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The Induction of regeneration and maturation in the free-living gametophytes of Ecklonia stolonifera Okamura
was studled at four temperatures (5, 10, 15, and 20°C), four levels of irradiance (5, 10, 20, and 40 umol

-2
m

s) and three photoperiods (14:10, 12:12, and 10:14 h L:D). Female gametophyte fragments were
maintained in active regeneration without reachmg sexual maturity under 5~10°C, 10 umol m
h (L:D), whereas the conditions for male gametophytes were slightly different at 20°C, 40 umol m

10 1_4

b

10; 14 h (L:D). The sexual maturation of female and male gametophytes was facilitated at 15°C, 20 umol

m

, 14:10 h (L:D). These results provide basic information for controlling the regeneration and maturation

of the free-living gametophytes for artificial seed production of E. stolonifera.
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£ o]&sh= Wito] /e vl 21O (Westermeier et al., 2006;
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Fig. 1. Procedure of the isolation and culture of free-living gametophytes of Ecklonia stolonifera. A: Mature sporophyte.
B: A cross-section of sporangia. C: A germling after zoospore release. D: Female gametophyte after 3 days culture. E:
Male gametophytes after 3 days culture. F: A cluster of female gametophytes. G: A cluster of male gametophytes. H: A
fragment of female gametophytes. I: A fragment of male gametophyte. J: A cluster of cloned female gametophyte from
a zoospore. K: A cluster of cloned male gametophyte from a zoospore. L: Oogonia formation (arrow head) from a female
gametophyte fragment. M: Spermatia formation (arrow head) from a male gametophyte fragment. N: Young blades from
free-living gametophyte after 60 days culture. Scale bar are 30 cm (A), 200um (B), 50um (C-E), S mm (F-G), 100um
(H-M), 1 cm (N). Culture conditions are expressed in Fig. 5.
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G734 100 mie 37 200 ml Blo]A o] ¥ar 2z T RAG
o] A (DI 25basic, GMBH & Co., Germany)E ©]-&3] 8,000
mpme] FE2 1%, 38, s At & kg A E e
3led 15C <} 20 pmol m” s ¢ 27l A 12 multi well-plateS
AE-ste] 7U7E ARkt & ujg-A o] oGS =HE
17 (Axio Observer Al, Carl zeiss, Germany)3d}oll A &4 3}51
oh Alckd wjg-2e] Aol vk AlZFAlS] wl9-A] Ht
Aol & vwiges Al 1317} Bl it

el -A dle] A 2 =

Fre - g-A el M F fEee-A g A 9 s
ol frelgh 3 3208 gty el odul$-Aet
Fule-A Golg 2 A FeueAE 44 SEAUA
(DI 25basic, GMBH & Co., Germany)Z ] A7o] 71 E94dl
8,000 rpm 9] £X2 13 215+, 12 multi well-plate]
PESI Wl #] (Provasoli's enrichment seawater with iodine;
Provasoli, 1968) 1 mlE A|-$-1 3+ welld 1702 9] <E=u)l-$-A]
2 247 gaklnh vk ae 479 =3t (5, 10, 15,
20C)3 478 Z=%=F7F (5, 10, 20, 40 pmol m” s = 37}
F57] F7F [10:14, 12:12, 14:10h (L:D)] o2 FA 3}
Incubator (EYELA MTI-202B, Japan)oll A wjoF&}d a1, ul-9-=)
o] Aol Az oJHE =YHA U4 (Axio Observer Al,
Carl zeiss, Germany) .= &3}l ). 29 =42 LI-1400
(LI-COR, USA)S.& 38}, x5 F-7re] AALe AT
(Lee Filter) ND 209, 210, 21155 A}&3}o] Zdsdc} vj$-
Alo] Hol Ao AFE3 G FEAL}O]A (DI 25basic,
GMBH & Co., Germany)= -3 § Aoty wj$-A GHE
FolA EA7E §le dEe] AE 83 A8kl em, PESI
WA = 7dmbe wgks) FQAvk frelue-Ale] AoAgE
(RGR)<> Serisawa et al. (2002)]
e Ao Fakt).
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o]-§-3sto] 0.05 ol A o] Fol itk S dHolH = SAE
24 o] Aol arcsine transformationd}S3TF (Parker, 1979).
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Fig. 2. Relative growth rate of female and male gametophytic
fragments in Ecklonia stolonifera according to the initial cells
after 20 days culture 20 umol m™ s and 14:10 h (L:D).
Vertical bars represent SD.
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(Fig. 3A). ZET7HE 2 0l 10 o] FHE 40 ymol m>  FAWEE 14:10 h (L:D) 2ol A 42+02% day' & 714
st o] 2L A gha9-A| o] Hol g o] WEA F718FS =9ko} 10:14 h (L:D)T 12:12 h (L:D)l A= ZHzt 3.7+0.3%
t} (Fig. 3B). FF7] =AM EE 0% 5U7-A= 10114 h (D) day' 2 4.0£0.0% day' = 9% 2}o]7} 1At} (P>0.05).
oA dol o] wEA F7FeF o o] 12:12 h (L:D)

