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Abstract

Climate change by global warming has raised the surface temperature of
South Korea up by 1.03°C for the last 40 years, which is the fastest
rate in the world. Furthermore, the rise of temperature in the sea 1is
also found more obviously than ever. The rise causes the lead to
subtropical climate. As evidence, it has been observed that butter fish
(finny tribe in the Pacific) was caught in the net on Korean Peninsula.
More fishes that have origin in subtropical climate regions and
turbulence kind are captured. Furthermore, mitra squid Lol/igo chinesis,
which used to be caught during July and August, 1s now caught on
September. Judging from these, considerable changes are taking place in
marine ecology. The rise of water temperature works as a physical and
chemical stress factor to marine life. Particularly on abalone which is
one kind of Gastropoda, the rise has a great impact because the species
1s limited to mobility and thus has very weak resistance to
environmental change.

Therefore, National Fisheries Research and Development Institute
(NFRDI) crossbred male Haliotis discus hannai with female Haliotis
sieboldrii in 2004, both of which grow fast and are firmly resistant to
environmental change, in an attempt to develop an ew species that 1is
resistant to sudden change in environment. The developed species was sea

Haliotis discus hannar. Sea Haliotis discus hannai grows 20% faster than
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Haliotis discus hannai and as fast as Haliotis sieboldii. In addition,
it was found that sea Haliotis discus hannai has higher level of
resistance to low water temperature(7C) and high temperature (287T)
than Haliotis discus hannai in water temperature resistance test.

For breeding methods, there are hybrid breeding, selection breeding and
mutation breeding. NFRDI used hybrid breeding to develop an abalone that
grows fast and has high resistance.

Mutation breeding processes organism with radiation and chemicals
because mutation takes place very rarely in organism. And mutants are
selected from their posterior filial generation. When radiation is
applied to it, the method is called radiation breeding.

When exposed to radiation, organism is mutated by the damage to part of
1ts chromosome and DNA, so that i1ts information signaling system 1is
confused. Mutants are generated from the cells in which such change
brings about. Radiation breeding method is a very excellent technique in
developing new breeds and creating useful genetic resources. The method
has steadily produced good outputs for about 70 years since 1930s.
Currently about 2,600 mutated species are registered in FAO-LAEA
database (Kim, 2008). After the Convention on Biological Diversity,
securing biological genetic resources was considered to be the base of
national competitiveness. In this respect, we can say that it is urgent

to secure source technologies related to new agriculture biotechnology
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that uses radiation and biotechnology.

The merits of radiation breeding include advantage of developing one or
two genetic traits, excellence in improving inferior traits of a
superior breed, more yields, better quality and higher resistance to
harmful insects than those of existing breeds. Unlike GMO that
artificially incorporates foreign genes into existing breeds, radiation
breeding has been verified for its safety. It has been widely used in
developing crops such as rice and bean, flowers like rose and
chrysanthemum and fruit trees. In addition, radiation breeding requires
less developing cost than other breeding technologies.

Furthermore, radiation breeding can be applied to plant breeds, to
where hybrid breeding can't be applied or for which GMO breeding method
hasn't been established. Therefore radiation breeding can be expected to
develop native plants and foreign plant breeds that South Korea lacks,
contributing to expanding the resource of breeds (genetic resources).
(Kang, 2007)

To determine the impact of low-dose irradiation with gamma ray on
Haliotis discus discus, the growth was observed through the
physiological change and breeding. The death of parent abalones by
irradiation with gamma ray has not occurred in all the experimental
plots from the domestication period to the egg collection period.

However, it was observed that the activity decreased in some of the
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parent shellfishes of the 20Gy and 25Gy experimental plots. It seems
that this phenomenon was due to the damage of DNA caused by irradiation
with gamma ray. Also, it is estimated that this phenomenon was caused
because 1t would consume energy to restore the damage of DNA.

As for those fertilized eggs that had been obtained by the artificial
egg collection, the presence of mutation of fertilized eggs were
observed under the microscope every hour after transferring the seawater
of 1L that contained the fertilized eggs for each experimental plot. The
mutation of fertilized eggs has not occurred at the control plot, 10, 15
and 20Gy; however, it has occurred at the 25Gy experimental plot. In the
developmental process of fertilized eggs, the form of mutated eggs was
observed at the 15, 20 and 25Gy with the exception of the control plot
and 10Gy, whereas the occurrence has not progressed further.

The extent of occurrence delay could be related to the spawning of non-—
fertilized eggs in accordance with gamma ray amount and the sex maturity
ratings of abalone for irradiation with gamma ray. Also, this experiment
could verify the increase in the probability of mutation for the
fertilized eggs by the irradiation; however, it could not verify that
the morphological mutation of fertilized eggs was related to the
mutation of Juvenile abalone.

To measure the hatching rate and attachment rate, the fertilized eggs

were measured as they were housed and bred in the water tank that had

XVii



been set for each experimental plot. In the case of hatching rate, it
was found to be approximately 50 percent at the control plot and the
experimental plots of 10 and 15Gy; however, it was found to be
approximately 30 percent at the experimental plots of 20 and 25Gy dose.
This study produced F1 Juvenile abalone by irradiating abalone with
gamma ray for the first time in South Korea and even applied for the
relevant patent.

Also, the analysis on the remaining amount in Juvenile abalone that had
been produced after being irradiated with gamma ray was performed. As
for the production of genes, the oligonucleotide primer as to Myostatin,
Caspase—8, HSP-70 mRNA that had been registered at NCBI in relation with
abalone were produced and synthesized, and then the expression level and
so on were investigated. As a result, no remaining amount of gamma ray
was detected in all the experimental plots of 10Gy, 15Gy and 20Gy, which
had been irradiated with gamma ray. It is believed that there would be
no residual substance because gamma ray was a light rather than a
substance residing in the body.

The expression of Caspase-8 mRNA that was immune gene expression in
accordance with irradiation with gamma ray was found in all the
experimental plots. Also, it was possible to confirm that the expression
level was higher in the 20Gy experimental plot than the other

experimental plots. It 1is believed from these results that the
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experimental plot that had been irradiated with gamma ray 20Gy would
have a better environmental tolerance.

