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Fig. 1 Gonadal histology of 5-month-old ricefield eels of different sexual stages

A MEME (R K25 em, KT 13.4 g); B. A1 B (1A K25.5 cm, 75 H15.7 g); C. AP AR K26.5 cm, K5 16.5 g); D. HEME({EK27.5 cm,
RE17.1 g); Al. Bl. CIFIDIZAIMA. By CRIDEJTHEX IR OC. B BE4HA; BV. ML4; SPC. 4§ BE4HfE; SPG. K540 &l

FRJH100 pm

A. female (body length: 25 cm, body weight: 13.4 g); B. early intersexual stage (body length: 25.5 cm, body weight: 15.7 g); C. mid-
intersexual stage (body length: 26.5 cm, body weight: 16.5 g); D. male (body length: 27.5 cm, body weight: 17.1 g). A1, B1, C1, and D1 are
the higher magnification of the boxed areas in A, B, C, and D, respectively. OC. oocyte; BV. blood vessel; SPC. spermatocyte; SPG.

spermatogonia. Scale bar=100 pm
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Tab. 1 Sex ratios of ricefield eels at different ages

A WM Female [A]1EIntersex HEPEMale
EibAge (FE)Number A ftb ¥oE (S HoE Slb

of samples () Ratio (&) Ratio () Ratio
No. (%) No. (%) No. (%)
5H5-
month- 30 20 66.7 4 13.3 6 200
old
12H12-
month- 17 14 824 0 0 3 17.6
old
34 34-
month- 94 74 787 12 128 8 8.5
old

T [ P A 5 T e, B 0 R4 L 1 40 B A
T LA JE S 23 e 2 40 A% T W22 21 B S5 () PCNA
oS I HEAS 5 (B 6B 1)k, 438 5L 1) A FE #E rp A H B
B R IPCNASIE (55 . IXEEPCNARIE(E 5 3 E
Sy AR FARE PR A0 A, A — 2R IR 4 e,
— I A T A L, LA R A0 B AN R SR BRA
Hu(E 6B2).

T[] A 6 A 5 2 i o, SR AR R0 AR bR AL
PCNAG (55 (B 6C1), 38 1) A 548 o ml AN ]
KB W B AR TE A M, RS R 20 B R A kG
REAH A B B [ PCNA S %45 5 (] 6C2), 4> 115

B2 12 RSB AS FIVE LIRS M IR R 45 1
Fig. 2 Gonadal histology of 12-month-old ricefield eels of
different sexual stages

A BEPE(AA2T em, 1K 13.5 g); B. MEVE(1A K23 om, A TE9 g);
ATMIB17> 39 ARIB B 75 HEDCIR KUK GL. 231 AE; BV. L
SPC. A% BE4HAE; SPG. K& 5 4HA; K45 RN 100 pm

A. female (body length: 27 cm, body weight: 13.5 g); B. male
(body length: 23 cm, body weight: 9 g). Al and B1 are higher
magnification of the boxed areas in A and B, respectively. GL.
gonadal lamellaes; BV. blood vessel; SPC. spermatocyte; SPG.
spermatogonia. Scale bar=100 pm

FEREN (B 5B2).
23 HEHEEMETEEPMEBREPCNAGREHEHLALE
S

Xof [A] — B SE AR AN [F) R 8 M B i v i gk AT
PCNA G 2H UL 2255 M, 45 AR A, 75 91 3 K A
T O LR OB P 4 B A% S L AR JE R 4 DE
40 B A B B PCNA S RS 5 (K 6A1);
G B o AR B R AR AN AN ) 4 AR R A A% B
PCNA G PS5 (] 6A2).

