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Intraspecies Androgenesis in Mud Loach (Misgurnus mizolepis):
I. Optimization of the Egg Inactivation and Haploid Androgenesis Using
Transgene Marker

Yoon Kwon Nam*, Choong Hwan Noh' and Dong Soo Kim

Department of Aquaculture & Institute of Marine Living Modified Organisms (iMLMO),
Pukyong National University, Busan 608-737, Korea
'Marine Resources and Research Department, Korea Ocean Research and Development Institute, Ansan 426-744, Korea

Induced androgenesis, a form of artificial parthenogenesis is an important tool for the generation and use of
genetically isogenic or clonal fish strain. An optimized protocol for the genetic inactivation of mud loach (Mis-
gurnus mizolepis) oocytes (i.e. production of androgenetic haploid) was developed using UV-irradiation. Various
dose levels of UV significantly affected the fertilizing capacity of the eggs, hatchability of embryos and incidence
of haploidy. Based on the extensive examinations of treatment conditions on embryo viability and haploid inci-
dence, the optimum dose level of UV irradiation was turned out to be 10,800 ergs/mm? with 56.9% of hatching
success and 94.6% of haploidy. The overall yield of putative androgen under optimized treatment condition was
more than 50% out of total eggs inseminated. The success of androgenetic reproduction of haploid genome was
verified by flow cytometry and PCR amplification of transgene that is exclusive to either one of parental sexes.
However, a small portion (8~11%) of presumed androgenetic haploid larvae was proven to contain residual DNA

fragment(s) from maternal parent.
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37} 7Fs ] mEe] SR WAl ‘genetic masking’
o] & FHHoE &3 HFEFE RIS AT 7 doH
o]°]] genomic mutation assayE 1§ T8 7|HOeEE AH
vy 9l tHCorley-Smith et al., 1996; Ungar et al., 1998).
Zeiv A o Al E e &8sl
sjAsior & B2 7l dAE] Ut &3] Ay 4
olFe A 4 F u) T 7] Eslol] dagh
ik EH 0] dof] o] 7] wjE v} /4
A1 S8l ARgElE B2, 31k AlEe] o 74 (precursors)
£9] ¥4 (denaturationyS $ FrdetA HI AAHOR A
A fE Al e AEEE o] A71Al EtHBongers et al.,
1994; Pandian and Koteeswaran, 1998). T3 X1 AJ4]9] <=4
= EQE 98] MZE thE F Fo WA AT Tl A
€132 3l o (interspecies androgenesis) A§218H4 A7t ¥o)
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A= F=Y WEAE o8 A 78 A BrRs s,
Aol It} X2k ‘nuclear-cytoplasmic incompatibility’ =
i = A izl AU el ofs) AdE B H(zygote)
T R UiAE o] 2 71FE £ 2 2s 5 A
Sol EAA I 9Jvh(Babiak et al., 2002b). wjEol] A3}H o
2 7he S9F0 ¥ FAYA R E AMEE bl S5 2
EGA3) ol wet A Aoldt ArAFEe] Bid vt Q)
o Wb o Fo 25 E T34 cytoplasmic donorE 2
H3lke A2 494 gth(Bercsenyi et al., 1998; Paschos et al.,
2001). ololl T F9 g o] &3 A MUY fx
(intraspecies androgenesis)’} 5% 2719814 o] #-¢ WAl #
AEAS &3] AAY 4= e genome EBAYE 249 &
g2 F5Ho|r}.

asiv 9 FH SA8EEE FAEE Hsixie SN
< 7B AT F de 7] B4 71HY FET} HkEA]
A oo} g}, FA] FolAl QIFA A4 9] FIARE &
317] Al FA7EA] 2] 7R AF HHEC] AREE T Jdem,
ol &% 3¥E EX(color or phenotypic marker) (Kirankumar
and Pandian, 2003), X485 E2(David and Pandian,
2006), A7 (Kirankumar and Pandian, 2004b) 2213 random
amplified polymorphic DNA (Bercsenyi et al, 1998), multi-locus
DNA fingerprinting (Young et al., 1996), amplified fragment length
polymorphism (Brown and Thorgaard, 2002), "] EEE=g]o} =
3] -f-421e] 7% (Kirankumar and Pandian, 2004c) 2 microsatellite
loci ¥4 (Tanck et al., 2001)59] thokst A &8k H71 W
HES XL vk 28v A7) EARAES TY TW <
FAAAA e HA 3L AP AREEol o] dF HPEES A
T (1) B2 Y Aol & o2 sgaprlod=
A, (2) BANZ7R Q& 717b0] 28 EH, (3) 2 F7]¢)
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53t (4) Wi 2ol w2} marker 5F2] AP o] 95514 E
atar, 3} (5) 2] mE 25 E ueAE 3 AEx o &
3 A$(Z, pooled egg X pooled sperm: ©]- 8 7-9) <l
AL A] A g Be] 71 34 o] 2] Ythe Thdo] It

