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Abstract

Chortip Aroondechachai1  Chancharat Reodecha2*  Monchai Duangjinda3  Duangsmorn Suwattana2

EFFECTS OF BETA AND KAPPA CASEIN ON BREEDING VALUES

PREDICTIONS IN DAIRY CATTLE

The objective of this study was to estimate the genetic parameters and breeding values for milk yield, protein

yield and protein percentage in 87 crossbred dairy cattle with pedigree and production records and beta and kappa

casein genotypes. The data was analyzed using three mixed model equations. The first model included fixed effects

and random effects, identifying additive and permanent environments. The second model was similar to the first

model using beta (a) or kappa (b) casein genotype (single gene) effect. The third model was the same as the first

model but used composite beta and kappa casein genotype (multigene) effects. Variance components and

breeding values were estimated by the Restricted Maximum Likelihood (REML) method and Best Liner Unbiased

Prediction (BLUP), respectively. Heritabilities of milk yield were 0.51 (model 2a) to 0.57 (model 1), protein yield

0.43 (model 3) to 0.45 (model 1), and the protein percentage ranged from 0.21 to 0.22. Of all the three models

analyzed, model3 was found to be better in explaining the source of variance than the other two, based on -2logL

values. Analyses from model3 (multigene) were different from model1 in which genotypes were not included. As a

result, the ranking of cows, based on their breeding values, showed differences between the two models. When beta

or kappa casein genotypes were included separately in the model (2a or 2b), there were no difference in the ranking

of the cows for milk and protein percentage. For all three models, the ranking of cows based on their breeding

values showed no differences for protein yield.
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∫∑§—¥¬àÕ

™àÕ∑‘æ Õ√ÿ≥‡¥™“™—¬1  ®—π∑√å®√—  ‡√’Ë¬«‡¥™–2*  ¡πµå™—¬ ¥«ß®‘π¥“3  ¥«ß ¡√  ÿ«—±≤π2

Õ‘∑∏‘æ≈¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π∑’Ë¡’µàÕ°“√ª√–¡“≥§à“°“√º ¡æ—π∏ÿå„π‚§π¡

°“√»÷°…“‡æ◊ËÕª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡ ·≈–ª√–‡¡‘π§à“°“√º ¡æ—π∏ÿå ”À√—∫≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡

‰¥â·°à ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π ª√‘¡“≥‚ª√µ’π ·≈–‡ªÕ√å‡´Áπµå‚ª√µ’π ‚¥¬„™â¢âÕ¡Ÿ≈¢Õß‚§π¡≈Ÿ°º ¡®”π«π 87 µ—« ∑’Ë¡’°“√

∫—π∑÷°¢âÕ¡Ÿ≈æ—π∏ÿåª√–«—µ‘ ≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡√“¬µ—« ·≈–¡’°“√µ√«® Õ∫®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π ‡æ◊ËÕ

‡ª√’¬∫‡∑’¬∫º≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¥â«¬‚¡‡¥≈∑’Ë‰¡àª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π (‚¡‡¥≈ 1) ‚¡‡¥≈∑’Ëª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§ ’́π

(‚¡‡¥≈ 2a) À√◊Õ¬’π·§ªªÑ“‡§ ’́π (‚¡‡¥≈ 2b) ·≈–‚¡‡¥≈∑’Ëª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π∑—Èß Õß√à«¡°—π (‚¡‡¥≈ 3) ∑”°“√ª√–¡“≥§à“

Õß§åª√–°Õ∫§«“¡·ª√ª√«π·≈–§«“¡·ª√ª√«π√à«¡ ¥â«¬«‘∏’ Restricted Maximum Likelihood (REML) ·≈–ª√–‡¡‘π§à“°“√

º ¡æ—π∏ÿå¥â«¬«‘∏’ Best Liner Unbiased Prediction (BLUP) æ∫«à“ ≈—°…≥–ª√‘¡“≥πÈ”π¡ ¡’§à“Õ—µ√“æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß 0.51

(‚¡‡¥≈ 2a) ∂÷ß 0.57 (‚¡‡¥≈ 1) ≈—°…≥–ª√‘¡“≥‚ª√µ’π ¡’§à“Õ—µ√“æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß 0.43 (‚¡‡¥≈ 3) ∂÷ß 0.45 (‚¡‡¥≈ 1) ·≈–

≈—°…≥–‡ªÕ√å‡´Áπµå‚ª√µ’π ¡’§à“Õ—µ√“æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß 0.21 ∂÷ß 0.22 ∑—Èßπ’È ‚¡‡¥≈ 3 „Àâ§à“ -2logL ¥’°«à“ ‚¡‡¥≈ 1 ·≈– ‚¡‡¥≈

2a-b  „π∑ÿ°≈—°…≥– °“√À“§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√º ¡æ—π∏ÿå®“°‚¡‡¥≈µà“ßÊ  ”À√—∫≈—°…≥–ª√‘¡“≥πÈ”π¡·≈–‡ªÕ√å‡ Á́πµå

