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tREENRRES  BRESE#H TSN HEENERE I RE S EH# > QUUERR 7 AR ST #EENERE
% 6 HERCURBEEIR - (REGEHBIERIR SRV AETEE2BER - SRER > RESFHERDC
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%0 2022) - SRR EE DR AT of (HAYE - H/NEREE A E)R  BEINERIE S S 8 M2 #E -
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0.49 ~ 0.53 )2 0.27 » [NILERBCEA T & E S E R - 315 (2022) 5 > &al0&SE R
R - VIFERRE - WIEEE K 40 Mk EEE A 158 H ~ 1,181 g~ 29.7 g & 97 # > 30 MR EREA (2 a* {HE
b* [EHo7 A Ry 7.23 81 17.67 - Zpg eI RE B RE S E H A9 E Nl ~ PERE ~ Y)EEE K 40 Hik
FEERHOTHI R 189 H ~ 1,247 g~ 29.7 g F 48 1 > 30 MBS EEFRBA D L a* {HHL b* {5751 K -4.99 B 13.96 - [N #EEHY
BERE REGE BSOS F BT CEE - H GO RiESH #E EVEREAESR - R EvER
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GEE > PNHERE 103 4 12 H 01 HITEFTREZ B g BT 1030043688 5700 > A S @EH miE S » IF
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P& EDTA K3 HieRIFERIME - B/& 117 EXIE 55 2 G5 MHHHEAS < BEFARMEE - {8 B 2 BRI 4H
(EasyPure Genomic DNA Extraction Kit) Z£H{[fl115 DNA - JEF FAO(2010) Z:z6(5 FHAY 24 40 ZEffer B AU 85 (040
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fi BB EATEC T > DL Excel Microsatellite Toolkit EHEHUASH#EL T2 RENE /3T -

VL &5t ot

AT RFEUCEE 2013 — 2021 4 7 s B &kt - (1 SAS 45173 11 2%t~ PROC INBREED #2 7 {fi HL 5 {{

INTREEZ AT HAEL 0 {k PROC CORR 737 B2 MR 2 RIEUAHRE - R DA — M4 e =0A2 P (General Linear Model

SEEE (%A VCE 4.2 (Variance Component Estimate) #tf& (Groeneveld, 1996) » {5 F % LIt 2 i B [E =30 FE
{IE1BG Zami il Ry AT » ARFR B R BAZRVE (restricted maximum likelihood, REML) 82 MR Eh P18 A HE 1T 78
28 (CEERBUAEMER ) 2 (HEHE -
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I EEPGARR S & RO B 4o
BEP A BG B LR OB HUREESIN R 1 Y5 E A HE 1,580 B2 EAR) 2 1,980 £ - G1 — G3 [NIER &8s
b BERERLEEURREE (a* {H ) Z(ERS A HEBLIREEE o T A TION o G4 RN 15 & - K75 EREEE - 5k
TEREIEGERE G5 — G8 HEABE AR > BEHL 20 & ~ £F 100 €301 %2 4 [F A B R f fc i > MEfTEIE ~—
R RERZIFR AN N B - FRARRNWARESHEEENFR | - SEIEENREERE - A2
B E RN 5.5 — 24.1% » REZEHI A 15.1 — 82.8% ©

® 1 RIS EHZIERRE
Table 1. Selected populations of Tien Ching silkie chickens

Line/ Incubation date No. of chicks Parents Selection percentage
. Hatched data .
Generations (year/month/day) M F M F M F
SW, SC 13 14
SW x SC/F1 4 2012/09/25
2012/11/05
29 29 7 24 24.1 82.8
2012/12/10
2013/02/04
TCS/GO 2 2013/12/02
139 146 9 22 6.5 15.1
2014/02/13
TCS/G1 1 2015/05/08 63 65 10 42 15.9 64.6
TCS/G2 2 2016/04/22
253 223 14 59 55 26.5
2016/05/19
TCS/G3 2 2017/04/20
292 277 20 89 6.8 32.1
2017/05/11
TCS/G4 1 2018/04/25 236 354 20 81 8.5 229
TCS/G5 1 2019/04/23 155 274 20 90 12.9 32.8
TCS/G6 1 2020/04/21 243 310 20 87 8.2 28.1
TCS/G7 1 2021/05/25 170 230 14 58 8.2 252
Total 1,580 1,908 147 556