3 34 AU B A R VAR SR IR 4544
Fig. 3 Gonadal histology of 34-month-old ricefield eels of

different sexual stages

A, MEPE(HK34.5 om, 14 5528.6 g); B. [AIPE(14426 cm, A5£19.9 g);
C. HEVE(PR 134 cm, /£ H24.9 g); A1, BIAI CINA. BRICKTS
HE X4 BOK; GL. ZEF6A; SPC. K BFAML; SPG. A% R 40 fifL; ST.
K574, B RR 9100 pm

A. female (body length: 34.5 cm, weight: 28.6 g); B. intersex
(body length: 26 cm, body weight: 19.9 g); C. male (body length:
34 cm, body weight: 24.9 g). A1, B1 and C1 are higher magnifi-
cation of the boxed areas in A, B and C, respectively. GL. gonadal
lamellaes; SPC. spermatocyte; SPG. spermatogonia; ST.
spermatid; Scale bar=100 pm
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Fig. 4 The relationship between sex, body weight, and body length of ricefield eels at different ages

8 o |
Bl S 2534 7 w4 st 1) M MR 2R R 45 M 70 BR B 1A H AT % L
Fig. 5 Tracing for gonadal changes of two 34-month-old ricefield eels in a one-month period
PR SV A AR B AR U, A 30 )y JEHE B 5, AFIB 43 ) A 38 B A, JHL 5 T 18 AT A7 50 0 R A [ R EURE
R, VA URRERE R, 228530 RIFER . Al A2’ . BUAIB2 43 IHAL. A2, BIFIB2H S AEX ISR . FREEA S2I0FFaRmT g bl
PE(44£29.5 om, 4 # 16.3 g), 30dJ5 75 AMETE (14430 cm, 1A #16.8 g); FEEBILIG IR NMEME (A K32 om, 14 526.2 g), 30d/5 2K B
AR K33.5 cm, 7R 529.5 g); OC. YNEFAL; GL. A= 5848, LC. 18] 540, SPC. FEFHMAL; SPG. K JEANM. 5/ 9100 um

The gonadal tissues were collected by biopsy technique, and the paraffin embedded tissues were sectioned for HE staining. A and B

B1

represent two different individual ricefield eels, respectively, and the arabic numerals behind represent different sampling time, with 1 for the
first day and 2 for the 30" day. A1’, A2’, B1’ and B2’ are higher magnification of the boxed areas in A1, A2, B1, and B2, respectively. A
was female on the first day (body length: 29.5 cm, body weight: 16.3 g), and remained as female until the 30" day (body length: 30 cm, body
weight: 16.8 g). B was female on the first day (body length: 32 cm, weight: 26.2 g), and developed into intersex on the 30" day (body length:
33.5 cm, body weight: 29.5 g). OC. oocyte; GL. gonadal lamellaes; LC. leydig cell; SPC. spermatocyte; SPG. spermatogonia. Scale bar=100 pm
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Fig. 6 PCNA immunohistochemistry in gonads of ricefield eels during sex change

34 i BN R PR A PO HERR VI F 265 5 — HU(PCNA BB 470 M —i(EliVision' ™ Superik 71 65) K S J5, FIDAB L (. Bt HE LA
PBSIUEPCNABUMA, HARHEAE B0 AL MEVER BL(AKA31 em, A H25.3 g); B. (A PE SR B (K K315 om, 14 527.9 g); C. [AITERE
BB B (kK32 om, 16 829.7 g); D. BAVEXT R, MERRALZUS B Al Bl CIRIDIAMHZA. B, CHIDH xR EITHERCK, A2, B2,
C2AID24M A2 A By CRIDHRSE R [ 7 HEBUK; NU. 4ifid%; DO. SE 4k 1 YR BEAT A GC. BURI40; LC. A1 41 f; SPCL. A1k BE4N
fii; SPCIL RS BEATA; SPG. K IR AT AL 454100 pm

The gonadal sections of a 34-month-old ricefield eel at different sexual stages were immunoreacted with the primary antibody (PCNA mouse
monoclonal antibody) and the secondary antibody (EliVisionTM Super kit), visualized by DAB chromogen, and photographed by a Nikon
microscope (E800, Nikon, Japan). In the negative control, PBS was used in place of PCNA mouse monoclonal antibody. A. female stage
(body length: 31 cm, body weight: 25.3 g); B. early intersexual stage (body length: 31.5 cm, body weight: 27.9 g); C. late intersexual stage
(body length: 32 cm, body weight: 29.7 g); D. negative control with the same gonadal tissue as B. A1, B1, C1 and D1 are higher
magnification of the black-line boxed areas in A, B, C and D, respectively. A2, B2, C2 and D2 are higher magnification of the white-line
boxed areas in A, B, C and D, respectively. NU. nucleus; DO. degenerate oocyte; GC. granulosa cell; LC. leydig cell; SPCI. primary
spermatocyte; SPCII. secondary spermatocyte; SPG. spermatogonia. Scale bar=100 pm



