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Genetic Variation in Physiological Traits of Gynogenetic Diploid
and Clonal Ayu, Plecoglossus altivelis : Tolerance to
the Water Temperature and Salinity

Hyon-Sob Han
West-Sea Fisheries Research Institute, Puksung-dong Iga, Inchon 400-201, Korea

2 % AYH AL F23 Rl P WAL B FAE s Lats] 91sted 20je) AAF A 2u) A (2N-cont), A &
280 A) (meiotic-G2N), ‘T3 26)A) (mitotic-G2N) = 2 EF ] clone (clone-11, clone-15)2] ¥3} o1& Ao 2 §4 4 Wo]
e ZARITh F22 190T, 2257T, 250C 21X 300TE A AT 7 700 0%, 15% 2 3049 4578 2ds
o 12709 AEFE e ZAMT T AEAZH (MST)IME BE $& AYpolA] 154 AFT9 AEAZ] 742
A%tk 2N-cont7} 12616A1+0.2 7HA A4 7, t-2-o] clonee E z+zh 11322417+ (clone-11)3 91.05A1ZF (clone-15)°] 1 th.
AR A E Y B2 8732412k 36.56A17H0l ATk 225C 9 25.0CA 2 AR MSTi:E &84 ZobRAm
190C9 2379 fAHe AA7F v, 2N-cont] MST7} 74 AQ.0H, cloned) MSTE A2 2mia) 2o 29k
OJRE AEYLR 3] A4 fal FHAT FRHTNHAA Ao dAjFste T $ARE 2= AT} 270
A7) B Eole}t AZAT) E clones] MSTZ/F AL BT 274 viebd AL ofn] kel A LA o)A S8 §3
A7t AAE7) Wz 2002 clonel e % FAAY TAF B WS AEA0] APFATE 49T, 291
AUZEE 25T 250TE AFARAE A5 15504 A4 EA 2043 2) wo] Fue} cloned] Wo) 2471 B2 Y.
oA o] AL ol Ax fFAA] UE FHolTE AL AT itk Baty o] AL YAFAT A s
AREFTA L8 E $F AZOIL AAS SET 5 s F8840) 2 Aoy T Aol o8] Fore] $AA sf

ol Zbesitky Azt

ABSTRACT: In this study, genetic variation in the 5 strains of 2N-cont, meiotic-G2N, mitotic-G2N and two types of clones with
different genetic backgrounds was investigated by developing their tolerance to water temperature and salinity, which is a physiological
trait, into a quantitative trait. The temperature was set at 19°C, 22.5C, 25C and 30°C, each of which was combined with 0%, 15%,
and 30%, of salinity respectively, making 12 groups in all. In the mean survival time (MST), samples with 15%, of salinity showed
the longest survival time at all temperatures. The 2N-cont had the longest 126.16 h followed by clone-11 and clone-15 surviving for
113.22 h and 91.05 h respectively. Gynogenetic diploids showed the shortest 87.32 h and 36.56 h. At 22.5 and 25°C, MST of each
strain was significantly short, showing similar results to those of the groups at 19T. The 2N-cont had the longest MST while clones
had a longer MST than gynogenetic diploids. This could be due to gynogenesis which causes homozygosis among malignant harmful
genes, leading to its appearance in populations and resulting in early death in individuals with such genes. On the other hand, MST
of clones was longer than that of gynogenetic fish. This could be because the Ist gynogenetic generation, which is a parental population,
has already had its malignant genes removed, while the clones of the 2nd gynogenetic generation have had their superior genes fixed
as well as their tolerance and survival improved. When temperature was raised to 22.5°C and 25°C, increase in variation was observed
in gynogenetic diploids and decrease in clones in 15%; of salinity. This shows that such a trait is genetic fo a certain extent.
Consequently, if this character is developed into a quantitative trait and applied to selective breeding, it could be a useful character
to secure superior strains and individuals, and also it would be possible to improve populations genetically through selection.
Key words: Ayu, Gynogenetic fish, Genetic variation, Quantitative trait, Temperature, Salinity.
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T oA %’a”?a A A 28 A

guA 22E

Ar T Ag3e]

Fo] 48 yAE Y e RACZEY gojd FA 7S
259 ofulgt 22 F31A8 9 clone§ FAJ st} Clone
Ao 3 F4o] 0 (Vg = 0)o] 7] Bl ¥ FAol
AAME 7pARel= A FYsAL THY 242 87
AR wked (Vp = Ve)ste @ASA Fa$t} (Taniguchi
et al, 1996).

