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WekEHER: 1144 J 16 B #2HB: L4FET7H 1 H

W R

e NG = AL B Ry B EE s SR P R & 7 AT B i V= B PR & & (residual feed consumption, RFC) BT Z ¥
fn %y > 2022 FENEREENS - B AT RN FTATEIS R & PR E - 2023 546 5 CRTER R R KR
15355 Bl 2L RE TR - RobfElRS [[IREIR R R U2 SRR R S B AR - AWTFTER 11 dHff 2 ARa
B AT EHRE B FIEACHEE S - GERBUREVIE R RIS b DI R B (A T R AR R SR
M - AWtseiE— D A B EEREEERE T W irist (UE (F 2 RS - EREUR > HRIE
PR EERBYCHTREEE - EE TR EEER TEES > MW IERER: BN EE ) R EE
RFFENG A JEIRRE Z PR » BRSO ERIREUR - [FinAkE > ERER TR A S prE R I b
(differentiation) SREFELE L 5 1M ELBLE e C NG = B U L I dn 20 - SERBURIBIE B IR IR > W
mn R EINRIE BT o &F ERTEL > AWTFEiRH — BB AR S Sa iR 2 nl TR SRS - RAGR E AT HY HA &= R
B WRFEUEITRS U AOR RN - DR B IREE R AV E S M BRI - (e HoR @B EER -

R - G ORNS ~ (R R AR © B R - FOTESRHES -

1

B EMSIRCR - BERBRTIRE  F (H AR BRAT LAY - DL AR SIE ST ) 7% 2000 £ TG
SRS SRR SN T T A - (USRS R B (residual feed consumption, RFC) - %A (B e & T
[EHEFREBSHOE (TR B > 2018 ) - B AR 2018 E5ehlin s « IR R EEm ANB B IEE —
SRR - AT R R AT - A IR TR A4 — RETRR B R © B 2 B kS R - %
S0 S R L R B S 2 P RIS S DL S A -

PSRN SILUR I B I ) - BB R R 5 - 5195 R RISUE (T 2SI R SE - S RBMS
R B PR B T FABEEER (Larbi e al., 2018) » 3010758 HIERZ S BN R SRR T/
5785 E R 2 AU 2 U (Malomane ef al., 2019) » [k » SHEBSHFTIR T STRENS SN - 718 SR ERAEREAE -
BT IRTESORE BN IRR RN - 5 AR/ 200 €7 400 G2 - H B BEARNIEE - Bl
WETBIEER - 2% 2RI R RS - RIS IS OO AR BIeE 3 R
WSEEE 5B 15 BRI - ERERERERIE ST T TR G E RIS TR SR - FRE
3 EREIBAEE I - RO FHIBROOEEER 1 HRMEREREBIT - 55 12 - 20 B %
S - FR SRS - B - K FIRE TR -

PRI 53 7 7 ST R (RARIBRERS 2002 48 11 ARG B AT s IS R R 1 - Bl
BISS EE EE EOR  EE (TRRNS A R LS SRS - AR S e RN 5 et S |
ANEE » ARATES RS R - 1% 5,000 L LABERE - RIVEEB RN - BLUE AT
TSRS < FIA 75 e TR -

|
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Ferndndez et al. (2011) 42t » IRRFEEVATI AT EINE » H— BATHORIBIIG E R R A RORRE
& 0 H R RIEEIE - BSSE 2B - AR RS TR 2 - SR BRI B B
IO - SERSIORTIYICHE - F SR S A BT R T - WA T P RS M » 5T
B » B B A RO 72 1 R R S L 5 (L 1Y RS /7 (Chang et al., 2023) -

G Dl R o (R I S BT S B RE IR » A0 fa SR LA TE 2 R AR P 1 (R B B A
B RHRE 5 IS o AT ABER I 2 R IR iRl 53 B SR (TAS AT - 1201 2t eech » eI
TR T (S MBI RIS AR - iR B 17T 1728 (Gorjanc and Hickey, 2018; Meuwissen et al., 2020) -
REFS2 BT AR (S0 S AT 2 R LS IR 2 B 1 AR ST+ S B (B O (el » Ry (A
Yy IR R HE RIS R AR S 2GR » LUTHE & kA B -

M T A

L EaEh)

Al B 2 BEaEhY) By R 57 BT B i e 0 5208 50 BR300 i e S U G oL AU RTIGRT (26 12 fR) ~ 1B IBET
FEFR o EATGER AR OIS S EIRUTm £ 78 2 155 R R EHR G £ 56 22 89 REL: 380 E(HAS » EEIGEH AT
RIS S HOG AR R B A E T E WL - PRSI S [BIRIE DA - EfEGE NS m AR 4 A
109 BRI Z 26 22 61 REHE: 240 E(EES - S5 BIERIREEAAREHIE R 7 ESE 0 BEECHEAEZE S
R 2 BENS 200 & FOE AR 21 165 & Hlim A G & U0 BRIk EE QTS 10 & R AHE 20 €75 - 55
EHSEHTRAST (Chang et al., 2023) 15 2 15 0306 S a2 2 R H I M AR L 2V 2~ 4~ 55 6~ 7 e 8 (RETT
EEHgL -

