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ABSTRACT

Studies on the cryopreservation vegetative gametophyte

of Undaria pinnatifida (Phaeophyceae, Ochrophyta)

Lee Jin Gyo
Advisor : Prof. Cho Tae Oh, Ph.D.
Department of Natural College

Graduate School of Chosun University

The marine brown alga, Undaria pinnatifida (Harvey) Suringar, is edible
and an important commercial seaweed in Asian countries. In accordance
with global warming and climate changes, the development of methods for
genetic preservation and the new cultivar is important. Cryopreservation is
an important technology that allows the viable storage of cells of tissues
over long periods of time at extremely low temperatures (-196°C) for their
use as biological and genetic resources. Successful cryopreservation 1is
often judged by the survival of algal cells and their re-growth as
viable cultures or complete plant regeneration. Previous studies in
cryopreservation of U. pinnatifida have been focused mainly on
damages induced by the freeze-thaw regime than recovery rates of
post—cryopreservation. In this study, we evaluated the effects of variable
Light-Emitting Diode (LED) sources on the viability of the gametophyte of
U. pinnatifida after cryopreservation. Gametophyte of U. pinnatifida was
cultured at 20C under blue LED (460 nm), red LED (660 nm), green LED
(530 nm), and white LED (mixed wavelength) lamps with light intensity of
20, 40, 60 umol photons'm *-s’'. After post—cryopreservation, the cell viability
of gametophyte was examined every two days during 3 weeks. Cell viability
was increased to 9542 £ 0.9% under blue LED light with light intensity of
40 pmol photons'm >s™'. We also estimated pigment contents with in the

gametophyte of U. pinnatifida depending on different light quality during

Collection @ chosun



3 weeks. In my result, the pigment contents within gametophyte under
blue light were much higher than under other lights. The present result
showed that the optimized recovery light is blue (460 nm) with 40 pmol

photons'm 2-s™! after the freeze—thaw.

_II_
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o] 3o #I A7t Wol o] FAA X skt webA FAAA EE of
gt Sl F sASNE xR AR IEARA EH'& AT7F 8=
ATH.

o] AFol= =84, AAA, 3182 gl o8 depA=dH ¢ B2
3o 89l FoANE ditHoR FxFo A /MF Z dIFS FE= A
o F23 Folzgta I A AtH(Druehl et al. 1987, Vasquez and Vega
2001). 53] W2 sxzfolA FFAES gk Aol =, e gy =
e AEe A shetA 24, ol d B LR Fofste] 2 F{ Y
A Al 712S 243 3% aclojgta HuE A (Wallen and Green

1971, Vesk and Jeffrey 1977, Rivkin 1989, Schmid and Dring 1993).
Hhe A 339¢l LED (Light Emitting Diode): FA &3t oo thkstAl At

4 2 5 gt FYolthBula et al. 1991). LEDE FQo 2 Fu7 gu
FHol dr, 9d ogS WEstnE SAge dddez A8E F 9l

3, 3 AE xd-o] folsty d wWEol v Aol lth(Okamoto et al.
1997, Schuerger et al. 1997). LEDE ZHW A X2 Algs 249 W53 333
T el zH7Z 1000 A1ZE, 8000 AlZF AE=Ql Wi LED#X+= ¢F 50,000
AlZE o] g o ® w9 Aol A =HoR Zbg Wi gl
A WFriol o =g FYPo R o] §3 AFE 2 EXHHHQ} Az g 3
Ao wWol] o] g% Qo (Barta et al. 1992, Lee and Palsson 1994, Oh
et al. 2007), dNZF wle] LED7F Al€%8 AFAdE How 3 34 uke
of thet st 7] zto] WElA A 2 AHH ]‘jr(Kwon and Choi 2013).
uebA, E ATE AxF g Al w4 BHES 98 sRISAE §
o Hj--Alel A 3] E5IAA Vﬂ LED 373 3=
o Aol whs) A EATh =g 3 E )
S| o 7zt e wE FFHEEA wSH A I wstel] s
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Table 1. Production of cultivated seaweeds in Korea.