27 2 ¥4 WG] olA A 1ol §8A Belo 5
QRS ol Wolst JiH T E A 2he] FHAY T
R 93 Wol7h HaHE GUH B 28 AP 2
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mantadinata et al, 1990, Komen et al, 1992), F-X]7j40]
(Quillet, 1994; Ojolick et al., 1995), &% (Sugama et al., 1990),
A (Tabata et al,, 1986) S04 e} d g2 & FA0E &
FHAG 2 dFEEY FoA A 13T AAE AL
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045879 Ao A )5S R AFLE 10.0~23.9 mm
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A% isozyme frAztel s WAl S SAFTh Isozyme
ARZE 2019 A¢ GC AxTEEol AY 100%2] Gpi-l
FAAHE ol &Ah

2. Clone MM
CloneZ AJAta}t7] 3] A1= Han et al. (1992)¢] wio] w
A% o8 88 98 T2YHRY
) ST B A S ALRT TBY 22 o
& @& oF 7000 erg/em®] 2 A ZAbsle HAALE B
BEAM BAY FRANZ oW, FAFL Taniguchi F
(1986)9) el we} £3 5% o 0.4~1.0CY A oA
307 MNYFL2A A2 FES AR 2diA Y 2
A A E dFez AT AAE 2459 AR
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3475 J12]3 DNA fingerprintE o83t §34 534
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3. 23 HEUY
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#3 F 3R 6] TAR 7 AR AZEH A

WA &S IN-contd] % 78.3%9 A=ES UrE‘r‘ﬁiOu% TE
AZu7E Agoldth AN A AFHE Huks) A
UV 27 (UV-cont)= AEE0] 25.6%0200 1 F 1.2%%
of At SAY 20 A AL 267%HTL I £
782%9) w7t Ao R WA AT dEy A= 37.9%
o AEWF 84.4%9 w7t A4 TR Clone-113%
clone-15¢8] 7= ZHzt 83.0%, 87.0%2) HYo
EE A&t Bl

AR 2 A 9] WA EQE AS marker FHAQ
Gpi-l FARAZANME Z4EA 2049 H TR {39
HE A A9 Fejulo} A sd Nxg FHY
on o|FHFA L doME 7IEHX19M 9 ZHp<0.05)
T ABHA gtk AT 20A Y A AR feEe o
d FdAe 29X 43y GA FH] gy REA o]
FHHA AL 20 A7F AT AR FEE Jo] Faly
At 133 heterod o] YAGNA S5 FAY A= A
ZEE&o] 100%3] Gpi-19} {0 ‘}M A BE AAZL
IFHAFLE Jehth dEF A A @A)
heteroF o] e A ZtE A Y FHAE 4483} BBY
o FHRYYOD Yehid 428 BE A7} wed o)
A2l Aol &A= A} Clones] 75 7‘7‘“45”3 7 Ape}
DNA fingerprintel} &J3 2& /HA 7t &
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1. 2 132 B3 $EANZ

T Gl g Zd 2 2 A, SAY 20A), ¢
3 20} 2 clone-113 clone-159] H7 /&8—?-_‘—&2} (MST) 3}
FFAE Table 18] Vehow, #3 A7e] B2 7 AZ
o #A} A S WEE Fig, 1~F1'g 39 EAISA

F20] 190CY W 0% Fole tlEEe AZdM A
YA A] 308 Foll 50~70%2] A7} HASIE T 24 7 B0
= A4 BEE A7 gA 28y S48 294 A=
2A 7 Bl & 20%2] A7 AEEG o™ 10%Y A7} 25
AZINA AEse] FgF FZA|7k0] 4241740 2 71 1Y
th. Clonedl| A& clone-152] MST7} 2.26A17+0 2 clone-11 5.
o IAZ ol o Ak 15%9 A9 A 2 A
80%2] F4A| 7} 150X 207k AE3RAT Y A A Ee] 200

