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TR B R A ) 48T AR ATz (D

WEET 0 BB O BosE ) SR
HHE ) BT

WS 2 9549 H 27 H 5 #2ZHIgI - 954 11 H 20

L

TN RIS PE R Ry — PR B AUY)FE (monomorphic species ) » fESMRA Zh o3 PR TERENER] > Fy=isk
TEPHEE RS PE R R EAEED » AR S 2 8 DNA (random amplified polymorphic DNA,
RAPD) Z3#r 751k » DATERBE 3 22 By o 2 Ak T o2 L A 5 BT 35 P B 7 R B R AT 2l
DNA HEFTHEREEACIRET « 25—FEEBLL 6 2 6 RSN R EGE e DNA 7ERfiihi - FL6EH 220 #H
SAGH T RAPD 5[ FHETT/0AT - S m o M il e e AL » M Al SRETR 220 FHEAZE RS |
T 5]F#1 AE03 (5'- CATAgAgCgg -3') friEHZ PCR EY Y 670 bp DNA J B Ryl 14
HRBERFEI B AE R R BIRAE R o 55 TSRy - FEDLT [ R ABO3 ST A2 584 (28

HFEREVIE > HEMERE 100% (58/58)  FERIFTAARHIMENE RN KRS PCR A& DNA frEgrfug R
£ 670 bp DNA 7Bt - MAEFTE SRR EEPEIRINER R FENIAE - 35 RAPD 5] 7-f AE03 m]{ERyla /3%
i T -

BB - SRPNARCRHE ~ R TENE DNA ~ MERHIEE -

s

FFZ B Ry T A RIREE H AT R RS AR TP R LRy - G SN RIE RS
M (F) Bt~ M (F) B -~ BRI - —iiS - MBS EIEI A ARy EiY e s
FIORE LA Zyln o3 eV B PR R S PR B (sexual monomorphism ) Ej¥7) » AR KHEE (He er
al., 2005) » BEZXAPEHE (Amazona guildingii ) (Russello and Amato, 2001 ) K #EF} Cranes ( Grus

(D Tk EZ e TR AEAB e RSG5 1348 5% -
Q) TR REET B O F R B E M TR -

G) TTHRbE 2 B & w5 A R B P A B -

W ITHEREZEGTER BT L EREMEY -
) BITZHF HBH KB R AER -

(6) EFMEF ° E-mail: 1in0429 @mail.tlri.gov.tw
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canadensis) JSHEE 5 MIEHMRIERE ARG 5 W o3 H e B e 1 f W R A Ry 1 80 (sexual
dimorphism ) B » AT ~ FLAERFNGSE - SR RSERERNGIE S S LR A8 » K9E—F
SREAE RS R ERE O NEL B PR MR - SIS EEERTE R (Griffiths er al., 1998) o (KL » Fok—
2 VST NER DRI e apray s S Sl NI S O

ESEME R E B2 ER P e - 1zt iEe50Y (Z chromosome-linked ) DMRT1 (double
sex and mab-3 related transcription factor 1) JE[KIER WLt FEEEE4AY (W chromosome-linked ) PKCIW
(protein kinase C inhibitor ) J&[X] (Ellegren, 2001; Hu ef al., 2005 ) » FEFHBAHBHHESE (polymerase
chain reaction, PCR ) SR RS T k—ERARRY J73% » Ttoh er al. (2001) REHHTERIINEREAE
ZEAYHAY DNA > BITRTHEffE S 3T 20 S8 AL AR L BE - EFT PCR 8852 BRI IRy 75 L T R A pk il
#% » D'Costa and Petitte (1998 ) &g HiS I AN RIRY A K FEELK FEFIUIR (5 H 2D 15
F4 /572 5 Duan and Fuerst (2001) DL CSL 5| FkIhhdE a4y » Clinton ef al. (2001) Rkl
Mg T ST HE A M B AR T -

IR DNA BB 2 2 HEME (random amplified polymorphic DNA, RAPD ) 4347 7 4% H]
H—Z R (10bp) FylF » LA & DNA Rt » R ATV T (relaxed stringency )
HETT PCR B HE » SR 2 B DNA FrBefFfy DNA $5H] (fingerprint )  HfR I —3&EHEEE
KER S |1 T LABASA DNA FEF & WA A By - ANERAE 85 [RGB 77 M R - if B
HIBEBEA/ N (BEGRE) 1aE - ST LIS EL A Bk - A EHE SR IR E EHH AR - &8s [T
Dz SR - KRR DNA FrB it A IE - RS e A (F15, 1999) -
RAPD WY HEFT A AT iE 485 (Welsh and McClelland, 1990; Williams et al., 1990 ) - ig SbE {22
HEATHSRE S BB A IR S A SR E e - HEDUEEMAERC (dominant markers ) &
{8 (Waugh and Powell, 1992) « Levin et al. (1993) WH| LS FE MG OBV FASRLERT - AGAEE
J&F RAPD 1473553 BT N S R B TG B B 1 DNA > DAZEEN'7 S8 S R B P 3 e o Py i (AT -
PR IO B A S R R B