(&9 © M/T)

Year 2007 2008 2009 2010 2011 2012 2013
Al 792,953 921,024 858,659 901,672 992,283 1,022,326 1,131,305
n < 309,907 381,076 309,155 393,616 394,003 349,924 327,375
% 210,956 224,242 211,444 235,034 316,428 349,827 405,525
ChA] o7 250,049 285,221 306,183 241,322 246,701 308,601 373,264
= 20,909 17,701 19,533 21,133 23,351 13,024 13,311
a}-2f 634 8,003 5,903 4531 6,085 6,002 5,034
Ry 158 1,186 1,796 1,394 1,005 895 2,045
71 B 1100 3,095 4,645 4,142 47710 4,093 4751
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2.1. A=

1 AR

B Ao AM8H v Y (Undaria pinnatifida (Harvey) Suringar)®] A <% X
A= 2013 69 249 AFA FAW FAE o %2](33°57 T 137N, 126°1
952" E)ell Al z3tdiet AFW oS F3l A AHFigure 1). 2 H
AAE ek ofelzvbzel Yol AgdR guldte] LAY RRwe 49
sto] EALTE A AT

Figure 1. Collected Undaria pinnatifida (Harvey) Suringar.
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Figure 2. Map showing the collection site in Chuja island.
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2) ¥R

AP ARsta gt BYE 2 cm x 2 emAV| 2 HyE S o]

21 3709 wloj A &AVIH F3 A
A E3 o] 54 S A A3ATY. °]F 150 mm Petri disholl KIMTECHS}©]
HE 2-3% 23 9ol AFHE Y-S S8 253 AdolA 4A3F S A
Zt}. Culture dishel JX}A F-2S -.4 3 Cover glassa Zka1 Fate 100

molim s 1e] M1 T 2N B FFA LEE A

3) -5 W $A B
e w9 Al -4 il 9-A BEE A Ax HEE 7299 01
mlE F sl Cover glassﬂ =9l 6 Multi well-plated]] ¥ =2 &4 7F
WA FFAAS A5t s AR AlFdAv A ofHiA & 8l A
o} &= W $AE FEE Petri dishol ©al PESHIAI 7} H7be sfjgeoll A w)

% 54
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22. 4

1) S EZ A

AT AEIFE FARIAYd AFxESY FRTA] x4
Fa m wj-A HA O FIRIAE Totstaar skt AEHNFE F3
B3 A2 Glycerol, Ethylene glycol, Propylene glycol, Methanol, DMSO
(Dimethyl sulfoxide)s] 57148 o] &3tgith. Ea mujals] YEHL Fol
7] 18l A¥FHoz ALE7MSS MERTE FIHEAZE Proline, Sucrose,
Sorbitol®] 37145 Algdlel FalusAlel £Fe wEh A@ol e 5
AnsAe FEE @id oln A5E olgstel xAsA 4] WES
S FAREY F dEste] 2% 20T, #F7] 12D:12L, 20 umol/m ¥/s 134
oA 8AZF visty AIES 54 SFAth

2
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2) 2 #3

1.8 ml Nunc Cryotube Vials (Thermo Scientific Inc., Denmark)el =¥
& 7129 075 mE 9 F oF 1 mg(FW Do wj$-AE npe]do] Pt
ng] Yl AlA 52 FlREA 0.7 mlE AFSd gt 5324 HIE
WA 71918 155 2A 33 A8 w2 deAol] HrbstAoh vl A
E} ol {1 Freezing Container®l] % il

o] w7l HlolYS Isopropyl alcohole] 3l
-50C ¢ Deep Freezerol Al 4417+ g9t F2 3l |

2 Euld @i ZutE -196T 9 AAAA ®ad Yol dFUzt HuskAd
tH(Kuwano et al. 2004).

1.8 ml Cryotube Vials
1 mg(FW 1) Gametophyte of U. pinnatifida
+ 0.75 ml Autoclaved sea-water
+ 0.75 ml CPAs (20% Glycerol + 20% Proline, 0.01 M HEPES)

7

Freezing Container

N7
-50C Deep Freezer (4h)

7
-196C Liquid Nitrogen (a week)
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AFA FZ2EEH vl w$AZS -196Co AAALEINA AW F
ZutZ 40T g2z Ya 383 ZAsA £E59 dlE A (Kuwano et
al. 2004). dsd v Aue-A= dvd 5 100 mlE ©-2 Culture dishol

= A A7) Yeéll Culture dishol 7 8|42 10%
03] o] whEslo] WA o2 FRSAFE Al AT

-196C Liquid Nitrogen (a week)

W
40C Water bath (3 min)

7

Autoclaved sea-water (10 min)

