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W H3H - 11052 H 9 1 5 #2 0 : 1H04E8 H 23 [
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R SN B S T 0 W R B A M2 KB i (O (B T+ AR 11 4320
i AT T F 45 B TG 3 (EHER (BMgO ~ BMgl3 % BMgl6) - (1T IB %L 1 9% 302 - 304 JEF (L302¢23 -
L304g23) KRR/ BN RS (MDg12) 3537 - S65BT + AHIge 2 oMyt B e e R R B B 1A
6 % 8 (IR E T E AT S AR (PIC > 0.25) » ATHLMEATHY SO LIRS - TS EEBME 9 - 13 & 16 (AT
PSR BRI 3.2 R 3.0 (] ~ AN ERERLES O {RRF 0.406 AT 16 £ 0.340 TS BEEIESE 9
RIS 0.466 T 16 1% 0.420 » BB (BN + T (oSS (45 A AIER T IARURESS  (BEVARRRS
SERBERS RS YR E B RIS (L AR L - QBB - TR REREE 22 5 24 -
AR 1.6 % 1.7 TAEEERERE F 0358 (L304g23) M55 0.287 (MDgl2) T 5T
RERRE 5 0.352 (L304g23) » IR 0.315 (L302g23) - i 56 B 0300 » 11 43N 0 AT A7 3 1B PRI b
B RSB R B ST - R O G EISED - (O EFIERE | Pk APTO12 « APTO33 BISN » HLERHES
RSB EA BB - TR BB BRI 3 R R SRSl RGeS ERE
AR IEE - WA MBI REN S DU B ERU S BRI -

WA SRS © SRR © A - N -

i

FIOFEREREG  BE 17 HEEIAZE  SHRMIEEEEOEN - (FH BN AR TEH M
2P (FR# 1970 5 365 + 1996 ) - ZAFSERE 50 60 45k » AR (1 0 F0 0N - BB EISHE I - A
TR PR S W RIS R - 3| B RS R - BB O EISE R AIERD (% 1992) -
HTA B BB TE R Y S R 173 - RS BRI - (TRObAL S B B Sk BARFT ELFT53 FT ER 76 4R 9
RS IS B (T (HESE - 1993) » (155 8 (RBHAGIENESY By 15 (BISRIE - MEFR SRR SRR - TR
B 102 LR R 45 B T A6 RS - (LRI o R AT (TR A S s - 2013) -

BRI BRI A O B BIER | Y AR RE 73 AT B 80 1  HIFTEO
ST GRS BTE HST (RRBEIRIS AT ) WP 38 50608 (27 20~ 11 ) R 82 (R AR IR S0 ol
FEHIC 30 10 ST4 Sh 2 HEEE - TR 18 SEABI (325~ 1568 ) » Hhrb | /BT REOEASE 6 (URBHIRE - 58 0 (REE
8 (RERFE 10 M HRAIVEIR (R SIS L - 28 8 (RBHAG - LWRRR B MR A e by B ADVEI 0 - SRS
BRI S A% 2 IR P B (IR 55 13 (RIS 10 JBBSRUTE 53 IZE 4,137 2 2,536 ¢ - BLE % EIRUME 5
PRI 2 RT3 - N KR A (FTBSE B BRI » 2007) -

RBP4 B S TG+ TS TS (1 TSRt 1 BRES 13 (R SUST B VB 98 (Minimal disease
Muscovy duck, MD) 58§ » TEEE5 12 ~ 26 R 40 BRI - ML - T TR ST B @R B =BT T
TR/ B R BEVERT S5 UMM E - KRR MEATNS S - BT AMEEE (49 80% ) A-(F A TENE - AT A K
FRERHTH BRTE - B0 » LK/ NP S St - T TR e R A A SR BRI B
YRS » (B0 2014) » T SARAREE NS HEER AE B2 3,000 € () LU (5 » 2020) « /B B EEE

|

() TTE e Z B S A B AT Je E s 58 2677 55 -
Q) TTEbtREZ B g E T E T -

3) FHREBEHEMEYRHE A -

(4) #EN/EE > E-mail: yychang@mail.tlri.gov.tw ©
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Al R RERFAMEONE - BB EE /] R RRETHER » WEFESE 12 KFEGEES BIUERE - ETRE
Tl O o

