
 °“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡„π‰°à‰¢à

∑’Ë§—¥‡≈◊Õ°¡“®“°ª√–™“°√∑’Ëºà“π°“√º ¡·∫∫‰¥Õ—≈≈‘≈

Estimation of Genetic Parameter in the Selected Layer

Chicken Derived from a Diallele Crossed Population

«√«‘∑¬å  ‘√‘æ≈«—≤πå ·≈–  “∏‘µ Õ¬Ÿà¬◊π

Voravit Siripholvat and Satit Yuyoen

ABSTRACT

Crossbred layer chickens derived from a diallele crossed F1 population were selected as a parental stock.

Artificial inseminations were performed to generate F2 progenies. The traits of the F2 population considered

were the age of first egg (AFE), the average egg weight at 262 days of age (EW), and the egg number at

262 days of age (EP). The data were analyzed for genetic parameters using 2 methods; the least squares by

analysis of variance (ANOVA) and the restricted maximum likelihood (REML). The linear statistical model

used in this experiment was sire-dam model. The means of AFE, EW and EP in the F2 population were better

than those in the parents (F1) at the values of 5.4 days, 2.04 grams, and 0.34 eggs, respectively. The error

variance ( σe
2 ) analyzed with ANOVA and REML manifested nearly the same values for each trait in this

study. The heritability value computed from sire component ( hs
2 ) for all traits were high and similar to those

obtained from the two analysis methods. Nevertheless, the heritability value calculated from dam component

( hd
2 ) revealed a low value for AFE and EP and a medium value for EW. The genetic correlation calculated

from sire + dam component (rG(s+d)) between the AFE-EW, AFE-EP and EW-EP were -0.025, -0.824, and

-0.333, respectively. However, the genetic parameters analysed using REML method under the sire-dam model

in the selected layer population of this study did not show higher efficiency and accuracy than those using

the ANOVA method.
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∫∑§—¥¬àÕ

‰°à‰¢à≈Ÿ°º ¡‰¥â∂Ÿ°§—¥‡≈◊Õ°‡ªìπæàÕ·¡àæ—π∏ÿå

®“°ª√–™“°√√ÿàπ F1 ∑’Ë‰¥â®“°°“√º ¡·∫∫‰¥Õ—≈≈‘≈

°“√º ¡æàÕ·¡àæ—π∏ÿå®–„™â«‘∏’°“√º ¡‡∑’¬¡‡æ◊ËÕº≈‘µ≈Ÿ°  F2

¢âÕ¡Ÿ≈≈Ÿ°„π√ÿàπ F2 ¢Õß≈—°…≥–Õ“¬ÿ‡√‘Ë¡„Àâ‰¢àøÕß·√°

(AFE) πÈ”Àπ—°‰¢à‡©≈’Ë¬‡¡◊ËÕÕ“¬ÿ 262 «—π (EW) ·≈–

ª√‘¡“≥‰¢à‡¡◊ËÕÕ“¬ÿ§√∫ 262 «—π (EP) ‰¥â∂Ÿ°π”‡¢â“

«‘ ‡§√“–Àåæ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡‡ª√’¬∫‡∑’¬∫

√–À«à“ß«‘∏’ least squares ·∫∫ analysis of variance

(ANOVA) ·≈–«‘∏’ restricted maximum likelihood

(REML) „π√Ÿª·∫∫Àÿàπ®”≈Õß∑“ß ∂‘µ‘ sire-dam model

‡À¡◊Õπ°—π ≈—°…≥– AFE, EW ·≈– EP „π≈Ÿ°√ÿàπ F2

¡’§à“‡©≈’Ë¬¥’°«à“„π√ÿàπæàÕ·¡à F1 ª√–¡“≥ 5.4 «—π 2.04

°√—¡ ·≈– 0.34 øÕßµ“¡≈”¥—∫ §à“ª√–¡“≥§«“¡

·ª√ª√«π¢Õß§«“¡§≈“¥‡§≈◊ËÕπ ( σe
2 ) ∑’Ë‰¥â®“°°“√

«‘‡§√“–Àå¥â«¬«‘∏’ ANOVA ·≈– «‘∏’ REML ¡’§à“∑’Ë

„°≈â‡§’¬ß°—π„π·µà≈–≈—°…≥–∑’Ë»÷°…“ Õ—µ√“æ—π∏ÿ°√√¡

∑’Ë§”π«≥®“° sire component ( hs
2 ) ¢Õß∑ÿ°≈—°…≥–

∑’Ë‰¥â®“°°“√«‘‡§√“–Àå∑—Èß 2 «‘∏’¥—ß°≈à“«¡’§à“Õ¬Ÿà„π√–¥—∫

 Ÿß ·≈–„°≈â‡§’¬ß°—π„π·µà≈–≈—°…≥– „π¢≥–∑’ËÕ—µ√“

æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° dam component ( hs
2 ) ¢Õß

∑—Èß 2 «‘∏’¢Õß≈—°…≥– AFE ·≈– EP ¡’§à“Õ¬Ÿà„π√–¥—∫

µË” à«π¢Õß≈—°…≥– EW ¡’§à“Õ¬Ÿà„π√–¥—∫ª“π°≈“ß

§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire + dam

component (rG(s+d)) √–À«à“ß≈—°…≥– AFE-EW, AFE-

EP ·≈– EW-EP ¡’§à“‡∑à“°—∫ -0.025, -0.824 ·≈–

-0.333 §à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡∑’Ë«‘‡§√“–Àå‰¥â

®“°°“√„™â«‘∏’ REML ¿“¬„µâÀÿàπ®”≈Õß∑“ß ∂‘µ‘·∫∫

sire-dam model ¢Õßª√–™“°√∑’Ëºà“π°“√§—¥‡≈◊Õ°

¢Õß°“√»÷°…“§√—Èßπ’È ‰¡à‰¥â· ¥ßº≈À√◊Õª√– ‘∑∏‘¿“æ

∑’Ë¥’°«à“«‘∏’«‘‡§√“–Àå·∫∫ ANOVA ·µàÕ¬à“ß„¥

§”π”