‚ª√µ’πæ∫«à“ ‚¡‡¥≈∑’Ëª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π√à«¡°—π ∑”„Àâª√–‡¡‘π≈”¥—∫‚§∑’Ë‡√’¬ßµ“¡§à“°“√º ¡æ—π∏ÿå

·µ°µà“ß®“°‚¡‡¥≈∑’Ë‰¡à¡’°“√ª√—∫¥â«¬®’‚π‰∑ªá  àßº≈„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß≈”¥—∫¢Õß‚§  à«π°“√ª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“

‡§´’πÀ√◊Õ¬’π·§ªªÑ“‡§´’π‡æ’¬ßÕ¬à“ß‡¥’¬« „Àâ≈”¥—∫‚§∑’Ë‡√’¬ßµ“¡§à“°“√º ¡æ—π∏ÿå‰¡à·µ°µà“ß°—π  ”À√—∫≈—°…≥–ª√‘¡“≥‚ª√µ’π

„π∑ÿ°‚¡‡¥≈„Àâ≈”¥—∫‚§„°≈â‡§’¬ß°—π

§” ”§—≠ :  ≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡ ¬’π‡∫µâ“‡§ ’́π ¬’π·§ªªÑ“‡§´’π ∫’·Õ≈¬Ÿæ’

∫∑π”

≈—°…≥–∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®„π‚§π¡ ‡™àπ

ª√‘¡“≥πÈ”π¡ ·≈–Õß§åª√–°Õ∫„ππÈ”π¡  à«π„À≠à‡ªìπ≈—°…≥–

ª√‘¡“≥ §«“¡·ª√ª√«π¢Õß≈—°…≥–ª√“°Ø∑’Ë«—¥‰¥â¡’Õ‘∑∏‘æ≈

¡“®“°æ—π∏ÿ°√√¡ ·≈– ¿“æ·«¥≈âÕ¡∑’Ë —µ«å‰¥â√—∫ ‡™àπ Õ“À“√

°“√‡≈’È¬ß¥Ÿ  ¿“æ¿Ÿ¡‘Õ“°“» ‡ªìπµâπ „π°“√ª√—∫ª√ÿßæ—π∏ÿå

‡æ◊Ë Õ„Àâ‰¥â‚§π¡∑’Ë¡’æ—π∏ÿ°√√¡µ√ßµ“¡«—µ∂ÿª√– ß§å∑’Ë

µâÕß°“√∑’Ëºà“π¡“®÷ß‰¥âπ”‡Õ“À≈—°°“√∑“ßæ—π∏ÿ»“ µ√åª√‘¡“≥

(quantitative genetics) ¡“„™â„π°“√∑¥ Õ∫≈—°…≥–

‚¥¬„™â¢âÕ¡Ÿ≈®“°≈—°…≥–ª√“°Ø∑’Ë —ß‡°µ‰¥â„π°“√ª√–¡“≥

§à“°“√º ¡æ—π∏ÿå (estimated breeding values ; EBV) ¢Õß‚§π¡

·µà≈–µ—« ‡æ◊ËÕπ”¡“„™â„π°“√®—¥Õ—π¥—∫·≈–§—¥‡≈◊Õ°‚§π¡

¿“¬„πΩŸß ·¡â«à“°“√§—¥‡≈◊Õ°¥â«¬«‘∏’π’È®–§àÕπ¢â“ßª√– ∫

§«“¡ ”‡√Á®·≈–‡ªìπÀ≈—°„π°“√§—¥‡≈◊Õ°‚§π¡∑—Ë«‚≈°„πªí®®ÿ∫—π

·µà«‘∏’°“√¥—ß°≈à“«¬—ß‰¡à “¡“√∂∫àß™’Èæ—π∏ÿ°√√¡∑’Ë·∑â®√‘ß‰¥â

°“√π”‡Õ“«‘∏’ marker assisted selection (MAS) ¡“„™â„π°“√

§—¥‡≈◊Õ°‡æ◊ËÕ„Àâ “¡“√∂§—¥‡≈◊Õ°‚§π¡®“°æ—π∏ÿ°√√¡À√◊Õ¬’π

‚¥¬µ√ß ‚¥¬π”‡Õ“§«“¡√Ÿâ¥â“πÕ≥Ÿæ—π∏ÿ»“ µ√å¡“„™â„π°“√»÷°…“

µ”·Àπàß∑’Ë§«∫§ÿ¡≈—°…≥–ª√‘¡“≥ À√◊Õ quantitative trait loci

(QTL) ‡π◊ËÕß®“°≈—°…≥–ª√‘¡“≥¡—°∂Ÿ°§«∫§ÿ¡¥â«¬¬’πÀ≈“¬§Ÿà

°“√°”Àπ¥µ”·Àπàß¬’π∑’Ë§«∫§ÿ¡≈—°…≥–‚¥¬µ√ß∑”‰¥â¬“°

®÷ß¡’°“√»÷°…“ candidate gene ‡æ◊ËÕ„™â‡ªìπ‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡

„π°“√§—¥‡≈◊Õ°‚§π¡

°“√„™âª√–‚¬™πå®“°¢âÕ¡Ÿ≈®’‚π‰∑ªá¢Õß¬’π µâÕßÕ“»—¬

À≈—°°“√ª√–‡¡‘πÕ‘∑∏‘æ≈¢Õß·µà≈–®’‚π‰∑ªáµàÕ≈—°…≥–

°“√„Àâº≈º≈‘µ¢Õß‚§π¡ ·≈–®”‡ªìπµâÕß„™â«‘∏’°“√∑“ß ∂‘µ‘

∑’Ë∂Ÿ°µâÕß‡æ◊ËÕ™à«¬„Àâ°“√ª√–‡¡‘π§à“¡’§«“¡·¡àπ¬”·≈–

πà“‡™◊ËÕ∂◊Õ¡“°∑’Ë ÿ¥ °“√»÷°…“‚¡‡¥≈∑’Ë„™â„π°“√«‘‡§√“–Àå

Õ‘∑∏‘æ≈¢Õß®’‚π‰∑ªá¢Õß¬’π¡’°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß

¡“‚¥¬µ≈Õ¥ Kennedy ·≈–§≥– (1991) ‰¥â»÷°…“°“√

ª√–¡“≥§à“Õ‘∑∏‘æ≈¢Õß®’‚π‰∑ªá·∫∫µà“ßÊ ‚¥¬°“√®”≈Õß

¢âÕ¡Ÿ≈¥â«¬«‘∏’ ordinary least squares (OLS) ‚¥¬„Àâ®’‚π‰∑ªá
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‰¥â·°à ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π ª√‘¡“≥‚ª√µ’π ·≈–

‡ªÕ√å‡´Áπµå‚ª√µ’π ¥â«¬‚¡‡¥≈∑’Ëª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“

·≈–·§ªªÑ“‡§ ’́π

«— ¥ÿ·≈–«‘∏’°“√

°≈ÿà¡µ—«Õ¬à“ß·≈–¢âÕ¡Ÿ≈∑’Ë„™â„π°“√»÷°…“

°“√»÷°…“§√—Èßπ’È„™â¢âÕ¡Ÿ≈·¡à‚§π¡≈Ÿ°º ¡®“°ø“√å¡

‚§π¡·ÀàßÀπ÷Ëß„π‡¢µ®—ßÀ«—¥√“™∫ÿ√’ ∑’Ë«‘‡§√“–Àå®’‚π‰∑ªá ¢Õß

¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π (™àÕ∑‘æ, 2003) ·≈–¡’°“√∫—π∑÷°

¢âÕ¡Ÿ≈æ—π∏ÿåª√–«—µ‘ ≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡√“¬µ—« ‰¥â·°à

ª√‘¡“≥πÈ”π¡ ‚ª√µ’π ·≈–‡ªÕ√å‡´Áπµå‚ª√µ’π¢Õß·¡à‚§π¡∑’Ë

„ÀâπÈ”π¡ ¡∫Ÿ√≥å (complete lactation) ®”π«π∑—ÈßÀ¡¥ 87 µ—«

®”π«π¢Õß¢âÕ¡Ÿ≈∑’Ëπ”¡“„™â„π°“√«‘ ‡§√“–Àå¥—ß· ¥ß„π

µ“√“ß∑’Ë 1·≈–¡’‚§√ß √â“ß¢Õß¢âÕ¡Ÿ≈¥—ßπ’È

1. ·øÑ¡¢âÕ¡Ÿ≈æ—π∏ÿåª√–«—µ ‘ (pedigree file) ª√–°Õ∫

¥â«¬À¡“¬‡≈¢ª√–®”µ—«‚§π¡ À¡“¬‡≈¢æàÕæ—π∏ÿå‚§π¡ À¡“¬

‡≈¢·¡àæ—π∏ÿå‚§π¡ «—π ‡¥◊Õπ ªï ∑’Ë‡°‘¥¢Õß‚§π¡·µà≈–µ—«

2. ·øÑ¡¢âÕ¡Ÿ≈º≈º≈‘µ (production file) ª√–°Õ∫¥â«¬

À¡“¬‡≈¢ª√–®”µ—«‚§π¡ æ—π∏ÿå °≈ÿà¡æ—π∏ÿå·≈–√–¥—∫ “¬‡≈◊Õ¥

«—π ‡¥◊Õπ ªï ∑’Ë§≈Õ¥≈Ÿ° ≈”¥—∫∑’Ë¢Õß°“√„Àâπ¡ Õ“¬ÿ‡¡◊ËÕ„Àâ≈Ÿ°

¢âÕ¡Ÿ≈≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡ (ª√‘¡“≥πÈ”π¡ª√—∫∑’Ë 305