A IS R F BRI N » B RAFEN - BinFEEMEE - RN SEE S K EEESES - BEMY T
TELPRE R A - BIRER ML WEEHIHE S 2T IR (FAO, 2012) « &f@syFiFacH @ il 2EEC R
HABEMPEZEYERE - 82 B8 - OB ERES - ZEMERE 288 &% 514 (Liu and Cordes, 2004;
Tamaki, 2007; Gemayel et al., 2010) » [&5Z &Y% BRIE & (#EFSE > 40 Sultana et al. (2017) JEFT 24 4A w200
Mot B K LAY MG A 28 {3 2 BB 1 5 Hariyono et al. (2019) RyilEENJE 8 BB R AE R A T IS FEATPriE RS - &
FH 22 4H e EAERC M HE SRR % © Zhang er al. (2019b) [ 12 4Hfdf 2T ECAER 21 & BIMSIHEAVE FiEgE - I
EEIGEFANAETTEE M (Marginal diversity) 7347 » DU Bh i ERE R AR ESTIEFE 5 Lai er al. (2020) HigE3E
WE PR 17 s 2400 » Win BIRA 7 AT - TR TSRS K O B IR B E 2L R R S A E
fHF -

NS ENS ATV R B LSBT R FE N F & 28 B 1S B9 e 2 IR0 R 18 73 47 (Zhang er al.,
2019b) » HEREMEARIEZIEIY © 40 Maak ez al. (2003) Z W95 » 1% 18 4HEEECH » (£4 11 ZHA MG © 3L Ahmadi
et al. (2007) W52 12 4HEEEC » (& 9 HA R EISIGIE - HEEREEMIAGE 2 SO ERER | — 48 - HArst
FISHHSE fE 2 AEsC AR SOBME—R - BAEA 4 48F75C (Stai and Hughes, 2003) © Fo#igtl o] fE A SR (o 2 16 25 (E R0
Z I E - A E A B IR RN AR A E 2 i 2 - AN R aBES ARSI 1140 > #70
GEREBENNE 9~ 13 RZ BB SORFHEERE ST - 45REUR 11 dHilfE 20 B B2 (5REE > 2015) - Ayfr
SRRSO E Ry A [F] B IS AR 8 (R4S RE T 98 R is AU EE N TR 2 w171 - ARWFTIERERR 11 4154 B Aac i
THAEBREERE 9~ 13 & 16 RSt UE ST - SET O aHBINEFEER/ EREIRSE 12 € - oaFHEER
1 5% 302 J 304 JFRe 2 mEHIE R & - fiAREHEEN S -

M T A

L HEEY)

BB R B 7 BT 2 LS BB 9 ~ 13 K 16 fUBERE (BMg9 ~ gl13 K gl6) ~ s/DEIm#EINES 12 UE
BE (MDgl2) ~ [ taEIE 25t 1 92 302 ~ 304 ERESS 23 4 (L302g23 ~ L304¢23) » H rft BMg9 ~ BMgl3 & MDgl2
7 FE R T Ry e it T &S (5R% » 2015 5 5R%F > 2018b ) « MR OHISFH RS EL 180 & » HE 8
RBHE - REETE R % R E RS B oy By 15 B R GE F i dn A fCfE o W5 9 ~ 13 K 16 RIEEH S B EF %
EWREN - % 1 & JHARERE 30 & - /D ERBEGHABEEREY 120 & - HEFRRROEHE
Mgl 1 9558 13 (% IEBFREEMRECTHE - B 2015 FAERIGTERE 12 IR EE S BIUEZRIE > bitakm i
BofE - REEE R ET HIEREE 2 A 5 &F > 328 & (B> 2015 ) - HEFWIEE 1 9% 302 ~ 304 EREEEE 23 (X
(L302g23 ~ L304g23) » JEEFEIE 57 HIKA 487 J 95 & » 1+ 2016 R AECHEMH & &8 1 A 1 &> WERE7 B
PRESOE ~27TE (£ 1)

AT K 2 Brstia s B sl AT B M s T > B2 (R - B N EBANESRREBTEIREEZE
e \E T E R o T E R IR R A N A (EEVEEI TS 105002 5% ) kB RIETT -