§ÿ≥ ¡∫—µ‘∑“ßæ—π∏ÿ°√√¡¢Õß≈—°…≥–∑’Ë

µâÕß°“√®–ª√—∫ª√ÿß„πΩŸßª√–™“°√ —µ«å ¡’§«“¡

 ”§—≠„π°“√«“ß·ºπ§—¥‡≈◊Õ° §ÿ≥ ¡∫—µ‘¥—ß°≈à“«

 “¡“√∂§”π«≥À“®“°°“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å

∑“ßæ—π∏ÿ°√√¡„πª√–™“°√π—ÈπÊ æ“√“¡‘‡µÕ√å∑“ß

æ—π∏ÿ°√√¡∑’Ë»÷°…“¡“°ª√–°Õ∫¥â«¬ §à“Õ—µ√“æ—π∏ÿ°√√¡

§«“¡·ª√ª√«π∑“ßæ—π∏ÿ°√√¡  À —¡æ—π∏å∑“ß

æ—π∏ÿ°√√¡ §à“‡À≈à“π’È¢Õß≈—°…≥–®–‡ª≈’Ë¬π·ª≈ß®“°

™—Ë«Àπ÷Ëß‰ªÕ’°™—Ë«Àπ÷Ëß ‚¥¬‡©æ“–‡¡◊ËÕ¡’Õ‘∑∏‘æ≈¢Õß

°“√§—¥‡≈◊Õ°‡¢â“‡°’Ë¬«¢âÕß ¥—ßπ—Èπ„πΩŸßª√–™“°√∑’Ë

‰¥â®“°æàÕ·¡àæ—π∏ÿå∑’Ëºà“π°“√§—¥‡≈◊Õ° ®÷ß®”‡ªìπµâÕß¡’

°“√ª√–¡“≥§à“æ“√“¡‘ ‡µÕ√å∑“ßæ—π∏ÿ°√√¡¢Õß

≈—°…≥–„À¡àÕ’° ‡æ◊ËÕ„™â ”À√—∫°“√«“ß·ºπ§—¥‡≈◊Õ° (Lin,

1978) °“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡

„πΩŸßª√–™“°√∑’Ë‰¡à¡’ª√– ‘∑∏‘¿“æ À√◊Õº‘¥æ≈“¥

¬àÕ¡¡’º≈°√–∑∫µàÕ§«“¡°â“«Àπâ“¢Õß°“√§—¥‡≈◊Õ°

«‘∏’°“√ª√–¡“≥§à“ variance components „π

ª√–™“°√¡’À≈“¬«‘∏’¥â«¬°—π «‘∏’∑’Ëπ‘¬¡„™â„πÕ¥’µ§◊Õ Least

Squares ·∫∫ ANOVA (Henderson, 1950) «‘∏’π’È¡’

¢âÕ°”Àπ¥§◊Õ ª√–™“°√®–µâÕß‡ªìπ·∫∫ random

sampling ·≈–¢âÕ¡Ÿ≈∑’Ë‰¥âµâÕßÕ¬Ÿà„π√Ÿª°“√°√–®“¬

·∫∫ª°µ‘ „π∑“ßªØ‘∫—µ‘¢âÕ¡Ÿ≈¡—°‰¡à°√–®“¬·∫∫ª°µ‘

·≈–‰¡à‡ªìπ·∫∫ random sampling ‡æ√“–¡’Õ‘∑∏‘æ≈

¢Õß°“√§—¥‡≈◊Õ°¡“‡°’Ë¬«¢âÕß ∑”„Àâ§à“ª√–¡“≥∑’Ë‰¥â

®“°°“√„™â«‘∏’ ANOVA ‡ªìπ§à“∑’Ë¡’Õ§µ‘ °“√„™â«‘∏’

«‘‡§√“–Àå·∫∫ REML (Patterson and Thompson,

1971)  “¡“√∂„™âª√–¡“≥§à“ variance components

„πª√–™“°√‰¥â‚¥¬‰√âÕ§µ‘®“°¢âÕ°”Àπ¥¥—ß°≈à“«

·≈–‡ªìπº≈∑”„Àâ§à“∑’Ëª√–¡“≥‰¥â¡’§«“¡∂Ÿ°µâÕß·≈–

·¡àπ¬”¡“°¢÷Èπ Beaumont (1991) „™â«‘∏’ simulation

¢âÕ¡Ÿ≈„π≈—°…≥–º≈º≈‘µ„π‰°à ·≈–· ¥ß„Àâ‡ÀÁπ«à“ «‘∏’

REML „Àâº≈ª√– ‘∑∏‘¿“æ‰¥â¥’°«à“«‘∏’ ANOVA
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‰°à‰¢à®—¥‡ªìπ —µ«åªï°‡»√…∞°‘®∑’Ë ‡ªìπ·À≈àß