" M: male, F: female. SW: LRI silkie white chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial
generation, Gx: self-fertilizations generation.
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STERHE S 2 8 REH 212 - RO TRGECF Y E R RE EARIINR 2 - N2
FGECP I E R HEATEL > B0 2013 EHZ SRV - #ERMEMICEEE - WJREFEEM&RH % - Hit
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Table 2. Mean and standard deviation of inbreeding coefficients in males and females of the Tien Ching silkie chickens after

generations of selection

Generations Male Female

GO 0.000 x 0.000 0.000 x 0.000
Gl 0.000 x 0.000 0.000 x 0.000
G2 0.036 x 0.014 0.036 x0.016
G3 0.063 x 0.025 0.064 x 0.022
G4 0.101 x 0.031 0.104 x 0.031
G5 0.108 x 0.018 0.108 x 0.020
G6 0.120 x 0.023 0.119 x 0.020
G7 0.125 x 0.020 0.127 x 0.021

Mean = standard deviation.

Gx:

III.

self-fertilizations generation.

KiE S B #EEMEE

RIS 16 EELHE IRBLY MR ER 1% - FMEREESEETT R EEMENE - fBasER % 3 KIFSFH#H
57 AR YIEHE: - VERE - YEEE - 40 HERREE - 40 BRI EE K 40 FHEEET R 169
H-~1379¢g~320g~1,575¢g~43.2 g ke 78 #% - LLE AR RIE S F #EEMREE S - WEHIILL G2 R F
FRAGVIZE » DA G4 BREE Ry iR FRaa W)z » G2 Bl G4 fHELE)ZE H I ZEE 25 (P < 0.05) - #IEREDL G2 &
H > G4 o HARAEZEMZELR (P<0.05) - YIEEELL G5 K G6 #E » G3 ffds » QR mEE =4 -
40 HE P EE DL Gl B8 » GO #ES > AR A B MEZ S (P <0.05) - 40 HEASE DL G2 Ry E » G4 Fyix
B HACRTAEEMEER (P <0.05) - 40 Al EERDL GO fie/b > GT Ry % » HIRTEEEEMEER (P<0.05) -
Kt B EMFERBHERGZE o* [HES AT > HitgEAEROEER > M EAHEEERELLT
PR TR RS IREENIFTIER - KIFSE#E G7 EE MR SW Bl (55 % SC MHtte » RIS F
ZWIEE HEE: SW B 11 K » 8 SC 2520 K o KIF 55 H 2 W] Efe EESH L SW I SC 73 515 411 198 g 1 132
g o KIFSE#HE 2 WIEEEEGH SW Bl SC 141 2.3 g « KIFSE#E 2 40 FHiR--EEEFR SW F1 SC 775k
3.8 g k3.1 g RIFSEHEZ 40 FEEHE TS SW A SC 73741 114 g A1 205 g - KIFSEH#E 40 i EE
Fss L SW /D 19 #gdE > oA SC AIRE i 30 #2485 - DL 40 BEEEHIN S - KEEFHAA SW mEEMLE
AT BB ERR I 2 SC - HAEF RIS B S eSS BK SC40 Hfs e B i 1.62 f2 DL I » ZEH IR E
R FEEHUSUR  FEACHI SW B SC 7 40 G ZE o7 7l By 97 #i8A 48 # » BAFREAZ+(L TCS 2 F1 £ 40
TS EE SR 75 1 0 51E 40 Bl E BB FS B R 3.5% > FORME AR 40 il E EHER B SC40 i
FEEER - HAMSCES - 3 2014) ilBpsE R - NS H R EIVIE HER ~ 40 BEASE - 40 HR-FI9EEK
40 EEEHSY IR 185 H ~ 1,158 g~ 39.1 g F 51 #¢ -

