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Abstract

In culture, there is a certain gap between males and females in the growth rate, individual size and
body color. The earlier discrimination of males and females will increase the productivity of koi,
reduce the cost of breeding and speed up the development of koi industry. In this experiment, the
method of discrimination of males and females in the early development stage of koi was studied.
Through the determination and data analysis of estriol, testosterone and vitellogenin in koi, the
earliest time to distinguish the sex between male and female of koi seedlings was determined. And
determining which substances are more suitable for discrimination of male and female koi. This
experiment is mainly aimed at the fact that by appearance it is difficult to distinguish between
male and female juvenile fish at the period of body length 10~20 cm. The most active androgen
testosterone and estrogen in Carpio were detected by ELISA reagent, and the vitellogenin ex-
tracted from blood samples was detected. According to the results, male and female koi can be ac-
curately identified by ELISA experiment at about 20 cm. It was found that when the body length of
20 cm and weight of 100 g, the E2 content of estriol in koi reached the maximum of 30 ng/L, while
the content of testosterone T was in a relatively stable stage to 70 ng/L, which was the best time to
distinguish male and female by measuring and analyzing the content of sex hormone. The deter-
mination method of vitellogenin is not suitable for identifying koi sex whose body length is under
20 cm. This method of Distinguishing male and female is applied to Koi carp and can greatly bene-
fit the economic performance of Koi carp farm.
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1. BY

ik

R (Cyprinus carpio haematopterus) {4325 b J& THREEWAN, 6 H, #EFH(Cyprinidae) [1], KHA%
BRE. ORFE . L, MAMKED, BA RGNS ThRME, W AMEM IR E K,
Hafs i KR E SO HA, X T FREEA . EHRKEAR AR AR WA T4 A . E 4
BEFETEAT I R JRIGE, 767 AR, bifg. bt 4 2 KRR IR, SR ISR,
WAHER) VIR AKEA, AR A  L K FE .

P 2 R R O P R, PR ) R B T ORI, GRS R IR B R E . R
I T ot P, O A R AR RO A P A A B R S5 A A T R B AN B = 50%~100%, T R A B 4
WMEAL B 6 AT A s MR v SR R PR 7, DRI AE &)y IR S0 o i R e 0 ) R AT R S M S

2. MMEHE
2.1 HEtEE

SEIGNEE N 30 cm BATR, WREZAN R TS R (0 TV 20 U MERE B fa 8 o 45 T A = AN A R AE KB B
PRI FETE IR & REALIE S 5 4, N 1. 2. 34H, AR5 &ERERABIkRic N AL B. C. D. E.
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FI MS222 Fg f iR . FEZETINNIERKIRREER, #E o)L, SMELh RS shRes, WA Uk,
Ui B O TR B RRIRRCR BRI 0 28 5 il ey 7 P R TR /A B X 8 AL B N AR AR,
FHURRMIF IS . 4 BN AR R EGRA S SRR, JHEMIREER L, 7T BoA Rosb i i
PO E Gefbify o R ML AT 5 fh R ADT A0 KA R K LR 3~4 ml, N T 32 BT MR i i ) 8 00 o
PR 72 A 18 1 R I T R 5 VA SR 7K g 25 R AR

BB D E TN K G I B T KRR RIRAR O iz, BB =R BT 4COKAT, 1£ 48 /pIFA
SERME "L SRR AN N B R AR E e

22. EWAE

2.2.1. HEERESZ

1) HBBER 2 ml FE I, IINKEEOESY, BMERD WA, 50s NEMT, EMTH
OV I N BB A 5 R I

2) IIAPUEGRI(EDTA. BEEREN. JFE . MIBKEREN), 1% 1.9 (PUBER: IUFE), FEVK b2 INek 2 st i
FAAT 2, DASD /SRR 0 I B 1 095 e (R DA B P P SR 4E) s

3) WO R B S LT B LT BRI B B B0L), I ES.OLTE 4°C, B h 2500 rpm
EOBTIRE N 5 min, HEATESC, BRSO ST LIS, SRS A NI DUGE (14 )

4) B ETEBCT AR, lbs S o 0 RRAF A, 7E 2°C~8°C i B ] LU B IR AF4) 24~48 /N
fE20°CHE TR, AIRERMF LA H: —T0°CHRERM T, " ERAF 6 N H . SLI0HT 7 Z— i,
IR it 75728 0 .