‚ª√µ’π ”À√—∫¡πÿ…¬å  “¬æ—π∏ÿå‰°à‰¢à„πªí®®ÿ∫—π

¡—°‡ªìπ “¬æ—π∏ÿå∑“ß°“√§â“ ÷́Ëß‰¥â®“°°“√º ¡¢â“¡

√–À«à“ßæ—π∏ÿåÀ√◊Õ “¬æ—π∏ÿå ∑’Ëºà“π°“√§—¥‡≈◊Õ°‡ªìπ

√–¬–‡«≈“¬“«π“π°«à“ 50 ªï ª√–‡∑»‰∑¬®”‡ªìπµâÕß

π”‡¢â“ “¬æàÕ·¡àæ—π∏ÿå‰°à‰¢à‡ªìπª√–®”∑ÿ°ªï ¿Ÿæ“π

·≈–§≥– (2540) ‰¥â»÷°…“§à“ combining ability ¢Õß

≈—°…≥–‡»√…∞°‘®„π‰°à‰¢à≈Ÿ°º ¡ ∑’Ë‰¥â®“°°“√º ¡

·∫∫‰¥Õ—≈≈‘≈√–À«à“ß “¬æ—π∏ÿå∑“ß°“√§â“ 5  “¬æ—π∏ÿå

°—∫æ—π∏ÿå‚√ä¥·¥ßæ—π∏ÿå·∑âÕ’° 1 æ—π∏ÿåæ∫«à“§à“ combining

ability √–À«à“ß∫“ß “¬æ—π∏ÿå®–„Àâ§à“‡©≈’Ë¬¢Õß≈—°…≥–

‰¥â¥’°«à“Õ’°∫“ß “¬æ—π∏ÿå °“√»÷°…“§√—Èßπ’È®÷ß¡’®ÿ¥

ª√– ß§å‡æ◊ËÕ §—¥‡≈◊Õ°≈Ÿ°∑’Ë‡°‘¥®“°°“√º ¡·∫∫‰¥

Õ—≈≈‘≈„π√ÿàπ F1 ¡“‡ªìπæàÕ·¡àæ—π∏ÿåº≈‘µ≈Ÿ°√ÿàπ F2 ‡æ◊ËÕ

ª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡„π√ÿàπ F2 ‚¥¬

®–„™â«‘∏’«‘‡§√“–Àå ANOVA ·∫∫ least squares

‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ REML ·≈–‡æ◊ËÕ»÷°…“º≈µÕ∫

 πÕßµàÕ°“√§—¥‡≈◊Õ°¢Õß≈—°…≥–‡»√…∞°‘®¥—ß°≈à“«

Õÿª°√≥å·≈–«‘∏’°“√

‰°à‰¢à∑¥≈Õß ‰°à≈Ÿ°º ¡™—Ë«∑’Ë 1 ‡æ»ºŸâ®”π«π

12 µ—«·≈–‡æ»‡¡’¬®”π«π 49 µ—«§—¥¡“®“° 9 °≈ÿà¡ „π

21 °≈ÿà¡ ∑’Ë‰¥â®“°°“√º ¡·∫∫‰¥Õ—≈≈‘≈ (¿Ÿæ“π

·≈–§≥–, 2540) ‰°à∑’Ë§—¥®“° 9 °≈ÿà¡¥—ß°≈à“« ¡’§à“

‡©≈’Ë¬¢Õß combining ability ∑’Ë¥’ À√◊Õ¡’§«“¡¥’‡¥àπ

¢Õß≈Ÿ°º ¡ (heterosis) ¥’°«à“°≈ÿà¡Õ◊Ëπ («√«‘∑¬å ·≈–

¿Ÿæ“π, 2540) ≈—°…≥–∑’Ë„™â„π°“√µ—¥ ‘π§—¥‡≈◊Õ°‡ªìπ

·¡àæ—π∏ÿå§◊Õ ≈—°…≥–ª√‘¡“≥‰¢à‡¡◊ËÕÕ“¬ÿ§√∫ 262 «—π

°“√º ¡®–„™â«‘∏’°“√º ¡‡∑’¬¡ ‚¥¬„™âæàÕ 1 µ—«

º ¡·¡àæ—π∏ÿå 3-5 µ—« ‰¢à‰°à®–∂Ÿ°π”‡¢â“øí°‡ªìπ™ÿ¥ ®”π«π

6 ™ÿ¥ ·µà≈–™ÿ¥‡¢â“øí°Àà“ß°—πª√–¡“≥ 10 «—π ≈Ÿ°‰°à

·√°‡°‘¥®–∂Ÿ°∑”æ—π∏ÿåª√–«—µ‘ ‚¥¬„™â ’∑“·≈–®–

∂Ÿ°‡ª≈’Ë¬π‡ªìπ‡∫Õ√åªï° ‡¡◊ËÕÕ“¬ÿª√–¡“≥ 10-14 «—π

°“√°°≈Ÿ°‰°à °“√„ÀâÕ“À“√ ‚ª√·°√¡°“√„Àâ«—§´’π

·≈–°“√®—¥°“√Õ◊ËπÊ ªØ‘∫—µ‘µ“¡À≈—°°“√‡≈’È¬ß‰°à∑—Ë«‰ª

≈—°…≥–‡»√…∞°‘®∑’Ë∫—π∑÷°¢âÕ¡Ÿ≈‰«âª√–°Õ∫¥â«¬

≈—°…≥–Õ“¬ÿ‡√‘Ë¡„Àâ‰¢àøÕß·√° πÈ”Àπ—°‰¢à‡©≈’Ë¬‡¡◊ËÕÕ“¬ÿ

262 «—π ·≈– ª√‘¡“≥‰¢à‡¡◊ËÕÕ“¬ÿ§√∫ 262 «—π

Àÿàπ®”≈Õß∑“ß ∂‘µ‘ „π°“√ª√–¡“≥§à“ variance

components µà“ßÊ Àÿàπ®”≈Õß∑“ß ∂‘µ‘∑’Ë„™â‡ªìπ·∫∫

sire-dam model ·≈– “¡“√∂‡¢’¬π‡ªìπ ¡°“√‰¥â¥—ßπ’È

Yijkl = µ + Hi + Sj + Djk + Eijkl

‚¥¬∑’Ë Yijkl §◊Õ§à“ —ß‡°µÿ¢Õß≈—°…≥–„π‰°àµ—«∑’Ë

l ∑’Ë‡°‘¥®“°·¡à k ∑’Ëº ¡°—∫æàÕ j „π™ÿ¥øí°∑’Ë i; µ §◊Õ

§à“‡©≈’Ë¬¢Õß≈—°…≥–„πª√–™“°√; Hi §◊ÕÕ‘∑∏‘æ≈§ß∑’Ë

¢Õß™ÿ¥øí°∑’Ë i; Sj §◊ÕÕ‘∑∏‘æ≈ ÿà¡Õ—π‡π◊ËÕß¡“®“°

æ—π∏ÿ°√√¡¢ÕßæàÕµ—«∑’Ë j; Djk §◊ÕÕ‘∑∏‘æ≈ ÿà¡Õ—π‡π◊ËÕß

¡“®“°æ—π∏ÿ°√√¡¢Õß·¡àµ—«∑’Ë k ∑’Ëº ¡°—∫æàÕµ—«∑’Ë j;

