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Embryonic Development of Haploid Olive Flounder
Paralichthys olivaceus
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We investigated the characteristics of embryonic and abnormal organ development in haploid olive flounder, Parali-
chthys olivaceus, by comparing egg development and histological sections in haploid and diploid individuals. After
the mid-blastula transition, abnormal development was observed in haploid fish, including delayed epiboly and mal-
formation of the germ ring and embryonic body. In haploid flounder, Kupffer’s vesicles are irregularly shaped and
of variable size compared to diploids. The embryonic body of haploids was shorter and broader than that of diploids
and the tail length and size were variable. Most haploid embryos failed to hatch and the few larvae that did, did not
survive for more than 6 h. The histological analysis of haploid larvae revealed deformed development in diverse or-
gans, including the eye, otic vesicles, notochord, and neural tube. These results may be related to an abnormality in
the axial system of haploid larvae. This study confirmed that the abnormalities of haploid olive flounder were similar
to the reported characteristics of haploid syndrome. The abnormalities are caused by delayed epiboly and involution
and deformity of Kupffer’s vesicle during egg development.

Key words: Haploid, Olive flounder, Paralichthys olivaceus

M 2 Araki, 2001; Luo and Li, 2003). 0|59 o1 21} AZol&H

O] BkpAl= URbA 0 & S22 DAL F-AA 24 B

HkrA|(haploid)= A2 shube] G484 e AMA| 27 & AR AREE] F=E wiol| F-F(edema), f4F(dwarfism), 4
A= Aoz, AAIAIA olul A (gynogenesis diploid) FE+= Z(microcephaly) ¥ 4 (microphthalmia) 53} -2 ©]
57322y d o]Hlj Al (androgenesis diploid) -+ 7]&of 2JsiA FAQ EAo] ¢ E A, Fot A Ee U S & B
AYAkE]o] gtk o] &2 Ape] Aol YJsiA el B2t AShE Ao = Hik o] ghow(Felip et al., 1999; Luo and
B AR} Em GRS o] goto] g o v, Q2 A YA B Li, 2003), o]2{gt BkpA| o] Eo]#Ql o] iy A4S wba
AAFe] SR EZqko 2 uhAIS)A| Elch(Tanaka et al., 2004; Yi A F-FH(haploid syndrome) 2.2 = o] YITHTvedt et al.,
etal., 2009). 2006). ZLLf HEpAl= 3k 7o) AAMA RS 7R S 2 9-
Za=olF ol HpAlo] tigt A= a-8ol(goldfish, Caras- A FAAE Be G4 AR titt @S BF IS
sius auratus), <5-At2|(medaka, Oryzias latipes) 5L AB2to] 5= 917] wlizol]l E&2Q1 A7} 24 9 Ao P g0 o]

#l(zebrafish, Danio rerio)o| A X1 v} th(Walker, 1999; L5 37 QIeK(Yi et al., 2009). o] o] A H.2t31] 4= Hk=A] vfjo}2]
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WA A

Seluo] 3 §A5o] i 748 5o HA(heart), H4
(notochord) ¥ +8(muscle)?] Wrdo] Q3 FAXE &9l
3k v} 9l.ow(Wiellette et al., 2004), B4 Hjolol| A E¢1H
o] 3£9] WIS B teo] WAL 2wl Y] Wast §4
A 270E T80l oA Hargh up )ltk(Luo and Li, 2003).

g %] (olive flounder, Paralichthys olivaceus)= gt=, U2 4l
T B H= obA| ool A A Bl = F 27 o =M (Zheng
and Sun, 2011) °o]52] 1M 2 BAIEE =ol7] $laiA 4
%, HAAA 9 FE Foll tiet F-RF A7) o] Fof A ke
L(Yang et al., 2013), o]+= o|WjA| & ©]-8-3}0] o] Fo]%l 7] uf
ol WA E o83 ¥ Aekekar H3hA ol - 3A; A o1t
7H QA Hrh o] {2 dtolAs HA Y W AIE &
E=sto] Z1.0) Al a1l 7] A Q1 A B of thjsto] o ulj A
o v EA 53T}