MFERTTIA

1. R
ARSI BRI B AR P 0 RAPD SIS » WOHS R BB B S
FTBBE I AR RIS () -
(i) BB © SRR RIEIEHIEEN RAPD S -
SR FRUONTF I US89 ELASR SRS VIR RN B R B 6 23 6 % » 36 1215 -
G ) BB~ © FERIHI R BRI HISRER RAPD SRR -
SIFTICHY R4 58 12 (28 73 30 %) WA DNA A -

I $RIM 5 DNA (Z#HY

(1) RN R IE AR IR R SEIMAERI0.5~1.0 ml » B A SHURRIMAZ FRIMAE TR AR FEDNA
BNV
(ii) DIPRs# DNA ZEHEERL (IsoQuick, Microprobe, USA ) #5HY DNA # - FEHZIEAG A AGH & TE
RV - FAIFDEELE®ET (Pharmacia LKB, England ) #lI%E DNA R0 & Fi#E
ERIRIE Ry 25~35 ng/ 1 1} PCR [JELZ AR (template ) »
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II. PCR ) JfE

(i) F&EBe— @ FIHI 220 MRS Ry 10 bp BE R HEEEM S |7 (Operon Technologies, Inc.,
USA) » DL 6 SEHEMEEL 6 MMM R RIE . fEHe DNA MUk tiitl - FIF Taq BAEGAETT
PCR » AW AEHGRTR 25 1 10 IR h & R8s © 10 mM Tris-HC1 (pH 8.3) »
50 mM KCI ~ 2 mM MgCI2 ~ 0.001% gelatin ~ 100 gz M each of dATP, dCTP, dGTP, and
dTTP ~ 5 pM primer ~ 200~300 ng of genomic DNA J 0.5 units of Tag DNA polymerase
(Boehringer Mannheim, Germany, BM ) - PCR iz e /& DL H Bf#2054#% (Perkin Elmer Cetus,
Thermal Cycler, USA ) #1T » RAPD-PCR | e .2 &4k 8% (denature) @ 94°C 1 43
## ~ B (annealing) : 36°C 1 /3##MAEER (extension) @ 72°C 2 43 » SEEET T45(E S
BRIIE » BB IRFFE 4°C -

(if) B © FIFELE R 10 bp (AEREHFTNE AE03 K4S T (Operon, USA) » AE03 b
5IFIFFRS'- CATAgAgCgg -3' > LARAL 3235 58 S K DNABEAS b SRR E T TPCR
SEHE » PCR [HE S B —HT -

IV. Bk T

PCR MZEVIHETT 1.5 % ISHEREIBHSEEIKSHT » i 0.5X ;2 TBE ( Tris-boric acid-EDTA ) buffer
Ry PEVKARTERRK > BEVK BRI Ry 1S0IRKF - FEIKIREAT Ky 3.5~4.0/ N} » BEVKSERL Z B HE € ethidium bromide
Betttk - FIFI4RIME (Spectroline, USA) #%¢ RAPD f5EH] - filfiFH (Spectroline, USA ) FLERASH
PR A

R

FIFH RAPD J73E 50 AN B K 6 24 6 REYY DNA ££4 > 7E 220 78 Operon 10 bp LTS [T
FHFTSZFRENT - 4 95.5% (210/220) F5[f# A5 E% DNA FrBGEY) (R 1) Hrbm i
HZReME DNA FrBeys 14 55.5% (122/220) fi (K 2) - XAEFHgiE L2 RAPD $5E - SEI4Y
A 8.6 (1,806/210) f6& PCR W) » 1] DNA Jr Bt R EEBRELHIE Ky 0.3-3.0 kb » 4347 210 5 [+
FHFTEE AR RAPD $5E] » Hrpfg — 265 [-FHH SRR KRS DNA frE .2 DNA Fr Bl tHIFRITURE (
1) > SS—HARTE A EE R A 2 R (& 2) o MREEAES [P BgiE (i 2 Re 1 DNA Bl
EHEMERE < BN LS 34T #8815 |0 AEO03 Frhgfig iy 670 bp 2R84 DNA Fr B WU B AEME
PEAE S DNA - it {E s DNA RIMEELRF S0 DNA g (18 3) » 80R5 7/ AE03 ] RER Fyile
R R T A ) 8 o P AR -