Eijkl §◊ÕÕ‘∑∏‘æ≈ ÿà¡¢Õß§«“¡§≈“¥‡§≈◊ËÕπ∑’Ë‰¥â®“°

æ—π∏ÿ°√√¡ à«π∑’Ë‡À≈◊Õ·≈–®“° ¿“æ·«¥≈âÕ¡ ´÷Ëß

Õ‘∑∏‘æ≈ ÿà¡‡À≈à“π’È®–ª√–°Õ∫¥â«¬ variance components

À≈—°Ê∑“ßæ—π∏ÿ°√√¡¥—ßπ’È

Additive Dominance

variance variance

(VA) (VD) VAA VAD VDD

Õ‘∑∏‘æ≈ ÿà¡®“°

  Sj = σs
2 1

4 0  1
16 0 0

Õ‘∑∏‘æ≈ ÿà¡®“°

  Djk = σd
2 1

4
1
4

3
16

1
8

1
16

Õ‘∑∏‘æ≈ ÿà¡®“°

  Ejkl = σe
2 1

2
3
4

3
4

7
8

5
16

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈·∫∫ ANOVA ®–„™â

‚ª√·°√¡ SAS (1982) ‡æ◊ËÕ·¬°Õ‘∑∏‘æ≈¢Õß™ÿ¥øí°

ÕÕ°®“°§«“¡·ª√ª√«π∑—ÈßÀ¡¥°àÕπ À≈—ß®“°π—Èπ

°“√«‘‡§√“–Àå variance ·≈– covariance components

µà“ßÊ °“√§”π«≥§à“Õ—µ√“æ—π∏ÿ°√√¡ §à“ À —¡æ—π∏å

∑“ßæ—π∏ÿ°√√¡ ·≈–°“√À“§à“ standard error (SE)



54 «. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 1

¢Õß§à“Õ—µ√“æ—π∏ÿ°√√¡ ‚¥¬„™â«‘∏’∑’Ë· ¥ß‰«â„π Becker

(1984)  à«π§à“ SE ¢Õß§à“ À —¡æ—π∏å∑“ß

æ—π∏ÿ°√√¡®–„™â«‘∏’«‘‡§√“–Àåµ“¡ Falconer and Mackay

(1996) °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈·∫∫ REML ®–„™â«‘∏’¢Õß

PROC. VACOMP „π‚ª√·°√¡ SAS (1982) §à“

Õ—µ√“æ—π∏ÿ°√√¡§”π«≥‚¥¬„™â«‘∏’∑’Ë· ¥ß‰«â„π Becker

(1984)

º≈

§à“‡©≈’Ë¬¢Õß≈—°…≥–Õ“¬ÿ‡√‘Ë¡„Àâ‰¢àøÕß·√°

(AFE) πÈ”Àπ—°‰¢à‡©≈’Ë¬‡¡◊ËÕÕ“¬ÿ 262 «—π (EW) ·≈–

ª√‘¡“≥‰¢à‡¡◊ËÕÕ“¬ÿ§√∫ 262 «—π (EP) ¢Õß√ÿàπ≈Ÿ° F2

¡’§à“‡∑à“°—∫ 169.9 «—π 57.59 °√—¡ ·≈– 74.54 øÕß

´÷Ëß‡ªìπ§à“‡©≈’Ë¬∑’Ë¥’°«à“‡©≈’Ë¬„π√ÿàπæàÕ·¡à (F1) „π∑ÿ°

≈—°…≥– ‚¥¬≈—°…≥– AFE ®–‰¢à‡√Á«¢÷Èπª√–¡“≥ 5.4

«—π ≈—°…≥– EW Àπ—°‡©≈’Ë¬‡æ‘Ë¡¢÷Èπª√–¡“≥ 2.04 °√—¡

·≈–≈—°…≥– EP ‰¢à‡æ‘Ë¡¡“°¢÷Èπª√–¡“≥ 0.34 øÕß

(Table 1) °“√§—¥‡≈◊Õ°‡æ»‡¡’¬„π√ÿàπ F1 ¡“‡ªìπ·¡àæ—π∏ÿå

‰¥âæ‘®“√≥“‡©æ“–≈—°…≥– EP ´÷Ëß„π°≈ÿà¡‡æ»‡¡’¬∑’Ë∂Ÿ°

§—¥‰«â‡ªìπ·¡àæ—π∏ÿå¡’§à“‡©≈’Ë¬¢Õß≈—°…≥–¥—ß°≈à“«‡∑à“°—∫

80.6 øÕß §à“§«“¡·µ°µà“ß√–À«à“ß§à“‡©≈’Ë¬¢Õß≈—°…≥–

EP „π√ÿàπæàÕ·¡à ( P ) °—∫°≈ÿà¡∑’Ë§—¥‡ªìπ·¡àæ—π∏ÿå ( Ps
)

¡’§à“‡∑à“°—∫ 6.4 øÕß ́ ÷Ëß§à“§«“¡·µ°µà“ß∑’Ë‰¥âπ’È‡√’¬°«à“

selection differential (S) „π¢≥–∑’Ë§à“§«“¡·µ°µà“ß

√–À«à“ß§à“‡©≈’Ë¬¥—ß°≈à“«„π√ÿàπ≈Ÿ° ( O ) °—∫§à“‡©≈’Ë¬„π

√ÿàπæàÕ·¡à ( Ps ) ¡’§à“‡∑à“°—∫ 0.34 øÕß §à“§«“¡

·µ°µà“ßπ’È‡√’¬°«à“ §à“µÕ∫ πÕßµàÕ°“√§—¥‡≈◊Õ°À√◊Õ

selection response (R) ‡¡◊ËÕ§”π«≥§à“ realized heritability

( hr
2 ) ®“°§à“ R ·≈– S ®–‰¥â§à“ hr

2  = R
S  = 0.34

6.40  =

0.053

‡¡◊ËÕæ‘®“√≥“∂÷ßÕ‘∑∏‘æ≈¢Õß™ÿ¥øí°À√◊Õªí®®—¬§ß∑’Ë

æ∫«à “™ÿ ¥øí °∑’Ë ·µ°µà “ ß°—π®–¡’ º≈µà Õ≈— °…≥–

∑’Ë»÷°…“∑ÿ°≈—°…≥–Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘µ‘ (P<0.01)

