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1.1 XEEEMEFTEERRE

SEH I #2010 4 6 7 7 H A [R] —
B AR,k B D)1 B] BH R AR R BE S A A PR A 7 o
U AR [l M s SRR = N BT HAR Y 80
cm [ERHE R AR B SR O6 IR B R A 5, S
FE A5l B AR A R DU I A, 45 1 9 A
BT A A AR A R EREE 1, BEIK
6 ~12 2o HURE I 2 8% i (R R AR R . 3
BEVE IR EEZOIR, B e AT 2 U020 K A 4
4 B, 55 1.3 Betk IRRe df R T RUAR AT, A 7 2
PR M7 5 565 2 4 Bk JIR R i SR 60 S8 1
FE 24 h )5, BT 70% BOTERT R TR S 2L
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1.2 HEPEARYIRHESUE

Xl R DRI T 7 ) B 46 B B8 4 SR AT LAY
ABEYIR IR, VIR R 6 wm HLE e {4 vk
BB B R 5 E AT 2H 2127 W %€ M 41 B/ ( Nikon,
E800) ,
1.3 HEEIPE RNA $ZEUHN cDNA iR #l &

}i¢ '8 Trizol Reagent( Invitrogen ) #E/E U6 AH , 32
Yo i O 5 2H (9 5 RNA S8 5 1% (19 B IE Bl
Uk I3 AT RNA F 58 BV, 58 50 3 D606 BE T I s A
RNA ¥k &, cDNA ##g 19 ] 4 = B RevertAid
First Strand ¢cDNA Synthesis Kit( Fermentas ) 1 B
F#47, I N B9 B-actinFl/B-actinR1 ,PCR §”
W B B-actin FE[N (AY647143 ) S 5 UE S 5% 57 &
MWW (FED) .

®1 FERAMWEEPCRIIYFT

Tab.1 Sequences of oligonucleotide primers for
Real-time PCR
EIR/ER S S1YF5(5'-3")

primer name primer sequence
B-actinF1 CGTACCACCGGAATTGTCA
B-actinR1 GTACCACCAGACAGCACAG
EamhqF CTCTCAGTGTTGCGTGATTGTGT
EamhqR TGCGATAGTCGTCTGTGGTTTC
EamhrQF GCAACACTGGTGGCTGATTCT
EamhrQF GCAACACTGGTGGCTGATTCT
B-actinF2 GCGTGACATCAAGGAGAAGC
B-actinR2 CTCTGGGCAACGGAACCTCT
Cypl9alF6 CATACTCAGCAGGTCATCAGCG
Cypl9alR6 TCTCATTGACAGGTACACCA
eGDFI9F6 ATCTACAACACACTCCGACTGA
eGDFI9R6 TTGTGTCCAAATCTCTTCTCAG

1.4 Real-time PCR 43 #7 & £ U0 & 1 gdf 9.
cyp19ala .amh T amhrll & E R iE Kk E

AT HE S T ar M B EE 0P B b gdf 9,
cypl9ala .amh Fl amhrll 3& K 35 ik K F 0 & =
PCR J5 ¥, i i 5| ¥ eGDF9F6/eGDFIR6 ' i
gdf 9(JQ283679) , EamhqF/EamhqR §"## amh'’ ;
EamhrQF/EamhrQR "} amhrII'*’ ; Cyp19al F6/
Cypl9alR6 ¥ ¥ cypl9ala ( EU252487 ); B-
actinF2/B-actinF2 ¥ 4 B-actin (AY647143) , Ff

MG i iR S B A W) B A BR 2 w5 8 1Y 8

L35 1, & PCR {¥ 2} IQ5 ( Bio-rad, California,
USA) ;s JZ Ji7 6 % : cDNA B4 1.0 pLs i [ 31 4
(10 pmol/L)0.4 pL; 5% (10 wmol/L)0. 4
pL; 2 x SYBR Green Master Mix ( TOYOBO,
Osaka,Japan)10.0 pL;H,0 8.2 pL, 3514
95 C .1 min;95 C,30 s:58 C,15 ;72 °C,15 s;
72 C,15 s;82 T,15 s;40 MEH, BPEH &K
JG— 82 CHFUEESR 5 s ¥ 45 oIS, 73 17 1 it
2k, 1QS B At o A4 2Rk o IR, B3 wL PCR
PEYIT 2. 0% B W BE R A VR DU, i — 2D E
PCR #" 3 i nl S 44