«—π ª√‘¡“≥‚ª√µ’π ·≈–‡ªÕ√å‡´Áπ‚ª√µ’π) ¢âÕ¡Ÿ≈®’‚π‰∑ªá¢Õß

¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π „πª√–™“°√∑’Ë∑”°“√»÷°…“¡’√Ÿª·∫∫

®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§ ’́π ¥—ßπ’È A1A1, A1A2, A1B, A2A2

·≈– A2B ·≈–®’‚π‰∑ªá¢Õß¬’π·§ªªÑ“‡§´’π ¥—ßπ’È AA, AB,

AE, BB ·≈– BE

¢Õß —µ«å‡ªìπªí®®—¬§ß∑’Ë ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ mixed model (MM)

‚¥¬„Àâ®’‚π‰∑ªá¢Õß —µ«å‡ªìπªí®®—¬§ß∑’Ë√à«¡°—∫°“√¡’Õ‘∑∏‘æ≈

·∫∫∫«° – ¡‡π◊ËÕß®“°µ—« —µ«å‡ªìπªí®®—¬ ÿà¡ æ∫«à“§à“ª√–¡“≥

Õ‘∑∏‘æ≈¢Õß®’‚π‰∑ªá·∫∫µà“ßÊ ¥â«¬«‘∏’ OLS ®–¡’§à“ Ÿß

°«à“§à“®√‘ß (overestimated) ∑’Ë°”Àπ¥‰«âÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

·≈–¡’§à“§«“¡§≈“¥‡§≈◊ËÕπ Ÿß°«à“«‘∏’ MM µàÕ¡“ Famula ·≈–

Medrano (1994) ∑”°“√»÷°…“°“√ª√–¡“≥Õ‘∑∏‘æ≈¢Õß

®’‚π‰∑ªá¢Õß¬’π‡§´’π„ππÈ”π¡ ‰¥â¢âÕ √ÿª Õ¥§≈âÕß°—π«à“

°“√ª√–¡“≥§à“¥â«¬«‘∏’ MM ™à«¬≈¥Õ§µ‘¢Õß§à“ª√–¡“≥

‚¥¬°“√ª√—∫§à“Õ‘∑∏‘æ≈‡π◊ËÕß®“°¬’πÀ≈“¬µ”·Àπàß¢Õß —µ«å‡ªìπ

ªí®®—¬ ÿà¡‡π◊ËÕß®“°µ—« —µ«å ·≈–°“√„™â‡¡µ√‘° ǻ§«“¡ —¡æ—π∏å

(relationship matrix) ‡π◊ËÕß®“°µ—« —µ«å „π‚¡‡¥≈∑”„Àâ§à“

ª√–¡“≥∑’Ë‰¥â∂Ÿ°µâÕß¡“°¢÷Èπ (Bobe et al., 1999) ªí®®ÿ∫—π‚¡‡¥≈

∑’Ë„™â„π°“√ª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡·≈–§à“

°“√º ¡æ—π∏ÿå ∑’Ë¡’°“√ª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π®÷ßπ‘¬¡„™â

°“√ª√–¡“≥§à“¥â«¬«‘∏’ MM ‡æ◊ËÕπ”¡“„™â„π°“√æ‘®“√≥“

®—¥Õ—π¥—∫·≈–§—¥ ‡≈◊Õ°‚§π¡¿“¬„πΩŸß‰¥âÕ¬à “ß∂Ÿ°µâÕß

‚¥¬¡’°“√»÷°…“‡°’Ë¬«°—∫¬’π‡§´’π´÷Ëß§«∫§ÿ¡°“√·ª≈√À— 

¢Õß‚ª√µ’π‡§´’π∑’Ë‡ªìπ‚ª√µ’πÀ≈—°„ππÈ”π¡ „π∞“π– candidate

gene Õ¬à“ß°«â“ß¢«“ß ‚¥¬‡©æ“–¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π

∑’Ë§“¥«à“¡’Õ‘∑∏‘æ≈µàÕ≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡„π‚§π¡

(Lin et al.,1986; Bovenhuis et al., 1992; Ron et al., 1994;

Sabour et al., 1996; Ojala et al., 1997; Braunschweig et

al.,1998; Ikonen et al., 1999) °“√„™â¢âÕ¡Ÿ≈®’‚π‰∑ªá

¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§ ’́π¡“√à«¡„π°“√ª√–¡“≥§à“

°“√º ¡æ—π∏ÿå‚§π¡¬—ß‰¡à¡’°“√»÷°…“„πª√–‡∑»‰∑¬ °“√»÷°…“

§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕª√–¡“≥§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡

·≈–§à“°“√º ¡æ—π∏ÿå¢Õß≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡

µ“√“ß∑’Ë 1 ®”π«π¢âÕ¡Ÿ≈

           ≈—°…≥–                     ®”π«π        §à“‡©≈’Ë¬         SD

®”π«π —µ«å„πæ—π∏ÿåª√–«—µ‘ 152 - -

®”π«π Contemporary 21 - -

√–¬–°“√„Àâπ¡ 7 - -

°≈ÿà¡æ—π∏ÿå 5 - -

ª√‘¡“≥πÈ”π¡ª√—∫∑’Ë 305 «—π 175 3776.48 1052.86

ª√‘¡“≥‚ª√µ’π 174 113.10 27.24

√âÕ¬≈–‚ª√µ’π 180 3.21 0.37
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°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

1. °“√µ√«® Õ∫°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈

µ√«® Õ∫°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈¥â«¬™ÿ¥§” —Ëß PROC

UNIVARIATE „π‚ª√·°√¡ ”‡√Á®√Ÿª SAS for WINDOWS

version 6.02 (SAS, 1998) æ∫«à“≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡

‰¥â·°à ª√‘¡“≥πÈ”π¡ª√—∫∑’Ë 305 «—π ª√‘¡“≥‚ª√µ’π ·≈–

‡ªÕ√å‡ Á́π‚ª√µ’π ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È∂Ÿ° ÿà¡µ—«Õ¬à“ß¡“®“°

ª√–™“°√∑’Ë¡’°“√°√–®“¬µ—«¢Õß¢âÕ¡Ÿ≈·∫∫ª°µ‘ ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ 99 ‡ªÕ√å‡ Á́πµå

2. °“√ª√–¡“≥§à“Õß§åª√–°Õ∫§«“¡·ª√ª√«π¢Õß

≈—°…≥–µà“ßÊ

ª√–¡“≥§à“Õß§åª√–°Õ∫§«“¡·ª√ª√«π¢Õß≈—°…≥–

∑’Ë∑”°“√»÷°…“ ¥â«¬‚¡‡¥≈º ¡‡™‘ß‡ âπµ√ß‚¥¬„™â‚¡‡¥≈µ—« —µ«å

¥â«¬«‘∏’ Restricted Maximum Likelihood (REML) ·≈â«®÷ß

«‘‡§√“–Àå§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡ ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡

 ”§—≠„π°“√æ‘®“√≥“®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π

‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª DR-BLUP Version 1.0,

(Duangjinda et al., 2003) „π°“√ª√–¡“≥§à“¥â«¬‚¡‡¥≈µà“ßÊ

¡’°“√ª√—∫¥â«¬ªí®®—¬§ß∑’Ë (fixed effects) ‰¥â·°à Õ“¬ÿ∑’Ë·¡à‚§π¡

§≈Õ¥≈Ÿ° ªï∑’Ë·¡à‚§π¡§≈Õ¥≈Ÿ° ƒ¥Ÿ°“≈∑’Ë·¡à‚§π¡§≈Õ¥≈Ÿ°

°≈ÿà¡æ—π∏ÿå ·≈–≈”¥—∫°“√„Àâπ¡ ‚¥¬¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

‚¡‡¥≈ (1) : ‰¡à¡’°“√ª√—∫Õ‘∑∏‘æ≈¢Õß®’‚π‰∑ªá¢Õß¬’π

y = Xb + Za + Wp + e

‚¡‡¥≈ (2a-b) : ¡’°“√ª√—∫Õ‘∑∏‘æ≈¢Õß®’‚π‰∑ªá¢Õß¬’π‡∫µâ“ (2a)

À√◊Õ·§ªªÑ“ (2b) µ”·Àπàß‡¥’¬«

y = Xb + Qg + Za + Wp + e

‚¡‡¥≈ (3) :  ¡’°“√ª√—∫Õ‘∑∏‘æ≈®’‚π‰∑ªá¢Õß¬’π∑—Èß Õß

µ”·Àπàß√à«¡°—π

y = Xb + Q*g *+ Za + Wp + e

‡¡◊ËÕ

y = ‡«§‡µÕ√å¢Õß§à“ —ß‡°µ,

b = ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë,

g = ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“°®’‚π‰∑ªá¢Õß¬’π

‡∫µâ“‡§´’π (2a) À√◊Õ·§ªªÑ“‡§ ’́π (2b),

g* = ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“°°“√√«¡°—π

¢Õß®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π,

a = ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈ ÿà¡‡π◊ËÕß®“°µ—« —µ«å,

p = ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“° ‘Ëß·«¥≈âÕ¡∂“«√,

e = ‡«§‡µÕ√å¢Õß§«“¡§≈“¥‡§≈◊ËÕπ (error),

X, Q, Q*, Z, W  = ‡¡µ√‘°´å∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“