olo] B AFelMe SEvElt F8 FF ofFd vFeEA
(Misgurnus mizolepisys 15 G4A 24 R4 = /Esi7] ¢
3t Age] JFe g a7t thE F(Y, Cyprinus carpio)?] @&
A o] 88 v relA] UAA oA HEE W w)
&3} 48 (total output)yS FE517] 93l (see Nam et al., 2002)
ez A MAL 31 A4 24 (intraspecies androgenesis)
gzt sisivt. 2 AR BARA | FeA] el f
EAS a8 0E AAT AU FHH9 B8t =08
FotAl st E3F T T JAFH|AYA Y EAA
& RAZA AR UE AL 15 sk i}
(gamete)5-S o] &5t A1 FAAEANAE BA e HE &7
g Hristart stk
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Aol AR-E v RER = B g steA] fAE)
sl AFol2A Hit oAF(BW) 4125 g9 YAEH
1622 g9 F31 2ot A4 EZHH Kim et al.
(1994)9] hiol] wlel gfubdd AXAS ZTEEHCG)E )43}
o ARMEES 3T YAL A1 g =l wet 6~10 U
HCG/g body weight (BW)& 283 32 2 TU HCG/g BW
o] TEE 13] FAF Aem, 25°CAlA 12~13A2F B -
B B8 otuboel o3 dxiel e Ak 4l A 4t
& = AGER 6~872] 9] AT ATdEe =T
49 BE S Hole nk] 4l ¢ o439t
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AR, Rl o 2 A PAbe ov) 48 AAE v
o2 A A(0.85% NaClE 0|83t 1:30 ¥l A
& Aol Akg-sii). AT & 1 ml (51,000 eggs) 7 0.5 ml
o] g°C AEAETE Frteld 2 4ol & F dE g Fo2
ZH BA) 3 s)dgo] b A4 A FA|F olBdt] 2T
90 ergs/mm?*®) FEE 004 285574 15% 7HH0 7 =)
(ultraviolet ray; UV) ZAME 343ttt 27402 oA
25,650 ergs/mm77kA] €] F )M Fo| M EHEF STt 249
A AHezh BuR SHlE Aokl /1Y #8E I S
HEslg o ol L= 2540.5°CE FA8IHTH FUE 4
BE M2 OE zloje] 43t AAE o83l 43] HhE 2A}
staeH 7+ AP FHEGEE F 1MZH B Sk ias
9 tail beating A17]; 4 F 24A7HS HEEE ZABIGELS
o F3lg A ES tdeE F 427! haploid syndromeS:
7102 WAl fFEE&S TIT TR E ¥ FEES ke
T2 1No7RS] dg tFo 2 2AFSIA L B &2 F-3) 2t
1207k & o2 H7isielh.

=4, 371 12 AdEoA Lol HAE vpgo R FuiE e
2 S AESH A RS Hole e UA] A
st 102 A2 T Ro] 4719 LA A A E
Tt FohE3 WA FEES ANERARIAS ZF A
Z 3NHE AYS ST A ARE uigo R 7} X2
H ALY oA fE T (yieldyS ATE A Fe]

g st en oju 7k At Bk 9

FAHEA (ANOVAYS 538 P<0.05 0]

Al Frolds B4

HUME ITALS OI23H SHUMY WH| R 24
HES PO TP $5F WA FESS

Hom HAAR ANEL o)88ld ¢
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168 ged,

SF-E-2 chloramphenicol acetyltransferase (CAT) reporter construct
Eo] o] o] glE AT (homozygous) FAHEA A
1~10 copies®] FZAXE FHA7} tandem concatemer FEE
el A= AlFEA A RSl 2 AES A}
AjEr 48k EAL Nam et al. (1999, 20000 71&%) Sl
T e A8 AEL AATEE SR o4 o] A
stable germ line transmissions B3 Ak AlE2 24 transgene
4~5 copies’t FZAYA FEE o] =0} S= NAEE ol&
stach. o Alsol A3 F-18HH 542 Nam et al. (2001a)°]
71eEo] Ak