2 3 I RREE: R O B A ) 1 e AR 393

Eb 2 A FFRIE 22/ RT T 154

FESZIG S FEHE IS H s 12 7 W A134 7 04 i)
il o #RA — 8 LA (AN R P ) PR A4, SR BATE )
— AN P SR R AR R MR E . KB
b2 o B35 B ) b T Y, e
BEMIR2EZ A A, BHELE A4 F 88 58 M 3%
AR BITEAT A SRR A0 N REE? 63X AN )@, H
R €16 . £ R E SR B 40 R 4R 168k Fl
THA A T T A R I HE R TR AN, 4R
TEVE . (B, ARSI 55 A 3 4% 97 i 8 4F 1) v i, LAk
RRATS Kb T TR PR B (B R 7R o X SEAN [F I 9L 2
) B fi P ) 5 A W4 5% R I 22 R T R A TR Dl S 7R
fi £E A7 A BE AN [ BT B, 170 [ — B A o o A R M
AR EERS ) 25 ST B Hh oA IR 2 v ™

BRAERE A, BB ) 5 4 K56 Bt e ™Y
55 H AR 7R, AHE FLR A, 755 H RS 134 H i85 3%
fige oy ) R AN A P A R K. AES IR
F134 % o o () B e N AN AR K 43 A
24.5F126.5 cm, Ll 42 10 30 FH 151 A0 JE 8 o, 1
AR (I SR K30 em™! PR B s b X A I
FAK:20 em!”, T 5 R A R [X T i 4 A
Il AR K (40.0 cm ) ZE R K. SHBEHX
P AR I A K (16 om 78 49) I 2 B8R K
T AN [R] My [X B M 1 AR I SR K 2 R AT RE S T
TE DX 38 1R 26 B RN S5 25 AR A O, AIRER FE HBIX, S i
KRB B, AR, R R, A
(TR SRR 3T N,

ASHIE T HT LS ()12 F s 55 5 (1 R B R K L
S H /N, XAl BE S T X b 6 A5 7 H W R AR
P, IR HIE T I R, B B AR KA 2 3
HEYm . 55347 WM EERR, 12 31
T (1) I P A MM DS, 5 B e 12 ) A
i i AN A /) B Ji IR EH AT AN 2 - Chanfll Phil-
lips'"" 84 #5387 — 1 /NN PR 0 1 3 6 ) 858 b B )
Y S, A B AR S AL B, HEME A
(EIMEPE R BOAR A o DRI, P S /N AN f M 0 2 2
AP AR I, AR S R ) o
32 FONHIEMEEERM TV R RN

BIF 5838 30 R, M S ) M AR R AR 2
— R Z R B N AR R R
IIMT T SRE6 B N A2 P Bl 4 T 2R T B A R AR
wE MR R BARDL. TR RE R, BE KRB
EEAT PR BRI G B TEAT N . RIS R, S
A 5 5L F M P 3 L N T R X
SIG 2 N FRBE A ME T 8 2 BT AAS P8R, AT g
TENFRBEFAAANE S ONAEGE . RS

YIF 45 R0, 7E944634 H ik #titrh ) 5 1246 [a) v
AME, (5 EE12.8%; 30465 8 s it b, 7 445 e PE A
&, 5 EE13.3%, X Ee gl WAEIR, METE T B A 20 5=
YUt FE AT LR AE R AR . AN, AW 365%
34 H W5 MEVE S R R R E AT T ERER SR, R
16.7% 1) 3 g7 X — PR R 2 Hp R AR IR AR, i —
SO, 77 ON AN M1 T A R AR B D
H1.