® 1 ERSIS S AR T E AT RIS AR

Table 1. Information of Muscovy duck populations using Tsaiya duck-derived microsatellite markers for genetic analysis

Population' Generation No. of drake No. of duck
BM 9 16 16

13 15 15

16 15 15
MD 12 8 20
L302 23 25 25
L304 23 14 13

BM: Wuyjie Black Muscovy; MD: minimal disease Muscovy duck; L302: White Muscovy LRI 1 L302 population; L304:
White Muscovy LRI 1 L304 population.
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1L fefd EAEEC i

BEE Rt EREhY) 2 SRR SR - (K EasyPure Genomic DNA mini kit (Bioman, Taiwan) £t &5
RGEEE (5REE 0 2016 ) HEFTENAH DNA 7 Z5HY » Frfq-AER4H DNA B A -20°C fR{EFHH -

{5 Pt B AR SO B 28 E #2306 (Hsiao er al., 2008) » FE{EH i Bk SE0G R BIS B A SR ENR 2
£ 5 APT001 - APT004 - APT008 ~ APT010 ~ APT012 ~ APT017 ~ APT020 ~ APT025 ~ APT026 ~ APT032 K7
APTO033 » 3% 11 4 - ST AT EREn 22 BT is 2 B4 DNA #17 PCR » H 2 fEAERSTE &y 10 pL » HpfE 50
ng TR ESR4H DNA ~ TEZ5[F% 0.2 uM ~ 1 X PCR buffer ~ 1.5 mM MgCl, ~ 0.2 mM dNTP & 0.375 U Tug DNA
polymerase (TAKARA Co., Japan) o Z JEf&{: Ry 94 CE M 10 5388 - FEZMEITLUTEIR 30 2K - A48 94°C 14 20
b~ 60°CE#RE 30 F0 fe 72°C A 30 70 » Fef% FELL 72°C ZEf 10 73 8% - PCR [ZfE{% » DA TBE &N ELH 1% HH5
BT T BB AEY) - POR FEIAC R R FEAE T, (GeneScan 500 Liz size standard) S8 & LA R HEAL -
[ o7 BL R BE BE E2 147 0y (National Center for Genome Medicine) 48 ABI 3730 241534713 (Applied Biosystems,
USA) 3 M HER] PCR EW R B A/ » BUS T R 4648 1% » F3 DA Peak Scanner v1.0 software (Applied Biosystems,
USA) A\ THEES M B sC 2 BEAA -

2. 11 43NS BARRCS [ Fe7 ~ SRERE AT EIR RS &S
Table 2. Primer sequences, annealing temperature and orthologous microsatellites in the duck genome scaffold of the 11
Tsaiya duck-derived microsatellite markers

Locus' Primer sequences (5' — 3") Ta (°C)* Duck genome scaffold no.’

F: GTCCCACTGGTTTGCTGTCC
APTO0I R: ACTACGCATGGCAGTGAGGTT 60 1,509

F: GGGCAGGAAAATCTCCTGAAT
APTO04 R: TCTCAGTGGCTGAGCGGTC 60 192

F: CAAAGAAATCCTAGAACATCATTCAAAT
APTO08 R: TCTTCTGGCTTTTCACCTTAGTTTAGTA 60 358

F: CACTCAGGCTTTTAGGTCCATTAATA
APTOI0 R: CATCTGAGAATGCACTTACTGTCAAA 60 1,199

APTO12 F: TTGAGCCTCAGGTTCTAAACTCCTA 60 S
R: TCATAACATTTCAGACCAGTTTTCAGA

F: TGGATGGACAGACGGGTGA
APTOTT R: TGGAAGTTTTGATTTCTAGTGCTTACA 60 481

F: TTCCAAGTTTGTCATGCCAATAGA
APTO20 R: CTGACCATGTTAGGGCGTTTTAG 60 197

F: TCCTAAGAAACGTTGCTTCATAGACC
APTO25 R: GAGTTAAGCTTCATCACTCTGTGACTG 60 121

F: CCCTGAAAGGCTGTTTTATATATCCA
APTO26 R: ATGTAAATAAAGTAGCCTTGCACGGT 60 477

F: TCACTTTCTTGACTCTCCTTGGTTT
APT032 R: TGACTTGAATTCTGTTCAGGATAAATG 60 45

APTO033 F: CTTCACCCTACCTCATAAGGAACTG 60 4
R: ATTCCAAATCTGCAAGGTGAGTATTA

! Hsiao et al. (2008), developed from Tsaiya duck.
* Annealing temperature.
’ The orthologous microsatellites in the duck genome scaffold.