S '97) (KingNupehi) 7} A4
gLom, B huh 0 2 Qb5 Tu]ok 47 3] 2R e S o

kA (haploid)= AHe1 Al 2Abol] Qel] 14 0 = wa/dst
g AR A IS e Te R fEH I Kim et al.
(1993)3} Yamamoto (1999)0f| 4] X1 AFQ) A ZARES vt
o2, Y3 Arke] erugt G A% H2HsLS 013 5,400 ergs/
mmee] oIS ZARE F A OR Q1T 44417 H, 44
&2 18+ 1T 9| Fofpzof| A TS =5k
DNA &4

= BHEA) 9 DNA 9F 1492 918tk flow cytometry S
a3kt 4R %5-2(haploid syndrome)©] e 714
AL Q= Aol 100] & Kot #A7| & A|is whafgh 5, Jung et
al. (2014)9] Wi 2o whe} it A1 A ol GA IS sk
o} JAH A2 52 PA 1T flow cytometry (Partec Co., Miin-
ster, Germany)E ©]-8 2431 o0, A YA] 22 A =]
% o]ulA] Aol S thF 0 AMEH .

LY PR

YA ¥ 9 oluiA) wjols 18+ 1°C 2] 4204 237
o, 3158 1) 7 (AZ100; Nikon Co., Japan)} o]of] F-2bg] t] %]
€ 7] 2HDS-Ril; Nikon Co., Tokyo, Japan)E- o|-8-5}o] 3z
3t 2 & skl ZF A TA= Kimmel et al. (1995)2] vl
A AAE 71082 At ar, =4 7HA12] 90% ol do] s
gt o] =S Al7|E 71202 ZH AT A 49 A

aha 4 BA 697

b EAS 7)1 25k Eak HhA T A E A Eet A7k
7 16+1C2 20+ 109 2= A A BFAIAIZE

T\ e ] 919 ek ol
248 BAssc Wefeb oz wA] 32o) HeE 7}

|31 = Ao 5 4% formaldehydeo]l 1143t 5, BAMe] 22|
s ajpglof el S 9 wfe g o] g3k 2ol 7S
3yokoich =8lE Fie= 6 um TR A% HHSEY] hema-
toxylin} eosin®.2 FA-E- 3 T, 3Fst&u] 7 (Eclipse E400;
Nikon Co., Japan) 3lell 4l A3+, oluRlsh vl wste] 5
ool 2AAe Fshao|e] Rare tiAE shl2HMot-
campPro 205A; Motic Co., China)Z 43} t}.
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database, 2014)S )20 & dlo] 243+ A}, o|ufA| H3}
Z}o] 9] DNA $HF2 0.71 £0.02 pg/cell &2 Sl =11, B
A= 0.34£0.01 pg/eell & &2 1= Ik(Fig. 1). o] oA
Y] 9] DNA $HF2] 50%0]| 3ilgshe= A o2 32 o= vt
FAE R Ao R gRlE 4= 9otk

Frg vheA| 2o uidAY A7) 9 EAS
AlEE710) 4] 128 A|2Z7 0 aligahe Wah W 27] 67| F<t
2 HhpA| e} ofulA o] WY Al7] 2 FEj7F FUg Ao B
2] 9l h(Table 1). Walker (1999)= A B e}u]4] Hi4=
ol A 27| Zuj7]|71A] ofufA|et WAYA|Zto] FUTHE H AL
ghu} Q.

128 A|327] o] FHE wh=A| o] WA A 7ho] T 2gtof Blsl 3
2} = A 30% )32 Aol oulj A= = T 124170 28
of v|ake] WA 9] 7-9- 134]7k0] 48 = ItK(Table 1). o] %
ofaiA|of| A= 478 13417k 3= 2| == vl $H(germ ring)o| T2
= QAL BheA| viobol A= 427 14417F S-of]| 2| Qi o] uf
Wk wiEk2 oluljAlo] vlste] Xskal A FAE= AL
2 ZRI%| }lth(Figs. 2-4). B 0] 1] 34 v|&o| o4
ofulj x| 9] vjghe Fojz| = BhH BhpA= vigto] HA} XIsfkaL
FAA B = Aol BHEE e 1k P4 £ B iz
ol Blske] K2 o] A Ax]o] 90% T3 -2 WA 7} 24]
TF A =7 F2E QI tH(Table 1, Figs. 2-4). Wi A(embryonic