it H AR AR R BERLR T, v 65 5= U g PR
A5 (R W 5 5 B Chan AT Phillips! T 196 74 4% H
(1. {EJE, BIE19634F, Liem ™ M # 6 52 F& 51 i 4k
H IR BELN T 5 FRAE, 55304 H BURE RS A& B0 A M AN
B St AN A, 58364 H B HURE & B MEPE L 18] 14
IR P 5 N o ELZ:, 28 ST U B IX EE30 H
W T T) P s R R AESEIG S N T PR Rk AR,
I, ASBE A7 B I AR S 15 2 e PR A AR A
o FE20044F, FIRK 20 H0AE, PR00 R M 6% 2
1A ERFRE A 11 %M AR A 6] . Xl gh
BT St r= o 5 R AN —8. H
R, Z B PR AL IX S PR G A 77 M 5 11 A ) 2
SRR EE B, WA 1 S IX Ee PR IE oK 7= i i
FEBWIAME BN, 2 B 275 S & = o it e,
R, V8 ST V8 3 70 35 A % < o fi 7= B J5 Pk 4%
AR IR AR R

HB2, W T 6 7= B i 2 5 e N 8] 1 B B
B ERREEMN. FKESEP R, O 0
TE 58 AE R MEPE EL AT 5 51.1%. DRI, M 3 fie
7= ORI R SRR S B A AR I R SR G EK

T EEVER AR TS R H BT AN 2. W FER A,
IR 85% [R] 2R il 58 R A 2 S A0 A 5 2 i) £ 5 1 )
Yo ALY, RO R RS T R
J5£ 75 5 1 SIS 1 A RD AL 24T i 5 O e () A £ 2%
AR R AR L 7 M 20 A B A S A
B A, B R S R o T 5 3 R A AR
HEPER . TR, A G TR 2R R I % 1 2 i
AR ) SRIAB A3 — 2P R
33 EEBEERARERLMEMN

WA B, 7))@ & 68 B i 2 PAE g 1 HoAA e e
JaHE PR FE AR I G, IX Fo £ () 1 A 2 R R, B iR
AR (A MEPE I B B B M) R R M
e (OME 22 PEEEAS 2 B b ) ™ s YROR PRI £
15 SR A O S g A A b o ok, DRI R BN
A AR 2 SRR TR I RS SR o e

TE T E AN R, A2 15 A7 T A 1 PR 2 T e A
HoFR A BT 5. Liem " H0#, 7R H. Dk
B Ey ok B RN H A 4 1 SR A A R O IR DR



394 K& A& Y ¥ 45 %

FAEHEYE, MAEENE JEPE V. 5% . H ASUda River#fll
Hh ] G 1 B A R RO R e . 5
FEINACEE Ji7 e PR 1 — 5, T B i i PR PR B
2 O A7 AE, HH A S I R0 I 422 9 2 1 4 4 2
ZIMIRR, 4585 A o — 50 SRk, PIIS6
— ARG, 0 S RN R B R T OO M
T S 55 TRDORE SLOR BE 1 B SR R 4 4, SRR I O
B RS SR SRS 2, R 1) e U A 1 2 [a) A7)
AEAE, (] RETERE SR AT ThAg

ChanfIPhillips' #38 T #&#s A 7 40 [X f)
e S A 2P g R R, —Fh N full-cord, 55 —FlN
half-cord. Bl & BN A T8 RE 78 W K SN, T e &
R HL /N AT ZE AR B AR YA . RS Liem 4l
B full-cord s 5 ) 35 6 Sy [ 5 P 14, {2 I P 4
PIALT- 5k Z 3B, B JyChan M Phillips! 78 30 1 3%
A #2 i half-cord Fl full-cord A Fi ki 5278 i35 45+
HALfZ R

AW FCAES H 08 AT 12 H 04 o sk o 40 I A
&, H BN 17.6%F120.0%, HLBlERET . 448
YIR o Hr 2R B, 3 SE R PE M ARG S i A AR IR 1k
T BF B B, (L fige ) 25 4 b 5 B SR AL, BT 2464
TERE, 2L A e — AN A ) X 5 Liem™
BT IR 1 o Rk MR MR SR EE AN R . R, AR
T FCHEN X £65 H § F112 H 5% M 3 0] B S il
T PEFAR BT = AR 1, LM AR R AR AR U0 B R B L
BrEt. 48, B—Mlae et A g 2 AR, BIIX
YL s U AT 12 H W e 2 5 2 i R MR ) e AR )
FE 12 U8 I e 1 e, AN AR 1 T AR DS,
OHE A e A A T P 1) 1 AR P e AR e R R AN R O N AR
WAREAAFAET & o 01 S I i 2 o 1 1
P, A KRR AEAESIEERL, mMh
Liem"™ " Hii ik fry o s J5 0 ek MgV AR ). PRIk, o [
AR B A R A ATAE S R MEREVEAT) 75— DR .
34 EEBEUHETIEPEEADMBNASE