The expression of Myostatin mRNA that was growth gene was not found in
the control experimental plot; however, 1t could be confirmed that it
was expressed at a high level in the gamma ray 20Gy experimental plot.
It is believed from these results that a rapid growth of abalone
development would be possible by irradiation with gamma ray of 20Gy.

Moreover, it could be confirmed that the expression of heat shock
protein (HSP 70) mRNA, which was a stress protein, was found in the 20Gy
experimental plot for water temperature and the 20Gy experimental plot
for salinity. It is believed that the experimental plot that had been
irradiated with gamma ray of 20Gy had a better environmental tolerance
at 30C as for the stress of water temperature, whereas the experimental
plot that had been irradiated with gamma ray of 20Gy at 25psu as for the
stress of salinity had a better self-immune mechanism ability.

At last, 1t was confirmed that marine organisms had a good result by
using gamma ray as terrestrial organisms. Thus, it would be required to
conduct a study in breeding and immune function for other more breeds.
It should be necessary to conduct more diverse experimental analysis and

long-term studies for comprehensive review on various changes.
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oA o2 Q1sk AM|AEIIAM apoptosis)9t AXE W FHo] wbzbE 7|FP A}

WHol FH(Bentur et al., 1991; Lee et al., 2001)°] thairx = 3|3
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Fig. 1. Case for irradiation with gamma ray.
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vl E o]tk AFoME 2F7|H et #d-¥E Hivt FE o]FaL
A (Kyoizumi et al., 1989; Finch, 1987; Langlois et a/., 1987; Gale,
1990; Adams, 1984).

o AgeMel ddx2 5+ 542 49 WA % 0, 1, 2, 3, 4, 5 ¥

o))
N
)
2
=
Az
10
ubal
o
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ek
r o)

o BHH ukE 1A 266X 1/2 91 1 ml FAE
oj&3tel A& AT F 0.9% AHUAHAFE 10 W FAste] Iy

A5Be olgste] olgl WS AR,
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kst aes F9E AEske] SD B CAT & M7 BAEl 299lE

AZE T 9k 0.1 g5 0.9% NaCl o 3 3] AAH3 t}& KCl (1.17%)S

do
2

100 mM phosphate buffer (pH 7.4)E H7lste] #2&3} 1, +2A3H
AEE AAEE(1,000 rpm, 15 min, 4C)el o&] AW B HAES
AASGT., AR A PAEF(13,000 rpm, 20 min, 4C)3 F
Aeds kst a4 SHE AsEZ ARESISIth(Fig. 3). 9WdE ke
Lowry et a/. (1951)9] wWwel wa} X+ ©@d g4 BSA(bovine serum
albumin)E A}-&3}o] spectrophptometer = ©]-8 750 nm oA SA 3G tH(Fig.
4). SOD += pyrogallol o Ag Abst&o] A= ¢S SA k= Marklund
and Marklund (1974)¢] HhH o w2 =43t 2™ 50 mM phosphate buffer (pH
8.24) 1.3 meoll ¢ AN 25 wl= ¥ F 45 pl®] 3mM progallol &9&
1 7}8Fe] spectrophotometer & o83} 325 nm o IAANA FHAHEAIL,
2484 1 d9= Wgd 59 pyrogallol o] AtstE 50% A8k &4
Foz A thFig. 5). CAT 4= AL W0, & 7122 AH8so

sectrophotometer © 29J&] 240 nm oA HO, 7} FHdFHo] A4S
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Hepatopancreas or gill

Addmg 100mM
<— Phosphate buffer
(pH7.4)4ml

Homogemzing

|

Centrifugal speration(4 C . 1,000rpm, Smin)

\L <—— vorteximg

Upper phase

|

Centrifugal speration(4 C, 13,000rpm, 20min)

|

Upper phase

!

Sample for proteim assay

Fig. 3. Procedures for extraction of protein
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Sample for protein assay BSA standard soln
(100ul) (100ul)

Adding 5ml diluted dye reagent

|

Incubation at room temperature
(5min)

|

Measuring O.D . ;_;5, of sample

Fig. 4. Procedures for protein assay by Lowery method.

Adding desired volume of sample(20ul of PMS)

Adding 1ml
(67mM phosphate buffer pH7.0

Adjusting total volume to 2ml

|

Adding 2ul of H,0,(30%)

|

Measuring O.D . ,_,,, of sample

Fig. 5. Procedures for measurment of catalase activity.
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Adding 1.3ml (50mM phosphate buffer pHS8.24)
+ sample 25ul

|

Zero Base

|

Adding 45ul of 3mM Pyrogallol

|

Measuring O.D . ,_;,5 of sample

Fig. 6. Procedures for measurment of SOD activity.
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MAZE BAEA] eFokort 3 FANE FHAEE A7 2SIl control
15 Gy, 20 Gy °old= FoH 0 zbel7F vebbA] Stk kAWt 10 Gy <k 25
Gy olA= 3 FAF-E] FAbgFo]l 7kt whebA 6 FAjol 10 Gy oA 82%9]
AEES e 25 Gy ol 6249 ABEES YERO T2 A3t
Hlgte] fojHom AEFo] gade AFE JelIth(Fig. 7). olH%

h 8

A7E B 15 Gy, 20 Gy oAl hormesis @Aro] UER} WALA A} 3o

1o

e3le) WEgol wopAE Aok FAE:

100 - !L‘,
80
@ 60 -
:c'g' === Control
£ a0 —8—10Gy
§ 15Gy
20 == 20Gy
2 5Gy
0o ! L L 1 L L
0 1 2 3 4 5 6

Weeks

Fig. 7. Survival rate of disk abalone (H. discus discus) after the exposure of
gamma radiation.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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vk AR Qe e WSk b ZAF 0 FolA 6 F7HA
#EeT. BE AN 1 FAAE st A yehddleu
2 FHH 15 Gy, 20 Gy A= S7tete AdFS e 53] 20
Gy M= 6 F74A freldom Frkste A4S JESIaL, 6 FAd 15

Gy + control ¥ oAl Apol7F YEPA] edtt. o]d wks] 10 Gy, 25
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X
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>
T

Hemolymph counts (cell/mm?)
w

2 L
1
0 1 1 1 1
0 1 2 3 4 5 6
Weeks
= =Control —@=—10Gy - =15Gy =—f=—20Gy == 25Gy

Fig. 8. Variations of hemolymph factors of disk abalone (H. discus discus) reared
with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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£

SOD (unit/mg protein min)
O = N W & 01 6 N

g

o9
)

CAT (nmol/mg protein sec)

Fig. 9.