AR AES MSTE 12626A17 0.2 A8 ASE 714
A BEYS A4 A FAY DAAE 58%9] )
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Table 1. Mean survival time (MST) and standard deviation (SD) of larvaes of 2N-cont, meiotic-G2N, mitotic-G2N and two clones incubated

at 4 temperature and 3 salinity combinations

Temperatu Salini
cperaiie iy 2N-cont Meiotic-G2N Mitotic-G2N Clone-11 Clone-15
(T) (%0)
0 10 £ 046 420+ 744 148 024 105E 0.94 226+ 184
190 15 1261653642 873249641 3656+5418 1132259.58 91.05+53.67
30 134722113 16423467 136% 099 2743+3492 6201109
0 120+ 188 021+ 063 ND 0.15+ 054 0.06% 030
25T 15 SBSTEALSS  3SS0ET20 25.04%5126 31.46:£25.03 214951842
30 34722113 164243467 136% 0.99 2743£34.92 620+11.09
0 005+ 032 ND ND 001+ 011 ND
250C 15 4600%3883 220045440 73441473 161822343 13021118
30 521% 341 233 471 0.15+ 049 041+ 092 048+ 095
0 0.12% 025 ND ND ND ND
30.0°C 15 207+ 118 ND 0,06+ 044 ND 049+ 105
30 031+ 042 ND ND ND ND

*1 Clones were obtained by mating clonal fish and hormonally sex reversed clonal male.

ND : not determined

A7t 3047 o] -l HAI O™ UmA 42%8 A= 904
7F 32E FAKe7) Al&ete H 3 300A] A . A E 8,
7] AANE S 5] HARES R FEHATH G 264 9
8%} 7RA 7} 15A17F ool Wi & FALSte] HF AE
A|Zko] 36,5612k 2 SAH 28§ A1t cloneol] Hls) #A 5}
A &skoh Clone-119] -9+ 50A1 o} F5E #HAkst7) A
23t om 150~200A12F Atolel] 56%2] 7HA 7} AT
Clone-15% clone-113}+ w7}zl 2 150~200X} 7HH o 53%<)
A7 AZH2E HAEIE S MST (91.05A174) 71 clone-
HEGE o 2379 AL A Re 43t
AETY RS 0%E RS A EE AT AEE F
AdA ol on A 2ujAe} FAY 26jH Y H4E
86%2] A7} [SA1ZF ool HAlsle B AEAIZHe] 7
ZF 1347A 73 164241702 2 et ool 4 BE A
5ol @& W f4el &g ZoE Yy (Fig 1),
A EE 25CE 849 040 £83 29 irge
AZol 48 2R A HE AN Y5 Fof 247
ol Al ZE AT HASA T (Fig. 2). oFg B4 26 3]
7F 19.0ClA 0% &85 we B¥5g MST (1.2047H
& Jepdth 15%004 = ol dddd AMgd BE A%
19.0CAA 15% 0 =EH Y& BRoh MST7F @A 5174 &}
At} 2N-cont® A9 19.0ColA = 90%8 A7+ 150~200
AlZE Atolo] HAMNO U 255 25CE ASAAS de
LT500] 72A]1Z+oll o] v X 50%<] 75471 100~150A]7F

oY N
~o

Abele] HAlslel HF AEANZLE 19.0CY 15%° vs) o
68A17F AL BEHJYTE 53] clone?] A% 2 AF v
& AEgol © & £07 Yopth 30% 4FT= MSTH
19.0C9 30% Ad7EH dASA Lrolm oH, clone-15&
70%2] WA 7F 1A 2F o] o] HAIRA S, T0A MR & &
B A 7E QoA 19.0CHl A 30% A3 F2) MST (62047
g A9 FAE 2HE AT

F2E 250CE Fe A5 0% 758 437 A
TE AR 48 &L%o k&9 FA FAEAH (Fig 3).
15% 14 A2 29 A 7} 50% HA e 2- A1 7HE 4347
o]l o]E9 MSTE 46A17H0 2 F o7 ZAFE &
AR YERTE SAE 28 A = 347 308 W] 50%7t
gAkstel Hg AEA 7] 224170 2 2415 9] clone® T} 4
2o tigh Aol AHAEHUT wetd gritde €4 55
o giel AgHos A4S stof AEAT] Aoy
A2 A9ET 23 8-S FAl A5AA 250CY
30% Tl e BE A%l 225CH 9} w8 ¢S el
o A9 BE A} 4X7F ool FAbeted AT A}
olgty & F Y& oW FARE AR T

AYXEE W0CE £3E 9 o|5 5AF S BE 4
7oA A3 AANA 2EZFT 5N B2 AA o
Atste] HEg 23 Blurt BrbsRch

¢

rlo

1o

olr

2. 23 @& LYo st 2 Alse] Hold
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Fig. 1. Mortality of larvae of 2N-cont, meiotic-G2N, mitotic-G2N

and clones subjected to various duration of salinity combinations at

19.0C.