2.2.2. ELISA &%

ELISA BPEEIC G W B sss, JREE: ERPimediE, REMANFEEY, Bl PR sk S ek
W B AR R S A [2), PR B R e B, RN R B OD H SRR A, T )
BERDAI, BT DS AR

DAARHE 7K B R AL b, OD fE AR, TEARARAR L2 bRtk 2k, ARAEFE & ¥ OD {8 e b it ih
LR HARRL IR s gl LIRS B HG SURARIEIIIR B S OD MR 15 H bRt il 26 1 B 2R [R1 U5 5 F2 3K,
KAt OD EARN T FE, THE AR SIREE, FIRUMBME, RIARES bRk E .

L I A IR S SR A A A v M — % (Esstradiiol) L & SER(T) Y OD {&, BE—25 0 #7145 i
568 375 P O ME B DA R SR i T I 5 4 T A R A R R S 1 ] A5
AT R 5 P LA S M R 2 5 2 s e M () AR R B B
2.2.3. EERRME

f I YR TR R TEME RO E A R R (0 B4R M R, R ML R ) — R S B R R . B
TR R B MR AEIR Bk G S, 8 N IETE R B 9 91 REAH M R ORATE UF BESH AR P T/ AR 0P 35 25 0L, B0
TR AR O PRGSO B WIET AR R ER R 1, TR S LR R A

YN B AR (SR IR V2 S BRI I AN R T R S A 1 DA RO G s i . AR
365 SR FH ) 5 B A R e M B 1 5 BT

ARV R AR BB A 2l 1 7 v 0 2 1 B U R (T CA) UL » R RBRAE i B I ) R 1
orf, AHRERBGE SRR AR B PRI E TR AN E RS 2. BONSRSE R A R A
RFaE, wonT LA TEHUBE & RN OV R K = .

FTEATLAR ) 52 3%, 3k FEH BRAR )5 i 45 & OB ARIRR 1 DA IG5 (B FH ORI ) 3R S e AR i, 55 1)
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FEAL BRI bR #EVE MR EL ]3]
R
1) FEESCE Iy 100 mL/L 1) TCA L mL & 4 mi IiERES, BT UKE 0°Cit R (10 /Ni);
2) TEw B OHLE L (2 1600 r/min) 10 min, #2% EIEW;
3) HI 50 mL/L TCA 7£ 90°C (KA INHAR)IEE 30 min Wi G, 1F 4 HEKEHITE.0 10 min, FEE

TH

4) ¥ OWE - EA Ol CEE(RAR L 1:2:2) - TN - 2K IS GEUiE), B E B, 7k
I

5) i A 1 mL %A 5 mol/L ff) NaOH, .0/ %5 5T 110°CH KR 2 h;

6) A5 KA JE IFER A A LL G, AN 1 mL R EEDY 5 mol/L (¥ HCI A AT, FEANA 4 mL & (i f
AMAGER . K LEEE ITCHIFH 2h;
7) FE GG 780 pm K AL EE .

2.3. WHIEHIER

231 FFEWAER

JFZAAPREL 0.1 g, 05 mil A AR BR SR KK LV R, B RSV MOk 52 0 2800 HA7/ml, B 50 ul B3
WRIE LA, ATCABTEE A 3 ml 2 fq . 25 [ — RBSO T BAZ R 2 I & BN 2 A =4
oS8
2.3.2. BERMEHISE

1 4 3 mol/L H2S04, 2 13 78487K, 1 4y 25 o/L R, 1 4 100 g/L LI ML 2 18 L A9 Ks 55y iR &
BRI IS BT BD Al

2.33. IIERBERRERR

To/KBE IR — S8 (7E 105°CF 4 12 h J5) 0.4394 g T 1000 mL 75 &N ZE 1 /K A&, I 5 mol/L H2S04
10 mL JFEZ o BNVKFGRAT, BRI EN 0.1 g/l LA IS 7E 100 mL 25 S h W B R AN R IR B2, T )ity
JZ.

3. BES S
3.1. SCIE¥IE

T TS0 45 S W (0 40 B T DA B HEAT ELISA 5258, WE R VR RS, OB EEE m S B
AR, WeRE R ERR AT G AT SC IR M . SRR AR . IR SEERVROR FE (B Rk B AN e
RO e FEE A B I FE A L 1~3,

Table 1. Body length, body weight, testosterone absorbance and concentration, absorbance and concentration of Estradiol in
Group A of Cyprinus carpio

F 1 SR8 ABK. RE. ZEROLE KRB BRI IRSCE RIRE

A4 Al A2 A3 A4 A5
K cm 16 19.5 16.5 115 135

A g 455 78.8 46.5 41.7 28.1
T W 't & {E.(450 nm) 0.631 0.731 0.641 0.29 0.443
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Continued
T W (ng/L) 82.15 70.60 80.84 269.37 120.79
E2 T R AT AR E R R Y B 0.085 0.134 0.101 0.11 0.133
E2 W% ¥ £ (450 nm) 0.425 0.67 0.505 0.55 0.665