Weeks

—C=—Control —@—10Gy — —15Gy —i—20Gy —&— 25Gy

Weeks

—=Control —®—10Gy - 15Gy -—#—20Gy - 25Gy

Change of superoxide dismutase (SOD; A) and catalase (CAT; B) activity
in disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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N
X
to
al
-
2
R

100%2] BEES etk sHARE fobd 24 7 6 F Fek FAAE T
control A= 3 FAFE HAsk= A7 2SI 6 FAo  82%9]
AEEES YEA T, 20 Gy dAE 96%9] ABESS e control

Hlel 20 Gy oA fFelAoR =2 AE

P

&S5 YellAt(Fig. 10). o] st
AE B AR} AR 2 QB A% 20 Gy oA hormesis 7F

UERE Ae F8Y 5 9

100 ,—W
80 | \@—Q
2 60 |
-1
1S
=
£ 40
2
- === Control
20
—@—20GYy
0
o 1 2 3 4 5 6

Weeks

Fig. 10. Survival rate of small abalone (H. diversicolor aquatili) after the
exposure of gamma radiation.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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2-2) Y= W3}
control A&} ZvpA 20 Gy & FAMSH S 8AY] A9 WHEE fdupa
ZAF 0 FoA 6 F71A BFE . control dAE 1 FHE 4 F7HA

wAsHA Aaskdnr kA He= dde WERAL 20 Gy oAM=

—
N
N
B
1
PN
o
2
)
)
(@]
o)
=
=
=
2
=
:01:|
S
N
o
-z
a
Jo
1o
)
o
b
ol\
)
QL
rlr

(x 10%)
6 » *

n

B

N
T

—_=—Control

Hemolymph counts (cell/mm?)
w

=
T
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Weeks

Fig. 11.Variations of hemolymph factors of small abalone (H. diversicolor aquatili)
reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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2-3) dAtstaa st

control A& 7Zupd 20 Gy & A 9B A7) SOD 9F CAT &4 E
gola] E Ay, SOD &4 A$ control I 20 Gy oA 1 FA| F2 73
S7eATE 2 FAd s Aaske S UEdley 2 FHEH 6 F7HA
control o W 20 Gy oM HFYgHer FA Yehes A
UERNATH(/X0.05, Fig. 12-A).

CAT &4 %Al control @ 20 Gy oA 1 FAlel Z7letdtirl ashs
B YERNA L 6 FAZMA F94-1 Zpol= vEbbA] & %ktH(&0.05, Fig.

12-B).
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2 - === Control

SOD (unit/ mg protein min)

1 —e—20Gy

Weeks

e
B

CAT (nmol/mg protein sec)
o
W

0.2 -
(= CONTTOI
0.1 —e—20Gy
0 1 1 1
0 1 2 3 4 5 6

Fig. 12. Change of superoxide dismutase (SOD; A) and catalase (CAT; B) activity in
small abalone (H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (£<0.05).

24 -



o} — .
oM T R T @ oMoy T T
R w oo T T onow X L S O G O CR
oo 3" S » ¥ =m oz o7 O =
o ﬂo%@sﬂ@@ﬂmax_gm_g;ﬁo o
N om oy Mmoo o < T o X i
N 0 S = W T = 29 ) —_
woom ) = E 2 Xoom ooy X ¥ <
oy T =~ E— Lo, w WX N
o) =0 = < g = N Y S 5z 0 ,ZM ST N )
% ) N ~:! 4 ) & M- b & =0 o T of
4T o T owmog B ow %OE o B %
X Hm_l ~n ) Mﬂ o 7! el ™ <M ;e = N =y ﬂA_l
Wp ol N X% o owm m o o) do T £ Ny o
3 oy 1m_u O o ~B " £ o wp X ~H X X & =3
N ) N Y N T Wb o
I I [ N R T H N
T ow T o oo w Mo 2L B T < S &
I S oy = . ®@ 25T oy g B o
= iy ~Q = T _ = o 4o S N o o 2 2 h
o} NJo —_ ~ > = <= e - 2 =l N To
o o X T - g A B Boow S o
w2 P S ®E o2 X 4 T o
B o 2 > o E a4 =T R 5
ﬂL — ,..&.1_ ~ HE T: o ) pr— >, ;o,._ \Iﬂﬁl O.* —~ H_AIL
X TN o . Al o TS g N T
N CR IR - F % & P B g > T T <
g e E N- o mo o B o o o = 0@ & c
u R ) A R S TN s
Aoy o B O~ BT - Y | (R
o - x5 ° e, & o~ WX T
l_l c.rl ZT Long ﬂAro ﬂo — Z.t _El o - QM = O#E E.o MWM
1_,_A| ‘_._mo Zo OE =0 —_ <o) o) N~ e v O R g.or Of
o) ol o ~X o o o o —~
- RO S R ~ = 2
W w il ol T o e 8o jari E N p X &
= ~ o= Mo g 5 ooz T K = ERECN Nl >
2. A I = o = W = e :
n 5 < ™ Nd s % & ~
R S R O T . N
E = = = N2 o B W B T A S
=) ) N - - < 0 g & ay ~0 iy 2 T ©
2 N B ® W = o X u T B A Z 3R 5
‘A# =0 X Eﬁ H_E g —_ ﬁ _ ;01_ ‘uNO ‘_Iw.ur‘._ %) fariy ~ 00
> ™ W @ ok 5 W = T D g R oA = g
= A _I_ iﬂ ‘Ur — =K it M &Ko Pl ﬂvl (&)
H oF = N oyl ~ 2