@2N-cont DMeio-GIN OMito-G2N B Clope-11 &1 Clone-18
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:EL .pﬂﬂnlinnnﬂ..a.,m.ld,na

00:00 01:00 04:00 08:00 15:00 25:00 35:00 45:00 60:00 80:00 100:00 200:00 300:0C
Duration Time (hr)

Fig. 2. Mortality of larvae of 2N-cont, meiotic-G2N, mitotic-G2N
and clones subjected to various duration of salinity combinations at
2257.

90CAN 7 48 2879 £ Table 19] ey o
B, 24 AT A Az el Fig 13 2Tk 0%l
= FRE Aol AMHA FFAT IAY 2614 ¢ MST
7h 420X R JHE AQYOH, BAR 7442 THE A E)
Hlel Mol el Szt BFEAT Teut Wol4e] 71 2
AR s FEE 204 & cloned] WolA (0.94, 1.84)
HOE o @A deitth 15%9 2% 349 24 24
ol 96412 713 ot S wiolg) iz}t B2Hr). 5
8] 1~4A12F Abo] o] AL 27] JF 3 15~30A17 Aol
HAR F7) IF 28I 90~30047F Afolo] mAke )
1% Al 2F22 WY B8 2N ASE 5
AL AIZE mE 20§ 02 YRR Fig 1) £8 Holy
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Fig. 3. Mortality of larvae of 2N-cont, meiotic-G2N, mitotic-G2N
and clones subjected to various duration of salinity combinations at
25.07T.

9} 247} 71N HE cloned) E4to] 747} 59,58, 53.672 U %
T A4 2AY 38 A ROE § E4 Jehgh
30%9 AP FAAE FAE 2014 clone-110] 308 2
Bl HAL A7 %}*246}04 150A1ZH7HA] W W lolA] gjat
AL B st Wel o] wA Yelkt o, clone-15E 70%
S A7 AF A F 0.5~2417F Alelo] HEH o= HAL
dted Holdel A4} A Bt 24F Y0

225CoAA 0%0] £4¢ ASE A 2 TE A g
g AFAE dEHA AF AY ZE A7} HAre
o AAA7F A8 Jehdy sk} (Fig 2). 15% 4= 24
& 2 A7} 6417k ol el HALE 1FF 15~30A17 Abo)o]
AN 1§ 223 150~3004)7F Abolol] HALE wkr] HjA}
JF2E Y¥olzloy 24 772002 A 2w B} &
A8 GhE AT G2 26 o] WMol hR TR} S
HAo 1 clone HWHHE 2R FAHo e Wo|A
£ B3 30%1M e T8 AE) HlE clone-157} {2 9
Al AL ARTE B s HO AT 14828 714 =4
Vet

25.0CHA 0% 8¢ AE7o A ZE A7 4E
xol =28 ¥ bl HAlso JHd AgE BA6 R
R 5% ToAA e 225C 9] B4 vt a7t 2 338 2
WA o) Eaol A4 2l A BT BHH AT, cloned) B
WE2FEOE 2AHAD 30494 F4 29 A9
EE AT AE8MA F 4R AFH 0B HAsHAA
HOlAE Btovt S Y 2 A7) b B E A 1Y
o} (Fig. 3).
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Table 2. Statiscal analysis of variance for mean survival time of larvaes of 2N-cont, meiotic-G2N, mitotic-G2N and clones incubated at 4

temperature and 3 salinity combinations

Source 2N-cont Meiotic-G2N Mitotic-G2N Clone-11 Clone-15
SS(Total) 16149.9 6377.6 1603.1 11818.4 7327.4
SS(Temp.) 7904.8 3866.7 760.3 3652.9 2358.9
SS(Sal.) 3794.7 1317.1 329.5 41185 1953.5
MS(Total) 1468.2 7972 1457 1074.4 666.1
MS(Temp.) 2634.9 1933.3 253.4 1217.7 786.3
MS(Sal.) 1897.3 658.6 164.7 2059.2 976.7
df(Total) 11 8 11 11 . 11
df(Temp.) 3 2 3 3 3
df(Sal.) 2 2 2 2 2
F(Temp.) 3.552 6.478 2.962 1.805 1.565
F(Sal.) 2,558 2.207 1.925 3.053 1.944