PFAAS FAE o] &3 4T Al FEE SISIA
AA, CAT-transgenes ZHe SR HTY d7le Wg o] 83k
Sk 2AME A RS dldeE ST =
£ AlZsiTh #AL dnt v FekR] o2 RE
o] &ttt SAEAAE AU E AFe] i uv
£ AbelA e e £8E T8l dRFeNE 445
t}. Transgene-specific PCRS o] &-3le] -Ad¥HAd vl
3 280 A] HZ(biparentalyS FAISHATE ZF kA Aol =5
B £ A4 Al 57 PCR HEHgoll A3AE ERlst7] 23]
A (false negative &35 ®A|317] Ya)l) U4ERA] metallothionein
(MT) 42} 4HE& 5ET & 3= internal control PCRE &
7 85ttt 4], GH-transgenes} CAT-transgene2 53 ©]
Bale] S WS AFsINTh F8H Y CAT-transgenic
YA RY Lo WS thitog A7ig FdaA uv A&
&gt - GH-transgenes ¥3sh= AAtote] Q1F44 &
Attt S S AEsh] EM F FEHs
HAzpel) zbzk B0l PCR HH-S 53 o435 719
frazte] visEa A 71 PR A e FEE &

Erits

rO

Flow cytometry &4

LA FNAEL] vERA] DNA contentE #1517 15
A 842 haploid syndrome2 HolE A ES o2 20
ulZ A poolingdled flow cytometryE 538194t} Pooling®
207} 2}e]E homogenizationgt ¥ 20 um mesh® T AlE
5& 339 50 pg/mlY] propidium iodideE EgsH=
A0 8ol (10 mM Tris-Cl, ImM EDTA, 50 mM NaCl, 0.01% NP-40)
oA 3087 HAE 5 WinBryte HS flow cytometer (BioRad)
E olgst A5kt olu o= mlFtex] 2u)A &
T AEZ2.8 pg/cell)dt AA2E(1.4 pg/cellyE o]-&-3+5 Tt

Zhztel uipa| Zpo] 25| PCR £41-8 DNAS &1.517] 9]
A ool WS o83t DNA 55 TRt v
A AolE &3 824 (20 mM Tris-Cl, pH 8.0; 1 mM EDTA,
pH 8.0; 2.5 mM MgCl,, 0.01% SDS; 50 ng/ml proteinase K)

w5, A5

o] ¥ 55°CollA 1087t digestionS 473838 & iz FUF
o] 234894100 mM KCI; 2% NP40; 2% Tween 20)S
7HEE vortexE 33131 TE Proteinase K B84338lsl7] €
o 95'ColA 1087 WHgAZoH o] shaE A4y
(14,000 rpm; 3 min}$ 45 2 ulE PCR template® ©]-8-3}
ST}, CAT specific 134 53-8 2131141 562 bpe] CAT transgene ©F
e 228 5 e 229 primers (FVC-1: 5°-CTATAACCAG-
ACCGTTCAGC-3’ 2 FVC-2: 5’-CGCCCCGCCCTGCCACTCATCGC
AG-3")2 o]-£3}3 3, GH-transgene (822 bp)¥] S22 A
< mlBGH 2F 5’-CCACGCGCTGAATCGGCGGC-3’ (specific
for beta-actin promoter) ¥ mIBGH 4R 5’-CTGAGGTAACA-
GGCTGTCCTC-3’ (specific for GH gene)2 ©1-4-5F3T}. Internal
control -FZAF] 7|F2}A] metallothionein (MT) gene (305 bp)2]
S5 99X mIMT-IF 5’-ATGGATCCTTGTGATTGCTC-
3° ¥ mIMT-1R 5-TGGGCAGCAAGAACAGCAAC-3'S 9]
43519t} PCR WH-3-2 Takara ExTaq (Takara, Japan)s- ©]-8-5}
S AZAR] 10X buffer 2 ANTP mixE ©]€-3l manualty
Z PCR ¥ 5831t} PCR 9H8-& 50 pl S=88)ic}.
Multiplex PCRE 58)3}7] $J8)A1 (CAT transgene/MT gene &=
+= CAT transgene/GH transgene) Z+ forward % reverse primer
Ha 7k 2 uMe] F5E PCR ¥H3<f H718l% 3 PCR {2
94°C 287+ Hx WA F 04°C 45%, 58°C 45% 2 72°C 1%
< 308 % 93319tk Automatic thermal cyclers= BioRad
A}l iCycler™E o83} th PCR WHgo] ¢EE™ PCR 4t
E 6 ulE 1% agarose geloll A7]4%F F ethidium bromide (Et-
Br) stainingS 53l 5% o7& Felsic).
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UV X2i{of| 2|8t =M€ 3 tl(embryo) Y=