- 25 -



M fFrEHol waH e Fie #FHIL UrH(Tuschl er al., 1980;
Liu et a/., 1987, Cai and Liu, 1990; Liu et a/., 1992; Wojcik and
Streffer, 1994; Cai and Wang, 1995; Flores ef a/., 1996; Liu et al.,
1996; Cai, 1999).

g, AEdAME 7 2Edzd os AddE E4ikAaE o9
Fref=doly s T =FHAS W WA s ol&e] IHusHi
AR e o] A WAl e 98 4 UtH(Goldberg and stern, 1977;
Simon et al., 1981; Moody and Hassan, 1982). o]@]3t ZAJAlA4o tjdlo]
AWl A= FAkst @420 superoxide dismutase (SOD)$} catalase(CAT) &<
AAstel A7l E4E e Aer ded dlew, o F S =
superoxide radical(0;)E M0, <F 0,(20, +2H —H0.40.) 2 Z8kA] 7], o]
AEE W0, & CAT 7F 0 9 HO0 (2H0,—~2H,0+0,) 2 F-3lsle] &Adatav)
FAAst7] Aol AAo Falgt A= H3FA| 1T (Forman and Fridovich,

1973). Zyuzikov et al.(2001)°l] &3t Ldwkx o= A

kel

SR RO [ERAR=
zAsE =2Esy wWs 9AE A Fa9A(hydrogen, H),

3} A 2} (hydrated electron), 123l $24F7] (hydroxyl radical - OH) ¢} #&
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Bt B AEE A7 ol Folxof & Aow ddEu. i o3l
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AT Frhsh B W Bl 9@ 4 el mzd )
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A8l el ALY ANt Fxpe] whols R4

)
of\
™
ol
rol

A5 <
A% AN B AR Jhdo]l daHolt(Kin er al., 2007). ol#E
Al FAE SAsr] flsl vhgst A AdEA ghow FHtoe
Tl EAE R EdY AF Al o8 A=dde A adE
5% 4 At} hormesis A7FHoE HEsL At (lee er al., 2002).
Hormesis @3 om= olol Fof B Ay} o5 3, FF AL T7F
5ol oy A=A Ba A= (Luckey 1980; Miller and Miller 1987),

O F 94 77 9 wWFEKim e al., 200009 AL, 2 A A7) 74

o

el ARARE dEAT 27|85 sl SUHEAL, 25 (Lee ef al.,

1998)¢F Fuk(Kim er al., 2000)olM %= Z7|AFo] F7F HATh olfe

WAL hormesis ZHES A A&, SAGH 4 B Aeixd

A 7le B AZEIN A ot gEA yedy. ddsE

A B (Haliotis discus hannai)® 7d5o%= 30 Gy ©]8te Ale]A

hormesis & 7H7l& Aoz HIuwi JYotKim et al., 2007). sFA|wE
3

A3 AREA FgAT DA

- X

hormesis ¢ A=&4 HAYSFS of4 71~
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Fig. 13. Mature disk abalone (H. discus discus) (A) and small abalone (H. diversicolor aquatili) (B)
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Fig. 16. Corrugated sheet spat collection with cultured diatoms
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Fig. 17. Measurement of growth rate
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10) RT-PCR 4]
=A% ol7tu] ZA | Tri-regent 500 W= 7}3tt}. SR ACLOIAR A BE
TAsIE & AoA 5 BZF WA Y. Chloroform 100 @0 7F3F %
Este deolA 3 w3k WAk, AR (13,000 rpm, 4C, 10 min)
S A7hE isopropanol & Fo A
. 10 B3P 2ol BA F AA4E9 (13,000 rpm, 4T, 10 min)
olth. A NS AASL A7EE 75% ethanol & 1 ml ¥olA £F F
YAE2](13,000 rpm, 4C, 5 min)3FTh. ©o]& 3 3 wWHEsta A IS
AAsAL Aol A 1 AREEQE WAI8He ethanol & FEAIZITH. o] 7]o DEPC
25 b FolA total RNA & Fkth. FF% total RNA = -70TCellA B3}
Ao ARg3F o™, PROMEGA AFe] cDNA @4 kit 1 ImProm reverse
transcriptase kit A3800 & ©]&3}o] cDNA = AT, TAHE DNA =
SZEA717] 184 cDNA 2 pul, 10x PCR buffer 5 wf , MgCl 3 wf, dNTP 1 uf,
primer (sence) 1 0 (50 pmol), antisence 1 wf, Taq DNA polymerase 0.5 ul
2 Nuclease-Free water 36.5 w& ZF3te] 94TCoA 5 &3+
predenaturation A|AF & 94Co|A 1 E7F denaturation, 50Co|A 45 Z7F
annealing, 72TColA 1 7 extension Ao =® 35 3 &3}, o] &
72T A 5@7F v ¥HEAIZTE

Myostatin mRNA o] t©jgF oligonucleotide primer & AZ AL,

(o]

I xz=E AFESt7] 918l B-actin mRNA & Al &Fekglth(Table 1). PCR =

ON

Z g AELS 1% agarose gel oA 100V & H7]9%5 st Egst¥ o, 100

bp DNA ladder & size marker = A}&3}o] UV transilluminator 3&}olA]
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RNA species Expected size Primer sequence
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B-actin mRNA 520bp
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5'-AGTAGAGCATGTTGATGGGCGACA-3'

bp : base pairs
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Fig. 18. Culture of spat food organisms.
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Haok FAEs ST dAHeR ZARH. AE

ZAE F A A A F 20 Gy, 25 Gy oA BE Al s

-

$247) faomel wale] 2 Azt A% Aolyth. ol ukd ZAR <l

Fertilized egg 2-Cell Morula stage

Trochophore Veliger Post larval spat Juvenile

Fig. 19. Embryonic development of fertilized eggs. Bar=100 m

“ Fertilized egg ® 2-Cell ¥ Trochophore 'll Veliger B Post larval spat

25Gy
20Gy
15Gy
10Gy
Control

0 10 20 30 40 50 60 70 80

Time (h)

