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Regeneration and Maturation Induction for the Free-living
Gametophytes of Ecklonia cava Kjellman
(Laminariales, Phaeophyta)

Mi Young W1, Eun Kyoung HWANG*, Seong Cheol KiM, Mi Sook HWANG,
Jae Min BAEK and Chan Sun PARK'
; Seaweed Research Center, NFRDI, Mokpo 530-831, Korea
Department of Marine and Fisheries Resources, Mokpo National University, Jeonnam 534-729, Korea

Induction of regeneration and maturation for the free-living gametophytes of Ecklonia cava Kjellman was
conducted under various temperature, irradiance and photoperiod conditions. Culture conditions for female
or male gametophyte fragments were 4 temperature (5, 10, 15 and 20C), 4 irradiance (5, 10, 20 and
40 1zmol-m>-s™) and 3 photoperiod (14:10, 12:12 and 10:14 h L:D). Female and male gametophyte fragments
were maintained in active regeneration Wlthout reachmg sexual maturity under 5~10C, 5~10 zmol-m-2-s-1,

12:12 h or 10:14 h (L:D) and 15-20C, 20-40 zmol-m™-
of female and male gametophytes fac111tated under 15 C 20- 40 xmol- mz-

5-10 zmol-m™-s”

, 14:10 h (L:D), respectlvely Sexual maturatlon
14:10h (L:D) and 5-107C,

s, 10:14h (L:D), respectively. These results provide basic 1nf0rmat10ns to control the

regeneration or maturation of the free-living gametophytes for artificial seed production of E. cava.

Key words: Ecklonia cava, Free-living gametophyte, Regeneration, Maturation
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Fig. 1. Procedure of the isolation and culture of free-living gametophytes of Ecklonia cava. 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. Scale bar are 30 cm (A), 200 #m (B), 50 #um (C-E), 5 mm (F-G), 100 /zm (H-M), 10 cm (N). Culture conditions

are expressed in Fig. 5.
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7k (5, 10, 15, 20C)T} 47 Z=%F7F (5, 10, 20, 40 #mol-m-
s 2 370 7] 723 [10:14, 12:12, 14:10h (LD 2 A
Z&ko] Multi room incubator (DS-14MCLP)E ©]-8-5}¢f, ulj-$-
Ao Zol g q A oJhs sy Fu o w BAsgnt
259 $AL L1-1400 (LI-COR, USA)O.E 391, 2% +
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Vi length at time t,
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Fig. 2. Relative growth rate of gametophytic fragments in Ecklonia cava according to the different number of initial cells
(A) and initial length (B) after 20 days culture under 15C, 20 pmol-m”+s” and 14:10 h (L:D). Vertical bars represent

SD.
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Fig. 3. Length of female gametophyte under different
temperature, irradiance and photoperiod conditions during 20
days in Ecklonia cava.

% AW 371.0437.1 pmol E3}QATH (Fig. 3C).
Fa-eAe 2rzdE AL Table 13 2o] 15T
Z A 5.140.1% day' 2 71F Ekom] 5T 2] 2.6+
0.2 pm/day 2 717 BT (P<0.05). ZEFEZE 20 pmol -
m?es! ZZNA 5.1+0.1 pm/dayE 7 2O, 5 pmol-
m?-s" Z270NM 3.1£0.7% day' & 7 BhTH (P<0.05). BF

3

-8z A

)4 o2l - w22

of

7] ZZWEE 14:10h (L:D) FHNXA 51+0.1% day' 2 713
=9k37, 10:14h (L:D)oA 3.6+0.3% day'= 7FF 2otk
(P<0.05).

Ful-¢A o] ez A uld 15YFRH 15T =
ANx w2 A Aol Fol F71skr] AlAFske] uiF 202
HA) 371.0+£37.1 pmZE B} 2% 29 vl 71 E=9kon,
5TA Hojygo] 7Hg Mz ATh (Fig. 4A). Z=TE

= 20 pmol-m?+s™ ZANA Zo| e SV} g w
o 5 umol-m?s’ R AN 71 2z Th (Fig. 4B). %
7] F7HEEE 14:10h (L:D) ZAdA Zolzoe] 713
weA E71sle 371.0+37.1 pmZ XS B o, 12:12
9} 10:14 h (L:D) ZAA = 253.0-304.2 umE Qo] o]
Az (Fig. 40).