552020 4F TCS 2 G6 HY 32 SRR 22 HEE 74 BB UNE RET 52 8 (1 ) Z EEHEEARER B
ZMAWIEHE Ry 168 H » 22 Hl-FHEE fy 31.4 g 2 52 FHMCEER 145 12 0 22 2 74 B EE R 42.1
g HESEIIEER F 54.7% > 22 2 74 FEEE EE (FAEER ) K 203 £ o PRI Z MM BLE A 5N T &
BUGPISEH - ERDURET > BEHBREEE R 170 HE - TTARIE R 156 HEs > FEERHEEIE A
120 — 150 {[& - JTFEMIE Ky 110 £y » EEEREMIE S 47 ¢ JTPEHIE R 40 ¢ - B P& sRATRAEE & 2 SRR
EE > SRR E > WIEHE R 152 HiEG - 2 500 HEEER 160 — 170 £ - &5 50 g - R ELHILEESH
& i Bl P B » R 2 E  YIEHES R 200 HiEs - FEEE 160 1 - ZEE 45 ¢ - PRI I&HER
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B R g 2 SR - R RRE T > g 5% 26 Rk WIERERE 195 Hilk > FEER 150
&> EEEE 54 g o TPEIU AR & 2K S B > ERE2e0 > PEHERE 210 — 230 Hik © FEE
B0y EE S g - THERGEERERCEESSHE  ERURECES > 0O YIEHEE 210
Hif > FREEEE 120 — 160 £ > 25 57 g (TRABR > 2003 ) « KRS H #EC]EE H R LAt b BlS & Hest il Ry
B FEEBE S LSS HmE -

*®3. RFSEHEFHRS I B2 EEIEE

Table 3. Laying performance of Tien Ching silkie chickens in each generation of selection flock

Line/ Generation AFE BWFE EWFE EW40 BW40 EN40
(day) (8) (8) (8) (8) (egg)
SW 158 +14.8 1,181+ 125 20.7+6.5 394133 1,461 % 162 97 23
(N =235) (N =235) (N =235) (N =215) (N =233) (N =235)
SC 189+10.8 1,247 + 140 20.7+28 40.111.6 1,370 + 269 48110
(N=4) (N=4) (N=4) (N=4) (N=4) (N=4)
SW x SC/F1 157 £8.2° 1,366 + 173" 332167 412+3.4° 1,432 £ 190" 75+ 23%
(N =29) (N =29) (N =29) (N =27) (N =29) (N =29)
TCS/GO 164 £12.9%  1,373+172° 30.816.3 41.1+3.5° 1,486 224 59 +22¢
(N = 85) (N = 85) (N =85) (N =78) (N = 85) (N =85)
TCS/G1 162 +13.3 1,447 £ 240° 30.8%5.5 43.6+3.2° 1,682 +352% 71+ 18"
(N =47) (N =47) (N=47) (N =47) (N =47) (N =47)
TCS/G2 159 £ 10.6* 1,496 £ 225° 31.7+7.4 429+34 1,733 £ 306° 77 £20°
(N = 180) (N = 180) (N=179) (N =167) (N =179) (N =179)
TCS/G3 165 £12.9™  1,351+179" 30.615.4 43.4+3.0° 1,625 + 268" 70+ 18
(N=216) (N=216) (N=216) (N =196) (N =216) (N =207)
TCS/G4 171+£17.2° 1,238 + 160° 314£56 427128 1,394 £ 2118 67%21°
(N =278) (N=277) (N =277) (N =228) (N =270) (N =270)
TCS/G5 170 £19.2° 1,301 + 158° 31.7+5.4 433137 1,441 £ 206" 75421
(N=217) (N=179) (N=179) (N =194) (N=214) (N=214)
TCS/G6 168 +14.1° 1,356 + 176™ 31.7+6.8 432+3.1° 1,526 +210% 75+ 18"
(N =284) (N =284) (N =284) (N =252) (N =282) (N =282)
TCS/G7 169 £ 12.4® 1,379 £ 157° 32.0+7.0 432126 1,575+ 217% 78+ 17°
(N =207) (N =207) (N =207) (N =189) (N =201) (N =201)

AFE: Age at the first egg, BWFE: body weight at the first egg, EWFE: egg weight at the first egg, EW40: egg weight at
40 weeks of age, BW40: body weight at 40 weeks of age, EN40: egg number up to 40 weeks of age. SW: LRI silkie white
chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial generation, Gx: self-fertilizations generation.

N: Sample size, Mean * standard deviation.

*# Means in the same column with different superscripts differ significantly (P < 0.05).

IV.

