL Z+ ZANA ol XA JERG vl g 18U FE ol A AR & €7x Y WS
Sk B AT =

1) A=

o} E Ao AL WF 29U74A & 15C, FHF 20wl - m? - 57 A 901 m7AA Ak )
T w2 A BT 2EEE 5T e v 2197hX F3E R w3 ARS sturt Wi
209 o F FF 20uml - m” - sTAAM FE3) AFe 7ML AFE HET £ 10TAA
B PR WG 797 W@ S Syt Mg 7 o) FRE B 20umd - m” - T A
A RS B Wi 997K 7P BE AFE HAW 2 15CAME ZFER WS 14
A7HA W% E BAE St ok 149 o) FHE W oF 209744 FF 20 pmol - m”? - s A E2
A& Jeith 2 20TANE FF 20,40, 60 und - m” - "N A Wi 7A7AA] WA AFE
Bojt} W 7UAREE FEATF ALEHAL, FF 80wl - m” - 57NN E WF 3Y o] F okE
A7 AbE3t AT PESI iAo X ofE A 9] AL 2 15TAA 714 F2 A%S BH, BF
< BE 2E TN ZRFRG AFFo] Aol L2 AR YEHRTHAE 51).
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1000

750 | 5T

500

250

1000 -
T 750 10C
£ 500 |
2
& 250
£ 1000
& 750 | 15C
°
o 500 |
Q
» 250

1000

750 | 20T

500

250 |

0 =
3 7 14 21 29
Day

1% 51. PESI HiAolA &% B o} F 2] ﬁ%@»mwm .57, M 40u
ml - m? - s7, A: 60 mol - m? - 57, x: 80 umol - m” - 57).

2) A Hj A

DA A 1.0% THH(Agar; A 1296), 1.0% Transfer gel(T 5660), 1.0% 7= (Agar,
High gel strength; A 9799), 1.0% A1 23 (Purified agar; A 7921)o| X< wjA ] 5374 o} EA
7} BAHA £atm, a2 FFA FE o)A WA dHE B ofEA L] AL o] FAAA
e skt

4 WA 2 2 My A7

ZbowlA 22 a7

W 9-A 7t A5® ZF F7ro) A Pasteur pipetted] ¥ FE-S Zo] wj-Ae =7]d wel 100
pm W 2] Hole T% e . @u|F doA & - 5 wl¢AE B8] 96well plate$} 35x12 mn
9] Petri disholl #2] E#3AH-
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1) G=ul=]

WA 7t BAEE M 7~9YE BHAT AN fede £ FEE B9 100 me] 71
$ 9E F, AN ¢ -5 iAE BYUS 2 JARANA & wi+-A 28744, W
A 1A 22t F A 424A 2, £28 AAe weAH AFAFAAN A
T+ AX 18 AL B € 15C, F%F 20umd - m? - 7o) BAFYTHE 24).

2) A=A
7}) Transfer gel

v -2 7 BAEE ME 119~13Y A 70 A F#Y € FEE 59 100 me] +
He HE F, @vAdA & -5 ieAE EUT A aANA FAAN BFE A waA
B9l Transfer gelo| A o vl-$-A 9370A], §= vl 157704 £t F vl 25004 & &
g, € MAT WA AFAEAA A e A F2 AL RY FL 15T,
F% 40upd - m? - s BAS}AT} Transfer gele A wIR 9 nA RS FREAL WA=
AR AR} oA o]Fo] Ha 1ol Hol oM wjA e EE7l Blad HAYUtH(2Y
52, & 24).

W}) Purified agar
Purified agare]A& tlF-29 /MA7} TolE 312 F FFA 8 IHZE FA3A L,
§5A7 2012 B A A deked AATL MSAZ wAel =T £ WA
E AAYC soizsts dvjde] AR & - A gelo] ERWNL, TRl M@
&g AT WA AR WA FES WA A Huljoldte oE ol loiAl wlS-
A el A FRATHE 24).

t}) Agar
Agardl e giREo] Bjl$AZ AFsA Edtn AL XA FHE EJth EF Purified
agarol A9} wlRNMAZ FFEAE HiA Y] =L F AlSAE F8qA R BN & - F
Hl-$-A Belo] BEFIGT. WA EdME WA E44 A FES WA T4 o
Wolsle ol &0 SlojA Hl$-A Ze A LUTHE 24).