W (ng/L) 19.09 32.52 23.14 25.52 32.20

Table 2. Body length, body weight, testosterone absorbance and concentration, and absorbance and concentration of estriol
in group B of Cyprinus carpio
2. $REE BAAMRK, (RE. ZFIIRGCE RIREFIME —BEROR S E KR E

B4 B1 B2 B3 B4 B5
4 em 18 19 19 15.5 18

fAHE g 87.2 103.4 108.1 72 711

T W' B {8 (450 nm) 0.65 0.63 0.53 0.78 0.73

T W (ng/L) 79.57 81.76 98.16 65.95 70.10

E2 T P AT AR BE R R Y B 0.178 0.072 0.119 0.11 0.11

E2 W' B 18 (450 nm) 0.89 0.36 0.595 0.58 0.49

W (ng/L) 50.37 15.85 28.02 27.17618 22.62

Table 3. Body length, body weight, testosterone absorbance and concentration, Absorbance and concentration of estradiol in
Group C of Cyprinus carpio
2 3. fREE CHAMMC, RE. EEIRLE RORE FIlE — RERYIRSLE RORE

cH4 C1 c2 C3 c4 C5 S ¥

A& cm 29.5 245 26 27 27 26.8
1A g 336.4 243.2 256.1 260 280 275.14

T W % {2,450 nm) 0.58 0.656 0.756 0.643 0.741 0.677

T WE (ng/L) 88.20 78.94 68.16 80.58 69.61 72.24

E2 T B TAE VR B R B 0.065 0.079 0.064 0.082 0.059
E2 W AF (450 nm) 0.325 0.395 0.32 0.41 0.295 0.349
WS (ng/L) 14.09 17.59 13.83 18.34 12.54 15.28
3.2. WA

iz SPSS HfF A ELISAcalc BUAFREAT FAM BB /AN B 10 M, SERAVR -5 WO AR AR O A% L]
1, MERE B2 ¥R SO AR R R A 4.

3.2.1. Zif T BXEIEST
R HE S B0 I AF B v A 22l T AR SO MR R A — D e R &R
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Figure 1. Relationship between testosterone concentration and absorbance value
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Figure 2. Relationship between testosterone concentration and body length
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Figure 3. Relationship between testosterone concentration and body weight
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3.2.2. W= E HEEBIESH
Wi 4 fros, MR E2 MR STOLEE R A — N It R,
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Figure 4. Relationship between estradiol concentration and absorbance value
B4 BE_F E2RESHRAERNXR
MRAEE 5. 5] 6 AR E SHE TR E2 FR R T LLE H, METRRRE SR KRR KR E —Jum e
A, AEPRK 20 cm K HE 150 g |, WERERIRE ML — MBI BL R 20 om fA 150 g J5 HEL—A
Feflifa®h . 7EMK 20 cm 14 150 g 7oA I e HCHE I 2 ) dg AR 1]
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Figure 5. Relationship between estradiol concentration and body length
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Figure 6. Relationship between estradiol concentration and body weight
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3.2.3. BIERERFEXBIEIH

XTLSRRE R HEAT SRS R AR I, AL B IALRIRE & B LTFBE . C IR IS B A R R,
IR RO R A e . 2R R RO A RIS G A R, IR HAREUM
WEATIR,  HeSI8J7 T AT IR i P9 (0 90 B8R 1 S AT G 0 4

4. BREVL
4.1 SEWERSFAREIE

) FH 52 T R e — T AT B 3 ) ) i A B Dy 20 em (310 R) A AT, P A YD 52 i 5 0 — R 1 5
WS e TR AN A T B SR SRR A I T v T AT BRI B B

SR IR N2 FRTAE A S, B IR AR K, AR AR SR AR, DU (R IR B 0.1~3
IR . RAEASITEARHI 2 0, FERTIRERAERT, SO MRS B MR, &0 5 S Bun &k
il b, FEUSH RS E AR, R E R AR, & NS RO R 2 [ 2R,
RATCIEM — N RRIXT . 2, HRR L Ik — RS 208 I RGAEAT 0 38 8 B s A,
s B A P B D SRR AR ) R, B AT IR LU BRI AERRAT T AT IR A T iR
A BRI T EEAT IR M, IR X 0 HH MERE .