1. 38 (8 BB R (A st b

FBReT R 2 B Rt AL o] A ME - AWHZEAIA Cervus 3.0 #ifS (Kalinowski er al., 2007) S HITHFTS:
FRAE R ER AR E H (Number of alleles, N,) ~ #H] (Observed heterozygosity, H,) B1HI Y B/E & (Expected
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heterozygosity, Hp) (Nei, 1978) R etz 2 &5 (Polymorphic information content, PIC) (Botstein ef al., 1980) » ifi
2L POPGENE 1.32 #%EE (Yeh et al., 1997) sTE A BN E H (Number of effective alleles, N,) 2575 {5588 B K7 3k
1T B S (Hardy-Weinberg equilibrium) £ 7€ (Guo and Thompson, 1992) o

FEEE ST ATER 435 F FSTAT 2.9.3 (Goudet, 2002) {{< Weir and Cockerham (1984) Flt#lts {5 Wright’s F-statistics 7
TEEfT A2 (%8 (Within-population inbreeding coefficient, Fi) BLEEE 7 LF5% (Population genetic differentiation, Fg;)
(Wright, 1965) DAGFAG R RIGEEEI M BAZE  SSARMFEHF4ETHES R /Y adegenet (1 TIHRE £ T 70
7 (Principal component analysis) il 4&[& (Jombart and Ahmed, 2011) » 530 STRUCTURE 2.3 #k#& (Pritchard et al.,
2000) HELTEFE AR 2 MEEHE AT - HETEFGEREE 5,000 2% 500,000 KATEEAY T EFEK (K =2 — 10) » & K
{H B HE RS 20 20 > A FI)F STRUCTURE HARVESTER v0.6.91 #2254, (Earl and vonHoldt, 2012) ¢ Evanno ;% (Evanno
et al., 2005) {5 B K 18 ( SYBERL ) DL « EHLRETBHAIRES L -

e RN B

it AL R

R RETRRE 2 B (H 2 BRI RSO o I - AHSERIA 11 403 EAT s BT A R BN 9~ 13 X 16
& (BMg9 ~ g13 J% g16) » f/ VI IRES 12 (£ (MDgl2) + [ (I Eit | 9F 302 - 304 JBRES 23 £k (L302g23 ~
L304g23) iEEH A > AR IS IERF L EUN F] 47 BB AR SEREREACEERE L2 2 7 - 5
BEREE 43 {XEER @ BERNEEEIE 2 5.8 (F (7R > 2018a) » JAHERINH GEIE 2 4.6 {E (5RE >
2016) ; AREERES Y 1.2 (APTO017) 2 3.9 (APT020) {E - ~FIgEREREER 2.2 [HABCTE AR - BUHE
ETRES L 0.107 (APTO01) F1 0.572 (APTO08 ~ APT025) » S5 0.340 5 HISE SUEE /1142 0.176 (APTO17) %] 0.745
(APT020) » V-3 By 0.477 - SEEMESE S B /7 0.168 (APTO17) %] 0.708 (APT020) » V-3 5 0.434 - £ 11 4%
WEMIT EF THE T EEELREN (PIC > 0.25) 5 AR OEIGE 7> (BMg9 » BMg13 & BMgl6) » A3
TREFERE ST 1.0 (APT010) 2 3.9 (APT020) il » “FI9EFEREERR 2.1 [HARAEEN - BUIEEE 7R
0.033 (APTO010) %] 0.707 (APT020) » S5 0.375 ; HAY SV /2 0.032 (APTO10) F 0.750 (APT020) » S84
0.443 - HEVERHEE 811774 0.032 (APTO10) ] 0.704 (APT020) » 525 0.393 « 11 4HAL TR I - 8 4T A
SRR (PIC > 0.25) 5 &S (MDgl2 ~ L302g23 Jz L304¢23) &7y » ARCEERE M 1.0 (APTO01)
% 2.4 (APT020) { - “FHYEBEAREER LT {EARCE AR - BUHEE /1Y 0 (APTO1) £ 0.602 (APT008)
TR 0.310 5 HISE SUERE/ A 0 (APT001) F1) 0.592 (APT026) » S84 0.353 » SZHEMEEHE S8/ 0 (APTO001)
F10.530 (APT026) » “F15 B 0.298 - 1F 11 4H{H A 220 | - & APT026 B & & % ReM: (PIC > 0.5) » 55 3 4HfZ3
(APTO001 ~ APT004 Jz APTO17) (A {REZREN: - ARCCRERNBEEENE (3.2 # ) ~ HEEE (2.8 {F ) MHix
KT - SRS > BaBERAeREEAT T ERRESEEREEE P EEE
B ESYREEED « SURTE It s 22 R M A Al nT RE R ES IR P 71 55 ik g [ FRh S @ I 2 28 8 B AE - ISR
AN TR HEE EIHSER (Primmer ef al., 1997) 5 X EGEEIEEINAH H 5 2 e ME IS B A [ 2~ IR AP =
B [SIEEC 2 ZRe M R E— MRS B A Fr#frll (Van Hooft er al., 1999) - HINEZE B RIEIRIT VP AE—
MAEEL TR > SRS E SR AR B RIS AL RIAR RSS2 33 4H W 25550 (Hsiao ef al., 2008) 1 > 11 4]
R EEIEIEIE I A RS (5RE » 2015) £ A BB IRERETEHS T AN EBIREAR > M
—H R IR A R RS HEGEERRT  SRE R EAE R R R M - A BRI
i 20 BRE T QI EL - AEREBINIERE T > 7A1F 6 2 8 L AT B2 EE LM (PIC > 0.25) » BRA
WHFELE 2 SRS i B AR T FE A R 1S 28 (45095 (Elston, 2005; Zhang et al., 2019a) -
HEESEESN