10 times

W
Culture dish (PES Medium)

_‘|O_
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ek Fo A& Aujg& LED (DYNEBIO Inc., DYLED44V, 40W)E 3¢

= = o
o2 AREetAT Ay AH8H FES F HE AFEstS e AH8E Fd
9] 33+ Blue LED 460 nm, Red LED 660 nm, Mix LED (Blue 460 nm +
Red 660 nm), Green LED 530 nm ©°]® txZ+%Z White LED (Mixed
length) & AM&3toich Zad ~#:Eedy 533 =4 USB2000+ UV-VIS
(Ocean Optics, Inc., USA)E &3l 717t mzaet ~d9ELdS SAHSIT
(Figures 3-7).

_‘|’]_
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Figure 3. Spectral distribution of white LED light source (Mixed length).

_12_

Collection @ chosun



0.8 -
9
c 06 -
e
T 04
(a2
0.2 -
0
OSSN H TR ONLSEON ML ™S00 o N N
TR IDOLRONTO A DN SNYQ
AT TTTHNMNANIN OO OO R MMM

Wavelength (nm)

Figure 4. Spectral distribution of blue LED light source (460 nm).
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Figure 5. Spectral distribution of red LED light source (660 nm).
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Figure 6. Spectral distribution of mixed(B+R) LED light source (460, 660 nm).
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Figure 7. Spectral distribution of green LED light source (530 nm).
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2) w7

=
[e)
Ao R g s tH(Table 2). ## =718 20, 40, 60 pmol/m %/s ' &
S AlgEg o BEFe] 2He LEDY dZ24% FHgxErE ALL5Y
| 71= S ==A 7] (LI-250, Li-cor, Lincoln, NE, USA)E A}-&3}o

DYNEBIO Inc., DYLED44V 40W

Mini digital
thermometer

O (===
A(ZM-FS,

Time controller 1200rpm)

Figure 8. Mimetic diagram of LED incubator.
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Figure 9. LED (Light Emitting Diode) incubators.
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Table 2. Provasoli’s enriched natural

seawater medium (PES Medium).

Stock solution

Total amount of

each component

Amount of stock
solution to add

1. Sodium B-glycerophosphate 10 ¢ / 200 ml 10 ml
2. NaNOs 175 g / 500 ml 100 ml
3. Vitamin B12 0.01 g / 1000 ml 10 ml
4. Thiamine 0.25 g / 500 ml 10 ml
5. Biotin 0.0025 g / 500 ml 10 ml
FeSO, 0.702 g
6. Part -1 Na,-EDTA 066 g 250 ml
/ 1000 ml
Hs;BO; 112 g
FeCl 0.048 g
MI’ISO45H20 0.12 g
7. Part - 1I ZnS0Oy 0.022 g 250 ml
CoSOy4 0.0048 g
Na,-EDTA lg
/ 1000 ml
Total volume of stock solution 640 ml
add D.W 610 ml
Total PES volume 1250 ml

20 ml(PES medium)/ 1 L(Autoclaved seawater)

Collection @ chosun
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CHOSUN UNIVERSITY

e G Ael F @A S5z Acld 5 ool AekFigure 10), A
[e]

)
O] AARAG e ZH7Ee] Vialdl A 3719 AMES AFAT
Z5E 3007) olAel AEES #etan HS o] gsto] o
A B2 A5 tH(Saga et al. 1989). 359 3] E7 7k

%
Azte] Azl ol e AVES AWM FAo| wah W3

GeEfol thal M= v Bkt

Pz AAs

Figure 10. Gametophyte of Undaria pinnatifida stained by 0.05% (w/v)

Erythrosine-seawater. Red cells are dead.
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4 A&2FF 57

(1) Chlorophyll a & Chlorophyll ¢

Chlorophyll a®} Chlorophyll c9] $t#sS =4 3} | 9138, 353 & FAo
og] 3| EH w-Ae AAHFS 27 543 T 1.8 ml microcentrifuge tube
of YAk o]F  90%2 Acetones 1 ml FH7Iste] &3] H A7
VortexE ©o]&3] &3 w49 EH%FH Peletss # "qoijz‘ AT THA
90%9] Acetones 05 mlE F71= H7F 3 10,000 rpme. &2 587 44 2
stath 94 #E ¥ Sample®] HEHS FEF3Fe] 35 ml Standard glass
cuvette (JM science Co., Korea)oll o} UV/VIS Spectrophotometer (Optizen
21200V, Mecasys Co., Ltd, Korea)® 630, 664 nm &3 =L ZSA3 3 o}
of & FAS AEEe ALt (Jeffrey and Humphrey 1975).