698 %

oL

body)2] &/d-2 oluliA] o] 739~ 80% T2k A ThA o) A]
FE7F U] AlAFSEe] 90% 1] 3 AT A ol A F=Sig v
A7t B = e, BhpA| Hlok= o] SHTH 2014 90% 132
273 Al mgsfof Bl2ar Bt FE o] B viA| 7} b
Al %74 o] T= QItkFig. 4).

Frf 7] o] wighe viRk (blastoderm)o] WS A A
ojul= 3J&(involution), 4% (convergence) 2 24 (exten-
sion)2] HEfEHAY A|3E 25(morphogenetic cell movements)
% 71 WA BEE= - (involution)o] PofH o =X A
Hrh(Kimmel et al., 1995). ¥ At A} gk=A) vfjolo] vjjgh
o] ez ulato] |- Asti FAA G T E G4 A
7 3 ol 2|2 Ao] B2HEISic. Araki et al. (2001 $4F
] ukeA] vjol o] vjohach 7] £} 5 o] 27 T
LR WAL ) QA ETEE 7 0 24 Wl Bol 1l
AEApEo] Qojutin, BAFAS v e} 8] el G %
A Fo=H oA Blsl =& &g ARtk B gt uf
At} ofof JA| HbeA| vfjotle Bl 50| A 02 AFHE AL S0
ZASHA EHA ofu o] H]sf FR L 2 Hjgto] FAH S

R4 AR - PR -

WA - olHE - PES

2 3% 9 38 uhgo] s Ao R MerEch wek vl
O HPAY-S ik e] A| 3z o] o= ah S g of] of sl A=Al o]
T =o] XaE45 Al A} FobR| AL A=A B
sha| 2] A EchKimmel et al., 1995). ZLeju} 2 ¢1L2] wh4=4|
Hjok= thzatol| Hsto] v A o] P} Wi, Ao m, ErgshA|
2 A = WA sk A o= TEE QI SAR] WA vijo}
ofl A= 7] vl A Fel7F AL, WA B AL o] A o) UQlS
34 2]l gAro 2 B 1at ul 9lo](Araki et al., 2001), | 2] v}
A vjofol| Al o] Al 271 viA Fei= g/l FEY
A AE ESEE, o WA 2 of] &fgt A o = whekE T

Kupffer's vesicle & k53] wjololl 4] ofuf3] mr} ghAl7k
= 7 - 27-28A1b] TEE AL AR E A7 A9l
Asto] ojufA| sjote] Blsl A AT EQt EA T A2 8
Q1= Y cH(Table 1). HH=A]| wfjolof| A Kupffer's vesicles2 o4
Al wjotet EUet 1A Q1 A} (tail bud)oll A F/do] ARt
1 oot 3717t Aol wrek BA A0 2 weah B0 g
= QITk(Fig. 5). ool 1] S BAdsk=dl F3FE 5
+= Kupffer's vesicleso] o] 402 JAE S 2R Ao 112

Table 1. Stage of embryonic development in diploid and haploid Paralichthys olivaceus

Diploid Haploid
Stage name Hours after fertilization at Corresponding Hours after fertilization at Corresponding
18+1°C figure 18+1°C figure

Cleavage period

2 cells 15h - 1.5h -

4 cells 20h - 20h -

8 cells 26h - 26h -

16 cells 3.3h - 3.3h -

32 cells 43h - 43h -

64 cells 53h - 53h -
Blastula period

128 cells 6.3h - 6.3h -

30% epiboly 12.0h - 13.0h -
Gastrula period

Germ ring 13.0h - 14.0h -

Embryonic shield 14.0 h Fig. 2a, 2¢ 15.0h Fig. 2b, 2d

40-45% epiboly 16.0 h Fig. 3a, 3c 17.0h Fig. 3b, 3d

80% epiboly 20.0h Fig. 4a 21.0h Fig. 4b

90% epiboly 22.0h Fig. 4c, 4e 240h Fig. 4d, 4e
Segmentation period

Kupffer's vesicle apearance 26.0-27.0 h Fig. 5a 27.0-28.0 h Fig. 5b

Kupffer's vesicle disapearance 34.0-36.0 h Fig. 5¢ 34.0-36.0 h Fig. 5d
Hatching period