108 3 A AR o A X ik PR 3 R K P AT A X
FE ST, LA 10 A5 BE AR R0 S H R B Bt
FL(10" ~ 10" #5 1) Ry AR 34T PCR 434, 43 51 3k
RSB KA E B bR 2 . ArifiE it 2
KEBKT 0.95,PCR § HAFE KT 85% . R
AHIL B bR i 26, 2 b Hopg 3k 35 DL %K
(Cpyup ) FINZ B R FE DLE(C e ) 1 1QS 3K
PR . I Cpuen/ Crypnn RFRFE S H
) 2 R R R e 3k o
1.5 HiEAbE

HE PR R 3K K B R O A = A R
(mean + SE) , K] SPSS 4t o 3 4 47 5 A &
J5 253 HrFl Tukey Z BG40, 24 P <0.05 BN
EREE.
2 4
2.1 EWEFRBEZFHTHENEK

SIS SR AR L4 & 12 H % (2010 4F 10

HZE 2011 46 A) BRI T 3 44,
PRI 15 A5 (181 1) .

30 24
25 &K body length 420
gazo ~{&F & body weight 116 25
22 st 1B
514 2 \'E( >

s S
®210t 18 &3
5r 14
0 0

7 8 9 10 11 12
A# month age
Bl XREFRBEFGETEREEKNEETH
Fig.1 The growth in body length and
body weight of ricefield eels under

laboratory conditions
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4 HE (Y4 10 J1) - B0 6% op 5L AP WL AE B,
ORI ANBIE . H.E Qe gl 21 y) J b, K 5 50
N ON Wi S R N W S R R R LR S
a0 M BR[O, K 42 15.5 ~43.5 um, & %
10.7 ~33.8 pm; % K2 ik BIE , Je 6 5 5 K
AR W B R AT A T R R R 3 (A1) o B
RN Ug O ke IR S NI i N A A N N
BF 14 O B 240 M 1T g A BE — RO B Y
ML, AL T 4% A2 50 JE B Be i 90 2 A K. O
B 48 i S0 J 0 v 40 B 2 AN WY S . it Ah A E R
HE I A B R RE DX B AR — SR AR BN L TE
PR %52 555 1 B9 B 40 i o

5 A CYHAE 11 ) - #6595 b O BE 41 i
BRI , K4 7.60 ~49. 1 pm, %54 5.9 ~38.0
o 5 8 53 B9 B 240 i 0% B BT O B e A L LR T JE
P A Btk R L B s s (TR RR-2) 5 O BE 40 i
S0 8 6L A B ) O BE A B AL T A K
Wl ATHRE AN A TE TR S B/ L VE B 55
B EF 41 i

6 Hit (CH4FE 12 H) - s g OP 58 b ) 9 A K
GUBRAA A K42 21,1 ~57.8 wm, 5545 17.8 ~48.8
wm 5T @ — 2 I, B g R, R L
Je /IMARBR B (EIR-3) .

THECREL )8 A (IRE2 H) |
EEVI AR IO BRI AR 8.9 ~54. 4 pum A 12
6.8 ~42.0 wm, it T e 45 0 o 2 R 43 BN B 4
Ji B 7R B JE /NS [ 8 4 A A3 A, LT B 7S
Bl (EI-4,5)

9 J I (AR 3 1) « v i B9 5L v R 43 O B
E2i ! I PN NSO L I I 0 8 Vil 315 A R S e
e R G R I TR S IS Sl G N B A N N
N R (S NE 2 QRS (7Y A SR RN
FoJE /AR o A 58 A8 A G AE B 4 R D AL i B
SR e N o v S R DN RS i S N S
Ji-6) .

10 H i (RAE 4 H)  BUBE IR 8 ha] L 1 8 5]
#i, HOE Q2] 5p DR BEA IR K 42 25.3 ~
93.3 um, 4% 17.3 ~81.0 wm, ifg i 55 W& ik 14 , B
IR LG R /IMATH 2 5 AR o O S rp R 43 B B 4
JHLATS 248 35 00 G 2B 0 B B o 57 T A2 B R o 1S Y

53 BB 200 i A B B, LS I /NI, R
51 8 TF 0608 B, 3 AR AR, [ O B 4
JHL A1 18 0 Y68 40 T i Ak kg SUORE 200 i A 40 i
(FRR-T) o 3X L0 AR RRAE 22 B B 6 O 5L 95 45 1 T
WA 2 HIE , A FH KR 5 T AR B % BE DX 8l ) O
BEANM K & A8, B8 0 B B 40 A A T WD 9k
K.