Fig. 20. Development time of fertilized eggs disk abalone ( H. discus discus) after the

exposure of gamma radiation.
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“ Fertilized egg #2-Cell ¥ Trochophore !l'Veliger ® Post larval spat

0 10 20 30 40 50 60

Time (h)

Fig. 21. Development time of fertilized eggs small abalone ( H. diversicolor aquatili)

after the exposureof gamma radiation.
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gol¥]o] control o H]3te] 20 Gy, 25 Gy oA Abghdlk o] =7} fol5 o
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A G2 7 AT o 20 W AAE FAS] FHE AT 74

Fe AL AFsel FAUR, FHES 4% AT A3 control AAHE

170,000+110 7RA), 10 Gy oA+ 170,000£150 7HA], 15 Gy oA=&
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Fig. 22. Number of disk abalone (H. discus discus) fertilized eggs(A) and fertility(B)
for each gamma ray dose.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 23. Number of small abalone (H. diversicolor aquatili) fertilized eggs (A) and
fertility (B) for gamma ray dose.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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bl AFEE AE dE FetdvE(x400) o2 ST, control
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Fig. 24. Incidence rate of disk abalone (H. discus discus) abnormal eggs for each gamma
ray dose.

*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 25. Incidence rate of small abalone (H. diversicolor aquatili) abnormal eggs
for gamma ray dose.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 26. Disk abalone (H. discus discus) Hatching rate (A) and attachment
rate (B) for each gamma ray dose.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 27. Small abalone (H. diversicolor aquatili) Hatching rate (A) and attachment
rate (B) for each gamma ray dose.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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2012 A 7 9HH 2013 d 6 €7MHA] 48 F FF FA A AbE3E 7)

em~1.1+£0.5 cm % control F= FYAS Zol= SUAT. AlS 4 FA =
Zt7Fo]l 1.3£0.5 em~1.5£0.3 cm & control ¥ v A& G7ho] F2jF <l
A7 Apol= oy 8 FHE 48 F7HA 15 Gy = 4.95+0.5 cm, 20 Gy =
5.840.2 cm = control ¥ ©E AT H|gte] FoHA A Aolrt
Uebgth, AR 25 Gy £ 12 FHAE AE L AF AT oEH 15
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Fig. 28. Variations of shell length (cm) for juvenile disk abalone (H. discu
sdiscus) reared with different dose radiation in the farm.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 29. Variations of shell length (cm) for juvenile small abalone (H.
diversicolor aquatili) rearedwith different dose radiation in the farm.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 30. Effect of gamma radiation on pB-actin mRNA and myostatin mRNA of gill
in disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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9) Thermoluminescence(TL) ¥ 3}

b 24 5 Ak ke AR BAS Slskel 10 Gy, 15 Gy % 20
Gy 3@ A4E ANE 47 A4GATAN #4S BG A3 wE
A

ATl ekl ARl AEEA @Skth(Table 2). webd  hopd

Zabel wek AR Adv) obde Aow AFEon Agor Agsten

Table 2. Results of detection for the remaining amount in the Juvenile disk abalone that

had been produced after being irradiated with gamma ray

9CO Gamma irradiation 10 Gy 15 Gy 20 Gy

Presence of residual X X X
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D 2, d& WS4
Ao 2 g G 2Eds AL control AT, 10 Gy AP, 15

Gy A3 2 20 Gy A, L&A= control AT, 20 Gy APF]
Aubd Z2AF A3 F A7)7F v A 9E A2 30 vk FAe] A sk
S AAetdtt. AE AdleE He 44 1.9840.08 em, ZE 1.02£0.05
cn, HATHEF 1.240.3 g & AREsin. L&A A= Hd 4

2.4840.05 cm, H Z+E 1.21+£0.05 cm, AZEFH 2.1+£0.3 g & A}&5H9]

HAE EASHE 25 psu oA FREJAIL, MESES A AlE A9 o)A

ATFA HAZE DASGE 24 ho oo AASHATTUwa er al., 2009).
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kst aes F9E AEske] SD B CAT & M7 BAEl 299lE

AZE T 9k 0.1 g5 0.9% NaCl o 3 3] AAH3 t}& KCl (1.17%)S

do
2

100 mM phosphate buffer (pH 7.4)E H7lste] #2&3} 1, +2A3H
Algs GAEE (1,000 rpm, 15 min, 4C)o] s A @ AAES

AASATE., FANE Al AR (13,000 rpm, 20 min, 4C)3s X
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o
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=
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F2 Lowry et
al., (1951)9] o wel 35 9¥A g4 BSA(bovine serum albumin)E
AFE3Fe]  spectrophptometer & ©]& 750 nm oA SAI}FT. SOD =
pyrogallol ] zbs Algt&o] AA¥= & S48k Marklund and Marklund
(1974)2] WHow =Hs o™, 50 mM phosphate buffer (pH 8.24) 1.3
meol] T AN 25 wE WS F 45 e 3mM progallol &S FH7lsle]
spectrophotometer & ©]-&3}o] 325 nm o] g SAHSRL, a4 1
Sel= W T8 pyrogallol o AFSEE 50% Aleh= mAo Yom
Akt CAT 4= SAHL2 0, & 7|22 AE3Y sectrophotometer ol

ofall 240 nm dHFolA H0, 7} SFLE ] Fidhs FHERA 5L FHYEE

I
o
ofr

]_

uly

Nelson and kiesow (1972)9] YWWo| oJ3le] =AH3Fow, aih

Ao @9l 1 27 1 mg o @ o] whgate] SAA7 H0, & nmol =

m (

i

B AT,
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4) Respiratory burst activity =4

Respiratory burst &A-2(Song and Hsieh et a/., 1994; Anderson, 1998),
o] WHE §8&3l9 ZAHSSY. Hamocyte 9 #4FA F Intracellular
superoxide anion (0,)9] #2415 9J&] dA 500 w2} NBT &< (2mg NBT,