Chl a = (1147 Asss — 04 Agn) < F=+ &4 &/ GAe A F

Chl ¢ = (24.56 Agp — 04 A564) X 72—‘5%7 "09‘97]]'077 %l—/ %jj{/'%] /g”jf/%l—

_2’]_
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(2) Carotenoids

Carotenoids3t &= S43st7] #lal, 353 359 wj¢-A o BALS 474 =
A%+% 1.8 ml microcentrifuge tube®] methanolS 1.5 ml F7}ste] 2447+
59t 5TColste] WdkAol RH#ASHTL. o]F F=99L 35 ml standard glass
cuvette (JM science Co., Korea)oll &} UV/VIS Spectrophotometer (Optizen
21200V, Mecasys Co., Ltd, Korea)= 470, 653, 666 nm S3 =5 =43}

ofgf o} o FAS AREsle] AASFS tH(Lichtenthaler and Wellburn 1983).

Carotenoids = (1000 A;y — 286 Chl a - 1292 Chl b) x F=F §92 <o
S (245 x AL A )
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m. 23

3.1. 3 X ZA(CPAs) A¥

1) AZAEY F3RIA 44

7t AXAEY SIARIAZ 543 F dsdAdS A '4 s A T %7
AAES =4 39S wl, 10% Glycerolo| 4] B4 MZS 51.82%¢ AZE
2 7 =4 el ey, 10% Ethylene glycolol A+ 44.98%, 10% Propylene
glycolol A &= 30.49%, 10% DMSO+ 17.14%, 10% Methanol<> 11.08% = -E}
ok g 272 AFEE HaE 100% Seawaterol A= v wf9-A] 5 ARE
H AoE eyt sERIAE AFET EE AEFoA e 2-49 F
8-22%A=e Fad A¥ES HeHn e ¥ 8dAd SAHSAS W
10% Glycerol 49.89%<°] Ax&ES YElH o™, 10% Ethylene glycoldl A+
29.00%, 10% Propylene glycolol A+ 15.89%, 10% DMSO+ 9.99%, 10%
Methanol & 12.24% % ErstH(Figure 11). A& Ao A w] A u)-$-A o] A&
H AXEFEE TR EA T Glycerolo] 51.82 £ 0.87%9 AXEZ 7 F
AstE Aoz EAFE St (Table 3).

¥
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ARES =4 39S v, 10% Glycerol®t 10% Proline®] Z3$Holl A 55.97% 2]
ARAES YErH oY, 10% Glycerol? 10% Sucrose? Z3H& 54.72%, 10%
Glycerol® 10% Sorbitol®] Zgrol A& 53.98% = <7t zko]E yERAL

e 29 & BE AEFAA oF 10%H =S fad AJES UEH o 4d
o] FFH = A IEHAGY. 8UAE HAS Wl AT A3, 10% Glycerol
7} 10% Prolinee] ZgolA 5791%2] 7MY =& AES YEFHOH, 10%<}
GlycerolZ} 10% Sucrose®] Z32 54.31%, 10% Glycerol®} 10% Sorbitol2]
ZgNA = 5391%2 AXES YEU A (Figure 12). 7S w Ao Al23
538 B3Ae 10% GlycerolS @A R AL839S wjruoh AEZIFI 3 A E
B3y FARIAE £dete] ARESEAS W oF 5% A= AEC] =
EbSttH(Table 4). " ¥i-¢-A] B oA 714 A3 AMEIFIH B
g o] 23 Glycerol¥ Proline 2 YEFSETE

_24_

Collection @ chosun



100 100

Control (100% Seawater) 10% Glycerol
80 80
€ o g e
= 2=
8 40 8 40 ¥ ¥
s s
20 20
0 0
0 2 4 6 8 0 2 4 6 8
Days Days
100 100
10% Ethylene glycol 10% Propylene glycol
80 80
£ w0 & e
= 2
B w - 2 w
= \\[.__———l———dl ~
* * \\,/—1——*”"
0 o]
0 2 4 6 8 (o] 2 4 6 8
Days Days
100 100
10% DMSO 10% Methanol
80 80
€ w € w
2 =
5 5
S S
s s
B \_’l——‘—/ )
) ) 1\1"_—”{_”/-1————“I
0 2 4 6 8 (o] 2 4 6 8
Days Days

Figure 11. Effects of systemic cryoprotectants on survival of gametophyte of

Undaria pinnatifida.
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Table 3. Effects of systemic cryoprotectants on survival of gametophyte of

Undaria pinnatifida.