i i M OME 1 A0 SR T A 1) 3 R S T R 1 B
S SN W A A B B i R R L e
AR 3ok FE A B 5 R S 2 25 A 40 o R AR B A P 1) 4
BH o o 5 RS B A 4 A A0 A B 4 B A E T R R AR
FE P, LA 1 1 SR 40 B (Gonocyte) 78 ME P4 B Bk
EAFTE, TR AR FF AR, X So P IR 4 B G 4, 7= ARG
JR 40 D, [RIE ] SR 40 et 44k & &, T i Leydig 4
Fat ™, A i v L R A R e, A
Tt 5 0 00 %5 381) 1 Al A A B 400 6 6 A TR 4 i A
FEREAN MG, Aok SL0a) R 40 . 3 4 i) Joid 4 o 2 B [
T, Yt SRRk A, SAZIEAHAR, FE7E TAS /N g2 )Y,
%, BT 8k = A0 G0 M ) 0 7 Fid, 2 fE ] P

U e T L R S R TR BT 4 S ) S
FRIE A M A 40 M AR 2 2 b B A i 7 B, i i
P T AT SO i 2 23 A i 2 A A ATH AR AN AT

HA%E 41 M9 4% P I (Proliferating Cell Nuclear An-
tigen, fii#RPCNA)Z HAZ 4 IDNA & BT 4 75 1) —
Pz, EA R R R A & B R se v, E
FIE 2 R AL G h gl s B A b ™
W e e A 0738, A 7O, TR MR
RN R 1 A 8 5 1 I P PCN A SR G P AT . K
BEPCNA G V& VEAS 540 A7 78 B s O SR 8] 1 5 31
A R P BN 200 e, ) A G B0 P A D 20 o ) 2%
A E 20 10 S5 A GE A M, K O SR b S o3 0k 40
X5 b T A i 2 LA 2 R ) MG B e 0 A —
B, HE— PR OR T WAL PCNASU A T T4 b7 3
M 11 I 4 AL S B

T[] A L A M 1 i P 2E T R o, Bols D 2
FHIHI) NG BEAH AL N PCN A G 2 BH A4 41, K S 18] o 48
MU A PCNA G SHEAS 5 o 7ESRIMTEEENEL AR
TSR 1 it 4 A 2y, K LI o 4 i e SR AR o
IPCNA (5517, X el FARTR, K 5510 5 240
T MRS 5 40 i 1) 38 B PT RE 5 o A AR 1) S B
PIRHOGo AH A, 3 [A] J57 241 i AR [ 40 B A IR AT
Bt — R TT. DR, o e A A R i ook
A 20 i R0 A B A0 LA OC o T AR IE R R, A
PCNA G2 2040 73 #r, 4 fe B8 47 M 45 75 0% ok Ak
2 A0 A T A0 P B Bh A AR A, A BT I B B e A
AR EHLE .

Bt

RIRIIPNCSe T pE e V= N N <
R X TR VR R AN RA IR A B S
e B e e TR B

BEHL:

[11 Li XY, Guil F. Diverse and variable sex determination
mechanisms in vertebrates [J]. Science China Life Sci-
ences, 2018, 61(12): 1503-1514.

[21 MeiJ, GuiJ F. Genetic basis and biotechnological mani-
pulation of sexual dimorphism and sex determination in
fish [J]. Science China Life Sciences, 2015, 58(2): 124-
136.

[31 Zhou L, GuiJ F. Jian-Kang Liu: A pioneer of sex deter-
mination studies in vertebrates [J]. Protein & Cell, 2016,
7(1): 1-3.