UV A 57t 718558 459 7H4vt vigios &
21t UV ZAKirradiation)E 4] 948 Ws- o4 W&
ol z7-2 $HES Hd 98% ooz eRT A g A}
&5 &, 7 F w3 dA 2 b B S FH A
S LFERASITE vk UV AE]2e] A5 A ZAPL 1,350
ergs/mm*-E 25,650 ergsmm71X| SUHEHEA $AE] 54
3 727 BEE ] 4 ] uvrh A 29 A9 91.5%
o] PHES BAOY UV F57t 57HFF 2,700 ergs (303 A
oM E 82%E, 8,100 ergs (90& = &)olA 69%, 13,500
ergs (1503 A&])olA 62%, 2T 18,900 ergs (210% &)
AME 35%F el oH o]F HA FEQ] 25,650 ergs7t
AlE g9 Aeole AA AE 1% 8 vl AF
F & BAL NAEITh Rk GA FAHER FARE A
g2 el B4 a9 Ha F3HS 90% o4&
UeR Lo ol 2| Ak e] vt F7VErE Rabg
& 7435k 1,350 ergs/mm? (155 *2]-)yFE] 10,800 ergs/mm’
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Fig. 1. Effects of UV irradiation on fertilizing capacity () of mud
loach eggs and hatchability of resultant embryos (C]). Mean+SDs
based on 4 replicated examinations are presented.

(1202 Ay 90.5%N4 51.2% BZ AT o
T o =2 UV s=7t AgE A9 A&H Fakee] 2art

AL 00 B3] 18,900 ergs/mm? (210%) o]FolE H3}7
Ao} M7t 23] wol B3 24,300 ergs/mm? o) F oM RE

RhE-ol|l A B3} 7 7F A=A edgkri(Fig. 1).

UV ZAhze| ahd o S4UMY HiH R

Tl et WS MAT A Al T 244
7 FElHQ] FE) o A vl 45 2 aFe
2 s F Ak A, FAE dzewt 54 2 FEe
UeR S R-8lak JiA HA] A2 2ulA] zloje] Helel U
15 (group-); B4, 7180 24 = A8 A haploid syndrome
& ol WAl 25 (group-); K, /g9 v S B
0]Z 3} blastula ©]Fol] vz AE Fola|Hy Hol=
‘underdeveloped cell mass® L& (group-11T); 2] WA, 4 &+
St 28R B AP A WA HElE 21X £33} abnormal
FeNe] g (group-TVICZ ' = 2{thphotograph not shown).

Group-I (typical 2N)Y2 UV AHi] F=7} A% ZUistoz F
3] 74sh7] ARt Al B UV sRAAME 57%2 %
519129, 2,700 ergs B 5,400 ergsol A 14~29%2 VFER
, 7L ol FEAME 1-3%2 Websith 53] 10,000 erg
oldelME Ao #HAHA EAUATHFig. 2). Group-Il (typical
haploidy= YR 02 UV ¥ F7tof we} 2 Y=t F7}
e A VERo] Ax FRoAM 52%F B A4
FE=R 2,700 ergsTH (302 A2t 29%= FA] 7SI ©]
T EEoMEE AEH S S RA2=2H 10,800 ergs
N (120 Hal2) HANHQ 89%E 7| =532 ollgh 3 |l
o] 3L 13,500 ergs”tA ALEHATE e G ojade] UV
Tl E FAF 1 o] HAsty] AlRFEFAL 18,900 ergs
th T8 UV EolAME 10% W9 ¥ S, 18]35l 23,400

ergs ©)doll M= A B A2 haploid syndrome ®.ole 7MAE

2
2%
1

T ol

I Normal diptoid
(%) Typical haploid

T AR

80+ | W B -

so: :““
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20: —_

0 AT T 210 240 0
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Duration of UV irradiation (sec); 1 sec = 90 ergs/mm?

[ ] Abnormally deformed larvae
B Underdeveloped cell mass

Fig. 2. Frequency distribution of four distinct embryo groups devel-
oped from the eggs irradiated with varying dose levels of UV.