Days
CPAs 0 2 4 6 8
Control (100% Seawater) N 88 N 88 N 88 N 88 N 88
10% (v/v) Glycerol 51.82 39.45 40.29 46.98 49.89

+087 014 <105 =£039 =055

44.98 34.94 25.89 28.00 29.00

10% (v/v) Ethylene glycol .79 +"ggg +187 + 219 + 203

(0% /) Propyiene gl B4, 49 12 12 io

I+

1714 489 667 756 999
10% (v/v) DMSO 140 + 078 + 102 + 078 + 052

1108 244 58 1011 1224
10% (v/v) Methanol £9293  +005 + 131 + 157 + 160

(means £ SD, n = 3)
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Figure 12. Effects of systemic and non-systemic cryoprotectants on survival

of gametophyte of Undaria pinnatifida.
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Table 4. Effects of systemic and non-systemic cryoprotectants on survival of

gametophyte of Undaria pinnatifida.

Days
CPAs 0 2 4 6 8
10% (v/v) Glycerol 55.97 44.75 45.84 50.43 5791
+ 10% (w/v) Proline + 043 £ 056 +053 =*£072 =+ 0.75
10% (v/v) Glycerol 54.72 4347 4463 48.68 54.31
+ 10% (w/v) Sucrose + 055 +094 +157 +074 +09%5
10% (v/v) Glycerol 53.98 43.97 44.82 4856 5391
+ 10% (w/v) Sorbitol + 079 +056 + 114 +099 + 0.70

(means = SD, n = 3)
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32. A4 3 &5 F

o
g
ofd
N,
e
-

1) 20 pmol/m2/s oA wFE WAE

- o] FARE & 9 oy FEFe] JAdS ol 7] st o
-9-A] Al % 357 20 pmol/m ¥/s o] #

(Blue, Red, White, Green, Mix (Blue+Red) 3]&Fo]=
et A ﬂé qE ¥ AILES FAAASH 57.07%= e tH(Figure
dAd = Hx AFJE Hu 13-15% 7 A FHo] 3ol A= 44.09%, 4
A3y 42.99%, AN 42.40%, H MG 42.37%, SAF- 42.08% o2 UESE
ot} dlE F djFol A 2-4d Ao AzEEo] 7MY WA YER o, 4U o] %
HE712 7 H = AE F4do] 157 AZetnz gxEo] HAAow F7}

-
t
)
ﬂ
o N

otk 8YA WY ZAAT, AR Pl
3 50.66%, =5AF 50.33%, M3 47.95% = °
Gebsbth 1494w SFAAE AN 67.25%, @ 6296%, A
60.35%, A1 58.24%, A 57.30%2] AAES o 1F e A
ARG wolt WAB b 8Ho] e Aalgeld 10%3olE gl
th 2297 AFES A Ay HMBgAE 481%=E 7MY =S Az
S UEHer O ggoer E3F 80.35%, A 75.06%, WA sg 71.37%,
A 71.32% %= YERs v (Table 5).

¥

o]
AA
55464, =34 52.43%,
A

1z oZi Jé

IS
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2) 40 pmol/m /sl A IAE W E

A

40 pmol/m /s '@ Hol e A WRES SHE] 9dte] dFAL F
A% v gu]e-A AES dE ’\]ﬂ % 357 LED %4 (Blue, Red, White,
Green, Mix (Blue+tRed) 3 &FolE ##3 Ay Hx & & AXES =
Aole W 63.60%= ‘-/}E}/\A‘:}(Flgure 14). 24 Aol
16-19% 7 A5l o] 233 4755%, A3 4587%, &¢F 44.80%, =4

44,649, A A 4455%% 02 LpEdTh wjAle) FRe 4AARE daHo
2 5uHE 242 Hgow, 38U WA 244 ADEES YA
X 63.61%, WAS3 5501%, &3% 54.41% =233 54.68%, A2y 51.49%<
oz yehdd. o AFde] AWe u FARNE Hz ARET S5
o] B =4ANE T3 Fol 3t 4 9;911, e I RUEVE S A
A< Wi AREO] 8%AE =i YEton sg AREol e A a33)
] o MAES LT 1095 129 Abo]o] =