Hatching 55.0 h Fig. 7a 55.0 h Fig. 7b




Flat =R

= &t vjsto] o] o Hish= Ao TAEQ]
tHFig. 7). Kupffer's vesicle 7&0] 72 ufjofoll Aut L A| 2]
O 72 PAE= A 7)o g2, EA|2E o] 8-t £t
g 245 92 Stch(Essner et al., 2005). ©]9] Okabe
et al. (2008)-2 A E.2tu] 4] A 214 2 Kupffer's vesicle Ujo]|
Al dofu= A4 Rl A FAPAARER]A, video mi-
croscopy % Z£A/5H4 0 2 vhs] ZolFo| WA F 19
RS AT vt Qlok. & AFtollA] g A2 vkaeA] vfote]
Kupffer's vesicle 2o} =7]7} chofalel om, vl o] &)
T 27t 15 EE Gl o] = 29 530l 9
1] 2]= Kupffer's vesicleo] HH=A] vfjolo]lA] o]F 2 0 = Ay
Fro 2 M, o] 59 37| uid Al v ol A theket 7= A4
Al o] HA Al JokS & A= wotETh

Kupffer's vesicleo] 24 5 viA|7} H3psl7|714] & A
1A A7) Apol 7k A A] ot 2| 20] Hal whA|
of ojufA] & £ & S5AFC R FUSH o, ofufA I
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Fig. 1. Flow cytometric histograms for DNA content in diploid
(2N) and haploid (N) Paralichthys olivaceus.

HFAEA EA]
= O

4 699

Wk H3l80] 242 80.0+9.4 % E 6.9 +£3.0%%2 A=
AR AT Hoel= A 02 T Qo RieA| F3} 2jo]
o] Fel= A ofl ThE Aol 7} EA s thFE 1e|7E At =
HESA] Hehlar, 541 dolet o7t ofufA|of Hsto] ZF
A, |2 Zle = W ITH(Figs. 6, 7). REA] #/2]<E 1,000
o 5 e 4 FA7E 71F A o2 A Al 9627 = L
| 2] 335 FHIE W= 7HAI(Fig. 7b)= 90374,
w7k S Hlou A= g EX] 23 7§ A (Fig. Te)
= 5S97N= I o5 T Ze 7t A I EA| ok
AeS FoFE obA] Aot = Ao g waE o, 1|7t
ojg Ao HYE A= FaletAS A2k e 641t ool =
TS Aoz WEEITh g6, $AR, AlEtu 4, R
(turbot, Scophthalmus maximus) “12] 31 Atlantic halibut (Hip-
poglossus hippoglossus)ol| A = WA wljole] whe K387}
35k xjofe] ghe A, 12 o] nlke 9l 8 X|Apgo] Bl
1} ¢] © ™ (Luo and Li, 2003; Araki et al., 2001; Walker, 1999;
Piferrer et al., 2004; Tvedt et al., 2006), o] &+ HAMS Felip et
al. (1999)= WA 9] f3A| F5o w2 F3Ha 4x(hatching
enzyme)@t 22 A IH 9 FLotol WA P Q3 Tl of
A 5 g o8 =2 ghuf Qirk
WA o] thefRt Y whAlof A o] AP 2 g o] A

Fig. 2. External morphology of embryonic shield stage in diploid
(a,c) and haploid (b,d) Paralichthys olivaceus. a, c: face view (a)
and animal view (c) of embryonic shield stage in diploid at 14 h
after fertilization. b, d: face view (b) and animal view (d) of embry-
onic shield stage in haploid at 15 h after fertilization. Embryonic
shield, arrow.