ALEREFRSHALQOEN RGBSR AR HAERE 3 Fir - ASGERERBAEEAHAER
RREFERFRRKE G - ERVBIFESEA A CEER - W5 9 (UF+A APT008 2 188 bp k& APT032 2
233 bp » APT020 4E 169 bp  APT033 4E 229 bp : 55 16 {2 APT010 4 192 bp 5 » {HiZ bt ESELRSER A %/ N
0.05 > JNE A REETEEERY) » 2R BUE OB - M 13 K5 16 A7E APTO012 B HIRE A —E
AR IRAVIET > (HE A HEEFRC AR S IEE - 555 9 {EFE1E APT012 SH/RIET
BRI 13 K 16 A{ERS FIRE B LS | TR G B R A 2EE - EEUNIRARM ~ ACF ARG (Hoffman and Amos,
2005) -
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HEHEISE T RO EREIS AT 11 45580 2250+ APT001 ~ APT004 5z APTO10 fif 25581 » 11 4%
S A =4HFEC (APTO08 ~ APT025 Jz APT026) H 3 {E DL EACE AN - tEIE & 1 952 302 K 304 R
A APTO01 JRfm25 a1 » 11 4HAEEC 4 B 4 45 (APT00S ~ APTO12 ~ APT025 £ APT026) K 2 4HfE 0 (APT008
Je APT026) H 3 {E DL FAZEER - s/ VR EIS Ao aBEEsl 1958 13 (0K - Br APT001 AT5E
o BEERTENAE 26 REM: - T APT004 f2 APTO10 JER{E iR/ VR EIR R A G - /D EREIREa e
FEWSEE 1 9% 302 ~ 304 ERF A BN A0 S BERAER B REHEE - ERDEREBEIEN APT025 HA 136 ~ 140
bp MFFAREER - LR AR OFRHEOOER > TEI LR OERERRNTEERMESR KA
EEIS SRR B A& EE —EHAER - REFTYIITHOME 2ACHESGETHE O OHIRIER - 7
Mrig » ARl — P HERR A= RS AR OHEISHE O ORISR Z BB FEBEIE SR - 590 - BEEEIBH
[ BB =(EEEIRN APTO12 HEREEDURRCCE AR » BB — D & P -