R FHAE— A HERE S [ T-HHAEO3 2 25 nlVE Ry W B R BE 1 IS E rs (EASERT - (R - PR bAE &
B HHBINERHE 58 4 (28 22 30 1)) IMEE DNA 17 RAPD 4347 » fenlll G it e PR
NI KB DNA 5 m] 8 H—{5 670 bp LRI EME DNA R B » iiifErh 2 AL B » DU5 [ AEO3
Sy BT E R SR R RS 2 PR B B R ME R 5E W) - e MERESR Ry 100% (58/58) 5 BHRG [ T
AE03 AJ{E Ry S R e 1 8 12 o AT, -

SR L HE M IS SE A AR T iR E 28 5% (Griffiths and Tiwari, 1993; Griffiths ez al., 1998; Ito
et al., 2001; Russello and Amato, 2001 ) » FHAFER RAPD MY 5 EAFEHEE A EIENK FE (control
reactions ) 5| AR (Clinton, 1994; Clinton ef al., 2001 ) » #.3{ PCR (nested PCR) i [RH|E#30])
SRHERR. » IKIE R —fi 55 7708 HLHERERIARIN /71 - W85 (1996) 58I RAPD 5[+ AAL6 Rl AT
MBI E NGRS R 520 DNA Frgt - 5 [ AAL4 JIA]E A HERE REE R 541 DNA JE¢ 5 Bello and
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F 1. AEG[FERRNERHS DNA A8tz PCR EY)

Table 1. Information of PCR products amplified with different random primers in Australian Black Swan

o | Number of Number of Length of
prigieerfﬁi ts amp.liﬁable ‘ DNA DNA Unamplifiable primers
primers fragments fragment (kb)

AA01~AA20 15 5~12 0.45~2.60  AA04, AAO5, AAO6, AA13, AA20
ABO1~AB20 20 3~16 0.40~2.70
ACO1~AC20 18 1~12 0.30~2.70  ACl16,AC18
ADO01~AD20 19 6~21 0.40~3.00  ADO07
AEO01~AE20 20 4~12 0.30~2.30
AF01~AF20 20 5~15 0.40~2.60
AGO1~AG20 20 1~16 0.35~2.60
AHO1~AH20 19 2~15 0.30~2.60  AHO07
AIO1~AI20 19 4~16 0.40~2.60  AIl5
AJO1~AJ20 20 6~17 0.40~2.60
AJO1~AJ20 20 6~17 0.40~2.60

! Primer kits (10 bp) from Operon Technologies, Inc., USA.

2. fEPINRRHE DNA ] ISR RENE RAPD B 5T
Table 2. Primer kits yield polymorphic bands in Australian Black Swan

Operon primer Kits' Primers yielding polymorphic bands
AAO1~AA20 AA-01, 02, 03, 07, 08, 10, 11, 12, 14, 17, 18, 19
ABO01~AB20 AB-01, 04, 05, 08, 09, 10, 11, 12, 18, 19
ACO01~AC20 AC-02, 05,09, 12, 13, 14,17, 19
ADO1~AD20 AD-01, 02, 03, 06, 12, 13, 14, 15, 16, 19, 20
AEO01~AE20 AE-01, 02, 03, 04, 05, 06, 09, 10, 11, 12, 16, 18, 19
AF01~AF20 AF-02, 04, 05, 07, 09, 10, 12, 13, 14, 15, 16, 17, 20
AGO1~AG20 AG-01, 03, 04, 09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20
AHO1~AH20 AH-01, 02, 06, 09, 11, 13, 14, 15, 18, 19, 20

AIO1~AI20 AlI-01, 02, 05, 06, 08, 09, 16, 17, 20
AJO1~AJ20 AJ-02, 03, 04, 05, 06, 09, 11, 16, 17, 18
AKO1~AK20 AK-01, 03, 04, 03, 06, 09, 13, 14, 15, 18, 20

! Primer kits (10 bp) from Operon Technologies, Inc., USA.
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Sanchez (1999) F|fi] RAPD 5|7 D10 $3IEE &5 : k% (2001) JEFI RAPD 5]1- AB14 AJFE4:
FIFE S TG R &R 541 DNA Frit » Huang eral. (2003) FEFIRAPD 5[ AE06 AT MfEHGTFF ¥ 1E DNA
F31 > AR5 (2003) JER] RAPDG |- AI0S nlZE“EHEMIREE R HEME DNA FrBt « He eral. (2005) 7R

JEF RISt | CHD1 (chromo-helicase-DNA-binding 1) FE[KIF751)28 fee s B R BB A 737429
PRI E TTk -

bp 1 M2 3 45678 9101112M  bp

—=t1 1111111032 B 1500

L. LI5[ AD04 (5'- gTAggCCTCA - 3') 1R BRI AR FHFIAURE . RAPD $5E] © 1~6
HEVEBRINERRSE - 7~ 12 RoMEMERPNE RS - M DNA 737 A/MERC »
Fig. 1. The RAPD fingerprint polymorphisms of Australian Black Swan amplified with Operon primer