Z70 4] B} FF7] 2300 Hste] Aojgo] w2 Al Ftst 400
o] wjok 202 ¥ FHd) 290.7476.2 umol ©3L T} (Fig. 3 C). A. Temperature (°C)

SHuj9-A o] LA AFEL Table 13} o] 15CEA soor
oA 2.8£0.5% day’ = 71 ko, STxNA 1320.5% 200} M
day'® 7} vkokth (P<0.05). =TI R 20 umol m?
s 2ANA 3.4£0.6% day'Z 7HF E9Eom, 5 umol m” 165 ——5 —a15
st 20 A 2.4£0.5% day' 2 7} YT (P<0.05). FF7] " . . o0 =
ZZAMEE 12:12 h (L:D) Z7AA 3.0402% day'& 713 . N
=9k, 14:10 h (L:D)oI A 2.6+0.4% day'& 7} wkokoh = P el fhrm s
=kl 14 : 620. = 300
(P<0.05). =

T2 o] L=z A Wik 5Y5HH 20C =7 g 200 f
oA w2 dol Aol Frtstr] Al&tste] w20 ¥ S 100l
] 3903044544 ym% E} &% 2ol vlste] 71 o - =5, =2
w, 5CelA Aol Ago] 7Hg A Z33tt (Fig. 4 A). =T3¢ 0 . : : .
W2 40 umol m” s AN Aol S A C. Photoperiod (L:D)
Wk o 5 umol m? s FR7AA T A xFHT) (Fig. 300
4B). FF7] FIHEEE 14:10 h (L:D) 7oA ol gl
74V w2 A F7bske] 308.5£38.3 umE HUA S B on, 200t
12:12} 10:14 h (L:D) =710l 4= 277.8 um 3 299.4 um= 100 | :]‘2‘]2
Aol o] Az oy FHR Fodt Aol glATh ——10:14
(Fig. 4C) (P>0.05). Y 5 @m B m

oAl o] 2 AGELS Table 13} o] 15T
ol A 5.440.2% day' 2 7HF =9kom 5CEANA 2.8+£0.0%
day” =2 7H3 ST (P<0.05). =TI R 20 umol m” Fig. 3. Length of female gametophyte under different
st ZAel A 4.4402% day' 2 7HE #9421, 5 umol m®  temperature, irradiance and photoperiod conditions during 20
st 27 3.0£0.3% day' 2 7FF Wkl (P<0.05). F57) days in Ecklonia stolonifera.

Day

Table 1. Relative growth rate of free-living gametophytes in Ecklonia stolonifera according to different temperature, irradiance
and photoperiod conditions

Initial length (um+SD) Final length (um+SD) Growth rate (% day™)

Experimental conditions
Female Male Female Male Female Male
5 164.1£72.4 133.9+41.9 214.0£68.3 234.5+113.9 1.3+0.5% 2.8+0.1%
10 233.2+38.1 2471+ 36.7 1.8+0.1% 3.1+0.2°
Temperature () b b
15 289.2+75.9 390.3+ 454 2.840.5 5.4+0.2
20 276.7+41.2 308.5+ 38.3 2.6+0.4° 4.240.2°
5 164.1£72.4 133.9+41.8 265.0£58.8 2421+ 32.1 2.4+0.5° 3.0+0.3°
Irradiance 10 310.24£91.8 296.0+ 55.7 3.240.3° 4.0+0.2°