3, E7{|5tx HA
7t AT HA) WA= 90 23 AEF A

9 Qo) ¥ F7+E H7hstr] 3] Two-way ANOVA testS
Ao, 1 AF Table 20 Vel T 24 AZS F 5
2o o WA Fgtst EEol s A3 Frel 7 A
52 283 &3 8D 95 fAe A=A &
XL (P<0.05), o] F7tA] 2910] A 2L FFOE AL
gt FAlo) o|2A st AR ettt 7 AlE Y Ftel
SJshE B4k 20A), FA Y 204, QY AL 52 o
3t Fgtol o A UehdA o]89] At U2 F2HUE
FE2Y gFol Z A22 Yepuh &4 clone-l
& Fgrol o A el o] A5 HAl 4
e $2d ¢ 7hsAel o Aty AAHATR Fox7t

=

1= 4
NS 4

o
B

7] dZol 7 8%0] ZE uFog I vzvty A%

Ft} 28T clone AR 93] EA 9 $HA} EEIE T

o A8 WA A AdEHAE MR A
2

A Ede ZEds T4 AANS sehdsnt gl
AANM dojute EE A E dd g Sy

% RE UEE 5 3

EEZ 0 AL BE 3

o Ay A4S 3 ?%94 gES T H‘“v} :t}
9 GEE ofFY A A YHE B 9o 1 %
Aol A&7 g A5 =2

Bl A% it
3

: g
R 53 Lojs) 2L YEHAY olFANE F3 52

-
F-9] BH"WWT 2}01-‘:— He H
a2 Ak (Holliday,
1971). % *‘@"ﬂ l 79 FodFel AT
28} Zolt 79 E—oﬂ we} vz Wzt 959 o
o3 Bol B Boz AU & YAEY FHT ¢
9 W3E e AR7F ?} %—°l"+

& A7 Al A

T R ruzl.

Fe3 R st Zﬂ o] 74t} thgo] IFAY 2
A 2ZAH B3] 19.0C) 0%AE ofF 713 23} A
& BQth )AL o) Ao} ALLE T 24 A} 45Y

Bel Ro2A B2 A%l Hal B7) 4o AziEe &
o8] Aol o A7IVH ol ARy HFZH FYS 2
7] geolgy 4Zdth #9 ¥y 2 Ml% Aol BE
ARFAN MST/E B2k Ueh) of Poe Bl
WE WA 4§ 8t vl F& A2 vehdn. 2oy
Y7o mEkAE adolA R EHZ%EF} BEA7Zb0) 2
9 AAS #BEUT 53 BB 2hAE BE S0
FHAVUCE 7] 2o Yol heteroF o) AW @

4§38 AT A of fz,ﬂ AN 24 ol FA%
g 7T Ak AAE 2709 ANRT % FHAE 7R
T Q= AR AEAT) Bofd AT el BT 7Hﬂ
wol el fole] HUTkY e ey o|F 3

0] e A A5 Azee deA A8E
A AU L5 WHel B $F 424 NES
S Aol A5 8 B8 RIS ol REY AR

=

[e}

= £,

X, ruZ: rIo

{
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A7 vebg 202 AztEch AL A E o) S5t
§38& 8 A% o] FFE Ao ol &sles A A A
A FARAG o faR AAL % FARY Hda 3
Hol AFHOR o)Fod oty YZE} F o] ¥
of AAME 245 cloneZtel & 229 F#o g Uy
of ol 159 MSTS wio|/de] BF ®WEsHA Aolst 1
. of Aol AoIA cloned] EEY g2 A9 EEY 3t
of MY RLEM IF ofnl9 §47 Aol g utgdsy g
03 A7} o) 9] Ao oa) A x99 FEo) tia) o)
e 2 A%Y g9k 7tesitty AZ4€E. & cloned)
ol o] #A4 veh 343 sAwse g QA% st
A FFE AL Qo AFH E Qe 48 2219 4
EL 28ty AZ4E At
AFE HIFEEAM F2d Udes, 4% o
A WY 5 ARG & s e B3 FAL
BsheE oAl AEY HEE FEda o o

[
X
T3t} ol $AFY 8
W ARG FAE Hotd FEF AEY g7 2
Y229 FTEE XEHIT H e}t (Morgan, 1991).

ol 77t £HAE §70] oA Hol AEYAE WA g
W Al Aol £ (Avella, et al, 1990; Crawshaw, 1977;
Ishioka, 1980), 2ZEHAE A 771 48 dvA] AR9
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