11 (AR S ) < B8 B 53 v R 290 Jfd {4
AR K, K42 17.3 ~114.0 um, 4545 13.3 ~89.3
pwm  JCER 43 OB A A b B0 BN B R R R
WL B TR LR /A . 37 BT HE F IR A8 K 5T /)N v 44
GUEEZN L b B, e 0 B AL A EUR S AR B
WIAR (I RR-8 ) o BN B: 20 Ml & & AN IR 25, 5 AR
R 55 A B R A BE 2 5 R A, BB A0 R 2 AT 4E £
TER R AR AR EL .

12 7% QA 6 1) o 6l OF 53 (A BB B fi
K O ERE AR E A, H E QLAHAY R
rh, OFRE A0 i E A DB A O, K AR TR 1220 ~
1 609.8 wm, % 60.9 ~1 341.5 wm, M P %
9 O B UK o BB 2 S (29 20% ) 1Y B EL v FE i
B AR R M 1 BB 4 i D BT R HRIR 2 55
BRIk S Ny, e 8 5t R 2R 20 5, 2E ki ((germinal
vesicle) T fi 17 5 14 25 (& W9 ) , i B] i B I 4
JEE, U080 200 i )23 v UK 240 T 0 5 240 P B S, B B 4
JHL R B B BOIR A o A AR E R T A A B R RE X
B AT AT UL A3 00 9% A A A e /) 3 19 BN B
i .

23 EBEPEYVREZERBMRTES gdf 9,
cypl9ala,amh ,#1 amhrll EERIELT L

V. F 2 57 1Y Real-time PCR Jy i, £ I 1 ¢
fif O S ) I kB A G B gdf 9 cypl9ala,
amh F amhrll [ FEKF(E 2) G5 R F W A
4 712 AR EEEO0 Hrb, gdf 9 — H AL TRE W)
FikAK, H I A1k (& 2-a) ;cypl9ala )
KN4 27 AR RIE .8 HIRFRAET
B, ULIS7E 9 H A 10 H i i) 52 31 1 Ay & 3, Bl
Joa XA R RECIE 2-b) o amh F amhrIl 75 # %
IS R B S B R R AR AR AR —
Ho 4 AR 7 U R, fE8 HH9 H
B I R IA T B EAE 10 B R Gk i O
(Bl 2-c,d),
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gdf SWIAANT KA &

relative gdf 9 expression

4 5 6 7 8 9
HA# month age
(@)

10 11 12

0.08
0.06 b

0.04 +

ab ab

cyp19al alfIFERT RIEE

relative cyp19ala expression
o

il

ab ab
0.02 | mm %ﬁ
: i
O e 1 L 1 1 1 L
4

5 6 7 8 9
H# month age
©

10 11 12

0.0015 1

0.0010 [

200005

amhBIFHXT RIE &
relative amh expression

0 4 5 6 7 8 9 10 11 12
A% month age
(b)
0.08
0.06 -

amhrlI RS RIE R

relative amhrll expression

4 5 6 7 8 9
H# month age
()]

10 11 12

2 Real-time PCR O EHENENR A ER AT R P EEEXEERRE
(a)gdf9,(b)amh,(c)cypl9ala, (d)amhrll o 45 RFTom IV BIM = bk (n=5) o B AR T REFRR 25 B# (P <0.05)

Fig.2 Real-time PCR analysis of some reproduction-related functional genes during the initial ovarian development

(a)gdf9,(b)amh, (c)cypl9ala, (d)amhrll. The results are presented as mean + SE(n =5). Means marked with different letters are

significantly different( P <0.05).

3 3t
3.1 BEHSEHSERBER

W) A O 1R AR — P A R
feo FEMZET 75 R 3 DARE PR S o £
290 0 O B s B S e O R 40 i B T B
PR BRI A0 28 T A WS SR AU 5
of #0 E GEA R 45 HIL ) A B2 e R S, T EL X T
028 ) I7 58 R E b 85T AT o A

EECESUEBINE Y AE - BUR I e\
o 5 B SR A 0 S A R BERR I NI . AT
TESLH S IR A 2 T, BRER LGS 1 ] — 4t vk B %
£ 0 SR B S R Y AL 8L R4 2 R R BT 10
HZe A, e s 51 5L rp R 2 B9 RE 20 i T 46 B B2
JC/INEL, HE A B B A BRI, R Bl T O B R
e 5 (R BB 40 1 S 9 208 6 20 )2 O B o A 7 A
TR 20 i 0 5 200 i, 41 00 L kB 6 B B ) 7 A 40
EIFER i 8.