2}) High gel strength agar
High gel strength agardlX| = Agar$} w372 EH‘:’-‘?—OI A2 AAER 231 A
& X2 FHE EQth B fFAE WA =22 F weAZ FHstqA @r| sl A
&g A gdo] EERIIAT wiA EAME wiAY B4 WA RS A
g7 wujorsts ool oA A EEle A dth(E 24).
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A 900 B 900

5C 5C
- _.—ﬂ/ =
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- 10T 10T
545\0 - 8 450 |
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e __.,-l——/ 5 _-——-—l——!%
[ O
o 0 — g 0 .
o 15T ° 15
> —
S 450 | Z 450 |
@] Q.
2 _-—ﬂ’:—././. 3 _./v——%%
§ o E 0 M
z’ 20C s 20¢C
S 450 | = 450 |
5 s
w
0 s ' 0 —.“"‘"-_ !
25T 25C
450 | 450 |
o Lme——t—— ‘ o Lm——-= —
1 3 7 14 21 1 3 7 14 21
Day Day
a9 55. & - el AlY ex FEd AR w3l
5. vj-9-3 =4 A+
& 5945, 10, 15, 20 2 25°C)9]— 44| (20, 40, 60 L 80 pmol - )i ok 207)

7yupek 2z 107098 g2 233 o - —)F‘ B3 & 96 well plate o] AAAE R vl Y3t
olE A2 wold MAE FAHY RALE F 3, & - F WSAAAANT =B MAE FHE
(%) 2 Aot

Al RN A WAAZ & -5 S AE Z AFFEeich 107444 225t 96 well plate°ﬂ
+3e AA F& 58AG, 10, 15, 20 2 25T) FF 40720, 40, 60 2 80uml - m* - sT)2
zZAs F 207) AEFE HEDL JAMAE Yol MiF ATt olg 2L AL 3W WEs}
o Wt A3, e 5C°1]H“ B3 20 2 40 ypol - m” - § oﬂ/ﬂ 633%2 71 B2 FHES
Bgon m3akql 80pumd - m” - sTo A 30.0%2 M Fe < Byt £ 10CAME
FZ 20umd - m?-sTA 867%F M L FAHES E-Sa-?—”i], %% 80umol - m” - 5o A
467%2 7} e $£ALL RYT $L15CHME B 20umd - m? - s A B3%E 2%

[o

f

- 106 -












A7 AAZFA FE9 AT FH7leAS AT
1. 9449 3% 4+

20043 119€0] S AtAutE 20059 1083 1296 4 30molA Z2t 25192 cn
9} 315+131cne @F WAL BYT, 44 5molA] 205+ 78 cnet 195+135 =z 713 A
S G4F RS Ve 2006d 297 49, 6€7HAE F4 20mol A 242 50.3 +12.2 emo}
59.1+153 cm, 623 +169 cnE I AL eI, 2006 2937 496E 54 5molA
36.7 + 9.8 cm$} 405+ 129 cm, 6= 4 10m A 55.9 +£20.5 cm, 8L A= F4 5molA 759
+189 cmE 7} WE AL Vel od, 4] 30moA 605163 mE 7FE Fo] x7|¢ th
2 Py AL BRYth 4 5moA 20059 10€oE HAax AFE 2 2748 AP
A 7P e 43S BYo 20061 8 Huix AAdA M wmE AFe R, T4
30mef A= 20053 109 AT F 7 & 43S UeRey 2006d 894 A Fe ¢
AL 1o 1R =i AFZLE Aok AAIR 2989 FAEL 4 Smyl ARede M A
& Ao 2 N (TH 6l).

FZL F4 30mol|A 20053 102 62+39emAEA MAEo] 2006 8¢ 271+ 83 cmE 209
amd BARAE B 77 F AR Z AFE Bgoen, £4 5mola 20059 10€ 52+34
A A Eo] 20063 8€ 16537 nE 113 e AFS B 717 F 7HF =A A} AS
(2 62). ZATkA ke 20054 10€94 2006 8¥7HA] 4 SmolA AFLe AA &3, %
o AAse FEE BYen, £4 30mode AUFes FARTG gFo] Bol A}
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10m

15m

R 8K 2988 e

(w) yipim spelg

g 8 ®

Dec. Feb. Apr. Jun. Aug.

Oct.

2005

Month

18 62, ATHALY] LW JE w3}
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A8 NAARY AT
1. 289 9% ANAEY A7

20053 1196 FEAAE st £4l 25~30moA AAA o4 ANFL & A} FgFLS
20053 129 %-E 20068 8€7tA) 69.9cme] S Holthrt Bx-go| Al&Ho] 20061d 1049
= 643+152enE Aol ZOEQL. 2 T A ARSI AFste 20079 8olE 1074+
24.7 cn®] A4S YR ATHZE 63).

JE= G437 v£F AFgFoE F4 25~-30molA AR o4 AFL 3 Az} 20059 12
AFH 20063 8AZAE 134cnZE FAHE YFE Holtp/t 550 AFHEA Eo87] A
Zshed 20008d 1090l 14.745.2cn9] BFS JEPAUATE 2 F oAl AARsE7] A&t 2007
d 8ol 165:73me) A4S UBhIITHIY 64). 30x30m AHA m'F 15:5743 <] ek
Alut7t B =it

140
120
100 |
8 80 }
'KLO 60 [
81
40 }
20 }
0 — - ( . . . _
12 2 4 6 8 10 12 2 4 6 8
2005 2006 2007

|

a9 63. JHThAnte] M4 x| oj4 & GA W3}

25

]
| | 1

HE (cm)
S o
—tp
e
—t
—e

0 - e . . - 4 )

12 2 4 6 8 10 12 2 4 6 8
2005 2006 2007

|

a3 64. FTiAIELe] M)A o] B JE w3
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