§à“§«“¡·ª√ª√«πÕ—π‡π◊ËÕß¡“®“°§«“¡§≈“¥‡§≈◊ËÕπ

( σe
2 ) ∑’Ë§”π«≥®“° sire-dam model ·∫∫ ANOVA

·≈–·∫∫ REML ‰¥â· ¥ß‰«â„π Table 2 §à“ª√–¡“≥¢Õß

σe
2  ∑’Ë§”π«≥®“° ANOVA ¡’§à“µË”°«à“∑’Ë§”π«≥®“°

«‘∏’ REML „π 2 ≈—°…≥–§◊Õ AFE ·≈– EP ‚¥¬¡’

§«“¡·µ°µà“ß‡∑à“°—∫ 0.9 ·≈– 1.6% µ“¡≈”¥—∫ „π

¢≥–∑’Ë≈—°…≥– EW §à“∑’Ë‰¥â®“°«‘∏’ ANOVA ®– Ÿß

°«à“«‘∏’ REML ‚¥¬§«“¡·µ°µà“ß®–ª√–¡“≥‡∑à“°—∫

5.2%

§à“Õ—µ√“æ—π∏ÿ°√√¡·≈– SE ¢ÕßÕ—µ√“

æ—π∏ÿ°√√¡¢Õß≈—°…≥–µà“ßÊ ∑’Ë§”π«≥®“° sire

component, dam component, ·≈– sire + dam

component ‰¥â· ¥ß‰«â„π Table 3 ‡¡◊ËÕæ‘®“√≥“§à“

Õ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire component ¢Õß

≈—°…≥– AFE, EW ·≈– EP ∑’Ë§”π«≥¥â«¬«‘∏’ ANOVA

Table 1 The average of AFE, EW and EP in the parental population (F1) and in the offspring population

(F2).

Traits Average in parent (F1) Average in offspring (F2) Selected parents Realized

P O Ps heritability

AFE (days) 175.3 169.9 - -

EW (grams) 55.55 57.59 - -

EP (eggs) 74.2 74.54 80.6 0.053
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Table 2 The error variance (σe
2 ) analysed using ANOVA and REML for the traits AFE, EW and EP.

Traits

Analyzed method AFE EW EP

ANOVA 203.8 14.9 249.0

REML 205.7 14.2 253.2

¡’§à“Õ¬Ÿà„π√–¥—∫ Ÿß‡∑à“°—∫ 0.714, 0.925 ·≈– 0.535

´÷Ëß„°≈â‡§’¬ß°—∫§à“∑’Ë§”π«≥¥â«¬«‘∏’ REML ∑’Ë‰¥â§à“¥—ß

°≈à“«‡∑à“°—∫ 0.709, 0.828 ·≈– 0.504 µ“¡≈”¥—∫ ·µà

∂â“æ‘®“√≥“§à“Õ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° dam

component ¥â«¬«‘∏’ ANOVA ¡’§à“Õ¬Ÿà„π√–¥—∫µË”‡∑à“°—∫

0.165 ·≈– 0.071 „π≈—°…≥– AFE ·≈– EP  à«π

≈—°…≥– EW ¡’§à“Õ¬Ÿà„π√–¥—∫ª“π°≈“ß‡∑à“°—∫ 0.259

÷́Ëß Õ¥§≈âÕß°—∫§à“∑’Ë§”π«≥‰¥â®“°«‘∏’ REML ∑’Ë≈—°…≥–

AFE ·≈– EP ®–¡’§à“‡∑à“°—∫ 0.177 ·≈– 0.075 „π

¢≥–∑’Ë§à“ EW ®–¡’§à“‡∑à“°—∫ 0.406

§à“ SE ¢ÕßÕ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° dam

component ¢Õß∑—Èß 3 ≈—°…≥–¡’§à“Õ¬Ÿà„π™à«ß·§∫Ê

√–À«à“ß 0.169 ∂÷ß 0.179  à«π§à“ SE ¢ÕßÕ—µ√“

æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire component ¢Õß∑—Èß 3

≈—°…≥–¥—ß°≈à“«¡’§à“ Ÿß°«à“·≈–¡’™à«ß∑’ËÀà“ß°«à“§◊Õ

√–À«à“ß§à“ 0.281 ∂÷ß 0.437 (Table 3)

§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥–

µà“ßÊ∑’Ë§”π«≥®“° sire component, dam component

·≈– sire + dam component æ√âÕ¡°—∫§à“ SE ¢Õß

 À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡‰¥â· ¥ß‰«â„π Table 4

‚¥¬§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥–∑’Ë

§”π«≥®“° sire component ®–¡’§à“ Ÿß ·≈–‡ªìπ§à“≈∫

¬°‡«âπ§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥–

AFE-EW ∑’Ë¡’§à“µË”·≈–‡ªìπ§à“∫«° 0.205 ·µà‡¡◊ËÕ

§”π«≥®“° dam component æ∫«à“§à“ À —¡æ—π∏å

∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥– AFE-EW ®–¡’§à“ Ÿß

·≈–‡ªìπ§à“≈∫ -0.928  à«π§à“ À —¡æ—π∏å∑“ß

æ—π∏ÿ°√√¡√–À«à“ß≈—°…≥– EW-EP ∑’Ë§”π«≥®“° sire

component ¡’§à“‡ªìπ≈∫π—Èπ ·µà‡¡◊ËÕ§”π«≥®“° dam

component ®–¡’§à“ Ÿß·≈–‡ªìπ§à“∫«° 0.831 §à“ SE

Table 3 Heritability and its SE computed from sire component, dam component and sire + dam

component of AFE, EW and EP analyzed by ANOVA and REML.