ARWTTH e Z B e Bs i & 7y FrhdT » B2 (5 H ~ 68 R EBAN B GBS ER BT HE 2 T E R
B HE R /N (B E BT 112-07 5%) REERBATRE D ERE Y I R /N (Bl TS
113-05 5% ) %A 7 sl BgAE AIEST -

AE1E BTSN YY) 2 SEFIREREE BT EE MR - K Gentra Puregene Blood Kit (QIAGEN, Netherlands) 7B
FE/RAE 275 (Bush er al., 2005) F%E F A 22 HUAY 15 DUETT BRI 4H DNA 2 Z2HY - Frf5 AL R4 DNA B A -20C %
HHECRAFH -

1L foife B s AR A ]

AHFE M 18 2 AR R (R B 2 B 1 T3NS (Hsiao er al, 2008) » PR BBCEEZ REMEEWFR 1 GE
APTO001 ~ APT004 ~ APT008 ~ APT010 ~ APT012 ~ APT017 ~ APT020 ~ APT025 ~ APT026 ~ APT032 k. APTO033
FAL N H (RSB 1237 R Z53EEe ) - BEAEREI YA R DNA #1717 PCR » H [ ELERSHE S 10 uL -
H P& 50 ng AR ELRI4H DNA ~ TEZ5]F4 0.2 uM ~ 1X PCR buffer ~ 1.5 mM MgCl, ~ 0.2 mM dNTP }; 0.375
U Tag DNA polymerase (TAKARA Co., Japan) « [ZJE{FR{: 5y 94°C E14 10 7388 - 21T DU NEE 30 X E1E
94°C M 20 b ~ 60°C g 30 #0 Je 72°C FEAf 30 #b » Hi& FELL 72°C ZEf 10 734 - PCR [JE1% » DL TBE &K
BUH 1% THSERIEAC HEf TR KR EY) - AR | = 5h i sl B 2 a A A I rp LT T - 48 ABI 3500 F7 %)
it DL GeneMapper sEHUAATEC R BEAVIN » FEDAA TEEHI T3 AY -

T 18 5 S B (TR T AT

Ry PR EE S T N8 = B U 2 DR [F SRES BC T (R Y IR B R L RE M L BTE - AR BfTEERER R 2
Nt E R E B HE R » LA RS EH (Number of alleles, N,) ~ A3 £ K #H (Number of effective
alleles, N,) (Kimura and Crow, 1964) ~ # | (Observed heterozygosity, H,) Bl H % & & (Expected heterozygosity,
H;) (Nei, 1978) ~ ZHeMEENE & & (Polymorphic information content, PIC) (Botstein et al., 1980) F Wright’s F-statistics
7 HEEE T AX {58 (Wright’s F-statistics) 75 F Cervus 3.0 i #% (Kalinowski et al., 2007) $1 % /i 1& AT 15 A& (R AU
Bl T 15 8 S 7 (Hardy-Weinberg equilibrium) £ 72 (Guo and Thompson, 1992) « J& £ 47 #7 45 47 {55 A FSTAT
2.9.3(Goudet, 2001) {{< (Weir and Cockerham, 1984) Ffr L {if S B W WY < [ < R B 73 1B 45 % (among population
genetic differentiation, Fg;) » PLaFAGIREEH 70 (BARRE < WA FH4RETHES R /Y adegenet B #ETIRRTE T IREAE AT
(Principal coordinate analysis) i[fi4g[& (Jombart and Ahmed, 2011) -

IV. Bl i T RN AU
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AT FEAE SR VU TR A f e 2 B N A HE AT PO ARG A O AR 7 3 > 55— T U7 AU R 18 0 2ENG = B 380in
G12 (JErTiREt ) EIRICER K (Efe RN BkEE L 2 E T RERE - NA | 5URAISRAE#H F DNA
A REER LGSR R RIS RS IR - S — DL 11 BRI TR - ORIy By 11 EANSRIE » WK
Fal PR 2 - FENES - HACES 11 A8 44 ) o BN ARIUR & (8 B EUE TR > FAAME 2E
SO BITE SRR N R A RS — (B SO RN WRERREE e R - (HIRE IR - SEEAISIRE 3 2 4
B EFITEME R A EEIR - IR ERZ aRIERI(ERE - FIERESEEL 308 (H TUEEREERNAL - Rl aE
TGN RIS R R 72 > AialofiAE s 100 2 -