4.2. REFRBRXERRES T

IR PES R R 2 B R MR E, SR MESR I BE R IR I R (S R BR [4]. kB
R LAV (GH), HEMEEER EI(T) 11-01 2 2 (11-KT), MErEEEME R (E2). MEER, LAk
R (P) 170-F2 2200 20B-XUER 220 . (EMEPE RO AR IR —Fh 5 BTEA R E A, INREN
JL, A P e A, D RN 11 T B 4l £ K8 SRR, i AT 8 A R i A AN TR/ E I [S],
FEARBREEAN A KO BB BO e AR A

4.2.1. EREROPE G AR AR 3R F1Z2 B3R (oestrogen)

TEFRBRIA G S R DA DU PP [ Wicas . MBS, Z20ER, IR R DT S [ I o P U
BB ME T EERIMERR ,  #0AE ER O R ORI 4 A R S R R, R e M AR S TR, SRR (7S
PEAEAR B E R OME B RIE TS . A SOMERCR I HT SR R, DR AR MM O A A 2
Y IIHEVERER 6] FEMEVE /MR b R ISCR LSRRI & o 22, MR B R A Py 2 T P AU 5
B 55 VAR B RIEAT NG DG . TEMEYEAN A S A H O 6L ORL £ P ORI 2 1D 28 [ R R T R
(progestergen), 17a-20B-XF2ZAHR, A 51 FF 47 R B0 AL B 5 RRN 23 A 1P 22 B, AN 17 a-F2 28, 7E i
(TR P A R R 25 28 2 R Bl B i K

TE AR ARV R U0 S D2 T DA AR, PR AR MR S T DU T O, X Lk — AN IE
SGE L RS0 R E o BFUONMEBE MR A B R P2, 7R 444 (1 PR 2 TR A7
TR BENE M BRI RTRDD R, TEMETER R N DR — @ B . B SAMRAEKRE T
TER, TEMEMESR SRR N & B m T RIS M ME, 75— @R S MM LR M AR

TES IR N A BRI B BT FLAT LA AS TR, B LATE 40 f e 0 A 00 e 2 o A o) i i 4y £
(R 28 R S B AT A
422 BERBESRNERR

TEFRBE ARG Sirh, R RIRERT L= AR 2 AR IER b B T I 3R D S I T VA 3 U8 3 (T
NS . SEEA LA R 11-50 5B ), o BOAVEBRAOE R Oy 11 R, 115 S A At A £ 2
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R TR BRI R« AE LAl A AR, MEfAR N 2 AR 2R, R N R ) S R
BB FIESE

RN (RS 58 o U AT MR R R R B, MR ER 3 B el EEAPE A PAY ) B SR 400 P 0 2 P Py HL A L 2R
YRR . AT AR EURE AR B R o P ME R I A SR ¥ 20 HTME T K PR B0 i e 0
ATFRIA, AR (K Lt B DR B B A . 220 AT IR DA N P A PAY F e IS B A T
SN R [7] 0 53— A L UL B, I AT DL I K PR S5 N I 4 P R FL AR B A R BRI
B T, T e 37 ] MR AP DA E R RTINS R RE D FLATME P £ 3 WA N K IR A ME
RIS NG IR IRIE, ARAIR, e R b 15 e — i 5 7% By it AN TEE fr (A Y

4.2.3. MMEEENIPEEQR

YRR (A —FIRBERE R A, m T REA8]. MR ANMAR RS, 75 PS4 140 bl
WU T . DR IR A RN R B RSy, BN, AR S HAR R E IR .

MR H AT T, U AR R A i s A A, R P B B AR R A S AR Y B
TR R A R3] KBS I HESh A AN B B PR IR 3 2R R AR IEA B R, I8 D8 i sh ) R —F
YEEE AR IR ARIE, R T2 BN VD 2R (1 U0 3 2R 1 5 B O BRI P S R EA G R, R T SR
TR U] E R4 A KL TR P B R S BRI B B R . R4, SR O ER A, B AR R A 3 R R )
HEAE M R 0 B A A

SR P BN B AR R R AR A R, A RS IS S O, O Y RO R . R
SO P B, T O R R SR SR R R, A P I P O B AR R R A . TR R AT £
DKM O B R 6 R, SR SANAR A DhREAR A, XA Py 7= A 1A 0 3 3R 1 R R R F 261G, A P F B 2 2 R
FrER S o MR B A P I PP AR B RER R AR, PR (R E AT AT A R R AR R, RN
TEME “REAFAEROTEBL R, 22 BRI~ AL N s AR (R, RO N MR, R A P A AT T AR ACRY
FAR ORI B, R & — 8 S R AP TR R, & ) S5 A 5 11 e 3 S A )
YH SR R S AR ZE AN, T S £ U B AR R A T IR