o)

ol b © 24 BiA| oA 2} 71 3=o] U R FH
e FRlstaa; §3} zpojo] gy 9 Frhd t
A8 aslal 1 Ay Fig. 8 W
|(lens)2} A17 W4k(neural retina)o] AAMA S 2 Wiy &=
J5HA A=l o] = oA Aboi ek Ee, WA Ao
= A2 A7 Ete] BRI mol Bt Al ¢
2o A e A o' 2RIE ITH(Fig. 8a, 8b). E3F HaE
(otic vesicles)2] -, oJuiA|ol| A= ol 22t 3t 714 914
S| TH(Fig. 8c), REpA]| o A= o] % 2 Q1 e} 7= vt
207 §du= Ao] W Uh(Fig. 8d). w501 Rh=A| &}
0] 9] I=of| A I A} 4 Wk (pigmented retina), 417 W2, =4 A,
Zhdk(cornea)tt Z2 w2 A5k AlEE0] B 42 F
Ak, ZF Al aEFo] BIAAAR] XA FAYH o EH o]F A
o] &=9] g2 drdycty ¥ vl Qlck(Luo and Li, 2003;
Tanaka et al., 2004). 2 ¢1512] Ax} JA] 7]&0] Hi1o) 4 7]
=AY fARE S UEr ST ol BiEAo A =
7} 718 sk AlizEo] 3442 EAIRE 1 91X 2 FE
7h A o 2 Wik o] RhpA] 7] e S A
o2 gtk
4174 TH(neural tube)> UHHA O &2 uidb g ol A Al

i °F

O ox BN et
24 N

M
A=)

2N

Fig. 3. External morphology of 40 - 45% epiboly stage in diploid
(a,c) and haploid (b,d) Paralichthys olivaceus. a, c: face view (a)
and animal view (b) of 40-45% epiboly stage in diploid at 16 h
after fertilization. b, d: face view (b) and animal view (d) of 40-
45% epiboly stage in haploid at 17 h after fertilization. Germ ring,
arrow.

A ol HE - YES

(neural plate)©] neural keel, neural rod Z12] 31 A17J34+9] 424
o 2 2hslA| Th(Clarke, 2009), & £9] o] a4 Falx}o]= Al
Ao yggto] A E A o2 Bl neural rod7hA] BHE
a1 Ao & slolE|Qlth(Fig. 8e). o] YA 7 B2 ujitAy 7|
74 74A)7) whio] AARIIA esA] Baha Ratshs A
o2 Belk, e wRlo A s TE o] Fe R} Hx o
neural keel©] & Bl & T2 o] 417 7] 2ke] WAy x| AT ATo] 7
2= QI ch(Fig. 8f). ESF HhrA]of| A A(intestine)-> HEl, 7]
2 7 (lumen) 2] F-577} ZH A E 2 B2 202 WehE=
70 & = QI ch(Fig. 8f).

2N N

Fig. 4. Morphology of embryonic body in 80-90% epiboly stage
of diploid (a, c, e) and haploid (b, d, e) Paralichthys olivaceus. a:
Ventral view of 80% epiboly stage in diploid at 20 h after fertiliza-
tion. b: ventral view of 80% epiboly stage in haploid at 21 h after
fertilization. c, e: Ventral view (c) and left side view (e) of 90%
epiboly stage in diploid at 21 h after fertilization. d, f: Ventral view
(d) and left side view (f) of 90% epiboly stage in haploid at 24 h
after fertilization. Embryonic body, arrow.



WA A )

2.8 W) o8-S 5= 28 (notochord) & WA Tl
SHA|E7F REA EHHA A7} QL= = ST F, 2 A
S0 FH7E H= S AXA FtK(Stemple et al., 1996;
Anderson et al., 2007). ZL2jL} Hhpea]|of| A 2] 0.2 ol 3 A 327}
AA Sl A4 ¢ Fas FEE FAlSkL, 1 FE ' 27
7t FAkA] A s A 02 IRE U THFig. 8). SAH
HEpA| o A e & Fo) B tel FUsHA M| FAlo] &
Aot HE Al ZF0] A solvh= 2+ glo] &4F2lsHA &
2 HEY = 9x)3}= o] Bhalgl v} QJtH(Araki et al., 2001).