* 1. FISMEEARCSENZS [T~ RERE KA O RS dm st

Table 1. Primer sequences, annealing temperatures, and chromosome locations of the microsatellite markers in Tsaiya

ducks

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

APTO001 F: GTCCCACTGGTTTGCTGTCC 60 Z 1,509
R: ACTACGCATGGCAGTGAGGTT

APT004 F: GGGCAGGAAAATCTCCTGAAT 60 3 192
R: TCTCAGTGGCTGAGCGGTC

APT008 F: CAAAGAAATCCTAGAACATCATTCAAAT 60 1 358
R: TCTTCTGGCTTTTCACCTTAGTTTAGTA

APTO010 F: CACTCAGGCTTTTAGGTCCATTAATA 60 2 1,199
R: CATCTGAGAATGCACTTACTGTCAAA

APTO012 F: TTGAGCCTCAGGTTCTAAACTCCTA 60 2 5
R: TCATAACATTTCAGACCAGTTTTCAGA

APTO17 F: TGGATGGACAGACGGGTGA 60 1 481
R: TGGAAGTTTTGATTTCTAGTGCTTACA

APT020 F: TTCCAAGTTTGTCATGCCAATAGA 60 1 197
R: CTGACCATGTTAGGGCGTTTTAG

APTO025 F: TCCTAAGAAACGTTGCTTCATAGACC 60 2 121
R: GAGTTAAGCTTCATCACTCTGTGACTG

APTO026 F: CCCTGAAAGGCTGTTTTATATATCCA 60 7 477
R: ATGTAAATAAAGTAGCCTTGCACGGT

APTO032 F: TCACTTTCTTGACTCTCCTTGGTTT 60 2 45
R: TGACTTGAATTCTGTTCAGGATAAATG

APTO033 F: CTTCACCCTACCTCATAAGGAACTG 60 Z 14

R: ATTCCAAATCTGCAAGGTGAGTATTA

' Hsiao et al. (2008), developed from Tsaiya ducks.

? Annealing temperature.

* Location on the duck chromosome.

* Orthologous microsatellites in the duck genome scaffold.

B =FE TR A IR e K Bl i/ NP B B A T RO » R FC & B S ECAERAZ 7R ARG Ry B AL
EELTECTEIRAE - AUTFTER WP B RIS i E BC i  H /e DAGRETEEE R /Y poppr Ef: (Kamvar ef al., 2014) 515
Prevosti's distance (Prevosti et al., 1975) » [HiE SRR 5 82888 RO RS » HELEERS OB AN EZRNEE
RS T BN 7S SR S FLAEL ] 2 A A S AR TR AT  HEE KL DA K-means % (Hartigan and Wong,
1979) AW ELEEIS 47 A1 o7 By 11 B - PR E &4 58~ Nei's distance (Nei, 1978) » R ERHE AT Z L 4 €D
SRS - Rt LIS E AR 2 - BEATS R PRE B EIERERT 6 (8 5 RBR NV RIS 73 B AR 77
B HEEEAEC T BRI 2R IE NS WACEEIERE AN B FECE SIS B ERE - (S IERERE
4 BRSPS —TE )7 =R 4 100 4H 308 i+ AR A -

S UUfdE T =R A CHERS 73 Bl 2 Bosk 11 {8938 - BIR S H {(E RS R R R B o3 B T i 8 (R EE e B B A B
SRR FHREE T - =R AR - RSB AR 100 4H 308 {EF-RERTY -

PREE— T AARIE TR AR R T AR SURSBUERICO R - S BT AR > HAE
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BT B E RIS R a4 T U AL - TR EE 2 TERE - S F B TEER
RZFUG RS 2 AP B R - DEFEA RS AS S 2 R E -

- FENSPsERCE RS

BN AIERABHER - AWM DR B A T IR TR B RER Y B O I E B ER AR
BEZREN > E5EEFRE T &S SR EEEEERFICE IS - S0 @ OIS S 6 80m R TH
IISEARHSIREL AL 577 Ry 12 (BB - SRS NS BERT S (R R ARy 4 [EEHS R > S Bk
1 ERHG - BUBBEEICAER - WN[E] B At e e 28 100 4H AR B R IS EE R -

SRR RASIR - BN S8 Z PR 12 2% 43 B (B 27 J2 39% ) » $ IR A AR 9 /% 38
BE (BEPICR 35 Je 62% ) » HIREL A NS LRI TEER & - H5I5R 4 EHBUREEREE A ER - EmRHES
RS EEE - BERES T 9 HANSIEE - F@un%i_ﬁsﬁf@é@ﬂ@ ERESETAH S 8 S BTG 200 € - IR
n % 165 & > Qﬁﬁuné&%?ﬁﬂPﬁ%‘ﬂLT&?ﬁﬁ% A 10 EEEHE 20 BTS2 > 1B RTREE -
{RBIRRE S BHE & U TELE - DR 2 R RO RS LB -