AR L.
Ft E9del A AZEC] 44 11%, 10%°]7d 3 5= 0o WAg 7%
7 %

S G A Ao A= 3%kel o] I E-S WER T 1498 v S oA
= AW 8591%, T3 76.74%, =B 7479%, WAL 74.20%, A NG

66.83%° AFES YEPW o M 22 AMES Hol= IR M A

AEol v Aagel A of 20%AEe] AolE Ve 1628 X = 3
Ao 74 WE HEe BT o F 90%0] 4 AREFHE F43

5| wefo] hasterh 2dMl ARES AT A, AR 9542%
Fo AEs dEder O tgeoE WA 90.12%, =33
80.57%, 54 88.13%, X% 86.93%% LEFGTH(Table 6).
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3) 60 umol/m /sl A TAE HIE

60 pmol/m%/s g Hol e A WRES SHE] 9dte] dFAL T
Ag vgu A MES dls A2l ¥ 373 LED 32 (Blue, Red, White,
Green, Mix (Blue+tRed) 3&E-Fo]E ##3 Ay Hx 5 & ATLES =
At S 6048% = YEFGTHFigure 15). 2¥9Ald= Hx AFJEHRUT
13-17%3F ¥ o] &3bd 47.25%, WA33 46.67%, HAMF 46.28%, =4
44.20%, A 4313% o 2 e wl9-A 9] 352 49 A
2 385 e FASE BHgon, 8AdA Hjol SAHZA A
X 54.59%, 333 52.43%, =A% 52.25% W A3 51.88%, A A4 50.13%<
o2 Yehgt 1297 AZES H A A 6545% %2 EE2] 62.79%
Hoh oF 2-3% =A YERg oy, 149A sl SAHAAAE =37
g 71.35%, WAE 66.60%, =3 63.37%, A 62.59% 2]
wor 71 =& AFJES Holv T /M ALEe] v H A
oF 11%A X9 Zo]E Yetuidt. 2d40 AZES =43 Ay 33
X 88.73%, A A3 87.31%% 1% =2l nu|dl Zol& HPOW 1t}
w5 83.91%, w533 82.48%, A A% 81.31% = YEFSLTH(Table 7).

> o
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Figure 13. Changes in the survival of gametophyte of U. pinnatifida during
post—thawing incubation. Cultured at different light wavelength and

20 umol/m %/s
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Figure 14. Changes in the survival of gametophyte of U. pinnatifida during
post-thawing incubation. Cultured at different light wavelength and
40 pmol/m ¥/s™.
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Figure 15. Changes in the survival of gametophyte of U. pinnatifida during

post—-thawing incubation. Cultured at different light wavelength and
60 pumol/m ¥/s™.
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Table 5. Changes in the survival of gametophyte of U. pinnatifida during post-thawing incubation. Cultured at
different light wavelength and 20 pmol/m 2/s ..

Light Days
Sources 0 2 4 6 8 10 12 14 16 18 20 22
White 5707 4240 4342 4654 5066 5197 5387 5824 6135 66.15 7026  71.37
LED (%) + 100 £135 050 +011 +017 +£061 =+ 08 +148 +£069 =+ 035 = 068 = 1.00
Blue 5707 4237 4638 51.24 5546 5855 6245 6725 7060 7649 < R0.25 84.81
LED (%) + 100 +£119 +£105 +£0&8 +£037 +£130 +133 +£199 £ 173 +£162 £ 109 =* 0.77
Red 5707 4299 4430 4563 4795 5064 5287 5739 6018 6483 6829 7132
LED (%) + 100 076 +098 +073 +070 +104 +08 +08 +03 +08 =+ 046 =+ 0.78
Mix(R+B) 57.07 4409 4629 4869 5243 5580 5843 6296 6789 7145 7517  80.35
LED (%) + 100 +£03 +£123 +£124 +£039 +£069 +072 +£066 £ 177 £079 £090 =* 0.86
Green 5707 4208 4408 4687 5033 5199 5491 6035 6390 6803 7195  75.06
LED (%) + 100 £120 09 + 058 +038 +£08 =+ 062 + 116 +087 +049 =+ 024 =+ 038
(means * SD, n = 3)
- 35 -

Collection @ chosun



Table 6. Changes in the survival of gametophyte of U. pinnatifida during post-thawing incubation. Cultured at
different light wavelength and 40 pmol/m /s ™.