[4] Cheng HH, GuoY Q, Yu Q X, et al. The rice field eel as
a model system for vertebrate sexual development [J].
Cytogenetic and Genome Research, 2003, 101(3-4): 274-



2 BEA

AR AR O 5 e 1 P e AR

395

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2717.

Liu C K. Rudimentary hermaphroditism in the sym-
branchoid eel Monopterus javanensis [J]. Sinensia,
1944(15): 1-8.

Liem K F. Sex reversal as a natural process in the syn-
branchiform fish Monopterus albus [J]. Copeia, 1963(2):
303-312.

Chan S T H, Phillips J G. The structure of the gonad dur-
ing natural sex reversal in Monopterus albus (Pisces:
Teleostei) [J]. Journal of Zoology, 1967, 151(1): 129-141.
Chan S T H, Wai-Sum O, Tang F, et al. Biopsy studies on
the natural sex reversal in Monopterus albus (Pisces:
Teleostei) [J]. Zoological Journal of the Linnean Society,
1972(167): 415-421.

Liu J K, Gu G Y. Morphological changes in the gonad of
Monopterus during sex reversal [J]. Science, 1950(3): 91.
R e, T = f e A ) 06 P I 2 B AR 2H 2 23
[7]. Bk#, 1950(3): 91.]

Tao Y X, Lin H R. Studies on the natural sex reversal of
paddyfield eel, Monopterua albus [J]. Acta Hydrobiolo-
gica Sinica, 1991, 3(15): 274-278. [Fd WA, MRiG ok, Tl
HARTE S BT AL [J]. KA1, 1991, 3(15): 274-
278.]

Mei W X, Cao Y L, Li R L, et al. A preliminary observa-
tion on sex reversal of the mud eel Monopterua albus [J].
Journal of Zhejiang College of Fisheries, 1993, 12(1): 53-
58. [FMESCHE, N, ZEESTE, &, WEEMonopterus al-
busVEFEAR FIERT [T]. W KP= 258 254), 1993, 12(1):
53-58.]

Cheng C, Qu X C. Advances of sex reversal of Monopte-
rus albus [J]. Hunan Agricultural Sciences, 2010(1): 121-
124, [FR2R, H5E HL. SRBEVEIS AT FUt e (7). TR ALk
R, 2010(1): 121-124.]

Liu XY, Wang L C. The relationship between the sex and
age, body length, or body weight, and the histological
changes in gonadal tissues of the ricefield eel Monopte-
rus albus [J]. Freshwater Fisheries, 1987(6): 12-14. [XI]
ek, FRE. mEEEN SER. I, RESRRR
Jo AR BT 2R A (0] 1KLL, 1987(6): 12-14.]
Wang L C, Liu X Y, Yan J B, et al. Study on relation-
ships among biological parameters of the ricefield eel,
Monopterus albus [J]. Transactions of the Chinese Ichth-
yological Society, 1985(4): 147-153. [ B i, X&), &l
KA, 5. PEREY) IR R RIBTA (7). 285185
£, 1985(4): 147-153.]

Bravo R, Celis J E. A search for differential polypeptide
synthesis throughout the cell cycle of HeLa cells [J]. Cell
Biology, 1980, 84(3): 795-802.

Bravo R, Fey S J, Bellatin J, et al. Identification of a nuc-
lear and of a cytoplasmic polypeptide whose relative pro-
portions are sensitive to changes in the rate of cell proli-
feration [J]. Experimental Cell Research, 1981, 136(2):
311-319.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Mazzoni T, Lo Nostro F, Antoneli F, et al. Action of the
metalloproteinases in gonadal remodeling during sex re-
versal in the sequential hermaphroditism of the teleostei
fish Synbranchus marmoratus (Synbranchiformes: Syn-
branchidae) [J]. Cells, 2018, 7(5): 34.

Lin C J, Wu G C, Dufour S, et al. Activation of the brain-
pituitary-gonadotropic axis in the black porgy Acanthopa-
grus schlegelii during gonadal differentiation and testis
development and effect of estradiol treatment [J]. Gene-
ral and Comparative Endocrinology, 2019(281): 17-29.
He Z,Li Y X, Zhang B Y, et al. The initial ovarian deve-
lopment and the expression of some related genes in rice-
field eel, Monopterus albus [J]. Journal of Fisheries of
China, 2013, 37(4): 536-544. [ %, 24K F, sk 3840, 25,
TS G AR B A A RIE K FRAL ST (3], 7K
224k, 2013, 37(4): 536-544.]