RN B

e NS = B0 S BT ot SR TR AR S (B AT

e NG = B0 2 S L IR S S AT IR (G12) 7Y 11 $HRIS IR 2 AR B B Ry R 2 B3R 3 -
W it e BB R 57 (B2 BN > 6880 R B W IR AN S B N AT S B RN B A Ry 3 27 ({8 3 &
8 il - PHEEFRERNEEE 5.2 [ECEER  FIARBCIE AR 5 R 2.6 F 2.7 HABCCEENR - Sil8ims
BB EE Ry 0.532 ﬁiﬁﬁﬂwﬁz S R 0.601 - ¥ Rt i 1A PR B E Ky 0.518 > P A &
F50.582 » SEIRUI AR ZREMERE S 89 0.529 > WIRE A S EMENE S E-P9RI R 0.527 » WA 11
HiRE RS T - BR T R E‘E\-mf ZREME (PIC>0.5) -

*2. FISWMEEARCSENNEORISSESUm AR 12 RZEEER (N=233)

Table 2. Genetic variation at the microsatellite markers in the 12th generation of the Better Feed Efficiency Brown Tsaiya

(BFEBT) line (N = 233)

Locus Fra(%g‘)em N, N H,’ H,* PIC F
APTOO1" 178 — 206 6 24 0275 0.591 0.509 0.536
APT004 286 — 314 7 33 0.648 0.698 0.658 0.071
APT008" 168 — 192 7 27 0.639 0.636 0.574 -0.005
APTO10 180 — 208 7 2.0 0.511 0.495 0.431 -0.033
APTO12 177 — 205 6 33 0.717 0.694 0.633 20.032
APTO17 173 — 185 4 2.6 0.541 0.615 0.545 0.120
APT020 177 — 201 5 2.9 0.639 0.650 0.584 0.016
APT025" 105 — 121 5 23 0.433 0.561 0.468 0.227
APT026 130 — 146 4 3.8 0.798 0.736 0.688 -0.084
APT032 207 — 259 3 1.8 0.408 0.434 0.342 0.061
APT033" 258 — 266 3 2.0 0.240 0.505 0.390 0.524
Average 52 26 0.532 0.601 0.529 0.127
15 0.6 0.178 0.095 0.112 0.216

' Number of alleles.

? Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

® Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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3. SR RS S AR IR RS 12 (U (R (N = 145)
Table 3.  Genetic variation at the microsatellite markers in the 12th generation of the control Brown Tsaiya line (N = 145)

Fragment

Locus (bp) N,' N, H,’ H.' PIC’ F

APTO001" 178 — 206 7 2.4 0.255 0.588 0.502 0.566
APT004 290 — 314 5 2.2 0.586 0.537 0.479 -0.092
APTO008 172 — 196 7 4.6 0.676 0.783 0.752 0.137
APTO10 188 — 212 5 32 0.703 0.690 0.634 -0.019
APTO12 177 — 209 8 33 0.731 0.696 0.642 -0.050
APTO17 173 — 189 5 1.6 0.303 0.384 0.361 0.210
APT020 177 — 201 5 3.4 0.717 0.703 0.650 -0.021
APTO025 105 — 117 4 2.7 0.352 0.623 0.561 0.436
APT026 130 — 146 5 2.7 0.717 0.625 0.581 -0.148
APT032 207 — 259 3 1.7 0.379 0.399 0.322 0.048
APT033" 258 — 266 3 1.6 0.283 0.378 0.314 0.252
Average 52 2.7 0.518 0.582 0.527 0.120
SD 1.6 0.9 0.201 0.141 0.146 0.227

' Number of alleles.

? Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

° Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.

HBc i o B TR S B 5 A8 12 FRESEATHE R (Chang er al., 2023) (AR » I % A
BN 8 R LU ERERE - MR 12 (IHEAR S TR R (S » PR AR B e AT A
B SR HE DRI R 2 BB - BLA A T B SR B R A » TR S B BT A2 (4 BB
SR AT » BT e A R T L B (T MM T 28+ W T R M S R 2
e -

L FER AR R (R 2 0 T (R 2 5

TG DDA SR (RIS A T T AT AT M 2 5206 6L 8 ST AT (G12) ch e
BSATER  BUSIURE R FIRCE R D TR WAL SE M R - 53505
(i) FREBEEIS 2 T FRATHEAA -