Ful-A o A S-S Table 134 o] 15T =
NA 44+0.1% day' 2 71 =how 5C 27 A] 1.5£03%
day'2 71 @btk (P<0.05). ZETFZHEEE 20 gmol m™-
st 2N 4420.1% day'2 7P =301, 5 gmol-m”-s”
Z7A0A 1.540.1% day' & 7HF 23ch (P<0.05). B57] %
AWZE 14:10h (LD) 2ANA 44+0.1% day' & 7H¢ #3
21} 10:14 h (L:D)F 12:12h (LDYNAE 22} 2.740.1% day”
2 31+0.2% day' 2 913 2Ho]7} SIATH(P>0.05).
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ZAURZ 2ol Jepfide) LE2A™EE 15T 219M
ik 1093 71 AA FA717F FAH 7] ARk, 159%
30% ©)/de] Gul--A 7 AR1E AR, g 208 5ol
= % 50% ©lde] El-e-AvE AT FAS eI
gz 5-10C F2AGNAE ¥ 208714 Fe7)e] Ao
AZY A Fr) ZEZAYEE 20 pmol-m”-s™ T A
HF 109F oF 10%9] ull-e-A71 F371E Fgstdoen
40 gmol-m>-s' ZAN A= g 1593 FTPr)9] AL U
el o, 5-10 gmol-m?-s™ ZZAE v 208744

L= =

T, At
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Table 1. Relative growth rate of free-living gametophytes in Ecklonia cava according to different temperature, irradiance

and photoperiod conditions

Initial length (#m+SD)

Final length (zm+SD) Relative growth rate (% day™)

Experimental conditions

Female Male Female Male Female Male
5 12214236  152.4+30.3 210.9+352  206.0+46.9 2.7+0.2° 1.5+0.3°
Temperature 10 247.8+505  242.1+47.6 3.5:04° 2.3+0.2°
(°C) 15 34164628  371.0+37.1 5.1+0.1° 4.4+0.1°
20 243.3+534  270.7+33.9 3.4101° 29102
5 1221236  152.4+30.3 2251+20.5  207.2+16.7 3.1£0.1° 1.5+0.1°
Irradiance 10 236.0+48.9  223.2+53.8 3.3+0.3° 1.9+0.2°
(umol-m?-s™) 20 34161628  371.0+37.1 51+0.1° 44+0.1°
40 323.8+55.1  286.8+34.0 49+03° 3.2+0.2°
. 14:10 1221£236  152.4+30.3 341.6+62.8  371.0+37.1 51+0.1° 44+0.1°
Pho(tf,‘é)e)md 12:42 30424337  282.3+31.0 46+02° 3.1£02°
: 1014 253.0+£37.4  260.7+36.7 3.6+0.3° 2.7£0.1°

Values (Mean+S.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 cava.

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

- Day

Conditions

0 5 10 15 20

5 - - - - .

Temperature 10 - - - - -

(°C) 15 - - + ++ +++

20 - - - + ++

5 - - - - -

Irradiance 10 - - - - -

(emol-m?-s") 20 - - + o

40 - - - + +++

Photoperiod 14j10 ) ) * A T

(L:D) 12:12 - - - - +

10:14 - - - - +

-, sterile; +, less than 10% in formation rate of oogonium;
++, less than 30% in formation rate of oogonium; +++, less
than 50% in formation rate of oogonium.

o)

717F BAHA gdth. FF7] 2WEEE 14:110h (L:D)
Aol w1045 71 WA Fghr)e] FAdo) BEEle
12:12h Z 10:14 h (L:D) ZHolA = wd 2083 ZFT7) 9
Fgo] #HEFAY.

oft B “N e

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

Conditi Day
onations 0 5 10 15 20
5 - + + + +
Temperature 10 - + + + +
°C) 15 - - - - -
20 - - - - -
5 - - - + +
Irradiance 10 - - + + +
(umol-m?-s")y 20 - - - - -
40 - - - - -
Photoperiod 14510 ) ) ) ) A
LD 1212 - - - - +
D) 10:14 - - + + +

-, sterile; +, formation of antheridium.

Tl $-A o] 5L Table 37 o] &%, X5 9 FF7]
Z2AME #olE YERATh %E&Zﬂ%ih HjoF 5U &
5-10C F7eA AA 719 &Agd0o] vehtr] Alzks
15-20C 27 A= wlle 208 74R] A 719 gAdo] BAEH
A eksrth 22 AMEE WY 109% 10 gmol-m™+s” 27
A 713 WA FA71e) Aol HAHA M, 5 pmol-m™-
s' Z2AAME v 159F FAH 79 FAo] BEEYo,
20-40 zmol-m™ s 2N E B 20471 A7) FA
o] BAE|A] e¥okt) BFy] ZAWZE 10:14h (L:D) ZA]
A HleF 1093 71 1A A7 AE 7] ALsigo,
12:12 h (LDY A= Wi 208 & A 719] PAJo] #2H9
St 14:10 h (LDl A= mF 108704 Zg 7] Ao
TFEA Fgrt.