Tang F. A study on the relationship between steroid hor-
mones and natural sex reversal in the ricefield eel, Mono-
pterus albus [D]. Hongkong: the University of Hong
Kong, 1972: 68-69.

Zhou Q B, Zhang Y P, Li X H, et al. A preliminary study
on the relationship between body length, body weight and
sex ratio of ricefield eels in Poyang Lake [J]. Freshwater
Fisheries, 2004, 34(4): 24-26. [FAk A1, 5K #HE, =911k,
S ORHW X s iSRG, A 5 HOCRVIBHTR [J].
WKL, 2004, 34(4): 24-26.]

Wang W B, Zeng B P, Luo Y S, et al. On relationship
between body length, body weight and sex of Monopte-
rus albus in Dongting Lake basin [J]. Journal of Hunan
Agricultural University (Natural Sciences), 2008, 34(4):
469-473. [E3CH, AR, BRI, 55 I K2 M) X 3 %
SR RARERICR [J]. WIE AR KRB A F
22hR), 2008, 34(4): 469-473.]

Lun F, Li Z, Lin W, ef al. Study on the total body length,
body weight and gonadal development of the ricefield eel,
Monopterus albus [J]. Heilongjiang Animal Science and
Veterinary Medicine, 2018(11): 215-217,259. [{& %, 2=
U, AR, &5, s A, MREE SRR AR IIRTAE ).
TeVL B M, 2018(11): 215-217,259.]

Chen L L, Xiao Y M, Liu Y. A report about the new de-
velopment of gonad in Monopterus albus [J). Acta Hydro-
biologica Sinica, 2006, 30(5): 621-624. [FRENF, & Mg,
RIH. it — Pl iR A B B B AR OUARAE [7]. KA
2441, 2006, 30(5): 621-624.]

Xiao Y M, Chen L L, Cheng S, et al. Transformation of
the germ stem cells in the gonad development of sex re-
versal in Monopterus albus [J]. Journal of Molecular Cell
Biology, 2007(3): 196-204. [ A%, BRUNAD, BRAA, 2.
T M8 4 T 0 A AR O A B R A R R R AR AL [T,
I TFARAYIZER, 2007(3): 196-204.]

Devlin R H, Nagahama Y. Sex determination and sex dif-
ferentiation in fish: an overview of genetic, physiological,
and environmental influences [J]. Aquaculture, 2002,


https://doi.org/10.3724/SP.J.1231.2013.38468
https://doi.org/10.3724/SP.J.1231.2013.38468
https://doi.org/10.3969/j.issn.1000-6907.2004.04.008
https://doi.org/10.3321/j.issn:1000-3207.2006.05.019
https://doi.org/10.3321/j.issn:1000-3207.2006.05.019
https://doi.org/10.3724/SP.J.1231.2013.38468
https://doi.org/10.3724/SP.J.1231.2013.38468
https://doi.org/10.3969/j.issn.1000-6907.2004.04.008
https://doi.org/10.3321/j.issn:1000-3207.2006.05.019
https://doi.org/10.3321/j.issn:1000-3207.2006.05.019