TR 40 IR TR VEIR 2 BN R ELR AR

BHEEI 30 4B U S5 71 PO 7 2 R = MICEAN R BR L 28 R R R S IS - B SR AU
%4 KIFEHTHEGT BLFE 30 A THIERL 2R L* (5 83.0 » A G0 o* [0/ 8. 71 - FYER3EIY b¥ s
9.07 - HIEERSMEZE BRE R o DRI EE B G7 2 B th R E5 [JERL SW B2 SC k8 - TCS Faen
# % L* (O SW 011 7.50 - LR SCH AT 475 - SEREAHENN - TCS AL E332 8 a* (EL B 1 SW 15
1594 » L SC WE( 3.72  TCS SEHEE 5 (I A (L3 IE a* (450 » WEURR SW 2 (432 o* {1 7.23 BISEF
] BB AL A o (8 PRSI SNBIEEE - TCS ZEREENT bt (EESI SW E(E 8.60
BRI SC I 4.89 < TCS 7 GT R 2 HE L SW BB - BHER SC (IR ARAT - RSB B (X
FEESE R EEIRAT) ) FAIEAEE L (B8 813 - a* (1 -7.87 - b* £ 9.29( 215 - 2018) - TCS HBFI S5
BEEEAEE(ILLR: - BSE SRS B HEY L (675 17 - a* (415 0.84 & b* 5{5 022 -
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T4 EAOKPISEE SW) - SIES T (SC) KIS S5 8 (TCS) EE R 5t AUF 30 B frg 2 Sl tiE

4
Table 4. The color differences of eggshell in various generations of breeding populations of SW, SC, and TCS at 30 weeks
of age
Line/ Generation L* value a* value b* value
SW 75.50 1 3.96" 7.23+2.29% 17.67 £3.35%
(N =104) (N =104) (N=104)
SC 78.25+4.80" -4.99 233" 13.96 £ 6.17"
(N=4) (N=4) (N=4)
SW x SC/F1 75.59 £ 4.39¢ -1.75+6.78° 14.26 + 3.25°¢
(N=12) (N=12) (N=12)
TCS/GO 77.60 £4.07° 1.59 £ 6.43° 17.93 £4.23*
(N=173) (N=173) (N=173)
TCS/G1 76.80 + 6.82% -0.06 £ 5.00° 16.25 £ 4.09°
(N=48) (N =48) (N=48)
TCS/G2 75.66 = 4.25¢ -2.00 £ 6.39° 14.78 + 3.89°¢
(N=176) (N=176) (N=176)
TCS/G3 75.50 £ 3.89¢ -5.90 +3.19¢ 14.01 +3.65°
(N =208) (N =208) (N =208)
TCS/G4 79.42 +3.50° -6.69 £ 2.74% 12.35 £ 3.45¢
(N =259) (N =259) (N =259)
TCS/GS5 79.70 £ 3.78° -7.38+1.59 11.97 £3.07°
(N=207) (N=207) (N=207)
TCS/G6 80.38 £3.62° -8.01+1.47 10.52 +2.94°
(N =276) (N =276) (N =276)
TCS/G7 83.00 + 3.05*% -8.71 £ 1.41% 9.07 £2.69"
(N=197) (N=197) (N=197)

N: Sample size, Mean 1 standard deviation .

SW: LRI silkie white chicken, SC: silkie chicken, TCS: Tien Ching silkie chickens, F1: first filial generation, Gx: self-
fertilizations generation.

“' Means in the same column with different superscripts differ significantly (P < 0.05).

X~Z

Means in the same row with different superscripts differ significantly (P < 0.05).

KIS B AR R (072 € M R AR R TRIUARE ~ B ERBUE AR TIN5 - (R ARG 2 KIg
SR HEEITARED > WD IREGE RS 8 fU(G0 — G7) HBHE R RS MREYIEAETERHS
BERER > B RS EHEROER o* H - b* (E - L* H - £ 40 BiREER - 40 BiiEE K 40 B E
B ZEERITH R 0.996 ~ 0.606 ~ 0.475 ~ 0.488 ~ 0.738 2 0.590 - FE&REAZIFE (2010) frdn P8 R S X
Z % A0 i EER - 40 MR E K 40 PR EE 2B ERTH] R 0.31 ~ 0.84 £ 0.58 - DU (2021) AR #ak
BB E EMERE ST A VCE 6.0.2 SBGHETT 208 T #EVTIR in f— St in & L7 BEEEEMINEE S8R > SEREUR
2E 40 FECEEER - 40 BEEGE X 40 Bl P EE 2B ARG E AR 042 ~ 0.49 K 0.61 > B HERIEMER -
AN ZEE REDUEN B R ENEE S L EER AR aEER S FHRERCEETARSHEH
o HSE o* {5 - FTDUBHSS RS -