(i) FRRA S (S R NG 58 R T -
(i) RN (S R RN 58 T -
(v) EHEE S BOREIE S AR5 BE - HORMIBACY -

PR — R E RIS E IR At EE R E L T (U Kt =REXEEEEISHEFELE TR S
B 100 fEIEREE - EHEREAE 308 EHEE - SRBURIR 4 -

LR PUREEACHE S > BEAVA RO AR BRI IR Rl A i - (HER P BHE EEEREAE
FAK - ZREMER S EAETIERE T S HLT > 558 ARG E NS iTae B U e AR
RSO RS EEE AR - BIECE - AEVERDT A ESEHE R EPEER - BRI EE
HEEEEAE S BB B RISERIANE - BUnHREREHSRRERTET] - 14 BRZGANSTHE#HER
YRR (e 22 B P HAth 1) T HR SO RN B R A RCOE AR BRI AT S p e B R ([ e R R E
JE > A SR ECRERE KA EF) - [MAE R EAE PR = R/ Ny B (PR A A S T (5
REVZEREA > BURER T BREBYN  W(THEIS R 258 (TR EREEER - ANREER - R
SER I PR R > B (R B AR (R B TR R MO 0 -
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L. B EEGRE AN R EHEE T2 B R

T SENG = B S00 B S HC T B L 2 (R R TR (SIR iz CIR) HYBE BRI HIAIFR 5 B3R 6 - BTG S
AR R BN E 55 (AR SRR S S SRR 2 F 8 (8 THERRES 5.0 HE%
C ARAEFERE S 17 2 408 - SPHEERERERR 2.7 ARG ER - BUARE L/ 0431 F)
0.843 » S 1y 0.617 5 HAL ELETRE A1 0.403 51 0.747 » 4515 0.600 o S HELES E & &/ 0.322 51 0.714 »
£ 85 0.537 o T H IR S (B B IR L BUIE 56 (BRI » S ERIERT &3 AN 2 2 8 i gk
REEE 5.1 A RER » ARREEREI N 1.6 2 5.1 {# > SPHEERREER 3.0 [HERECE AR - BUIRE
FEFTHA 0.333 1] 0.839 » SR 55 0.642 5 HHEE FUETRE /M 0.387 51 0.804 » P45 0.627 « S5 HEMSE &8 /1 0.312
£]0.778 » P4 0.572

xS, FISMEEARSENN GRS S MU A BRI B HE R (N =153)

Table 5.  Genetic variation at the microsatellite markers in the recovered BFEBT population (N = 153)

Fragment

Locus (bp) N,' N/ H,’ H.' PIC’ F

APT001" 178 — 206 7 4.0 0.562 0.747 0.714 0.248
APT004 290 — 314 6 2.2 0.569 0.556 0.521 -0.024
APT008" 184 — 196 4 2.6 0.582 0.615 0.546 0.054
APTO10 192 — 212 4 2.0 0.556 0.496 0.419 -0.119
APTO12 177 — 205 7 3.5 0.843 0.716 0.663 -0.178
APTO017 169 — 189 6 2.6 0.660 0.611 0.550 -0.080
APT020 173 — 201 8 33 0.810 0.698 0.644 -0.161
APT025° 101 — 121 4 23 0.569 0.570 0.488 0.002
APT026 130 — 146 4 3.4 0.758 0.704 0.648 -0.077
APT032 207 — 259 2 1.7 0.451 0.403 0.322 -0.120
APTO033" 258 — 270 3 1.9 0.431 0.481 0.391 0.103
Average 5.0 2.7 0.617 0.600 0.537 -0.032
SD 1.9 0.8 0.136 0.111 0.125 0.128

! Number of alleles.

? Effective number of alleles.
® Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
® Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.

BRLPEHIGREE KRR 2~ 4~ 5~ 6~ 7 J& 8 X (Chang er al., 2023) AHEL » Wi ZHVSCEELREHEE - ARCL
AR BB B2 E S A IR RIS s ST - SO 12 AV - I E IR R & B 2R A
(RS - FEEHIER L BRI R A A B R R 2 RE MRS S A RT2 (X A RO A R B R AR - 8
TNME BRI RS AR MR R -

BRIV E S RERAFR 7R GRS OIS S 60 R R IR G A S B R A R A SRR F £
Ko BB HIEEE AR PREERENS > WS EIE L 336 EFRARA 2 EHE R > HLEE 100 THCFIIE M AEE (R
72 o ERBUR S R R AE BB URy 4.76 £ 0.10 » HRTE RS 2.58 £0.04 > U HE B BE
& 43 71 K 0.590 £ 0.011 B 0.584 £ 0.006 » ZEEMEEHE & & K 0.521 £ 0.006 o [ 18 i A0 BL R B 5.40 £
0.06 » HRSEERNELFy 3.01 +0.05 o 3% /5h S Y BUHI 228 [ BAIHASE SV T 53 71 By 0.644 + 0.010 1 0.631 + 0.005 »
ZREMERE A E R 0.575£0.005 -

