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Sexual Differentiation in Korean Stumpy Bullhead Pseudobagrus brevicorpus Derived from Artificial
Fertilization by Min-Ki Oh, Jong-Young Park*, Eon-Jong Kang?!, Sang-Geun Yang?, Eung-Oh Kim®! and Yong-
Cheol Jo! (Faculty of Biological Science and Institute for Biodiversity Research, College of Natural Sciences, Chonbuk
National University, Jeonju 561-756, Korea; 'Inland Aquaculture Research Institute, NFRDI, Jinhae 645-806, Korea)

ABSTRACT

The endemic Korean stumpy bullhead Pseudobagrus brevicorpus is a first-grade

endangered wild fish as designated by the Ministry of Environment of Korea. As part of its restoration
and proliferation effort, a histological study of this fish was carried out to investigate sex diff-
erentiation and gonadal development based on F, generation individuals obtained by artificial breed-
ing. On days 4 ~ 5 after hatching, a pair of genital ridges including clusters of primordial germ cells was
observed between the gut and the mesonephric duct. On days 20 after hatching, the ovary began to
initially differentiate and contained early oocytes with chromatin-nucleolus and peri-nucleolus stages on
days 30~ 40 after hatching. As yolk material accumulated after day 80 from hatching, the oocytes
grew increasingly large and were surrounded by a distinct follicular layer. On days 306 after hatching,
the oocytes grew toward a mature ovum. In the males, the testis was distinguished by emergence of
spermatogonium cells on 25 days after hatching, and day 40 after hatching it contained a small number
of seminal lobes forming cysts. From 173 days after hatching, the testis consisted of numerous en-
larged seminal lobes including spermatocytes and spermatids. Over 14 months after hatching, some

seminal lumens were filled with spermatozoa.
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Aol @ Q75 AR W) AT (3 5, 2007). w3 )
79 ATERA} AAAAR AL} °1 EECRE
b Bol g 5 A4 Az U A7 L9
u} glek (o, 2004). Tt mABANS AFFHA wHE
e (soxud iyl AT AT oA sl

ab7b gieh ABEEe] W AL AE3 D A%
o 3 AFE wle], Miichtys miiuy (Park et al., 2007),
Cichlasoma dimerus (Meijide et al., 2005), 741, Acantho-
pagrus schlegeli (] %, 1994) HkAko], Ditrema temmincki
(o]¢} ©], 1996), =] E-2}, Sebastes schlegeli (o] =, 1996),

w]Z22}=], Misgurnus mizolepis (Kim et al., 1990), 7§ o],
Leiocassis ussuriensis (8 %5, 2001), SA}7l, Pseudobagrus
fulvidraco (31 %, 2002), =A%, Acheilognathus yamatsu-
tae(%l 5, 2008) 52| offellA & A AR B AT
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Ay S8 HAATEE HA-E] FFIIN A, S
20.2~27.3°C(AW), 7.2~27.0°C (A 8]) W1}

WA 2N QTEHe AR3I A7) I HAS A
37] 918k A} - Aof= H3} F 30U7HA = wid AlEAFH
= ZlA]sle] Bouin's solutionel] 1A sl a1, 1 o] & WA
AREE UIY Hd o=z A sch A5 A8 A
= Paraffin A8 o]83le] S5um F= 544
zﬂa} gk & Hematoxylin-Eosin s34 (Presnell and Schreib-
1997)& A A)8}e] 3 Axio Vision (Ver. 4.5)8 E3) A
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w3} & 4~505) Abelol A 4A§7] (genital ridge) 1%

Table 1. Change of body weight and total length of Pseudobagrus
brevicorpus with days after hatching

. Days after ; Water
Sampling h?t/chi ng Total length Weight temperature

date (day) (mm) (9 (°C)
2007-06-12 3 6.87+£0.13 0.01+0.00 22.2
2007-06-19 10 10.12+0.32  0.02+0.00 20.2
2007-06-26 17 12.35+0.71  0.04+0.00 215
2007-07-03 24 13.35+1.00 0.05+0.01 21.9
2007-07-19 40 2420+169 0.30+0.05 238
2007-08-28 80 3260+237 061+0.11 27.3
2007-09-17 100 41.93+292 1.38+0.22 236
2007-10-18 131 49.73+2.19 1.86+0.24 21.2
2007-11-29 173 46.53+3.09 1.39+0.27 125
2008-01-04 211 48.07+326 1.50+0.25 7.2
2008-02-04 242 48.91+289 151+0.29 8.0
2008-03-04 271 47.02+423 1.35+0.33 10.8
2008-04-08 306 47.16+322 1444025 15.8
2008-05-06 334 48.79+3.38 1.82+0.36 220
2008-06-04 363 57.54+6.50 2.80+0.87 205
2008-07-08 397 70.01+556 4.16+0.85 26.5