# s

2 Z7lEE A% BT UV RAF B5 5,400 ergs ©]24])
A frelHer AFET]) NS 14,850 ergs (1652 )71
6~19% VERTE 2 M s UV Foe] Bish o
Al #EEA ekt 28y UV F571 571819 16,200 ergs
o]gel FxoMe group-1l19] RI=7F 543 S7HE] 0] 46%,
T1% 2 89%7HA 718931 22,950 ergs (2555)0A1= 244]
75 AZEE 2] embryoEo] £ group-TTIel 15315 T
Group-1V (abnormally deformedy= A = UV A =74
ofjA] BolHo g TAE = TF0IUN. F4 T2 1,350 ergs
FE 6,750 ergs?] FETHA 14.7~38.0%2] HIEE 714 =7
R oH o]F TFEridMe FoHoRE I FdE0] i
SHIL(1-6%), 18,900 ergs o) dolldE 1 o) F2HA] efqbct
(Fig. 2).

ol UV Agd 2l B4S &A% A =2 27]9
W23} %8 S (transparent) Y
7t A e UV e ol 8sle e &4 & e B8
’d8}(genetic inactivation)’} 7Fs3 2122 YERITH Group-l
o] ¥ golx Bzo] BnE A FEe| UV A FRAAME
A7 2A Hl=E wske Zlem veisten v)FeA] ol
UV Aol ml-¢- 17Fehs 2k AlAlstar Qlal o]z e] UVE o]
3 SATAE AA FE A AF3E dEIAT
(Maremgpmo and Onoue, 1998; Ungar et al., 1998; David and
Pandian, 2006). 3F8 WkrA| (group-11)2] A% UV 22 H=71
FIVEFE 53 ST B A 90%° TPk A EES
Hehliglov 4 Fx oY UV Agelxle Al 343
Zagto] A o] o] A A9} FAFSFATHLIn and
Dabrowski, 1998; Ungar et al., 1998). Group I1ol|4] $-3}3t vt
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TA oS- Tl W2 ofgolA B vl A= ¥ A< haploid
syndrome, & short tail, abnormal yolk sac 2 malformed vertebrae®]
H4-& Vel (see Kirankumar and Pandian, 2004c) 3 o]
FAAE olp] A ArE B3l WKl v e AIEA
WEpA| 9 o] TS o] &8t FAERAY WA S FejEhA o
2 & o]& YepA] &9kti(Nam et al., 2001b; Nam et al.,
2002). ¥HA WA HlEe] folAQl vt wabEs 1k
A& group-III (cell mass-like)7} Ao 2 w9 Fo] =75}
£ Aoz et o) S UV FR9 ZAk) 9a)

FHEZAED ofye} H4H 2o 875 %= RNA
precursors, ribosome 3 7]E} Aol HpHQl chalESo] ¥
4 B gy 7Ilshs Aoz deE ojn) I Fxe] UV
ZAF Al e} 2 oJFoIME B A7t 72 cell massY] &
do] Bag vt o} E A7AFA} fAREE THCorley-Smith
et al., 1996; Lin and Dabrowski, 1998).

ole} Y22 A Fxe UV A 7= group-1V
(abnormally deformed)?] &&o] fojxoz AALJEH B
aFel &3 MAES YA A ok AR W M E A1
haploid syndrome®] 5748 JeRiA= &3 2 718 A=
< /HA H 2 vl kAl YEbT 2 A E2 tail beating
= 93] FYiA] FItgom F3h Fok of ol 27| #
K&, 2 g e g gE ¢ Ty 2 dolubA] REhy,
g 2E Hx Yol FFA7IE g4 E51%tH(data not shown).
£ A= A" uve o] 3o F1EA AA 7Fse
A B 2RE RAAT olde FUEde) PR
B3l Q18] FeiAe RRA o2 AF3AAR o]F B
o Bk a9l A zhgel a7 EeE {3xp 2dle] Al
Z o]RofR7] R3S 7FsAHS AASEL UTh(see Lin and
Dabrowski, 1998; David and Pandian, 2006).