EEEIREE R SAT AU S 8 S e T (A S T BN G12 RAEEREE » LHEPIX
B R NBOHREE > B eRT EA A 5 1508 i 2 AR - QRIS S PO B R RSB ATt A - WS A
AP R AR T R B R S EUG R RT » IEERTE 12 fURBEREES TR -
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V. BERERE TR EHER

R EOSNG = B R F S IR i 2 (BB IR 71X (S2R B C2R) 222 IR AR 10 24 20 B > HAE SR HI4N
R ER Y OIS ER A EEGESENE] 38 8N > SEARNEREOEERE 2 £S5 - P
PFRNEE S 3.5 B HER - ARCSERERNE N 1.4 £ 32 # - PHEFRRNELR 2.3 HASEEN - #
HISVEES L 0.167 £ 0.900 - 555 0.527 5 HHSESVEE /1AL 0.260 £ 0.692 » S 5 0.507 - ZREMERE S ET
12 0.226 £1] 0.642 » -5 By 0.454 o [ H3 0 in S (R B HREE T (UL BUHIE] 38 (E-08 &N SRR & OB EN
B2 25 H > P9BERNES 3.5 8 ERN » ARCTEERNEI R 1.5 £ 2.7 - PHEEREAER 2.1 {#
ARAEFEN - BUNEEES Y 0.267 £ 0.633 » 55 B 0.436 ¢ MBS/ 0.320 5] 0.623 > P49 % 0.515 »
SHEEMEEE S B2 0.269 5] 0.564 » 95 0.451 »

HE— DR ATREE - BRGHAEER TP EERERENR 10 - iPEEEERE T (S2R & C2R)
FER T R FIINBRMEE GRS (SIR & CIR) » LIS E N BUR D R - HERIELIE T o] e BLkE A {58
TESHEGEE > QNS BEEEYE  RERBE R TAERE > EARRRRPIREEFRARR -

HPNMEERE R E RS 5[0] > FEIRGR RIESAREA A GRS - 2% TR ERZ > HimA
$5FR 4 EHBRBEREE D AREAS - REMERETH 9 BN ¢ S BB R RECE IR PR F > =6
S8ah B IR AR A B R PR B AR E S SR AR AENS - 1T W dh R R BIE R RE A IR e E EE SR & A REV AN
KIS ANBEEAEER TIEEP - EEEISPER AR ZIR - WFTE AT > SRR RCOE 2
DRI P R RE S Ry B EEN T > T RE R A ol B PR AR R 28 R A (R SR (K » SRS L s BB A SR P B ] A
US> AAMEEHE RS S RN (Zhang er al., 2018; Pocrnic ef al., 2023) - SUANTFE/RE T B HE R
N BUERTREHE R SSRGS A 2 5 > nI R B DR P © IS B2 IRE AR - 1Al > BE T U RE
FolFREEER /T E#E > & Malomane er al. (2021) HEFESHY - BEARU DI 15 WAREZEREG MR (HIER AR
o RS T RE T S IR (B ISR R S B - QAR ZE 8 & T B U T AR A i e 2 #
BEAE > BIRIRSeAT (RIER P ERES - TR RAE C B W B IR T AV B R SRR -

6. FISME R SR B IR i AR BB REE B R (N =287)

Table 6.  Genetic variation at the microsatellite markers in the recovered control population (N = 87)

Locus Fr‘t%r;)e“t N, N2 H,' H,* PIC? Fi
APT001" 178 — 206 7 5.1 0.701 0.804 0.778 0.128
APT004 290 — 314 6 2.5 0.586 0.605 0.566 0.031
APT008" 184 — 196 4 3.2 0.828 0.684 0.620 -0.209
APTO010 192 — 212 4 2.8 0.621 0.642 0.572 0.033
APTO012 177 — 205 7 4.4 0.839 0.775 0.740 -0.083
APTO17 169 — 189 4 1.9 0.333 0.480 0.430 0.305
APTO020 173 — 201 8 3.6 0.701 0.722 0.682 0.029
APT025" 101 — 121 5 2.6 0.563 0.609 0.545 0.076
APTO026 130 — 146 5 2.9 0.770 0.659 0.609 -0.168
APTO032 207 — 259 2 1.6 0.425 0.387 0.312 -0.100
APT033" 258 — 270 4 2.1 0.690 0.531 0.434 -0.298
Average 5.1 3.0 0.642 0.627 0.572 -0.023
SD 1.8 1.1 0.159 0.125 0.139 0.170
' Number of alleles.

* Effective number of alleles.
* Observed heterozygosity.
* Expected heterozygosity.