o] ZF(gut)} =412 (mesonephric duct) Afo]el|A] TEEs}A|
FEH A (Fig. 1). o] 52 oA=le] HdM = Fel2 74
= QA YA Z (primordial germ cell)2 Z§Hstx glon,
ZufdAde] 7HEx32) (mesenchyme)ol]l Seixnte] glolch &
3 5 6YA Ao A7) RE AAPANZE FAHEL (i
tosis)o] Firs] Aol ule} WYAME G7} =757 A
zhakeled, ol2dt ke B3 F o 2597k A%

o} (Fig. 1).

2) HtAo| MEF}

(1) 2] £3} 51 2

138 A] (oogenesis)2> =7 Z2]7] (multiplication stage),
7377] (growth stage), =123 41 7] (yolk material stage),
A <7) (maturation stage) 2 55 1t}

@

Ao 7@—7—/14]3?_‘& l“ & 7 1A = (Oogo-
3 2094 HojollM vEhgon o
7] (growth stage)el] siwsls 27|dwA=Z
(Early Oocyte)7} EA31oAct (Fig. 2A).

@ XA

53 F 30UA oo i i AA71e] A
zo| WAl E Hodot o /‘17]% o] wdsiA vz
(genital vesicle)7} A== 7h=vhst GAA B oo
AAgle] o] Wl FWHe| Hxsl: Q47| (chromatin-
nucleolus)®] W= 27} Z3slic} (Fig. 2B). =3+ AH-
d& B3 Qo] HE hselA 3wk el it Al
Zx oS AAEAM AZxAe] 73 59714 W= 74
Q17 (peri-nucleolus)e] I=AM 2 AAsic) o|z3t Fw
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Fig. 1. Transverse section of the undifferentiated gonad in Korean stumpy bullhead, Pseudobagrus brevicorpus. Hematoxylin-Eosin staining.
(A) 5 days after hatching, (B) 6 days after hatching, (C) 10 days after hatching, (D) 15 days after hatching. G, gut; GR, genital ridge; M, mesen-
chyme; MD, mesonephric duct; PGC, premordial germ cell. Barsindicate 100 um.

Ql7]e] duMz: B3 ¥ 4094 ol F2EH vehd
tH(Fig. 2C). o] 7]l drAZE Eexte o 2A = (foll-
icular cell)7} =813 =] 7] A|=lslgdo).

® WHELHA7)

ARANE AR FEAEE F3E (yolk vesicle) B 3}
T (yolk granule)9] dspEAde] FHoz FakgAle] Tl
AARA FRAES TS AR A7)l

Wtz Al7]= AlZEA FHo| hematoxyling}l eosinel]
A e W FEBFos AN A7EA o ¥3}
% 8090l F Rkt (Fig. 2D). o] WA P43 oj2i
AzE Z719] 718} vlEe] W3tz 77] 9 47} Zoke
= B2 ngch ¥3} ¥ 10094¢) duA T ojzia
GHE Flol eosine] GAEE e D)9 AT 1}
Bl 2 4 =20 ez} QAR det S
7] A=kslsiet (Fig. 2E).

o|2gt T A7]e deAEEe B3 F oF 10714
A (53 F 306Y) #|JA17174A] A &EH A (Fig. 2G). ©]
A7 dRAlzE SR 9l W) (zona radiata)-
Hematoxylin-Eosinel] # 2] s3o] x| ¢k31 FxA| £ (theca
cel)2 FA=e] = oz 2= (follicular layer) o2 =

aled 9lelct(Fig. 21). 7 & /q]g_ A2 A s A
R3} & 3974A X|oj7)el] FET A7) e HFHEo
Mz g3sle] 2w k}%ﬁjc{a}% 3 4817] Alztslelch
(Fig. 2H).