 —ß‡°µ°—∫Õ‘∑∏‘æ≈ ¥—ß∑’Ë°≈à“«¡“·≈â«

‚¥¬¡’§«“¡·ª√ª√«π·≈–§«“¡·ª√ª√«π√à«¡¥—ßπ’È

a AÓ2

a
    0     0

Var p = 0      IÓ2

p
    0

e 0       0     IÓ2

e

3. °“√À“§«“¡ —¡æ—π∏å¢Õß§à“°“√º ¡æ—π∏ÿå®“°

‚¡‡¥≈µà“ßÊ

ª√– ‡¡‘π§à “°“√º ¡æ—π∏ÿå ‚¥¬„™â Õß§åª√–°Õ∫

§«“¡·ª√ª√«π∑’Ë‰¥â®“°‚¡‡¥≈∑—Èß “¡ ∑”°“√‡ª√’¬∫‡∑’¬∫

√–À«à“ß‚¡‡¥≈ ‚¥¬æ‘®“√≥“§à“ -2logL ®“°·µà≈–‚¡‡¥≈ ∑’Ë∑”°“√

«‘‡§√“–Àå ‚¡‡¥≈∑’Ë„Àâ§à“ -2logL πâÕ¬∑’Ë ÿ¥ · ¥ß«à“¡’§«“¡‡À¡“–

 ¡¡“°∑’Ë ÿ¥ ®“°π—Èπ∑”°“√«‘‡§√“–Àå§à“ Spearman Rank

Correlation (rs) À“° rs ¡’§à“ Ÿß°«à“ 0.85 ®–· ¥ß«à“ ≈”¥—∫

¢Õß§à“°“√º ¡æ—π∏ÿå¡’§«“¡ —¡æ—π∏å°—π (Robertson, 1959)

º≈

Õß§åª√–°Õ∫¢Õß§«“¡·ª√ª√«π„π·µà≈–‚¡‡¥≈

ª√–°Õ∫¥â«¬ §à“§«“¡·ª√ª√«π‚¥¬µ√ß‡π◊ËÕß®“°µ—« —µ«å

À√◊Õ§«“¡·ª√ª√«π‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õßæ—π∏ÿ°√√¡·∫∫

∫«° – ¡ (Ó2

a
) §à“§«“¡·ª√ª√«π‡π◊ËÕß®“° ¿“æ·«¥≈âÕ¡

∂“«√ (Ó2

a
) §à“§«“¡·ª√ª√«π¢Õß§«“¡§≈“¥‡§≈◊ËÕπ (Ó2

a
)

·≈–§à“§«“¡·ª√ª√«π¢Õß≈—°…≥–ª√“°Ø (Ó2

a
) ´÷Ëß§à“‡À≈à“π’È

®–¢÷ÈπÕ¬Ÿà °—∫‚¡‡¥≈∑’Ë„™â„π°“√«‘‡§√“–Àå ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

æ∫«à“≈—°…≥–ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π ¡’§à“§«“¡·ª√

ª√«π ‚¥¬µ√ß‡π◊ËÕß®“°µ—« —µ«åÕ¬Ÿà„π™à«ß 517,370 °°.2

(‚¡‡¥≈ 2a) ∂÷ß 581,720 °°.2 (‚¡‡¥≈ 1) ‚¥¬¡’§à“Õ—µ√“

æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß 0.51 (‚¡‡¥≈ 2a) ∂÷ß 0.57 (‚¡‡¥≈ 1)

≈—°…≥–ª√‘¡“≥‚ª√µ’π ¡’§à“§«“¡·ª√ª√«π‚¥¬µ√ß‡π◊ËÕß®“°

µ—« —µ«åÕ¬Ÿà„π™à«ß 297.02 °°.2 (‚¡‡¥≈ 2b) ∂÷ß 309.91 °°.2

(‚¡‡¥≈ 1) ‚¥¬¡’§à“Õ—µ√“æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß 0.43 (‚¡‡¥≈

3) ∂÷ß 0.45 (‚¡‡¥≈ 1) ≈—°…≥–‡ªÕ√å‡´Áπ‚ª√µ’π ¡’§à“§«“¡

·ª√ª√«π‚¥¬µ√ß ‡π◊ËÕß®“°µ—« —µ«åÕ¬Ÿà„π™à«ß√âÕ¬≈– 3.02

(‚¡‡¥≈ 2b) ∂÷ß√âÕ¬≈– 3.33 (‚¡‡¥≈ 2a) ‚¥¬¡’§à“Õ—µ√“

æ—π∏ÿ°√√¡Õ¬Ÿà„π™à«ß√âÕ¬≈– 0.21 ∂÷ß 0.22

‡¡◊ËÕ«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√º ¡æ—π∏ÿå®“°

‚¡‡¥≈∑—Èß “¡¥â«¬«‘∏’ Spearman Rank Correlation  ”À√—∫

≈—°…≥–ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π·≈–‡ªÕ√å‡´Áπ‚ª√µ’π æ∫
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«à“°“√ª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“