* Polymorphic information content.
® Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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* 8. 11 IR B ARG e OIS S E i R R EIREE T U PR A R (N =30)

Table 8.  Actual genetic variation at 11 microsatellite markers in the recovered offspring of the BFEBT line (N = 30)

100

Locus Fragment N, N/ H,’ H,* PIC® F
(bp)
APT001" 178 — 206 3 2.3 0.167 0.566 0.499 0.706
APT004 290 — 314 5 2.3 0.433 0.556 0.525 0.220
APTO008 184 — 196 3 1.9 0.667 0.462 0.404 -0.444
APTO10 192 — 212 3 14 0.267 0.263 0.241 -0.015
APTO12 185 — 205 4 3.1 0.867 0.675 0.619 -0.284
APTO17 173 — 189 5 3.0 0.667 0.669 0.609 0.004
APTO020 177 — 201 4 2.8 0.733 0.638 0.565 -0.149
APT025 105 — 117 3 2.1 0.633 0.530 0.440 -0.194
APT026 130 — 146 4 32 0.900 0.692 0.642 -0.301
APTO032 207 — 259 2 14 0.267 0.262 0.228 -0.017
APT033" 258 — 266 2 1.4 0.200 0.260 0.226 0.232
Average 3.5 2.3 0.527 0.507 0.454 -0.022
SD 1.0 0.7 0.270 0.172 0.160 0.320
' Number of alleles.
? Effective number of alleles.
* Observed heterozygosity.
* Expected heterozygosity.
* Polymorphic information content.
° Wright’s fixation index, within population inbreeding estimate.
" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
9. 1 4NN B H IR AR E SRR B R (N =30)
Table 9.  Genetic variation at 11 microsatellite markers in the recovered offspring of the control line (N = 30)
Locus Fra(%gent N, N H,’ H,* PIC F
APT001" 178 — 206 3 2.2 0.333 0.551 0.485 0.395
APTO004 290 — 306 5 1.9 0.433 0.476 0.422 0.089
APTO008" 184 — 196 4 2.7 0.633 0.623 0.560 -0.017
APTO10 192 — 212 3 2.1 0.433 0.515 0.434 0.159
APTO12 185 — 205 4 2.6 0.467 0.618 0.548 0.245
APTO17 177 — 185 3 1.9 0.300 0.466 0.403 0.356
APTO020 177 — 197 4 2.6 0.600 0.616 0.564 0.026
APT025 105 — 117 3 22 0.567 0.551 0.485 -0.028
APT026 130 — 146 4 1.9 0.500 0.469 0.429 -0.065
APTO032 207 — 259 2 1.5 0.267 0.320 0.269 0.167
APT033" 258 — 270 3 1.8 0.267 0.455 0.366 0.414
Average 35 2.1 0.436 0.515 0.451 0.158
SD 0.8 0.4 0.132 0.091 0.090 0.175

' Number of alleles.

* Effective number of alleles.

* Observed heterozygosity.

* Expected heterozygosity.

* Polymorphic information content.

° Wright’s fixation index, within population inbreeding estimate.

" Represented significant (P < 0.01) departure from Hardy-Weinberg equilibrium.
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% 10. 1HOFISSERR R (S) KEHRMEAR (O FE 24567812 - [E&EREE (SIR & CIR) RIEEE

BETR (S2R J C2R) Z il

Table 10. Average genetic variation in generations 2, 4, 5, 6, 7, 8, and 12 of the BFEBT (S) and control (C) lines, and in the

recovered (S1R and C1R) and recovered offspring (S2R and C2R) populations

é;“rfef; don N' N, N H,' H’ PIC dHWE’ F

S2 17 3.8 2.5 0.529 0.578 0.499 0 0.090 % 0.321
S84 26 4.1 2.4 0.517 0.584 0.507 0 0.13140.252
S5 31 4.0 2.7 0.478 0.618 0.543 0 0.242 % 0.441
S6 50 4.1 2.7 0.531 0.609 0.538 2 0.134%0.207
7 48 4.1 2.4 0.496 0.574 0.503 1 0.137£0.208
S8 48 3.5 2.5 0.517 0.580 0.497 2 0.123%0.272
S12 233 5.2 2.6 0.532 0.601 0.529 4 0.127%0.216
SIR 153 5.0 2.7 0.617 0.600 0.537 4 -0.032 +0.128
S2R 30 3.5 2.3 0.527 0.507 0.454 1 -0.022 +0.320
e o e e R e S R Sl
C4 24 3.9 2.9 0.527 0.640 0.561 0 0.173%0.333
Cs 29 3.9 2.9 0.473 0.650 0.577 1 0.285 % 0.446
C6 46 3.9 3.0 0.550 0.636 0.567 2 0.141£0.225
c7 48 3.9 2.6 0.561 0.595 0.530 0 0.084 % 0.208
Cs 48 3.9 2.5 0.504 0.572 0.512 2 0.106 % 0.252
CI12 145 52 2.7 0.518 0.582 0.527 4 0.120%0.227
CIR 87 5.1 3.0 0.642 0.627 0.572 4 -0.023 +0.170
C2R 30 3.5 2.1 0.436 0.515 0.451 2 0.158%0.411

'Sample size; *Number of alleles; Effective number of alleles; ‘Observed heterozygosity; “Expected heterozygosity;

*Polymorphic information content; 'Number of markers departed from Hardy-Weinberg equilibrium; *Wright’s fixation

indice, within population inbreeding estimate and standard deviations.