ADO4 (5'- gTAggCCTCA -3'). Lanes 1~6 were males and lanes 7~12 were females of Australian
Black Swan. M represented molecular size markers.

pp M123456789101112M bp

2. D57 AD15 (5'- TTTgCCCCgT -3') FEM R RIEHEBIH ZREM: 2 RAPD 5E] » 1~6 Ryl
VRN RSE - 7~12 Ty VRN LRSS - M ¢ DNA 737 K/MERD - BT s Fy B A%

fy DNA J7B °
Fig. 2. The polymorphic RAPD fingerprint of Australian Black Swan amplified with Operon primer AD06
(5'- TTTgCCCCgT -3'). Lanes 1~6 were males and lanes 7~12 were females of Australian Black

Swan. M represented molecular size markers. The band variation among swans was indicated by
black arrow.
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3. AFEPERIREENEERES DAS [ AE03 fgnlllfif3z RAPD $5E o Hirp 1~5 Bl 11 Ry B K HEHY
BfEPERHE - 6~10 B 12 Ty JEMERHG - M 1 DNA 731K/ MERC - JROUETEEATHRRY DNA FrEehy

BHE P VRN R KBS 1R s FE 7 DNA g -
Fig. 3. RAPD products amplified by AEO3 in different gender of Australian Black Swan. Lanes 1~5 and 11
were females and lanes 6~10 and 12 were males of Australian Black Swan. M represented molecular

size markers. The female-specific DNA fragments was indicated by black arrow.

VRNIR KB — P B B AU AR BT — R SRR (e S MBS Zh 6 73 1 eV SR M - RN
SORTEZ DB MG B 3% - HE R DUSCAS H S - 5 ST A 20 e 25 6 B R e 19
& (He et al., 2005 ) - SRR BEELFTA S A MEVE (A B SRR SN J s aT (a0 - EVE(EEEE
FHAREAERE N > IKLAERR L2 R OBl P A S o M o PP e v ) DA AR % A i e R
AR ETREA 72 AR W HH B R BERO P - SERESERTE M E TR T T o 24 - HUEER (R 8
R8> P E A Rl JE 52 i AR > HACIER 2 B eRE HRREIS T - AR ABa 8 I i e
MARRIENERRT AEO3 5 [ F-HHATRC SR {16 — AR HE A S PR ML B 8 15 AT

At

ARBFSRITERE RS EL T 86 FRIEHL 91 AVHS TS PERESE MR A B - 3R]
T 7 AL 8 2 B R 5 0 B 5K 0 1 RSB G BF  T1F » 0— D
G -

SRR

MREEE ~ BIHRE ~ BT ~ TEJ01 - 1R - 53k - 2001 - i STEEMe I Her: DNA FrEfs
EZ53HT © SEEERTSE 34 (1) @ 79-87 -

MIEE ~ B ~ PG ~ 85K ~ St ~ =R ~ IR - 2003 - FEEMERISE TN RAPD 2
3o BAEMIFE 36 (1) & 53-60 °

W
it
[T
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AR ~ BIERES ~ BREH ~ St ~ WG o 1996 - KEERARIZRENE DNA 25347 - &AENTE 29
(4) @ 317-330 -

R ~ BiEE ~ Hiks o~ MEE - 35k o 1999 - FIFESEIE DNA S BT iaE -
He L SEAAAH B - rhHEfEE @R 186 © 89-98 -
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Genetic marker for sex identification of
Australian Black Swan ()

Der-Yuh Lin ®’ (®) Jui-Jane Liu ©’, Jo-Chin Chen (%,
Kuo-Chin Wu 9, Hsiu-Luan Chang >’ and Ming-Che Wu (*

Received : Sept. 27,2006 ; Accepted : Nov. 20, 2006

Abstract

To search for a sex identification candidate marker for the Australian black swan, a sexually monomorphic
species, whole blood DNAs of individual Australian black swan ( from Changhua Animal Propagation Station
of Livestock Research Institute, Council of Agriculture ) were analyzed by random amplified polymorphic
DNA (RAPD). In phase I, 220 different 10-mer primers of arbitrary sequence were used to screen twelve
Australian black swan (6 males and 6 females ). An RAPD marker ( AE03, 5'- CATAgAgCgg -3') demon-
strated high sensitivity and accuracy in gender diagnosis. A sex-specific DNA fragment (670 bp ) amplified
with primer AEO3 could be observed in the RAPD fingerprints of females only. The proof stage, phase 1I, AE03
was used to test other 58 birds (28 males and 30 females ) from the Station in Sep. 2001. Results showed that
it was 100% (58/58) accurate. The specific DNA fragment (670 bp ) amplified with primer AE03 could

therefore be a sex identification marker of the black swan.

Key words: Black Swan, Random amplified polymorphic DNA (RAPD ), Sexing.
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