Light Days
Sources 0 2 4 6 8 10 12 14 16 18 20 22
White 63.60 4587 4794 5186 5501 6204 6945 7420 7679 8295 86.71 9012
LED (%) + 224 £ 171 +£076 +£097 +£122 +£037 +£031 08 282 +131 +303 £ 044
Blue 63.60 4755 5246 5579 6361 7059 818 891 8916 9250 9391 9542
LED (%) + 224 + 150 +103 +144 + 045 +024 + 107 =+ 116 =+ 023 +128 + 070 =+ 0.88
Red 63.60 4455 4426 4789 5149 56.88 59.66 < 66.83 7257 7949 8409 8693
LED (%) + 224 +149 =172 £079 + 047 +£048 £ 055 =+ 108 =+ 127 £ 343 = 061 =+ 1.03
Mix(R+B) 63.60 4480 4999 5062 5441 59.08 69.10 7674 7738 K208 484 957
LED (%) + 224 +£ 179 +£209 + 143 +054 + 063 + 213 +068 =+ 215 + 163 =+ 217 =+ 0.87
Green 63.60 4464 4631 4875 5468 6234 6591 7479 7878 8154 831 8813
LED (%) + 224 +£121 +£099 +094 +£040 +£070 £ 110 +£079 164 =+ 176 £ 268 =* 0.26
(means * SD, n = 3)
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Table 7. Changes in the survival of gametophyte of U. pinnatifida during post-thawing incubation. Cultured at
different light wavelength and 60 pmol/m /s

Light Days
Sources 0 2 4 6 8 10 12 14 16 18 20 22
White 60.48 46.67 4545  50.77 5188 5484 6010 66.60 7303 7843 81.89 8391
LED (%) £256 053 131 071 =073 £067 +23 +08 =187 =08 £009 = 026
Blue 60.48 4628 4645 5067 5459 5829 6545 7135 7625 8125 8647  87.31
LED (%) £+ 256 +206 +162 +£219 =*£136 + 047 =+ 319 + 249 =+ 216 =+ 126 £ 058 =+ 115
Red 60.48 4313 4641 4744  50.13 5222 5703 6259 6918 7274 7925  81.31
LED (%) £256 182 +£031 181 103 £1.00 055 +091 +145 £ 163 £ 141 =+ 059
Mix(R+B) 60.48 4725 5034 5229 5243 5829 6279 7381  79.71 84.69  86.82 8873
LED (%) £+ 256 082 078 140 015 £176 +094 +18 =+ 145 =119 £ 144 = 066
Green 60.48 4420 4599  49.02 5225 5343 5867 6337 7287 7702 8069  82.48
LED (%) £+256 +041 +121 +£150 050 +£114 +105 +106 +141 £ 131 £ 039 = 041
(means * SD, n = 3)
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3.3. LED 33 v g uj-¢
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Figure 16. Changes in the photomorphogenesis of gametophyte.
cultured at different light wavelength and 40 pmol/m %/s\.

_39_

(“ICollection @ chosun



3.4. LED 33 nv|g v %A MATHF ¥

vl w9z SlE F 40 pmol/m ¥/stF ol A 357 wgo] Aold 5719
BAE ZAbsto] Zbzbe] MagheRe]l wigle]| tis| A Ay B SkTH(Table 8). A
2ster 2 A3 F AP Aol Chlorophyll a9l &S AFHE 1 g 2.075
mg% YEREo™ wlAsd 1768 mg, 3% 1.724 mg, 5% 1.346 mg, &
A3t 1256 mge o &2 UEtH(Figure 17). Chlorophyll c9] =3 A 3}

Mm AFolA AFTH 1 gF 1167 mgo 2 7Hg Ekon ojojx  wasg
1.050 mg, €34 1.002 mg, =23 0667 mg, DA% 0592 mgl = e
tH(Figure 18). Carotenoids &k =AHZdo| A= HAFo] 0965 mgl = 7}
o= vEged, O s o® 543 0862 mg, &9 0802 mg, A3
0.762 mg, D233 0759 mg o= e tH(Figure 19).
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Figure 17. Effect of different LED wavelength on chlorophyll a ratio in
gametophyte of U. pinnatifida (P < 0.05).
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Figure 18. Effect of different LED wavelength on chlorophyll ¢ ratio in
gametophyte of U. pinnatifida (P < 0.05).
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Figure 19. Effect of different LED wavelength on carotenoids ratio in
gametophyte of U. pinnatifida (P < 0.05).
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Table 8. Effect of different LED wavelength on pigment of contents in gametophyte of U. pinnatifida (P < 0.05).