13} 2ol o] Fehy 2AEA Al gk o A e A (so-
mite)o] wrete EjA)ek, 71 Feh Bt 2 Azl 7
2ol R Ao= HAEEQItk(Fig. 9). E3t o] 55
(trunk)7HA] o] s Aok o|uiA|Lt= Ee, wt
TAl= w7t A FAEHA EFo =N ol BRI &
A=A Zotal ohE E3 FAEA| Kohe Ao R QT
(Fig. 9).

o] 4e] A+t A, YA WhpA| viobs 1] L7} AJALE = 27
szl 7| e A XA E o] A At e AlRste]
o 1) 9§ BEE 7k AR WAtk EE ok

Fig. 5. Appearance and disappearance of Kupffer's vesicle in dip-
loid (a,c) and haploid (b,d) Paralichthys olivaceus. a: Appearance
of Kupffer's vesicle (arrow) in diploid at 25 h after fertilization. b:
Appearance of Kupffer's vesicle (arrow) in haploid at 26 h after
fertilization. ¢, d: Disappearance of Kupffer's vesicle in diploid (c)
and haploid (d) at 34-36 h after fertilization. Kupffer's vesicle, ar-
TOw.

aha 4 BA 701

AlolA - AiAto] Fastg o] Fakgt WA= B 24}
o2, FA HiA| o] ol P FdE thafet FzolR{el
A 131 b A 59 (haploid syndrome) ] 58S A}
T 02 SQIE It o)l gt g A whA] o Ay d AL
g 71E0] Aol A K upel o] gt o] HAA) whe 7t
Al kA SA30f ot 9 A4 RdAke) i B A
ARES] R0 2 QI Al o= wehEh B3t ukA oA oY
Ao UgE 7| e fiiE & A2 S (axial system)T} A
e AER & 9 ALE} 22 7| H-9 vy om
SIS AV, A, g gl AT} o] FAlOA S
o|F 7| WS i ELHHA BAYSAL WAsHA] o
= A 02 WHE ST o] vhpA| vy 344 of A Kupffer's
vesicleo] 0] 4] 0 2 WPYEO =M A Q) 2§ o] B4
HA] Foto] i Wz o] ol Ago] veld A0 & gt
L, -5 Sol FAEE 7] Al719] o o' A1,
24 gl g 22 7|l A ol el wEEE oR B

ol %},

M

oFo 2 Wk Afoje] Bah AT kb 7] M4 AAS.

Fig. 6. Extension of tail bud in diploid (a, c, ¢) and haploid (b, d,
f) Paralichthys olivaceus. a, b: The diploid (a) and haploid (b) em-
bryo at 34 h after fertilization. ¢, d: The diploid (c) and haploid (d)
embryo at 42 h after fertilization. e,f: The diploid (e) and haploid
(f) embryo at at 54 h after fertilization.
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Fig. 7. The shape and length of tail in Just-hatched larva of diploid
(a) and haploid (b) Paralichthys olivaceus. All scale bars indicate
0.25 mm

Fig. 8. Histological cross sections of head region in diploid and
haploid Paralichthys olivaceus at hatching stage. a, b: Eyes (ey) of
a diploid (a) and haploid (b) larva. Neural retina, arrows; lens, ar-
rowheads. c, d: Otic vesicles of a diploid (c) and haploid (d) larva.
Otic vesicles, arrowheads. e: Neural rod (nr), notochord (n) and
intestine (i) of a diploid larva. f: Neural keel (nk), notochord (n)
and intestine (i) of a haploid larva. All scale bars indicate 50 pm.
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Fig. 9. Microphotography and histological section of diploid and
haploid Paralichthys olivaceus at hatching stage. a: Microphotog-
raphy of just-hatched larva in diploid. b: Microphotography of
haploid embryo at hatching stage. ¢, d: Longitudinal section of

just-hatched larva in diploid (c) and haploid (d). Anus (urogenital

opening), arrow.

2 Qlste] 1 Aol A7 ol @AY 4 E A Rt
AM AGE 18l WhpAl-o|uiA| 7]w 2k haploid-diploid chi-
mera)?] 5= 117} Fluketop & Aot
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