AN o[l T8 (yield) ¥ flow cytometry &4

FREMASE B A EEES BT A FeR
3 fE E8S Hole 77H& 8,000~14,000 ergs Mol
sFetes UV A 77z vepgth B 7700 sidse A
2 A7 20 902~160% A 2L ez tA 102
ZbAo = MEsFsl] SN weA fEE A3 HH
g ZAVBIgL o 3uHE g o8] Pold BF F&(yield)
< Fig. 3°) YeRNSIT) Fig. 3014 R5o| z+ 7zhd R35le
2 WA RS A7) A8 AR A 1o Hx
Agd o] $F 7E02 ARtE 8L 18 A uEA
w E2893le] HA UV AHE 772 1205(10,800 ergs)E
B FA1A o2k 2 ® 4% 100~1303 (9,000~11,700
ergs) Az 17+ FAl e A YepRH. #HA 279
A dojzl 3R WA o 78 50% ol o= &
ZHAt. B A7 o] 782 Tl el ofFollA BiE F

d F ST BEA e 2 EE JodE 018

T

~
(=]

207

Yield of androgenetic N (%)
S
o

8,100

9,000

9,900
10,800
11,700
12,150
12,600
13,050
13,500
13,950
14,400

UV dose (ergs/mm?)

Fig. 3. Effects of UV doses on the yield for typical androgenetic
haploidy as presented by percentage out of total eggs inseminated.
Histogram bars with same letters are not statistically different based
on ANOVA at P=0.05.

2 ojFo SARAY vrA| freet HlaAleE S48 A
o 2 JJEEITHBongers et al., 1994; 1995; Corley-Smith et al.,
1996; Lin and Dabrowski, 1998; Nam et al., 2002). Flow
cytoemetryE- ©]-83t] ZFA<] haploid syndrome BE| <] 7i
AEE AT A3 2498 NEEY 95% ool mreA] 4
A E2] DNA &%F(1.4 pg/eel) B &3] A& haploid
genome sizeS: VEFH O 24 ol e njtekA] ] A4 A
9% 2 AR H(Nam et al., 2001b) (Fig. 4).

SEXE BX|E 0|88 SHUMo| HH
FAAslE ) 248 8 BA & o
A WA E ZESHATh CAT-transgeneS TeH ¢
0] & A thERTZEN)IAE internal control® ©)83 MT
%12+ 2 CAT-transgene =% multiplex PCR 5-Z°] doiyt
o wid UV HEd SR A 29 AS- e

internal control F-AX}] ZSEqt Ao yk-2 ¥ A 7jde] CAT

1,600 — N 2N

» 1,200 —
© ]
Q
% 800 —
e —]
Z 400 —

0 —

0 15 30 45 60 75

Relative DNA content (channel number)

Fig. 4. Representative histogram showing the DNA content of
androgenetic haploid fish (1.4 pg/cell) based on flow cytometry analysis.
Peak for diploid mud loach blood cells (2.8 pg/cell) is also shown
as an internal control.
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P, 1 23 45 6

7 8 9 10 11 12 13 14 15 16 17 18

Fig. 5. Transgene-assisted PCR verification of androgenetic constitution of haploid genome. (a) PCR analysis of presumed androgenic hap-
loids derived from the cross between non-transgenic male and CAT-transgenic female. +, positive genomic DNA sample containing pooled
genomic DNAs from both parental sexes; 1~5, biparental diploid controls; 6~21, putative androgenetic haploid fish (a total of 36 presumed
androgens tested but 15 cases shown only). M, 100 bp ladder molecular weight size marker. Segment. of mud loach metallothionein (MT)
gene was also amplified as an internal control in the multiplex PCRs. (b) PCR analysis of androgenetic haploids developed from UV-irra-
diated eggs (CAT-transgenic) inseminated with the GH-transgene containing sperm. M, 1 Kb plus molecular weight size marker; P1, GH-
transgenic father; P2, CAT-transgenic mother, 1~3, biparental controls; 6~18, presumed androgenetic haploid fish. Details for PCR analysis

can be referred to Materials and methods.

transgene> FHEHA FFOEHAN FA Fo
exclusive) A& 2 Sl Yot 22y
v2] & 4912](11.1%)°14 haploid syndromes] &2
T AT B8 ®AY transgene®] PCRE HE:E]o] 4
I3 e Ayt AEEATFig. Sa). 7 WA Hs
T 9A] tHEE 24 transgene?! CAT AR S ¢
Al transgene (GH-transgene) Tro] 3802 ZEXH oL} 1
=7t 100%E ZSAA = ¥ ]'°3-7— A48 36mte] F 3w}
2(8.3%)] JANA BA 3 A7t AE=AThFig. 5b).
ol BA genomel tandem array® &S transgene unit
% AR AT transgene fragment’t UV A} 9]3] 23]
inactivation= A] &8}3L gAY wHrA| genomeol| ZHR-3HA
& 7FeA B group-IVell 3 RS 23 AEsidle Ths
4 Fol FAEnt. 2y A5 Hoh AAg EA0) Zash A4

2 2 (paternal

2
b=
B3

B
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