Analyzed method Traits hs
2 ±SE hd

2 ±SE hs+d
2 ±SE

ANOVA AFE 0.714±0.349 0.165±0.175 0.439±0.188

EW 0.925±0.437 0.259±0.179 0.592±0.229

EP 0.535±0.281 0.071±0.169 0.303±0.156

REML AFE 0.709 0.177 0.443

EW 0.828 0.406 0.617

EP 0.504 0.075 0.289
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heritability ¢Õß≈—°…≥– EP ¡’§à“µË” 0.053 ÷́Ëß

„°≈â‡§’¬ß°—∫∑’Ë¡’√“¬ß“π„π‰°à‰¢à∑’Ë¡’Õ“¬ÿ 39  —ª¥“Àå ¡’§à“

¢Õß≈—°…≥–¥—ß°≈à“«‡∑à“°—∫ 0.13 (Fairful and Gowe,

1990)

≈—°…≥– AFE „π√ÿàπ≈Ÿ° F2 ®–„Àâ‰¢à‡√Á«°«à“„π

√ÿàπæàÕ·¡à F1 ª√–¡“≥ 5.4 «—π ´÷Ëß‡ªìπ§à“º≈µÕ∫

 πÕßµàÕ°“√§—¥‡≈◊Õ°„π∑“ßÕâÕ¡·≈– Õ¥§≈âÕß

°—∫º≈ß“π¢Õß Mc-Clung et al. (1976); Singh et al.

(1986) ·≈– Tixier-Boichard et al. (1995) ∑’Ë√“¬

ß“π§à“ À —¡æ—π∏ÿå∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥– AFE

- EP ¡’§à“‡∑à“°—∫ -0.84, -0.74 ·≈– -0.69 µ“¡≈”¥—∫

´÷Ëß‡ªìπ§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡∑’Ë Ÿß ®÷ß àßº≈

∑”„Àâ‡¡◊ËÕ§—¥‡≈◊Õ°≈—°…≥– EP ¬àÕ¡¡’º≈µàÕ≈—°…≥– AFE

¥â«¬ „π¢≥–∑’Ë≈—°…≥– EW „π√ÿàπ≈Ÿ° F2 ®–Àπ—°

‡æ‘Ë¡°«à“√ÿàπæàÕ·¡à F1 ª√–¡“≥ 2.04 °√—¡ ¬àÕ¡· ¥ß

«à“„π√ÿàπ F1 §à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß

≈—°…≥– EP - EW §«√¡’§à“‡ªìπ∫«°∑’Ë π—∫ πÿπ°—π

·µàº≈∑’Ë‰¥âπ’È®–¢—¥·¬âß°—∫ß“π¢Õß Tixier-Boichard et

al. (1995) ∑’Ë· ¥ß§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡

√–À«à“ß≈—°…≥–¥—ß°≈à“«‡∑à“°—∫ -0.23

§à“§«“¡·ª√ª√«π‡π◊ËÕß®“°§«“¡§≈“¥‡§≈◊ËÕπ

( σe
2 ) ∑’Ë§”π«≥®“°«‘∏’ ANOVA ·≈–«‘∏’ REML „π

Table 4 Genetic correlation between AFE, EW and EP estimated from sire component, dam component

and sire + dam component.

Traits

Source Traits EW EP

Sire component AFE 0.205±0.326 -0.897±0.069

EW -0.561±0.241

Dam component AFE -0.928±0.084 -0.435±0.109

EW  0.831±0.280

Sire+Dam component AFE -0.025±0.288 -0.824±0.106

EW -0.333±0.281

¢Õß§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire

component, dam component ·≈– sire + dam component

®–¡’§à“Õ¬Ÿà„π™à«ßÀà“ß√–À«à“ß 0.069 ∂÷ß 0.326

«‘®“√≥å

§à“‡©≈’Ë¬¢Õß≈—°…≥– EP ∑’Ë‰¥â„™â‡ªìπ‡°≥±å

§—¥‡≈◊Õ°·¡àæ—π∏å ¡’§à“‡©≈’Ë¬„π√ÿàπ≈Ÿ° F2 ‡∑à“°—∫ 74.54

øÕß ‡æ‘Ë¡¡“°°«à“§à“‡©≈’Ë¬¢Õß·¡àæ—π∏ÿå„π√ÿàπ F1 ª√–¡“≥

0.34 øÕß · ¥ß«à“º≈µÕ∫ πÕßµàÕ°“√§—¥‡≈◊Õ°µË”

Õ—πÕ“®‡π◊ËÕß¡“®“°°“√§—¥‡≈◊Õ°„π√ÿàπæàÕ·¡àæ—π∏ÿåπ—Èπ

 “¡“√∂§—¥‰¥â‡©æ“–·¡àæ—π∏ÿå∑’Ë¡’ ∂‘µ‘°“√‰¢à¢Õß

·µà≈–°≈ÿà¡  à«πæàÕæ—π∏ÿå 12 µ—«®–§—¥‚¥¬¥Ÿ®“°§à“

‡©≈’Ë¬¢Õß°≈ÿà¡∑’Ë‰¥â®“°°“√º ¡·∫∫‰¥Õ—≈≈‘≈ 21

°≈ÿà¡∑’Ë¥’∑’Ë ÿ¥ 9 °≈ÿà¡ ‚¥¬æàÕæ—π∏ÿå‡À≈à“π’È¬—ß‰¡à‰¥âºà“π

°“√∑¥ Õ∫ ®÷ßÕ“®‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë¡’º≈µàÕ§à“µÕ∫

 πÕßµàÕ°“√§—¥‡≈◊Õ°∑’ËµË” ·≈–Õ’° “‡ÀµÿÕ“®‡π◊ËÕß¡“

®“°≈—°…≥– EP ¡—°®–‡°’Ë¬«¢âÕß°—∫Õ‘∑∏‘æ≈¢Õß

æ—π∏ÿ°√√¡·∫∫ non-additive gene effect ´÷Ëß‡ªìπ

Õ‘∑∏‘æ≈∑’Ë‰¡à “¡“√∂„Àâ§ßÕ¬Ÿà „π√ÿàπ≈Ÿ°®“°°“√

∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡‰¥â (Fairful and Gowe, 1990)

®“° “‡Àµÿ¥—ß°≈à“« ®÷ß‡ªìπº≈∑”„Àâ§à“§”π«≥ realized
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Àÿàπ®”≈Õß·∫∫ sire-dam model π—Èπ ®–¡’§à“‡∑à“°—∫