(2) FAo] )5

st 23h F o A0UARE s 1] bzt @
o ofolx glo] fetew TRE 4 lev} ¥3} F
oF 8004_77}] (A 32.8mm) == A Q] dAE v g
" dAas A Adxdet (Fig 4A). °] *]71—4 TAaE
WA -S- th_ NI, FS oz FAF glon, v]xA)A
T HEoAM Mz FEEe] ol AL PR E B
oF9dch o] Al719] A ] MetdA = dEEA
ol dEgrt YA EE 2715 Badk(Fig. 2D-G). H-3t
& 39744 (AA 67.8mm)2] i Ads] Wds 24
<+ BA|Rt(Fig. 4C) 53 A3 913 23t 4
8 Foladet (Fig. 2H).
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Fig. 2. Transverse section of the gonad (ovary) in Korean stumpy bullhead, Pseudobagrus brevicorpus. Hematoxylin-Eosin stainging. (A) 20
days after hatching (multiplication stage), (B) 30 days after hatching (chromatin-nucleolus stage), (C) 40 days after hatching (peri-nucleolus
stage), (D) 80 days after hatching (yolk granule stage), (E) 100 days after hatching (yolk granule stage), (F) 173 days after hatching (yolk granule
stage), (G) 306 days after hatching (yolk granule stage), (H) 397 days after hatching (late yolk granule stage). CN, chromatin-nucleolus stage; CP,
cytoplasm; FC, follicular cell; GV, germina vesicle; L, lumen; OG, oogonium; PN, peri-nucleolus stage; TC, theca cell; YG, yolk granule; YV,
yolk vesicle; ZR, zonaradiata. Barsindicate 100 um.
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Fig. 3. Transverse section of testis in Korean stumpy bullhead, Pseudobagrus brevicorpus. Hematoxylin-Eosin stainging. (A) 25 days after
hatching (multiplication stage), (B) 40 days after hatching, (C) 100 days after hatching (meiosis stage), (D) 131 days after hatching (meiosis
stage), (E) 173 days after hatching (melosis stage), (F) 397 days after hatching (spermiogenesis stage). C, cyst; G, gut; MD, mesonephric duct; S,
sertoli cell; SC, spermatocyte; SG, spermatogonium; SL, seminal lumen; ST, spermatid; SZ, spermatozoon. Bars indicate 100 um.

stage), 43447 (meiosis), 4 %5 4 7] (spermiogenesis) =
T2 4 ok Ao Rz 453 (lobular type)
oz 747ke] A4 B 2 (oyshE FAE ] slen
o] Lol A A 1AM Z (spermatogonia), A XA 3 (spermato-
cyte), A 3£ (spermatid), 3 AF3 A (spermiogenesis) 5-2] &
o) o] o)A 31 gle.

© 471

Z471E AN SAREDE B 1 57 245
A7 2A 2719 BAAEE Q9] A A3} A 7

A} 33} 3 259 Aojolq ALAAES} epr) A%
alod.om (Fig. 3A), 33} 40205 Hofol i o2l at el
£50] $ARLE B9l AeEA Had T P B9

Azg 3xe 238 JAs do(Fig. 3B).

@ A&E97] (meiosis)
23 F 10094 Aol YA E] & P mo
F43) Zrkekn Aad T2 94 2rEA 3 Qe
Hematoxylino] ©ja vj$- 21517 QA=E Ywal e
)81 e (Fig. 30). o] AmA x| WIehA: B3}
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Fig. 4. Externa morphology of gonads of Pseudobagrus brevicorpus. (A) ovary of 80 days after hatching (32.8mmin TL), (B) testis of 131 days
after hatching (48.7mmin TL), (C) ovary of 397 days after hatching (67.8 mmin TL), (D) testis of 397 days after hatching (73.5mmin TL). Bars

indicate 0.5mm.

13147b4] A=k (Fig. 3D). 31 F 173UA A]o]<]
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G o AP1S] s WAos o] wET cylinder 3o
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(undifferentiated), 2-3}3] (differentiated) 18] 12 A-&-SAA
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vhes st fabslel mA AN FEe] AAbRT oA
% AL AR Ao Ats Tk 2 AT
SAAYE X FAN A} - Zele ApdedlA] A=

°J€~’FX§—°— B3 F5T R A Ao zA
qA A Az Aol o] poix| %’lu} auv &
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