‡§´’π√à«¡°—π ∑”„Àâ≈”¥—∫‚§∑’Ë‡√’¬ßµ“¡§à“°“√º ¡æ—π∏ÿå∑’Ë‰¥â

·µ°µà“ß®“°‚¡‡¥≈∑’Ë‰¡à¡’°“√ª√—∫®’‚π‰∑ªá„¥Ê ¥â«¬§à“ rs

πâÕ¬°«à“ 0.85  à«π°“√ª√—∫¥â«¬®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§´’π

À√◊Õ·§ªªÑ“‡§ ’́π ‡æ’¬ßÕ¬à“ß‡¥’¬« ∑”„Àâ≈”¥—∫‚§∑’Ë‡√’¬ßµ“¡

§à“°“√º ¡æ—π∏ÿå‰¡à·µ°µà“ß°—π  ”À√—∫≈—°…≥–ª√‘¡“≥

‚ª√µ’π„π∑ÿ°‚¡‡¥≈„Àâ≈”¥—∫‚§„°≈â‡§’¬ß°—π ‚¥¬‰¥â§à“ rs

¡“°°«à“ 0.9 ¥—ß· ¥ß„πµ“√“ß∑’Ë 2 µ—«Õ¬à“ß°“√®—¥‡√’¬ß≈”¥—∫

‚§π¡µ“¡§à“°“√º ¡æ—π∏ÿå¢Õß≈—°…≥–√âÕ¬≈–‚ª√µ’π 20

Õ—π¥—∫·√° ¢Õß‚¡‡¥≈µà“ßÊ · ¥ß„πµ“√“ß∑’Ë 3 ®–‡ÀÁπ‰¥â«à“

‡¡◊ËÕ„™â‚¡‡¥≈∑’Ë¡’°“√ª√—∫Õ‘∑∏‘æ≈¢Õß¬’π‡∫µâ“‡§´’π·≈–

·§ªªÑ“‡§ ’́π√à«¡°—π (‚¡‡¥≈ 3) ¡’º≈ª√—∫‡ª≈’Ë¬π≈”¥—∫¢Õß

‚§π¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“°“√º ¡æ—π∏ÿå¥â«¬‚¡‡¥≈∑’Ë‰¡àª√—∫

¥â«¬®’‚π‰∑ªá (‚¡‡¥≈ 1)

«‘®“√≥å

°“√ª√—∫‚¡‡¥≈¥â«¬Õ‘∑∏‘æ≈¢Õß¬’π‡∫µâ“‡§´’π·≈–

·§ªªÑ“‡§´’π (‚¡‡¥≈ 3) ¡’·π«‚πâ¡„Àâ§à“Õ—µ√“æ—π∏ÿ°√√¡

≈¥≈ß‡≈Á°πâÕ¬„π≈—°…≥–ª√‘¡“≥πÈ”π¡·≈–ª√‘¡“≥‚ª√µ’π

·≈–æ∫«à“‚¡‡¥≈ 3 „π∑ÿ°≈—°…≥–„Àâ§à“ -2logL µË”∑’Ë ÿ¥ ®÷ß¡’

§«“¡·¡àπ¬”°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‚¡‡¥≈ 1 ·≈–‚¡‡¥≈ 2a-b

‡¡◊ËÕæ‘®“√≥“≈—°…≥–ª√‘¡“≥πÈ”π¡·≈–√âÕ¬≈–‚ª√µ’π ‚¡‡¥≈ 3

¡’°“√®—¥‡√’¬ß≈”¥—∫‚§π¡µ“¡§à“°“√º ¡æ—π∏ÿå·µ°µà“ß®“°

‚¡‡¥≈Õ◊ËπÊ ‡π◊ËÕß®“°¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π¡’

µ”·ÀπàßÕ¬Ÿà„°≈â™‘¥∫π‚§√‚¡‚´¡‡¥’¬«°—π ·≈–¡’ genetic

linkage √–À«à“ß¬’π∑—Èß Õß (Mercier and Vilotte, 1993)