R4 BR6 A TEROERS 16 - RV BmEIRE 12 oeEIBEE 198 302 K 304 JHEEEZE
R 7 QIR SRR 2 P B - I AR AR 9~ 13 R 16 U IS RREE 32 F 2
3.0 [ ~ B FE LR 9 (U5 0.406 [F 255 16 X 0.340 ~ “FIHIE BB ETRES 9 U= 0.466 [F 25
16 £ 0.420 » FIFSHE G T FERVEES » BIRET-CHESRE 7 - 58 16 A — 4 fmkna m F e - (2
BROEEREIE =BT L 2.1 i - BURRTCACE BRI b o] g fH i (F S e R AR R B R B AR
R TERREREENER T o thi A BN =5 PSS EREA 22 £ 24 - PIHARREE
HEE 1.6 £ 1.7 » PIEUN RE [ i 5 f 0.358 (L304g23) ~ £z {5y 0.287 (MDg12) - I HIS SH i = £y 0.352
(L304g23) » {5 0.315 (L302g23) » SEHg % aaMEa B &8 i a B 0.282 (L304g23) » fxfK 5 0.263 (L302g23) > T
EFI =R L, 28 2B E)N - Bl Ahmadi er al. (2007) 737G EAREIRAEES » ZOFE6E A 2 12 40T
o 3 4HE 4 B ERE R SRR R R R 2.4 ] - ARCEEREUR 2.2 {E - BUNISREE 95 0.44
ARBTG5 0.41 > TR RN AR 2 BEFES - M0 OFRET - ARCCEERE - BUA I
& BUE FEHIBET ~ (HIS S A AT B AEIE o [ Wu e al. (2008) Ef Maak et al. (2000) & Maak et al. (2003) j*

ISBHE 2 20 S8 EAEECIE YT DENSIRES - I ARCOE AN EUE 5.7 i - H[F 0 (41 AJ515883 £

4. JFER 11 dHEERIE R

T ISR EOEISSE 16 U EEER

Table 4. Genetic variations of the 16" generation of Wujie Black Muscovy (BMg16) with the 11 Tsaiya duck-derived

microsatellite markers

Locus Fragment (bp) N,' N/ H,’ H.' PIC’ F¢

APTO001 228 — 260 2 1.9 0.267 0.472 0.357 0.434
APT004 289 — 297 2 1.4 0.233 0.305 0.255 0.236
APT008" 164 — 176 3 2.4 0.333 0.597 0.509 0.442
APTO10 184 1 1.0 0.000 0.000 0.000 NA

APTO12 157 — 161 2 1.0 0.040 0.040 0.038 0.000
APTO17 169 — 177 2 1.2 0.133 0.183 0.164 0.273
APT020 169 — 201 6 4.0 0.700 0.764 0.713 0.084
APTO025 120 — 136 5 32 0.733 0.702 0.646 -0.044
APT026 134 — 142 3 2.2 0.467 0.554 0.486 0.157
APT032 201 — 237 4 33 0.700 0.709 0.639 0.013
APTO033 217 — 229 3 1.4 0.133 0.294 0.267 0.548
Average 3.0 2.1 0.340 0.420 0.370 0.214
SD 1.5 1.0 0.272 0.272 0.247 0.208

" Number of alleles.

? Expective number of alleles.

* Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
° Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.05) departure from Hardy-Weinberg equilibrium.

NA: not available.



132 NG AR T A B IR 2 AR 2 s

APHO02) f£ Maak et al. (2003) o 2 SR BNy 5 flEl - ££ Wu er al. (2008) HYF AR N R AN EE 9 (H 2L E > H
20 4HfECRR 1 AR AR - HERBUHIEEE H 0.6757 & 09118 > SPHIBUHIRE L2 0.8079 » S B AMATE
BEEE > AR BECE A (False allele) 2 & (Hoffman and Amos, 2005) » [Elf> IR 7 & sl ba i REE
SEAIE E R R BofEEN > i ER e 0 R -

RS EA 11 NS BRSO IR D R BTSSR 12 RZIBEE R
Table 5. Genetic variations of the 12" generation of minimal disease Muscovy duck (MDg12) with the 11 Tsaiya duck-
derived microsatellite markers

Locus Fragment (bp) N,' N/ H,’ H.' PIC’ Fi’