203.8 ·≈– 205.7 „π≈—°…≥– AFE ¡’§à“ 14.9 ·≈– 14.2

„π≈—°…≥– EW ·≈– ¡’§à“ 249.0 ·≈– 253.2 „π≈—°…≥–

EP ‚¥¬ 2 „π 3 ≈—°…≥–§à“∑’Ë§”π«≥®“°«‘∏’ ANOVA

®–¡’§à“µË”°«à“«‘∏’ REML ´÷Ëß„Àâº≈µ√ß¢â“¡°—∫º≈ß“π

¢Õß Beaumont (1991) ∑’Ë√“¬ß“π§à“ σe
2  ®“°«‘∏’

REML ®–¡’§à“πâÕ¬°«à“·≈–‡°‘¥Õ§µ‘µË”°«à“«‘∏’·∫∫

ANOVA ‚¥¬‡©æ“–„πΩŸß —µ«å∑’Ëºà“π°“√§—¥‡≈◊Õ° ·µà

§à“ σe
2  ∑’Ë√“¬ß“π‚¥¬ Beaumont π—Èπ‡ªìπ«‘∏’ REML

∑’Ë„™â°—∫ Animal model ‚¥¬„π model ¥—ß°≈à“«

¢âÕ¡Ÿ≈ —µ«å∑ÿ°µ—«®–µâÕß∂Ÿ°ª√—∫§à“¥â«¬§à“§«“¡

 —¡æ—π∏å√–À«à“ßµ—« —µ«å°—∫∫√√æ∫ÿ√ÿ… (numerator

relationship matrix) ®÷ß¡’º≈∑”„Àâ§à“ σe
2  ∑’Ë‰¥â‡ªìπ

§à“§«“¡·ª√ª√«π∑’Ë‡°‘¥®“°‡©æ“– ¿“æ·«¥≈âÕ¡

·≈–¡’§à“µË” „π¢≥–∑’Ë sire-dam model π—Èπ§à“ σe
2

πÕ°®“°®–‡π◊ËÕß¡“®“°§«“¡·ª√ª√«π¢Õß ¿“æ

·«¥≈âÕ¡·≈â« ¬—ß√«¡°—∫§«“¡·ª√ª√«π à«π∑’Ë

‡À≈◊Õ∑“ßæ—π∏ÿ°√√¡ ∑’Ëª√–°Õ∫¥â«¬ VA = 
1
2  ; VD =

3
4  ·≈– epistasis variance Õ◊ËπÊ ‡ªìπº≈∑”„Àâ§à“ σe

2

∑’Ë§”π«≥®“° sire-dam model ¡’§à“∑’Ë Ÿß°«à“ ®÷ß

‡ªìπº≈∑”„Àâ°“√∑¥≈Õß§√—Èßπ’È∑’Ë„™â«‘∏’ REML ·∫∫ sire-

dam model „πΩŸß‰°à∑’Ëºà“π°“√§—¥‡≈◊Õ°‰¡à™à«¬„Àâ

ª√– ‘∑∏‘¿“æ Ÿß‰ª°«à“«‘∏’ ANOVA

§à“Õ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire component

„π∑ÿ°≈—°…≥–¢Õß«‘∏’ ANOVA ·≈–«‘∏’ REML ®–¡’

§à“Õ¬Ÿà„π√–¥—∫ Ÿß 0.504-0.925 ·≈–¡’§à“¡“°°«à“§à“

Õ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° dam component ∑’Ë¡’

§à“Õ¬Ÿà„π√–¥—∫µË”∂÷ßª“π°≈“ß 0.075-0.406  “‡Àµÿ∑’Ë

§à“Õ—µ√“æ—π∏ÿ°√√¡®“° sire component ¡’§à“ Ÿß°«à“

dam component πà“®–‡°‘¥®“°Õ‘∑∏‘æ≈¢Õß sex-linked

gene ·≈–®”π«πæàÕæ—π∏ÿå∑’Ë„™â 12 µ—«¡’πâÕ¬‰ª √«¡

∑—Èß§«“¡·ª√ª√«π√–À«à“ßæàÕæ—π∏ÿå¡’ Ÿß ®÷ßÕ“®‡ªìπ

‡Àµÿº≈∑’Ë∑”„Àâ§à“ª√–¡“≥∑’Ë‰¥â®“° sire component

¡’§à“ Ÿß°«à“ dam component ´÷Ëß‡ªìπ§«“¡·ª√ª√«π

∑“ßæ—π∏ÿ°√√¡∑’Ë ‡°‘¥®“°·¡àæ—π∏ÿå∑’Ë ‰¥âºà “π°“√

§—¥‡≈◊Õ°‚¥¬¥Ÿ®“°¢âÕ¡Ÿ≈∑“ß ∂‘µ‘¢Õß°“√‰¢à §à“Õ—µ√“

æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire+dam component ( hs+d
2 )

¡’§à“‡©≈’Ë¬Õ¬Ÿà√–À«à“ß§à“Õ—µ√“æ—π∏ÿ°√√¡∑’Ë§”π«≥®“° sire

component ∫«° dam component ´÷Ëß§à“ hs+d
2  ¢Õß

≈—°…≥– AFE ∑’Ë§”π«≥‰¥â®“°∑—Èß 2 «‘∏’®–¡’§à“‡∑à“°—∫

0.439 ·≈– 0.443 ®–„Àâº≈ Õ¥§≈âÕß·≈–„°≈â‡§’¬ß

°—∫√“¬ß“π¢Õß Tixier-Boichard et al. (1995) „π

≈—°…≥– EW §à“ hs+d
2  ∑’Ë§”π«≥‰¥â®“°∑—Èß 2 «‘∏’®–

¡’§à“‡∑à“°—∫ 0.592 ·≈– 0.617 ´÷Ëß‡ªìπ§à“∑’Ë»Ÿß·≈–„Àâ

º≈ π—∫ πÿπß“π¢Õß Hagger (1994); Mohapatra et

al. (1985) ·≈– Tixier-Boichard et al. (1995) „π

¢≥–∑’Ë§à“ hs+d
2  ¢Õß≈—°…≥– EP ∑’Ë‰¥â®“°∑—Èß 2 «‘∏’