TESLH S IR 26 PR T, B Bt O 53 o B B 40 i
FET5 F R AT AL T30 22 K, M oA i

HYRE B 5 7E 10 H % A0S 3 )5 00 3 i AR K
AR BB 20 M T 46 O A R AR 12 H % R
o3 B i O EL TP O B 240 R N B9 B R A G B A
ST, A 2 94 AR 57 23 K, U 9 0 M U2 v R 4T i A
JIES 248 L B 38, 3 ) IR S A 1 R A A v i O
AR FIE R, A R R 2 RTE 2
W VE RGO BAE 3 0%, 77 A X i 22 e 1 e 1L AT g
TSI RN TR o BESE R T T — IR R S
W (24.5 ~28.5 C) , ¥ i fi it & 5 o B Bl 7K 3l T
T 0BR P B TR T S X R R
(ARBFFE 551 F AF¥KE R 14.8 ~27.5 C),
XA A RE i A R T AR AR R A SR
Y £ R LS T[] — e Al ) 25 B - £ ) B S
KA H AT DL, Bl 1S 20 A5 Al 3k 2 Al
KA.
3.2 BRIER/MME

LR HE T /MAR S 3 A7 7E T 3l - 4 50 B 24 g
N, I BN B AR A M BT rh o B — R Bk A
Bt A BRI A . R OR 2 B
FHN R, EUR e /M 32208 R AN 50 10 4
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I 2 K, R T P T Y L R R A G AR KL
A T A R B O A S5 B AR B ) W R L L OR
FERLB /MR IIREE R 26l
B0 W G A A N B A A Y A A L A A
WEBRAE Y LR BB /MR T AR SOy L
LGSR R W] AR 4 1% B 85 4] 9 AR K 3 O B 41 i
R S ULEE B S IR A ELUR LG JE VAR B A G
HAER L E, U8 BE A M b TR HJE /MR v 45 i B
R BOR BTG £ . TR A WIS 00 B 20
HEEEEE R RIS /IME, BAFEREZER A
OBt — 2 R R e /IMAAE N R
BOE R E 2K o A5 B IR T 8 6% ) 2
A=K HA BB 20 i LR BB IME AR AE VR A R
JEFNE Tk F  {H A7 OC B 88 1R Lt JE /AR 4
BBy R A TR AL, DA R AE R BE A M
HIVE TR AN TG AE A Rr ik — B F T,

3.3 HEH & gdf 9.cypl9ala .amh 1 amhrll &
RIEEWERE

Gdf9 (A=K 4L+ 9) J2& 1 ) 20 Ml 53 W 1) —
A Ko 5, J® TGFE-B # K % ( TGF-B
superfamily ) , 7 J§ il K & 2 & & 20 5 1
RS WS R B, L 2 R 2 kT R Y
B S B N B2 T gdf 9 KAk KA B A O B
PR, gdf 9 3 ik L B AR M 0
AR K A4 HIRE 1 I EEEIN R R K E
AR, BB gdf 9 mRNA 3Rk — B 4E 57 75 4L
1B R 7KF- S5 BB gdf 9 Xof H: B R 240 i i L
BHEAESE L, 1 68 5P 5] 3k 3 Sk,
HIZOP S b gdf 9 Fih /K VI BA B R R, X AT
fiE I Hy T B 6% O SRR 7 19 1A 22 5 LA 2 B £ B
B A B AN F2P B0, B9 S b B 420 A i R
BRI Ry S50, 38 & A — SE ) g A K 0 R0 B B R
Az T A BB A0 L (B RR-T1) o X 284 2% AR K
FON B R A LA N B2 A R Y gdf 9 ik KT
wWiRE,

G bk iR O B AL A cypl9ala FHEAE
TEALANN AT B 5 G T 40 i € R P450
F5 T A, IR 45 A R AR S Ry
ek am oA e H e A R op
2 P R BT R W] cypl9ala ik PR
o GIEE A0 v 5P B Y A ST b T T R O BE 40
BCABTBCR B AWESE & B, 4 W 8 g ON Hirh
cypl9ala Fik KPR T B G 19 Hoe T %, 31X 7T #g

2 H T I B9 S e OB 200 i A i) 208 Y6 40 i 4k
TRE R, ARE M K 58 3%, cypl9ala £ KK F-
BAL. NS A3 7 A, mEgop8id cypl9ala
FRKPE BT, X A RE S OF 41 A Ah 8
2 L J2 AN T HG B RN A3 AR AR G . 10 ) I8 I, v i B
S5 B Y6 0 M G ke A UK 4 i RS 40 i
G BE 240 i v B R BN, A R Bl 90 T A
Ao OB AR R T I R R T S
{9010 I B HLh cypl9ala ik i L
W, AT RE 5 B Y 5L rp B v A RN AR R 8
HKo