"S12, SIR, S2R, C12, CIR and C2R were conducted in this study, the other populations were conducted in the before studies
(Chang et al., 2023).

BN » A 5% BUR FCTE SR ] B R BR0a R T BUZR B AT SR B ¢ W i 2 P eI DRt 2 B RO B R B
Vo SHEEPERGLZ > SRS REETRZ o HEEEEHEEAEE - 1 IR R BB EIEREE - REFT
SARBAERIRE - OB R AR R SR8 ETHss » (ERIE S R R A o BURRI m &R EE
BEHEEZR  BRITEHEET TS 2B -

Grabl EESR - St AGEEE 2 IFRHE S S EEE - [BE M Rirea B (TS T RIERE -
AT RENE N RIS B - B BIERF IR EE S EN - BRI CEERE A BCOE ERE  #EmE)
A RFEUS EA R B S © SORR R 0 REECE /) AN o B (R AR e RO -

FERIIGRE - BB G & T B AP AL

R4 Wright (1965) Firift » & REE LI EUNL 0.05 F&F (L /1t 0.05 £ 025 RIEEP ESE
b5 TR 0.25 Bptinm (L - R RE R MBS RNFE 1 PR » /€5 2 2% 2 Siaiin i
BRI 2 2 T3 (B L FE B 2 IR O3S - 4 > S12 B C12 2 RAY Fop 2251 0.1224 > BRI SRS 12
REF S - MR ATRESEE 12 O EASEE AR - S S st AR B (o R AR E i -

11 ELER ] i 2 R B S (0 3R 11 s S R IR S Y Fr 737 By 0.0357 J 0.0409 - BURIZEA
STEHE 2 AR RHE EIEE AR - BE T E— AR ME - BERTERME AT b (=l
HHE 3 A Fy 0.0524 J2 0.0360 ) © [ dn ZEER 3 HY For » DAEEIREFRA it % (0.1068) BRAKTAFERTIRET (0.1224) » #E
SRR L % B B — R85 AR ES 5] - HBANA DEER R e B R EL AT S - BUEEIAEEE TR - At
Fe i BB W an M - IR SR AV E RS AR BT B - P RE IR S IR Y Fy B 2
0.1925 » PRAR A LGS -
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Fig. 1. Principal coordinate analysis (PCoA) based on 11 microsatellite markers for generations 2, 4, 6, 7, 8, and 12 of the

BFEBT (S) and control (C) lines, and for the recovered (SIR and C1R) and recovered offspring (S2R and C2R)
populations. Dim1 and Dim2 represent the percentage of genetic variation explained by the first and second principal
coordinates, respectively.
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Abstract

Eastern Region Branch, Taiwan Livestock Research Institute previously established a Brown Tsaiya duck line, Better
Feed Efficiency Brown Tsaiya (BFEBT), with improved residual feed consumption (RFC) through selection. In 2022, all
duck populations, including the above line, were culled due to an avian influenza outbreak. In 2023, BFEBT and its control
population without pedigree were reintroduced via technology transfer commercial breeding farm. To ensure the phylogeny
and genetic diversity of the reintroduced poplations and their descendants, this study applied 11 microsatellite markers to
simulate different mating strategies based on the pre-outbreak population (S12 and C12). Among the four strategies, the
method based on maximizing average inter-cluster genetic distance was found to be the most effective in maintaining genetic
diversity. This method was further applied in the reproduction of the recovered populations (S1R and C1R) to their offspring
(S2R and C2R), followed by analysis of cross-generational genetic analysis. The results showed that the genetic diversity of
the SIR and C1R was comparable to that of the S12 and C12, while a decreasing trend in genetic variation was observed in
S2R and C2R. This may be attributed to additional selection criteria, limited numbers of candidate breeders, and reproductive
constraints during the breeding period. Population structure analysis also indicated that, within the same line, the S2R and
C2R showed no significant or only mild differentiation from their parental (S1R and C1R) or pre-outbreak populations (S12
and C12), respectively. In contrast, comparisons between lines of the same generation (e.g., S2R vs. C2R) revealed increasing
differentiation, likely due to the resumption of selection post-recovery. In conclusion, this study proposes a feasible mating
strategy applicable to pedigree-unknown populations. The approach will be applied to other recovered lines and accompanied
by continued intergenerational genetic monitoring to maintain genetic diversity and population stability, ensuring sustainable

utilization and conservation of valuable genetic resources.
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