396 K& A& Y ¥ 45 %

208(3-4): 191-364. genesis and changes in testicular structure during the re-
[27] Stelkens R B, Wedekind C. Environmental sex reversal, productive cycle in Cichlasoma dimerus (Teleostei, Perci-
trojan sex genes, and sex ratio adjustment: conditions and formes) [J]. Acta Zoologica, 2011, 93(3): 338-350.
population consequences [J]. Molecular Ecology, 2010, [32] Tomanek M, Chronowska E. Immunohistochemical locali-
19(4): 627-646. zation of proliferating cell nuclear antigen (PCNA) in the
[28] Goikoetxea A, Todd E V, Gemmell N J. Stress and sex: pig ovary [J]. Folia Histochemica et Cytobiologica, 2006,
does cortisol mediate sex change in fish [J]? Reproduc- 44(4): 269-274.
tion, 2017, 154(6): R149—-R160. [33] Quagio-Grassiotto I, Grier H G, Mazzoni T S, et al.
[29] Chen J, Peng C, Yu Z, et al. The administration of Activity of the ovarian germinal epithelium in the fresh-
cortisol induces female-to-male sex change in the proto- water catfish, Pimelodus maculatus (Teleostei: Ostario-
gynous orange-spotted grouper, Epinephelus coioides [J]. physi: Siluriformes): germline cysts, follicle formation
Frontiers in Endocrinology, 2020(11): 12. and oocyte development [J]. Journal of Morphology,
[30] Liem K F. Geographical and taxonomic variation in the 2011, 272(11): 1290-1306.
pattern of natural sex reversal in the teleost fish order [34] Guzman J M, Luckenbach J A, Yamamoto Y, et al. Ex-
Synbranchiformes [J]. Zoological Journal of the Linnean pression profiles of fish-regulated ovarian genes during
Society, 1968(156): 225-238. oogenesis in Coho salmon [J]. PLoS One, 2014, 9(12):
[31] Vézquez G R, Cufia R H D, Meijide F J, et al. Spermato- ell4176.

NATURAL SEX CHANGE OF THE “VIRGIN” FEMALE RICEFIELD EEL
MONOPTERUS ALBUS

FAN Miao', YANG Wei', SUN Shu', LI Zhong™’, ZHANG Li-Hong' and ZHANG Wei-Min'

(1. Institute of Aquatic Economic Animals, School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China;
2. Zhongshan Industrial Breeding Base of Ricefield Eels, Xiantao 433012, China; 3. Yangtze River Fisheries
Research Institute of Chinese Academy, Fishery Sciences, Wuhan 430223, China)

Abstract: Ricefield eel (Monopterus albus Zuiew) is a protogynous hermaphrodite teleost that naturally undergoes a
sex change from a functional female to a functional male through on intersexual phase, and it is becoming an important
aquaculture species in China. It is generally believed that the sexual change of ricefield eels occurs after spawning,
which may be one of the major obstacles in the massive artificial breeding of this species. In order to investigate whether
spawning is necessary for the process of female to male sexual change, we performed routine hematoxylin-eosin stain-
ing on gonads of ricefield eels of different ages raised in laboratory from fertilized eggs or larvae, traced the gonadal
developmental changes of 34-month-old female ricefield eels in a one-month period through biopsy examination, and
examined the proliferation of gonadal cells with Proliferating cell nuclear antigen (PCNA) immunohistochemistry in
gonads of ricefield eels at different sexual stages. No spawning activities or reproductive behaviors of experimental
ricefield eels were observed during the study. The results showed that the intersexual and/or male fish in 5-month-old,
12-month-old (1-year-old), and 34-month-old (3-year-old) ricefield eels, were 4 (12.5%) of intersexual and 6 (20.0%)
of male observed in total 30 of 5-month-old fish, 0 of intersexual and 3 (17.6%) of male in total 17 of 12-month-old (1-
year-old) fish, and 12 (12.8%) of intersexual and 8 (8.5%) of male in total 94 of 34-month-old (3-year-old) fish, re-
spectively. In addition, in 36 female ricefield eels of 34 months old, 6 females (16.7%) started sexual change and de-
veloped into intersexual stages within one month. Obvious PCNA immunostaining were observed in the connective tis-
sues of gonadal lamellaes at the initial intersexual stage, and PCNA positive cells are presumably the interstitial cells,
spermatogonia, and primary spermatocytes. Collectively, the present study suggest that spawning is not a necessary
process for female to male sexual change in ricefield eels, and the earliest event for gonadal sex change seems to in-
volve the proliferation of interstitial cells and spermatogonia in connective tissues of thickened gonadal lamellaes. This
study helps to further understand and unravel mechanisms underlying the natural sex change of ricefield eels.

Key words: Ricefield eel Monopterus albus Zuiew; Sexual change; Gonadal histology; Biopsy; Proliferating cell
nuclear antigen (PCNA)