515
lo
*

o F
Zel= =8 AE (Haliotis discus hannai)¥ A<} (Batillus
cornutus) 52 Hol7t Hw gk @ AM2He] 4TS F)=
o) 2o T Wby Fele) EnAel A 2
daeler BE 8 S-S AiMe A BE2E HhE AL
SR A&A B9 ARERE AL 5 e §
WA 8] FA0) o) FRAIL o] o] &t vhelo] B
EE
el frel-eAle] weF AA S A A A
AlZ19E SHACE AF FHAYL] ThssHA B
w3 Y dxwel T8 *ﬁ’?} Il S 3ot
ABsh= 71 A2 4 g
=5E S ileAE R HH Feta Ay T F
AE & FAAHCEA Lxow oh= ¢ et 3
FENE ol H82 & = 783 et ol9
/‘P\LO— F T Westermeier et al. (2006) 52 thAlvlyle] tjd 2
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[o

o]-&3 gt o] Jtede 453wk Ao

ol g HEAZF] frefu A wjFEHS )
Aol 2 8317] A3M= DA ZHzhe) hgul$-A o) Bal, A
4 Y As f= 20E Aok, 53] feuleAg
As FEE AT 44 wgxde] 7o) S B AF
A3 e A o] A oI 2k, 259} FF7)9] I
g wl--H ol A 742% ztol & VERR Tk gull-9-A ] 7
15T, 20 gmol-m?-s”, 14:10 h (L:D)o A ¥i<F 104 A
A& MA 7} J*]"‘Lﬂgi_l_ 5-10C FZrlAE v 10 0]
BHpslol . A<ElA] tTh (Table 1). ©]% Kim et al. (2007)
o] &3 wj-9-A vieF AP A7} o] 5-10C v AF o
A H-¢-A o] Wofe} WFo] =& A A Ao & ¢
Ak Fal9-Ae 7% 5-10C, 20 gmol-m™+s”, 14:10 h (L:D)

=y }\g

o

AA Wi 5L At T ASAAE HFEALH, 15T, 10
pmol-m”s”, 10:14 h (L:D) M= 102 A § FFH Ut
(Table 2).

FP A Ave BHY 2717 4245 2eln AE
S7t AL5F Lol Aol AES F715WA AR S

Mature frond of Eckionia cava

S

Female gametophyte

Cut & Regeneratlon
under 10C, 10 gmol-m™>-
12:12h (L:D) in every 20 days

det.

J—

Mass culture of

clone
I gametophyte I

) - Al AL

o] =74 Yeh}s AL BYEd (Fig. 2), ol 1Y A¢
FHAPFAE Al A7) A8l A9 FH 2 5-10 pm
A2 Adste] wig = 7t IAYgE Al7e Aol EE}
aFHolgh RS AT, ZEf FEul-eA 9A &

9] A7V} ZLE WE NS Hol=E tEE2d @i}ﬁf}
EJJ% ZFA 3 Qlvkal & Aol

Aol Az B w Ze gl$AlE 10T o]3he] o

& 259} 10 umol-m*-s' ©]8te] W& % H 12:12h (LD)
TEE 10:14h (L:D) Z0A Asd dAlse o I8
& A8, 15-20C, 20 gmol-m?-s” ©]4 & 14:10 h (L:D)
ZRd M= WlF 109 o)W s EEds ¢ F UM

th FuleAe) A 2 AL oA Bk 58 229
1520C$}F 20 pmol-m™-s™ o9 H2 2= % 14:10h
(L:D) Z7A Ago] JAE = W FIBGL A3
o 510CY W& &%, 510 zmol'm™+s'8] W& 2% 2
12:12 h (L:D) & 10:14h (L:D) ZHA <ol whz 7
Z23S o F Uk wEpA 2o fEueAE dE F

2 A7) a4 & wE ok e4 2 2b7} %a o]—O:] o o XU A}

oo~
Wash and cleaning of excised thalli
in autoclaved seawater and

0.1 mL of
zoospore solution ‘

Isolatlon of one zoospore
by dilution method

ABM solution

O

Male gametophyte

Cut & Regeneratlon
under 15°C, 20 zmol-m™-s™,
14:10h (L:D) in every 20 days

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

;

Growth of micro sporophytes
under 15C, 20 #mol-m™-s™,
14:10h (L:D) at least 15 days

1

Young sporophytes
under 15C, 60 gmol-m" 2.5,
14:10h (L:D) for 60 days

Fig. 5. A manual for the mass culture of free-living gametophytes in Ecklonia cava including the culture conditions for

the regeneration and maturation induction.
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o 23t uf A s}ol A
FeEpl-eA o A
#ate] dguleAle B3 wjks A Gt
AFFHAMN] o] 7o 4= 9k 0|9} 72 7hef Wy
Y A A= Fig 59 2ol okE o)

qzfel A 2 Bye 593% 2907 5334 299
oot JEE W o] T 2R LrE HERE AF
Al T3 A 89loT FEIHE A et B
A7) o] FoIx A} (Gerard, 1984; Leukart and Liining,
1994; Bolton and Lewitt, 1985; Novaczek and McLachlan,
1987). Z3ttloll A 2ste Iy AE2FEL WAt 2o
ZEE 2787|% AN i hE 2dxFES we
2% 20 FHgxlol 9t} (Kain, 1964; Fain and Murray,
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