¡’§à“‡∑à“°—∫ 0.303 ·≈– 0.289 ®–„°≈â‡§’¬ß°—∫°“√

√“¬ß“π¢Õß Hagger (1994) ·µà®–µË”°«à“°“√√“¬ß“π

¢Õß Tixier-Boichard et al. (1995) ·≈– Wei and van

der Werf (1993)  à«π§à“ SE ¢Õß§à“Õ—µ√“æ—π∏ÿ°√√¡

∑’Ë§”π«≥‰¥â Õ¬Ÿà„π√–¥—∫ª“π°≈“ß∂÷ß Ÿß 0.156-0.437

π—ÈπÕ“®‡ªìπº≈‡π◊ËÕß®“°®”π«π§à“ —ß‡°µÿ¡’‰¡à¡“°æÕ

·≈–®”π«πæàÕæ—π∏ÿå∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È¡’πâÕ¬‰ª

§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡∑’Ë§”π«≥®“°

sire+dam component (rG(s+d)) √–À«à“ß≈—°…≥–µà“ßÊ

AFE, EW ·≈– EP ¡’§à“‡ªìπ≈∫Õ¬Ÿà„π√–¥—∫µË”∂÷ß Ÿß

‚¥¬§à“ rG(s+d) √–À«à“ß AFE - EW ¡’§à“µË” -0.025

÷́ËßÕ“®°≈à“«‰¥â«à“≈—°…≥–∑—Èß Õß‰¡à¡’§«“¡ —¡æ—π∏ÿå°—π

·≈–º≈∑’Ë‰¥âπ’È Õ¥§≈âÕß°—∫º≈ß“π¢Õß Jerome et al.

(1956) ·≈– Singh et al. (1986) „π¢≥–∑’Ë§à“ rG(s+d)

√–À«à“ß≈—°…≥– AFE - EP ¢Õß°“√»÷°…“§√—Èßπ’È¡’

§à“‡∑à“°—∫ -0.824 ´÷Ëß‡ªìπ§à“∑’Ë Ÿß· ¥ß«à“πà“®–¡’

Õ‘∑∏‘æ≈¢Õß¬’π·∫∫ pleiotropy ·≈–À√◊ÕÕ‘∑∏‘æ≈¢Õß

linkage gene ‡°’Ë¬«¢âÕßÕ¬Ÿà¥â«¬·≈–§à“∑’Ë‰¥âπ’È®–

„°≈â‡§’¬ß°—∫°“√√“¬ß“π¢Õß «√«‘∑¬å ·≈–§≥– (2523)

·≈– Mc-Clung et al. (1976)  à«π§à“ rG(s+d)

√–À«à“ß≈—°…≥– EW - EP ∑’Ë‰¥â®“°°“√»÷°…“§√—Èß
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π’È¡’§à“‡∑à“°—∫ -0.333 ´÷Ëß‡ªìπ„π√–¥—∫ª“π°≈“ß ·µà®–

 Ÿß°«à“∑’Ë√“¬ß“π‡∑à“°—∫ -0.25 ‚¥¬ Jerome et al (1956)

·µà®–µË”°«à“ -0.41 ∑’Ë√“¬ß“π‚¥¬ Mc-Clung et al.

(1976) ·≈– -0.47 ∑’Ë√“¬ß“π‚¥¬ Mohapatra et al.

(1985)

 √ÿª

°“√„™â≈—°…≥– EP ‡ªìπ‡°≥±å°“√§—¥‡≈◊Õ°

·¡àæ—π∏ÿå‚¥¬¥Ÿ ∂‘µ‘°“√‰¢à ®“°°≈ÿà¡‰°à∑’Ë‰¥â®“°°“√

º ¡·∫∫‰¥Õ—≈≈‘≈∑’Ë „Àâ§à“ ‡©≈’Ë¬¢Õß°“√‰¢à¥’π—Èπ

®–„Àâº≈µÕ∫ πÕßµàÕ°“√§—¥‡≈◊Õ°„π≈—°…≥–¥—ß°≈à“«

µË” ·≈–®–¡’º≈∑“ßÕâÕ¡µàÕ§«“¡°â“«Àπâ“¢Õß≈—°…≥–

AFE „Àâ‰¢à‡√Á«¢÷Èπª√–¡“≥ 5.4 «—π ·≈–≈—°…≥– EW

„Àâ‰¢à‡©≈’Ë¬Àπ—°‡æ‘Ë¡¢÷Èπª√–¡“≥ 2.04 °√—¡

°“√„™â«‘∏’ REML §”π«≥·∫∫ sire-dam model

¡’ª√– ‘∑∏‘¿“æ„°≈â‡§’¬ß°—∫«‘∏’ ANOVA

°“√»÷°…“§à“ genetic parameter µà“ßÊ „π

ΩŸß‰°à∑’Ëºà“π°“√§—¥‡≈◊Õ° ∂â“®–„™â«‘∏’·∫∫ REML §«√

„™â°—∫ Animal model ®÷ß®– “¡“√∂™à«¬≈¥Õ§µ‘∑’Ë‡°‘¥

®“°°“√§—¥‡≈◊Õ°‰¥â

§à“ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß≈—°…≥–

EW-EP ‡ªìπ§à“≈∫ °“√§—¥‡≈◊Õ°®÷ß§«√ √â“ß “¬

æàÕæ—π∏ÿå∑’Ë¡’≈—°…≥– EW ¥’  à«π„π “¬·¡àæ—π∏ÿå

§«√‡πâπ≈—°…≥– EP ´÷Ëß¬àÕ¡¡’º≈„Àâ≈—°…≥– AFE ¥’

¥â«¬

‡Õ° “√Õâ“ßÕ‘ß

¿Ÿæ“π √—µπ¿—°¥’,  ¡™—¬ ®—π∑√å «à“ß,  ¡∫Ÿ√≥å  ÿ¢æß…å,

·≈– «√«‘∑¬å  ‘√‘æ≈«—≤πå. 2540.  ¡√√∂¿“æ

°“√º ¡æ—π∏ÿå¢Õß‰°à‰¢à≈Ÿ°º ¡∑“ß°“√§â“®“°

°“√º ¡¢â“¡·∫∫‰¥Õ—≈≈‘≈, π. 47-54. „π °“√
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