1 pg PMA/ml in 50Mm Tris-HCL buffer, pH 7.5) 500 S &3+3le] 10T

ol

btk

k7)ol A 30 B HoF vkS X7l & 120 xg, 4TC=E 10 B37F 94 &g

1=

O>‘

oL
£

< Wi, MEE TBS buffer (pH 7.5)= AMHst+= AHES + W

k

|37

25 5] 100% methanol = AXE 114G T, 50% methanol = oJ2]
AHetn, B/E FAMAAA AANAG. B glelAw  whel
7Fepeke pellet ©f 2M KOH 600 w2t DMSO 700 = #H7F3e] pellet =

Sz FEA EAE §Ns 3 620m oA ST

5) Phenoloxidase activity =4

phenoloxidase 2] &4 Ashida ¢ Dohke (1980)¢] WS 83}

15 wsE 93 2 =3 3 % 0.0IM L-DAPA 150 & Y2 5 25T wjY7]elA

o,

itk madl HFT w2

10 ¥ FoF vk A7l & 490mm oA SFEE =

FEA%E Zho] 0.001/ml 743 ZHS lunit && FA &S
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6) Lysozyme activity =4

g4 W lysozyme BAE Parry (1965)¢ WHHol] wE} Turbimetric
assay = ZAVSFATF.  Micrococcuslysodeikticus(0.1mg/ml  PBS, pH6.8)
At 90 woF dH 100 wWE 96 well plate o F3te] 25T wjF7]o A
5 % B vhg A7 T 530mm oA FHEE SHSSITE. Lysozyme A2

ST 7ol 0.001/ml A% kS lunit &2 T AT,

AEY AAGHAA} FFE 93 AFEE control, 10 Gy, 15 Gy E 20 Gy,

ol

of

QAo WY FAA S 9gk A== control, 20 Gy *| I
sk Aol A3 MAlE 2 2EY XS 30ToA 12 h 5o A3 /A
30 vie]E AEsilar sl ek Aol A3k AMAE I 2E#2Q 25
psu oA 24 h FoF AEI AA 30 vieE AEsie] AdS AAEIT)

zoe dus 74z 3 wieel obn] 242 AR 0T Ry
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9) RT-PCR 4

FAE of7pu] ZZo| Tri-regent 500 = 7}3dt}. IR Alofo] A =2
Aas #4833 & Ao 5 &3 wx|8t;. Chloroform 100 wf 7}k %
Fgsle] oA 3 ®3F WASTE. ¥AIE2](13,000 rpm, 4C, 10 min)
Eako] z}17}%  isopropanol S @o]A]
. 10 B3P 2ol BA F AA4E9 (13,000 rpm, 4T, 10 min)
At A NS AASL A7HE 75% ethanol & 1 mb oA EF F
YAE2](13,000 rpm, 4T, 5 min)3FTh. ©ol& 3 3 wWHEsta A AS
AAsAL Aol A 1 AREEQE WAI8Ee ethanol & FEAIZITH. o] 7]o DEPC
25 b FolA total RNA & Fkth. FF% total RNA = -70TCellA B3}
Ao ARg3F o™, PROMEGA AFe] cDNA @4 kit 1 ImProm reverse
transcriptase kit A3800 & ©]&3}o] cDNA = AT, TAHE DNA =
SZEA717] 184 cDNA 2 pul, 10x PCR buffer 5 wf , MgCl 3 wf, dNTP 1 uf,
primer (sence) 1 0 (50 pmol), antisence 1 wf, Taq DNA polymerase 0.5 ul
2 Nuclease-Free water 36.5 wES ZEF3slo] 94TCoA 5 EIH
predenaturation Al|AHA $ 94ColA 1 £7F denaturation, 50ColA 45 %7t
annealing, 72TColA 1 7 extension Ao =® 35 3 &3}, o] &

72CoA 5 &3 T WEAIZ
caspase-8, HSP-70 mRNA o )3 oligonucleotide primer & A2t A3 4L,
AU EZ AFEEH7] 98l B-actin mRNA & A 2SI TH(Table 3). PR &
FH AHE-2 1% agarose gel oA 100V & A7|9& sl 835 o™, 100

bp DNA ladder & size marker = A}&3}o] UV transilluminator 3&}olA]
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A R E #Fosle] olm|x] BA 2 g (Labworks 4.5)2 ©]83Fo] mRNA

Table 3. Oligonucleotide of primers for RT-PCR

RNA species Expected size Primer sequence

5'-GACHCAGATCATGTTYGARACC-3'

B-actin mRNA 520bp
5'-CCTTCTGCATRCGGTCAGC-3'
5'-AGATCTGCAAGCCCTCAAGTTCCT-3'
caspase-8 704bp
5'-GGGTCCAGAATGCTGGCAAATTGT-3'
5'-CAGGACTTCTTCAACGGCAAG-3'
HSP-70 400bp

5-GTGCTCTTGTCSACAGCTGA-3'

bp : base pairs
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T 2EG 2 AP o) 2 AFle A= AR ATtE 30CeA 12 h A
100%2] HA LS dofd HAF 522 30CE °]83k9 12 h I+ S},
st 257} control o HlEte] AEFC] A e o 53
20 Gy Al 64%°] AEES el tE APl HE] fFolHor HA
ek o 24 h Aol RE ATl A 100% HAFSHATHFig. 31).

100

80

b

60

40

Survivalrate (%)

20
Control 10Gy 15Gy 20Gy

Radiation dose

Fig. 31. Survival of disk abalone (H. discus discus) reared with different dose
radiation at 12 h after exposure to high-water temperature(30°C) stress.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 32. Change of superoxide dismutase (SOD; A) and catalase (CAT; B) high-
water temperature stress on activity in disk abalone (H. discus discus)
reared with different dose radiation.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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1-3) Respiratory burst activity ¥ 3}
T ~EY 2o 93 HEO Respiratory burst activity ¥3E= 0 h
Hlste] 12 h oA RE AFFdA =4 YeElsor FoAQd Apolrt

UERHA] &3 thFig. 33). olv EE AyTolA & 2EH ] ¥hEato

27] W9y 7R @nas AN Ao w dudn
—_ 006 -~ []011 llEh
z O
5.
(=)
S 005 -
g
T 0.04 I I I
<
—
z 003
P
Z 002
=
7 001 -
T
o)