APTO01 228 1 1.0 0.000 0.000 0.000 NA

APT004 289 1 1.0 0.000 0.000 0.000 NA

APT008 164 — 180 3 2.0 0.667 0.498 0.429 -0.339
APTO10 184 1 1.0 0.000 0.000 0.000 NA

APTO12 161 — 177 2 1.4 0.048 0.285 0.239 0.832
APTO17 165 — 169 2 1.2 0.148 0.201 0.178 0.264
APTO020 169 — 185 2 1.7 0.407 0.409 0.321 0.005
APTO025 116 — 140 5 3.0 0.667 0.677 0.601 0.015
APTO026 134 — 150 4 3.5 0.630 0.729 0.665 0.136
APTO032 201 — 209 2 1.8 0.444 0.453 0.346 0.020
APTO033 221 — 225 2 1.6 0.148 0.391 0.310 0.621
Average 2.3 1.7 0.287 0.331 0.281 0.194
SD 1.3 0.8 0.281 0.260 0.230 0.374

' Number of alleles.

* Expective number of alleles.

® Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

® Wright’s fixation index, within population inbreeding estimate.
NA: not available.

R RN E A BN ER 198 302 K 304 JEEE AT SR BUB RN A4S B O FBIS R/ D &S - i
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a1 SR S R AR BIE 1y 39.6% S E IR &R 9% (19.6%) ~ 1R EH =57 (24.9%) 1 N85
9.1% > NPMEEEINER 9% (13.7%) ~ BEFERERA =R (5.9%) 2 (TR REEZ A HE 5T > 2005 ;
2007 ; 2008 ) - H B EEHHH S B FEIREEEE R THORE - SRR RIS > DI 2l 2 %
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7. FEA 1 AEENS S 2 O T A R EINES 9 ~ 13 J2 16 £ (BMg9 ~ BMgl3 » BMgl6) ~ /MR &H IS
12 & (MDg12) ~ (B8 % 50 1 5 302 & 304 JEEF (L302g23 ~ L304g23) 7 T4l (252
Table 7. The average of genetic variations of the 9", 13" and 16" generation of Wujie Black Muscovy (BMg9, BMg13,

BMgl6), the 12" generation of minimal disease Muscovy duck (MDg12), the 23rd generation of White Muscovy
LRI 1 302 and 304 population (L302g23 and L304g23) with the 11 Tsaiya duck-derived microsatellite markers

Population” N' N, N/ H,' H’ PIC® dHWE’ F'

BMg9 32 32 2.1 0.406 0.466 0.403 0 0.133+0.236
BMg13 30 32 2.1 0.376 0.423 0.369 0 0.150 £ 0.299
BMg16 30 3.0 2.1 0.340 0.420 0.370 1 0.214 +0.208
MDgl2 28 2.3 1.7 0.287 0.331 0.281 0 0.194+0.374
L302g23 50 2.4 1.6 0.294 0.315 0.263 0 0.062+0.174
L304g23 27 2.2 1.6 0.358 0.352 0.282 0 -0.015 +0.302

" Sample size.

* Number of alleles.

* Number of effective alleles.

* Observed heterozygosity.

* Expected heterozygosity.

¢ Polymorphic information content.

7 Number of markers departed from Hardy-Weinberg equilibrium.

* Wright’s fixation indice, within population inbreeding estimate and standard deviations.

" BMg9 and BMg13 were conducted in Chang ef al. (2015, in Chinese), and MDg12 was genotyped in Chang et al. (2018b,
in Chinese), and the other populations were conducted in this study.
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Fig. 1. The results of principal component analysis of the 9", 13" and 16" generation of Wujie Black Muscovy (BMg9,
BMg13, BMgl6), the 12" generation of minimal disease Muscovy duck (MDgl2), the 23rd generation of White
Muscovy LRI 1 302 and 304 population (L302g23 and L304g23) from the 11 Tsaiya duck-derived microsatellite
markers. The horizontal and vertical axis are the ratio of the first and second principal components to the explained
variance, respectively.
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Fig. 2. Genetic cluster analysis for the 9”, 13" and 16" generation of Wujie Black Muscovy (BMg9, BMg13, BMgl6), the
12" generation of minimal disease Muscovy duck (MDg12), the 23" generation of White Muscovy LRI 1 302 and
304 population (L302g23 and L304g23) using STRUCTURE software. K: possible number of subpopulation from
2 to 4, the optimal K value in this study is 2. Q: proportional membership of Brown Tsaiya ducks to genetic clusters.
Colors correspond to different genetic clusters. Each vertical bar represents a single individual.