S]&il%}clgs Chlorophyll a (mg - gFW!) Chlorophyll ¢ (mg - gFW?) Carotenoids (mg - gFW?)
V{%ilge 1768 + 0.139 1.050 + 0.019 0.762 + 0.034
E,LPS 2.075 + 0.015 1.167 + 0.058 0.965 + 0.027
Red 1.256 + 0.040 0592 + 0.018 0.759 + 0.029
Mif%}; B) 1724 + 0118 1.002 + 0.020 0.802 + 0.002
Green 1.346 + 0071 0.667 + 0.033 0.862 + 0.006

(means * SD, n = 3)
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3l S v WAL H e vlstke], Ay 54 9bde vlad 212 4 7
A =gt Hel @abd FA dAE AT H(Jerlov 1966). wEka] Az
/g o] Wolet virhe] Hl Wo] Afold= ojugt #AH] QS AlAFSTE 3
FAAEA oA dAF AR EFeE HEFES duAPoeR o]&sta
o|ABtEr A S Fgsle] BFAS sl = slxFY A= =8 F, A4
A, 3k gl o) gdeA = ¢ B2 Y 892 FoAE dnky o
2 dqEFY A M F AT T AL 23 Folgtn 4EHA Ay
(Druehl et al. 1987, Vasquez and Vega 2001). £3] 9 a|ZFolA 33HA
< 9st dsHo] Hw, Ho] o A& Az MA 3tEA 24, o=
T R AGELE Folsto] [ AA] VS 2dste T8 &

Qlojgtxr K 1 ¥ tH(Wallen and Green 1971, Vesk and Jeffrey 1977, Rivkin
1989, Schmid and Dring 1993). ¥ AFolM % oz 7}FA & 3o FAS
o]g3te] T4 BHE T AA I EHo| #Helo] tpFITt. AAow AxF{II
o] wje-A AltlE 40 pmol/m /s g @yl FE e A A53(460 nm)
NA oE wapgol Fdol vl P wE 3 5ES YEhdTh ol g A
Aol gt SR 3 AYeksd ddd Aol A AR ol ds
o = #o] = Ao HuHAEd, HAMFS thAvlE Laminariales®] Al
z= Ao v AEolA BRRel WA S FIATAL A A
FANAME= AaS Asistttal s v (Liining and Neushul 1978). 3 %] %3
A = Z4ZF Cystoseira barbataS o2 3 AFoAx HA
& =
el &9 tH(Baghdadli et al. 1994).
of w7 <k AE A A 2 I wek 28 UEE A
2

s 2ASGS W AR AnF ol FAYlA A gurh

o wj-A< 2% e 34 (photomorphogenesis)ol el A = A 1okt A A4
B E32 el el A SR weAE 4P 223 e £Es
H FEEden g ow= A g MElS Hdvh g A g
A= wi-A7E ARz 2A AFEE uEs deet ojdHer A9
A AElS ety o= sfxFrollA Fgo] i 94, 3§, 54 &
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ol dojtrtar B 138 Y (Dring and Liining 1975).

2 Ao A= 373 7] e ez 2AE vy ae-Ae M4 g
S =437 98] UV/VIS SpectrophotometerE ©]&3le] 3= A3
S ol& Fiksto] MA FEF Fe 7okt 54 A, ARl A 3570 W

&t me wjATE & FEAA wkd me we-Al AMEF] H] S
Chlorophyll a, Chlorophyll ¢, Carotenoids 3$F&o] F & o2 =4 YEWT
(P < 0.05). Dring (1991)2 A=A 549 =9 57t 23349 T7
of HlglAel Aol dokal BusteEd EQ

Rz wxAze] Frhs g BeAel vl

A Aol A & S FAEe AL
(1996)9] Wl FdA dgolM= A2 G Alelol =2 ZaarArt 3
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