2 -1

(umol m™ s7) 20 323.2499.5 320.0+ 45.1 3.410.6° 4.440.2°
40 276.6+41.2 308.1+ 36.2 2.6+0.4° 4.2+0.2°
14:10 164.1£72.4 133.9+41.8 276.6+41.2 308.5+ 38.3 2.6+0.4° 4.2+0.2°
Photoperiod (L:D) 12:12 298.3+85.9 299.4+ 35.0 3.0+0.2° 4.0+0.1%
10:14 290.7+76.2 277.8+ 55.9 2.940.7° 3.7+0.3"

Values (meants.d. of triplicate groups) in same column having the different superscripts are significantly different (P<0.05).
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Fig. 4. Length of male gametophyte under different
temperature, irradiance and photoperiod conditions during 20
days in Ecklonia stolonifera.
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ol $-A o] A <%-E Table 29} o] 2%, 2% 9 FF7]
ZUERE Zolg eI 2EXAEEE 15, 20C 270
oA Hlek 1593 71 AA Far) 7 AT A FE o
th 5-10C 21l A= vl 209704 gebr] o] FAdo] wEs
2 et ZEZZEEE 40 umol m? st 2 A v
102 & otujo-A7F Fer)=S FA3A 3, 20 umol m? s
oAM= w1595 Ao 98= bPEhHM#b} 5-10
umol m? s Z 7ol A wjF 209744 Fe7]7} FAHA
ergteh. 357 2AME = 14:10 h, 12:12 h (L:D) Z7A 0l A]

Table 2. Gametophytic maturation and oogonium formation
of female gametophyte under temperature, irradiance and
photoperiod conditions in Ecklonia stolonifera

Conditions Day 0 5 10 15 20

5 R R R R -

Temperature 10 - - - - -

(C) 15 - - - + +

20 - - - + +

5 - R R R -

Irradiance 10 - - - - -

(umol m? ™) 20 - - - + +

40 - - + + +

. 14:10 - - - + +

Photo.perlod 12:12 ) ) ) . .
(L:D)

10:14 - - - - +

-, sterile; +, formation of oogonium.

Tabe 3. Gametophytic maturation and formation of male
gametophyte under temperature, irradiance and photoperiod
conditions in Ecklonia stolonifera

Conditions Day 0 5 10 15 20
5 - - -
Temperature 10 - - +
(C) 15 - - - + +
20 - - - - -
5 - + +
Irradiance 10 - + +
(umol m? s™) 20 - - - + +
40 - - - - -
Photoperiod 14:10 ) ) ) * *
(L:%) 12112 - - +
10:14 - - - - -

-, sterile; +, formation of antheridium.

g 1595 Frle] PAdo] #FHALS L, 10:14 h (L:D)
Z710 % HH%k 20%‘—7? g1 Aol HEH AT

33} o] £, 2% Y 7]

[ —(}4 2l o2
=)

ZAHR X}Ol% UrEhH Mﬂr 2EZAEE = g 10U F
10C 276014 A7)0 Ao veh}r] Al&atgl o, 20T
Z00 e vl 208747 A 719 A Ol HAE A gkt
Z2EZxAEEE g 59%5 5, 10 umol m” 57 A 7+
WA GG 71e] FAgo] FEEGIL, 20 umol m‘2 5T 20 A
ol 1595 Ao Aol IEE Ao, 40 pmol m”
st 2ANAME W 208714 FA 79 gAo] wAE A ek
o} FF7] 2AMEE 12:12 h (L:D) ZA0A v 1043
Fg717% A= 7] AASER AL, 14:10 h (L:D)o A= vl 15