4.3. $RER R HAMEERAI TR X

431 @wE~l LR

BT, TR ERE CEIF R BV T — € M. 7505 B IR BN RIK g X,
WKt JE SR TR IR A T s, AR R Db DU )1 TS AR G A R Y
WABTFIE K AL . FRAE ARSI &M &AL IR, T U RNRFRIEY, RERMARE, M
BRI NERECRAE, ) KO =AM X . REHX A X R R bS5 X ) — S92 5 3
TFRECK R 5 O TR AR 7 22 0 W 2 8], IR PP IRFEIAE KA AR | R ERTL = A N X #
P — LAV ) FR 5 Y, Reik B0E0E R E T UL AR &) & BT A it 2 A7 50K ) S 7
B[9].

4.3.2. MRS HFFE

PEOREERL 2, RELEIA TR R, MEMERAR, FEE RO A R b i MERE R I 4Ty, WERfE
MR B BB AR RE ,  PAEO0 R SEME LB e PRI . BARAE — S8 SR AR K Berh, %2
PREE RIS 2 B SRR e, (5L 5 R ) A A ORI AR v AN AR S MR Y 4, BT
FREREE T VEAER AR W, X T IREER YL, B A H(10 em~30 cm) AR 5 MR, A R
BY BRI EREE, WTRAMARTE . KB, MOEE. JEHR. HLIT. 2hVESEAM R REAT 4 S ) e A %5 7 [10]
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4.3.3. BRI BMEERRIKE N

WREREE ) 9 AN AE SR B R B A BB, A B SRR B R AR B . S SR MR A
ZIA, AR AR LR B AR T T AR 3 ORI X ) o 0 27 3 5 B ] B 22 () 28 5 IR A £ 5K
oy HEVER AR SR A T B LU MEVE TR 30% /5 A7, FRBE 4D AR A8 IR R A vk LI B SR B 1), AT L
IEAA, AR R, B AR [1L]: e AR, PRIERSE, EREE, SRR, Tl
(RI[12]: 2o A T 3R i A v X 0 T i, PR AR AR b, HLHC AR RO vl i e 1) 2~4
B8] T T I A MECL AN D AR f L BRI I R EAL TR, RORIR R T ARt . X BA AL 3
fixLetn e, B 7R EINRIE A MECL . A ML SR AN I R 77 T AT Fe R, I 7R R L i K &)y £ ik
ATMERERE A I REAT 20 M TR . AEFRFE DS W] DASEBL AR . b B tiEtL . AL, T DASR ) S0
e ) N1 28 B 400 T8 ey £ SR B 0 7 A o

4.3.4. P HMERIOARRE

FRERAEE A ST T — AR, A E A s R e R R A e BT LUE BT IR R eI
[ R[] [ 4T CReoal e HARRAT) RIS VISGTE, £ AR, QIR 2 STl 2% 8 R DK R kG 2
X B [ PR B A D HEAT I RIS, [, STJLAERIH A, . ik DL RGN S5 X 6 27 [3] 47 B R 3
BN o AHE N LR E 7 TR IE AR SEBE 1 40 1 B 50 REACREAT IR I A, AR A B0 1 FR5E
e 2Tt e B A SR B L B AR .

LRI AR L 2 Rl SR L B ANAT R MERE . BARXMBE N, —BNZ
SR B TR FE A BOAR N 5% B £ MR B30 5 ) it #0To ELRE T T B/ P i A S e b\ AT
MERRE S 0 R AR HE IR A o X T HREEC L — S SR bR, TR EEMCNEEATIRE ,  EMES ) R A R
S0 X ELE R 0 e AR SR T R R KSR o B i MR ) ) 7 AR L BRI T IR AR 2
AR F B H ATAS SR 5 AR BEAT A QIR TR G o A S 60 308 o P 0 A 00 14 75 20 6 )
HEF, RS w1 i MR 1 A E TR, X S e B 8 0 3842 /KPR 37 ) 2B 7 R B —
I E -

E&WE

T S AR AR W [F A1) 37 0 AR T H (6602418043); & AR M K 2 i F R SR A 0 5T O A ETE
(6602420119); [H 5 H AR K 4(32073029); ILZARE “— /KSR @4,

SE 3k

[1] ®EEs S DRI, SRR s CAPTE BB [D]: [-L2EArie ], B IRy, 2016.

[2] AEERZE. &5 P AR IR R I AT R BRI A SRR AR VL AT R [D]: (Wt 22 A i
3] TR TRMIREE, 2014,

[8]1 HMRIESR, XImed. MmER LB AR TIEIML TN TR ESEE B ARAL, 2006.
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