FERIUMRBH J51E > B (2 o* (HEL b* A SR IEAR] (rp = 0.6 » P <0.01) » B Aygun (2014) LA
60 Bt R E A ITEER S LRI (rp = 0.41 > P < 0.001) §HRAALL - BUREESH EROAT a* (EH M >
BERR O b ([EIRE NE R OER o* (8 L* (E A P ERAIEARE (rp = -0.35 > P<0.01) > B Aygun (2014)
ItrEE R R m RS AR (rp = -0.85 > P < 0.001) FERAMML > ARER O a* MK - L* BRI ERE
BERE R T b* (H5E LY ([HESERAGAHMR (p = -0.70 > P < 0.01) » B Aygun (2014) 73 isE R B RIS
HHEE (rp =-0.26 > P <0.001) £5FARML » (ARER O b* YK - H L* 5 - sefElse © EREEE L [HEE
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HEE 40 FifEEHE PRERMIEMHR (p = -0.30 - P <0.01) » (AFRER O L* ME S 40 HiREER
e o BEFE 40 AT EET 40 lC EE E P ERAEAE (rp = 0.30 - P < 0.01) » (REXRFSEHE MaALS
BEE > HAHHE 40 iR R - MBI 40 BHIRFTE 2 EE - AEE IS - 40 iz SR 40 HiEER
R RAEZEEAARE (rp = 0.23 > P<0.01) Z&ERATE > HEN A AE N e B ER b R (B ARE -

xS RESEHES 8 (EROELHEEEMHRZEEHR - RAARIELE FHHE

Table 5. Heritability, phenotypic correlation, and genetic correlation of eggshell color and egg production traits in 8

generations of selectively bred Tien Ching silkie chickens

Items a* value b* value L* value EN40 BW40 EW40

a* value 0.996£0.003  0.670 £0.030 -0.345+0.046  0.033+£0.045  0.009 £0.036  0.074 +0.029
b* value 0.630” 0.606+0.034 -0.785+0.028  0.049+0.066 -0.063+0.053  0.085*0.058
L* value -0.353" -0.702" 0.47510.034  0.3211£0.064 -0.092+0.056 -0.214 % 0.062
EN40 -0.063" -0.149” 0.302" 0.48810.043 -0.24410.059 -0.407 £ 0.067
BW40 0.132" 0.076" -0.168™ -0.019 0.738 £0.031  0.461 £0.048
EW40 -0.026 -0.021 -0.052 -0.102 0.299™ 0.590 +0.038

The phenotypic correlations (below the diagonal), heritabilities (on diagonal), and genetic correlations (above the diagonal,

mean * SD).

EN40: Number of eggs laid up to 40 weeks of age.
BW40: Body weight at 40 weeks of age.

EW40: Eggs weights at 40 weeks of age.

" Significant (P < 0.05).

™ Highly significant (P < 0.01).
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Table 6. Cumulative improvement in phenotypic and genetic values of eggshell a* value in Tien Ching sikie chickens to 40

weeks of age

Generation ~ Phenotypic val-ues of ~ Breeding value of eggshell Cumulative improvement Cumulative improvement

eggshell a* value a* value of phenotypic values of genetic values
GO 1.59 3.52 0.00 0.00
Gl -0.06 0.26 -1.65 -3.26
G2 -2.00 0.33 -3.59 -3.19
G3 -5.90 -2.12 -7.49 -5.64
G4 -6.69 -2.68 -8.28 -6.20
G5 -7.38 -3.24 -8.97 -6.76
G6 -8.01 -3.31 -9.60 -6.83
G7 -8.71 -3.36 -10.30 -6.88
9
=id=Breeding value of eggshell a* value
7
== Phenotypic value of eggshell a* value
5
3
(¢
a5
a3 1
=
(€]
= -l
o
*
s 3
3 5

VI

Generation
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Fig.