P ) K % £ (anti-Miillerian hormone,
AMH) , PR ) [ 4 i) %) ( Miillerian inhibiting
substance ,MIS) , /& TGF-B HZK w2 . 1E W
AP, AMH i 5 e E I i A IR YR
A6 0 AR T A N A T . R o
amh 75 9P 5HUKE 5L b AR 38 , AT BE 5 MR 411k
FE R & B ad AR OG0 Amh 1 2 58 5
Amh TT 57 f& ( Amhr I1 ) 4 5, 7 5 76 0 28 M IR
AR T R R B s R R R, A
IR IT N i 4 i3 12 7 8%, B DR S 91k
KE PG RRE, amh F1 amhrll 5K 355 7K 1)
AR AL, 43 HIAE 7 H A 10 H % 1 3R 38
e U o AR SIS T I SE R B, amh F1 amhrll 3
DA 76 B SE A R A0 R S e iR . M4 H )T
AW, B EE O 5§ amh F1 amhrll K35 2 B E T
e, X AT RE S BT O B 20 A A0 IR U A B2 Y A3 Ak
SIS, MAE 10 3B, wEE amh F amhrll
23K = i 5 00 S F F IR s 4, #2785 Amh
G5l RES 5 LD 515 WS gh i .
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The initial ovarian development and the expression of
some related genes in ricefield eel, Monopterus albus

HE Zhi"?, LI Yixue', ZHANG Biyu', ZHANG Weimin,' ZHANG Lihong'"
(1. School of Life Sciences,Sun Yat-sen University ,Guangzhou 510275, China;
2. College of Animal Science and Technology ,Sichuan Agricultural University,Ya’ an 625014, China)

Abstract; The initial ovarian development of ricefield eel Monopterus albus raised under laboratory
conditions was investigated with histological analysis, and the expression of gdf 9 ( growth differentiation
factor 9) , cypl9ala( P-450 aromatase ) , amh ( anti-Miillerian hormone ) and amhrII( anti-Miillerian hormone
type II receptor) was analyzed with Real-time PCR assay. From the age of 4 months to 9 months, the oocytes
in the ovary of juvenile ricefield eel remained in the primary growth stage, and the basophilic Balbiani’ s
vitelline bodies( Bb) increased in number at the beginning , then decreased,and Bb’ s shape changed from dot
at first to large cluster,then to small cluster. At the age of 10 months,the oocytes in the ovary of the juvenile
ricefield eel entered the secondary growth stage,with the appearance of cortical alveoli in the cytoplasm and
the differentiation of the somatic cells around the oocyte into granulosa and theca cells, and Bb either
disappeared or degenerated to dot, indicating that the ovarian puberty of the juvenile ricefield eel was
initiated. At the age of 12 months, the ovary of the ricefield eel was filled with late-vitellogenic oocytes
containing migratory or disintegrated germinal vesicles, and reached maturity. The expression of gdf 9 was
high and did not vary significantly from the age of 4 to 12 months, suggesting its indispensable roles in
ovarian development during this period. The expression levels of amh,amhrll, and cypl9ala increased in
ricefield eels at the age of 4 to 7 months,but decreased at 8 months. However, the expression of these genes
increased at the age of 10 months, coinciding with the initiation of puberty. Taken together, the results of
present study indicated that juvenile ricefield eels initiated ovarian pubertal development at the age of ten
months,and might reach ovarian maturation at the age of one year. The expression of amh, amhrll, and
cypl9ala might play important roles in the initiation of ovarian puberty.
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Plate The histology of initial ovarian development in ricefield eel

1. age of four months( October) ; 2. age of five months( November) ; 3. age of six months( December) ; 4. age of seven months( January
of next year) ; 5. age of eight months( February of next year) ; 6. age of nine months( March of next year) ; 7. age of ten months( April of
next year) ; 8. higher magnification of the boxed area in Plate-7; 9. age of months( May of next year) ; 10. higher magnification of the
boxed area in Plate-9; 11. age of twelve months(June of next year) ; 12. the higher magnification of the boxed area in Plate-11.

Bb. Balbiani’ s body; Fc. follicle cell; Nu. nucleus; PNO. perinucleolus phase oocytes; CAO. cortical alveolus stage oocytes; PGO.
primary growth stage oocytes; Gc. granulosa cell; Tc. theca cell; Zp. zona pellucida; Ca. cortical alveolus; Gv. germinal vesicle. Scale

bar =20 wm except where specifically designated.
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