Control 10Gy 15Gy 20Gy

Radiation dose

Fig. 33. Effect of high water-temperature stress on Respiratory burst activity in disk
abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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1-4) Phenoloxidase activity W3}

T ~EY 2o 93t dE-2] Phenoloxidase activity ¥3F= 0 h Ao 15
Gy ©°lA] control I} t}& A3 o Hlgte] FeojHo=z A Yetyion 12
h o= control, 15 Gy, 20 Gy °lA+= KAl 2Fe]7F YERFA] 9trh
AT 10 Gy oM fFrod oz v yelkthFig. 34). o3k A= 15
Gy oA 2 2Ed = ofste] Wejdo] AetEs 7FA 7] ol Ao

H

A4S 7 A AeE ddEy gE A= A

[J0h m12h
0.005

go.oo4 :

'g 0.003 -

ot

Z0.002

S 0.001 L
[a®

. N |
Control 10Gy 15Gy 20Gy

Radiation dose

Fig. 34. Effect of high water-temperature stress on Phenoloxidase activity in disk
abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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1-5) Lysozyme activity ¥ 3}

o

2~Ef 20 WE Lysozyme activity W3S dolH 7] ¢ste] #H&o

4

ek
&
o

AFH skl BEAsGTE. e AEf 2 wWE Lysozyme activity

rE
L
rr

O h °l control © H]&lo] ZrpA AL A FolA =4 YEeR o
3] 20 Gy 1M FeHow %A UERTL 12 h ol 15 Gy & A9F 10
Gy, 20 Gy oA control © H]3] FgHo =z =4 Jelt(Fig. 35). o=

S8l F22EY 2 Lysozyme ©] WIZFSHA vbg-she] A o] 485 5f

K

(

dlo
o
Lo
ot

O~
T AT

%2
§

0OO0h m12h
0.012

0.01
0.008 - *
0.006 -
0.004

0.002

Lysozymeactiviy (unit/mL)

Control 10Gy 15Gy 20Gy

Radiation dose

Fig. 35. Effect of high water-temperature stress on Lysozyme activity in
disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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2) LEA7IY 14 WA W3}
2-1) =&

Fe 2EYA A A 2 Ao M= AP A58 30TeA 12 h A
100%°] HAME doR@E HAF F< 30CE o]&3te] 12 h 2+ F3h3 43}
control oA 34%, 20 Gy olAd+= 56%2] AEES YHERYJTE. AELS

30CoA M A AAIRE QEAT] = FHASA] Gtk o] AiE

W o RAE ofduy WFE nFed Fa 53 20 Gy oA %A

oz
'
o
.

o2 Hol g 2AE W HE F7FAA hormesis
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P
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2 e v(Fig. 36).
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Fig. 36. Survival of small abalone (H. diversicolor aquatili) reared with different
dose radiation at 12 h after exposure to high-water temperature(30°C) stress.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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o] -85}
SOD ¢ CAT &4& #2359ttt SOD &4+ 0 h A9 control o H]ste] 20

Gy oA fFodoz =74 veen 12 h odE 92A JebgthFig. 37-A).

oli= 20 Gy AgFolA =7]o A<l wo] 7]Feo] #E3d Fow
Aok o

CAT &4% 0 h Aol control # 20 Gy oA &<l Ako]7b YERA]
ggekoem 12 h o= control o H|gt] 20 Gy ©lA FolFor U
UeEbstth(Fig.  37-B). ©li= SOD o %7] @4 I7kHo=M, &4
2EY 2o i3k A&g kg o®m Qla] CAT @A o] S7HeA] &S Zo=

et ),
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0O0h m12h

SOD (unit/mg protein min)

Control 20Gy

Radiation dose
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OOh m12h

~
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[e3}
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[=Y

o

Control 20Gy
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Fig. 37. Change of superoxide dismutase (SOD; A) and catalase (CAT; B) high-
water temperature stress on activity in small abalone (H. diversicolor
aquatili) reared with different dose radiation.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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2-3) Respiratory burst activity 3}
T AEY 20 o3 Q2R A7]9 Respiratory burst activity ®H3E= 0O

h ol control @ 20 Gy oA oA ¢l xfole= ERLFA] ko) 12 h o=

rr

control ° B8l 20 Gy oA Aoz FA veERTHFig. 38). o]

A FA F2 REGi Wkl %7 WHE" JUE G4 E

—~

LA Ao 2 ek

[10h m12h
0.1

0.09
0.08
0.07
0.06 -
0.05 -~
0.04 -
0.03 -~
0.02 -~
0.01 -~

Opeical density (per 10° cell hemoytes)

Control 20Gy
Radiation dose

Fig. 38. Effect of high water-temperature stress on Respiratory burst activity in
small abalone (H. diversicolor aquatili) reared with different dose
radiation.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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2-4) Phenoloxidase activity ¥3}

T A~EH 2 93 2 H 2179 Phenoloxidase activity W3} 0 h #l
control @ 20 Gy °IA A zpol7k vehA] ¢dekom 12 h ol
control ° Bl&te] 20 Gy oA FolHez A veltth(Fig. 39). o] g
Aab= 20 Gy oA 2 2EHAZ ot wogHe] AstE 7hA L7

woll YA e #gom

B

7l MgEde STAIA A S & Aor

ke

0.009 [10h m12h

0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

Po activity (unit/mL)

Control 20Gy

Radiation dose

Fig. 39. Effect of high water-temperature stress on Phenoloxidase activity in small
abalone (H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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2-5) Lysozyme activity ¥ 3}

T AEH 2 WE Lysozyme activity WIS dolr 7] ¢35t
LAY dAS AFE] EAEUY. 2 2Ed 2] mE Lysozyme
activity ¥13}= 0 h o control ° H]gte 20 Gy oA Foldoz =4
Uebgar 12 h ole foldez vhA yenthFig. 40). °l& 20
Gy ©A 2 ZE# 2] Lysozyme ©] Z7]o wIZsHA wkaste] A

ol atgg sk 9lg

filo
§

A

ot
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T AU

0.009 O0h m12h "
a3
2 0.008
= 0.007
£ 0.006
e
= 0.005 -
Z
< 0.004 -
go.ooa -
5 0.002 -

5 0.001 -
0

Control 20Gy

Radiation dose

Fig. 40. Effect of high water-temperature stress on Lysozyme activity in small
abalone (H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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dHL ofd AFeld JAIHAD AdE Aol wE