A
A5 AA7)e] Fgo] BT, 10:14 h LD A )
2 47470 Aol HRHA sk},

ol A 9 FEE A a9l
o3te] P W=l o] F 2E e dRF AF
9 Ao Fagk A 9o A&grh= A dig B
A7} o] Fo] 2] Pt} (Gerard, 1984; Leukart and Liining, 1994;
Bolton and Lewitt, 1985; Novaczek and McLachlan, 1987). %3}
o] A2sts I 2Fee Al & 258 2
sh71% sHA R, e td AxFES $2 25 219
235 o] 9t} (Kain, 1964; Fain and Murray, 1982). o]} 22
AP S A E ol Azt o] A Ao F-2F AxEtE oY
AxFE TES o] F ] AE] widd 49 T ol
T O W A 2108 o] FA Hed vkE oy
Fol A vj-A 5L #gete] AEstRE A ae-A o] o
HjFoll A = olefgh @ Z7o] EAdo] wiedE o= Holof
3 Aolth
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SHENE 7S 7 e FES-Al B g FEAMN fi E]“H%iﬂﬂ Aol A7 b2 2 15C ¢} 20 pmol
WS kel Aolth (Wi et al, 2008). ol @@k FElul- A m? s'e] Z7olA] B Fibel vl g wE Lol e WSl
S B 3 WU IYYBAE AL YRR 8 ov), YH7) ZAWRE GASA BF FOIF 2ol § wol
g gafel A8 ¢ Qon], ) el oo} el A ek ol Wi ctal 008)°4] s ZElS] 5 el
NS 83 ok e Mo AA A5 Al7|9) H] A 7} 15°C 9+ 20 pmol m™ s 2 14:10 (L:D)2] 7oA
WG] AF I FRAA) AU YT AT AP e AFES 8 43 BUD JFS ehisle)
Westermeir et al. (2006) 52 UA|vFe] s Zz=F/<A =3 ohll A 9] <L 15~201C, 20~40 umol m? s 2
Lessonia trabeculata®} Macrocystis pyri/'eragl 2] w54 =) 14:10 h (L D)JJ- 12:12 h (L:D) Z7ol%l e, 5~10C, 5~10
Fol o) Aol HFHDEA FMSA NFL 01§ umol m? ! EANAE W 209744 FE A

FgAle] 7hs e 15 g vk slrh - uEtel A A EHW 2FokTh (Table 2). 3] Fu]9-H 9] 52 5~15TC, 5~20 umol
o] 23} ##HFe] Hwang et al. (2009)0] =3¢ #Fx m”s' % 14:10 h (L:D)F 12:12 h (L:D) A 0|21, 20T,

AE RS B3 44 spoldat FHEAS olu] FHI 40 umol m” 5" B NAME w208 74 A 7E FAEHA
up long FIo] fEu]g-A el ot A FH 2 AT} (Table 3). &, &3 Tl §-A9 IV F =5
g ARl e T3] Ao At Bk ol Ay sl A & AA 20 47 duj$-A 5~10C, 5~10 umol
37 71oe Aoz weld, m? s, F9-A) 20C, 40 ymol m? 5! 2P O R, T3 F

2 ?H%iﬂr =9 Aol AT 5ol digk X} 25 el A e 25, 25 9 57 21ES
9] G2 A Ao A 2ol E VERATE (Table 1). F3] o] &3le] - F = AR Yeiwth

Zoospore liberation
under 10°C, 20 pmol m2s™!,
10:14h (L:D)

S faa R
Wash and cleaning of excised thalli

in autoclaved seawater and
0.1ml of

ABM solution .
zoospore solution

Mature frond of Ecklonia stolonifera é\ddb
(EEES,

.___———|C85%
@ @ Isolation of one zoospore
by dilution method
Female gametophyte Male oametophyte

Cut & Regeneratlon Mass culture of ) Cut & Regeneration

under 10C, 20 umol ms™! clone under 15°C, 40 pmol m3s™!,

10:14h (L:D) in every 20 days gametophytes 10:14h (L:D) in every 20 days

Cut & Mix female and male gametophytes as 1:1 ratio

Gametogenesis

under 15C, 20 wmol m?s’!, Young sporophytes

14:10h (L:D) at least 15 days under 15°C, 60 pmol m3s™!,
14:10h (L:D) for 40 days

Fig. 5. A manual for the mass culture of free-living gametophytes in Ecklonia stolonifera including the culture conditions
for the regeneration and maturation induction.
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