TSR OEE A ORI 2GR L EE R AR 8 Fon > AREE Wright(1965) Al » EHREE 3 {EfE 8
/INFY 0.05 FAEF IR ¢ /R 0.05 2 0.25 RARE P REE ¢ AR 0.25 FFREE b - SHREERI M HECZ
T AR EOEG I RE S (Fyg = -0.0001 — 0.0211) - 5 EFWR = & BEEFES L - @R
PSR B 0 RIS Tt 1 98 302 RBE Z HBIEE i) (Fyr = 0.1381) > &S TS 1 9t 302 JREEHL 304
REE T EREE AR K (For = 0.0576) » BEESERTER T 5347 + STRUCTURE $AG AT 4ER —2K

8. FIF 1 AR TSRO BIE 9 -

13 J2 16 {X (BMg9 ~ BMgl3 ~ BMgl6) ~ i/ DIRi e st 12 {4

(MDgl12) ~ Ha&ISE 1 5t 302 K 304 AT (L302g23 ~ L304g23) ZiEEH{LIEH (Emaa L)
Table 8. The Fg; value based on 11 microsatellite markers for the 9", 13" and 16" generations of Wujie Black Muscovy
(BMg9, BMg13, BMg16), the 12" generations of minimal disease Muscovy duck (MDg12), the 23rd generation of
White Muscovy LRI 1 302 and 304 population (L302g23 and L304g23)

Population BMg9 BMgl3 BMgl6 MDgl2 L302g23 L304g23
BMg9 - 0.0145" 0.0211" 0.2977" 0.2912° 0.2864"
BMgl3 — -0.0001 0.3476 0.3248" 0.3217"
BMgl6 — 0.3524° 0.3395° 0.3350°
MDg12 — 0.1381 0.0994"
L302g23 — 0.0576"
L304g23 —

" Fg; with significant differentiation (P < 0.05).
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Abstract

The aim of this study was to investigate the feasibility of Brown Tsaiya duck-derived microsatellite markers as a tool
for genetic-structure research and across-generation genetic monitoring in different Muscovy duck populations. We applied
eleven Brown Tsaiya duck-derived microsatellite markers to conduct genetic analysis in three generations of Wujie Black
Muscovy (BMg9, BMg13 and BMg16) and three white Muscovy duck populations, including the 23" generation of White
Muscovy LRI 1 302 and 304 populations (L302g23 and L304g23), and minimal disease Muscovy duck (MDgl12). The
results showed that there were 6 to 8 Tsaiya duck-derived microsatellite markers with intermediate to high PIC (polymorphism
information content) in different Muscovy duck populations. The average number of alleles in Wujie black Muscovy
decreased from 3.2 (BMg9) to 3.0 (BMgl6), the average observed heterozygosity decreased from 0.406 (BMg9) to 0.340
(BMgl6), and the average expected heterozygosity also decreased from 0.466 (BMg9) to 0.420 (BMgl16). There was a slight
decrease in the genetic diversity of Wujie Black Muscovy, as the number of generations increased; however, the number of
effective allele remained constant across generations while there was no differentiation or only slight differentiation between
generations. On the other hand, the three white Muscovy duck populations had an average number of alleles ranging from 2.2
to 2.4 and an average number of effective alleles ranging from 1.6 to 1.7. The highest average observed heterozygosity was
0.358 (L304g23), the lowest was 0.287 (MDgl2), and the highest average expected heterozygosity was 0.352 (L304g23),
the lowest was 0.315 (L302g23). The 11 Tsaiya duck-derived microsatellite markers showed lower genetic diversities in all
three white Muscovy duck populations, when compared with Wujie black Muscovy. However, most of the other markers,
except for APTO12 and APT033, showed outbreeding trends in the two populations of White Muscovy LRI 1, while three
markers remained fixed in MDg12. The results of this study may apply to subsequent and regular genetic monitoring, as well

as reference for other conservation research in promoting the sustainable management of Muscovy duck populations.

Key words: Tsaiya duck-dervied microsatellite markers, Genetic diversity, Genetic structure, Muscovy duck.
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