1. Cumulative improvement in phenotypic and genetic values of eggshell color a*value in Tien Ching silkie chickens.
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Table 7. The microsatellite genetic markers of Tien ching silkie chickens

Microsatellite loci ~ Chromosome Frag-ment Na H; H, PIC
(bp)

MCWO0295 3 87 — 93 3 0.619 0.556 0.543
MCWO0014 6 165 — 177 2 0.198 0.000 0.178
LEI0192 6 254 — 376 13 0.760 0.368 0.728
MCWO111 1 98 — 106 5 0.766 0.615 0.728
MCWO0216 13 144 1 0 0 0
MCWO0183 7 293 — 305 2 0.157 0.171 0.144
MCW0206 2 221 — 229 3 0.666 0.632 0.589
ADLO0112 10 122 — 126 2 0.502 0.487 0.375
MCW0069 E60C04W23 155 — 173 4 0.583 0.590 0.535
ADL0268 1 108 — 112 2 0.467 0.479 0.357
MCWO0067 10 179 — 183 2 0.113 0.120 0.106
MCWO0098 4 255 — 259 3 0.485 0.453 0.378
ADLO0278 8 111 — 123 3 0.474 0.547 0.415
MCW0248 W29 219 1 0 0 0
MCWO0103 3 268 1 0 0 0
MCWO0330 17 266 — 284 3 0.633 0.496 0.556
MCWO0037 3 153 — 155 2 0.050 0.051 0.049
MCW0222 3 218 — 222 3 0.091 0.077 0.087
MCWO0081 5 113 — 133 3 0.554 0.538 0.491
MCW0034 2 217 — 251 7 0.774 0.393 0.735
MCWO0016 3 137 — 153 5 0.658 0.692 0.594
MCWO0078 5 139 — 143 2 0.143 0.137 0.132
LEI0234 2 271 — 315 6 0.748 0.778 0.701
LEI0258 16 262 — 488 6 0.680 0.744 0.638
Mean * standard deviation 35126 0.4210.28 0.371£0.27 0.38%£0.26

Na: Observed number of alleles.

HE: Expected heterozygosity.

HO: Observed heterozygosity.

PIC: Polymorphic information content.

W
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traits in Tien Ching silkie chickens o

Ming-Yang Tsai ®® Hsiao-Lung Liu®” Che-Ming Hung ® Cheng-Yung Lin
Der-Yuh Lin © and Yu-Shin Cheng

Received: Aug. 3, 2023; Accepted: Dec. 21, 2023

Abstract

This study used LRI white silkie chickens with high laying performance to cross with commercial silkie chickens with
ten characteristics and blue shell eggs. The appearance, eggshell color and egg production performance were selected and
bred. The silkie chickens with the ten characteristics appearance and blue-shelled eggs was named as Tien Ching silkie
chicken. The multi traits animal model genetic parameters were estimated from egg production performance, eggshell
color and egg traits of 7 generations. The results showed that heritability of a*, b* and L* values of egg shell color and
egg production number, body weight and egg weight at 40 weeks of age were 0.996, 0.606, 0.475, 0.488, 0.738 and 0.590,
respectively. In phenotype correlation, egg shell color in a* and b* values had high positive correlation (rp = 0.63, P < 0.01).
L* value had medium negative correlation (rp =-0.35, P <0.01). Egg production number at 40 weeks of age had low negative
correlation (rp = -0.06, P < 0.05) and body weight at 40 weeks of age had low positive correlation (rp = 0.13, P < 0.01).
Analysis of genetic correlation showed that egg shell color in a* and b* values had high positive correlation (rg = 0.67).
L* value had medium negative correlation (rg = -0.35). Egg production number, body weight and egg weight at 40 weeks of
age had low negative correlation (rg = 0.03; rg = 0.01; rg = 0.07). The results indicated that b* value of egg shell color was
lower by the lower of a* value. Egg production number at 40 weeks of age increased by phenotype estimation. We expected
that egg production selection for several generations can further estimate genetic response of related traits that can be used as

the basis of selection and breeding.

Key words: Tien Ching silkie chickens, Eggshell, heritability, Genetic correlation.
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