TR HAME EASAE 25 psu oA 24 h 1+ FRsglen Pvbd s

EN

AR ARTIE control  ARTOl Wske] AEEC] feojHor
LRt
538 20 Gy A#@TelM 95%= 7P wA dEhwev(Fig. 41) o=

Avpds 2ARRE ATl A control o Hste] W &Ado] FRE Aow

Arey
B
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Radiation dose

Fig. 41. Survival of disk abalone(H. discus discus) reared with different dose
radiation at 24 h after exposure to low-salinity(25%) stress.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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ks FAbstel AatE AEE dE 2EW2E o]&ste] SOD ¢
CAT 845 @2ls¥th SOD &4+ 0 h Al control o ¥3}e] 20 Gy A
TFoAor A uUEEoew 10 Gy, 16 Gy A= frolde=m U
e THFig. 42-A). g 24 h Alol= control o H]ste] Fwpd zA}

A oa  fFoHoz A YEeElHY.  o]i=  control, 20 Gy A

d

Au2=Ed s o5 SOD EAo] 43| F7he slo 8 Kol 7] A A<l
o] 71zto] A3 Ao dw)

CAT &4+% 0 h ol control 2@ Hlsle] 7hupad e AL 2 g ol A
fFo)goz vA yelgromr 12 h o= 10 Gy °llA control ©l H|slH
FoHoz A dElgen, 15 Gy, 20 Gy olAHE FoHez Y
U THFig. 42-B). ol 10 Gy & Alejgt U] AP FolM = 2Ed 2o

Qe golAATL e o weka.
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Fig. 42. Change of superoxide dismutase (SOD; A) and catalase (CAT; B) low-
salinity stress on activity in disk abalone (H. discus discus) reared with
different dose radiation.

*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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3-3) Respiratory burst activity ¥ 3}
AR AEY o 93 HE o] Respiratory burst activity ®3+= 0 h 3} 24

h oo 2= AdFolAM FoAl 2bol= HehbA] EUth(Fig. 43). o= E&

i

A=t

-

AgTelM AR AEHR wbgste] 27 Wy SR 2

o,

i
i

0.06 O0h m24h
0.05
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(@)

Opeical density (per 10° cell hemoytes)

Control 10Gy 15Gy 20Gy
Radiation dose

Fig. 43. Effect of low-salinity stress on Respiratory burst activity in disk abalone
(H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).

- 88 -



3-4) Phenoloxidase activity ¥ 3}

AR ~EF 2o 93 HE Phenoloxidase activity ¥3t= 0 h o] 15
Gy oA control ol Hlste] FoAo 2 =4 Yetxtom 12 h o= HE&
AT Hlgke] control ©] A WEthve Aads WEbWllthFig. 44). o] g
A= control oA i 2EHZ fdte] ®HHo]l AstE 7HA Q7]
ol A o] 282l Phenoloxidase & 71 Al Ao 2 dgdxv t&

AGTel AL AR} 714 A e Fow waw,

0.006 [10h m24h

o
o
o
w
= =

0.004 +

(unit/mL)

'0.003 |

0.002

Po activity

bt
Q
Q
[y
T
*

" | e [HE

Control 10Gy 15Gy 20Gy

Radiation dose

[e]

Fig. 44. Effect of low-salinity stress on Phenoloxidase activity in disk abalone
(H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 45. Effect of low-salinity stress on Lysozyme activity in disk abalone
(H. discus discus) reared with different dose radiation.

*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 46. Survival of small abalone (H. diversicolor aquatili) reared with different
dose radiation at 24 h after exposure to low-salinity (25%o) stress.

*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 47. Change of superoxide dismutase (SOD; A) and catalase (CAT; B) low-
salinity stress on activity in small abalone (H. diversicolor aquatili)
reared with different dose radiation.

*Significant difference between control group and gamma radiation

group based on the Student’s t-test (P<0.05).
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Fig. 48. Effect of low-salinity stress on Respiratory burst activity in small abalone
(H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 49. Effect of low-salinity stress on Phenoloxidase activity in small abalone
(H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 50. Effect of low-salinity stress on Lysozyme activity in small abalone
(H. diversicolor aquatili) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).

- 06 -



5) "5 d2 CASPASE-8 mRNA W3}

vk

1o

EN

Ale] W& WY Fx1%x<l Caspase-8 mRNA W3S <oln 7]
9l8te] control, 10, 15, 20 Gy © AFT of7bv] A A HES A E38}o]
RT-PCR & A&tk 2 23 RT-PCR & 53 W{FdA 23 2E
Aol wdst. AR 20 Gy oA e AgFel Hlse] =A
Fate AL g = dAtHFig. 51). ol¥d Z3= BekS w 7Zupd
20 Gy & ZAS A3 97F 4ol Hold Aoz gy

caspase-8 (704bp)

Control 100Gy 15Gy 20Gy

B-actin (520bp)

Control 10Gy 15Gy 20Gy

e WS s s

120
<!: *
T
% 100 1
£ ~ T
; i 80 - I 1
-
= o
@z 60
¢z
= =
]
£ /& 40
R
ot
= 20
=
(=
o
Control 10Gy 15Gy 20Gy

Radiation dose

Fig. 51. Effect of gamma radiation on -actin mRNA and Caspase-8 mRNA of gill
in disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 52. Effect of high water-temperature stress on B-actin mRNA and HSP 70 mRNA
of gill in disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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Fig. 53. Effect of low water-salinity stress on p-actin mRNA and HSP 70 mRNA
of gill in disk abalone (H. discus discus) reared with different dose radiation.
*Significant difference between control group and gamma radiation group

based on the Student’s t-test (P<0.05).
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