∑”„Àâ°“√ª√—∫‚¡‡¥≈¥â«¬Õ‘∑∏‘æ≈¢Õß¬’π‡∫µâ“‡§ ’́π·≈–

·§ªªÑ“‡§ ’́π√à«¡°—π ®–∑”„Àâ “¡“√∂§—¥‡≈◊Õ°‚§π¡‰¥â∂Ÿ°

µâÕß·¡àπ¬”¡“°¢÷Èπ ¡’√“¬ß“π«à“‚§π¡∑’Ë¡’¬’π·§ªªÑ“‡§´’π

®’‚π‰∑ªá BB „Àâ§à“°“√º ¡æ—π∏ÿå¢Õß≈—°…≥–ª√‘¡“≥‚ª√µ’π

 Ÿß°«à“ ®’‚π‰∑ªáÕ◊ËπÊ (Falaki  et al., 1997) „π»÷°…“§√—Èßπ’È

¡’¢âÕ®”°—¥¢Õß¢π“¥ª√–™“°√ ·µà “¡“√∂∫àß™’È∂÷ß§«“¡‡ªìπ‰ª

‰¥â∑’Ë®–π”¢âÕ¡Ÿ≈∑“ßÕ≥Ÿæ—π∏ÿ»“ µ√å¡“„™â„π°“√«‘‡§√“–Àå§à“

°“√º ¡æ—π∏ÿå ‡æ◊ËÕ„Àâ “¡“√∂®—¥≈”¥—∫·≈–§—¥‡≈◊Õ°‚§π¡‰¥â

·¡àπ¬”¡“°¢÷Èπ ¥—ßπ—Èπ°“√π”¢âÕ¡Ÿ≈¥â“πÕ≥Ÿæ—π∏ÿ»“ µ√å¡“„™â

√à«¡°—∫æ—π∏ÿ»“ µ√åª√‘¡“≥®÷ß§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡µàÕ‰ª

                                                                           Õß§åª√–°Õ∫¢Õß§«“¡·ª√ª√«π

≈—°…≥–

                                                             Ó2

a  
                Ó2

pe   
              Ó2

e   
               Ó2

p
              h

2
               -2logL

ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π

‚¡‡¥≈ 1 581720 48673 384710 1015104 0.57 2199
‚¡‡¥≈ 2a 517370 96103 388160 1001630 0.51 2148
‚¡‡¥≈ 2b 540090 56040 387630 983756 0.54 2143
‚¡‡¥≈ 3 532480 96138 392810 1021430 0.52 2008
ª√‘¡“≥‚ª√µ’π

‚¡‡¥≈ 1 309.91 30.557 348.17 688.64 0.45 1136
‚¡‡¥≈ 2a 301.78 27.95 351.69 681.42 0.44 1114
‚¡‡¥≈ 2b 297.02 26.88 350.44 674.34 0.44 1111
‚¡‡¥≈ 3 307.90 38.86 355.83 702.58 0.43 1049
√âÕ¬≈–‚ª√µ’π

‚¡‡¥≈ 1 3.10 11.35 14.45 - 0.21 617
‚¡‡¥≈ 2a 3.33 11.34 14.68 - 0.22 612
‚¡‡¥≈ 2b 3.02 11.30 14.32 - 0.21 607
‚¡‡¥≈ 3 3.13 11.42 14.56 - 0.21 583

Ó2

a 
§«“¡·ª√ª√«π‚¥¬µ√ß‡π◊ËÕß®“°µ—« —µ«å, Ó2

pe 
§«“¡·ª√ª√«π¢Õß ‘Ëß·«¥≈âÕ¡∂“«√, Ó2

e
 §«“¡·ª√ª√«π¢Õß§«“¡§≈“¥‡§≈◊ËÕπ,

Ó2

p 
§«“¡·ª√ª√«π¢Õß≈—°…≥–ª√“°Ø

µ“√“ß∑’Ë 1 §à“ª√–¡“≥Õß§åª√–°Õ∫¢Õß§«“¡·ª√ª√«π §à“Õ—µ√“æ—π∏ÿ°√√¡‚¥¬µ√ß‡π◊ËÕß®“°µ—« —µ«å (h2) ·≈–§à“ -2logL ·µà

≈–‚¡‡¥≈∑’Ë«‘‡§√“–Àå¢Õß≈—°…≥–ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π ª√‘¡“≥‚ª√µ’π ·≈–√âÕ¬≈–‚ª√µ’π
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µ“√“ß∑’Ë 2 §à“ Spearman Rank Correlation ¢Õß§à“°“√º ¡æ—π∏ÿå∑’Ëª√–‡¡‘π®“°‚¡‡¥≈µà“ß Ê

µ“√“ß∑’Ë 3 ‚§π¡ 20 Õ—π¥—∫·√° ‡√’¬ßµ“¡§à“°“√º ¡æ—π∏ÿå¢Õß≈—°…≥–√âÕ¬≈–‚ª√µ’π∑’Ë«‘‡§√“–Àå¥â«¬‚¡‡¥≈µà“ßÊ

   ≈—°…≥–                                                     ‚¡‡¥≈ 2a                   ‚¡‡¥≈ 2b                      ‚¡‡¥≈ 3

ª√‘¡“≥πÈ”π¡ª√—∫ 305 «—π

‚¡‡¥≈ 1 0.87 0.95 0.84
‚¡‡¥≈ 2a - 0.82 0.92
‚¡‡¥≈ 2b - - 0.86
ª√‘¡“≥‚ª√µ’π

‚¡‡¥≈ 1 0.93 0.95 0.90
‚¡‡¥≈ 2a - 0.87 0.92
‚¡‡¥≈ 2b - - 0.92
√âÕ¬≈–‚ª√µ’π

‚¡‡¥≈ 1 0.96 0.96 0.85
‚¡‡¥≈ 2a - 0.91 0.89
‚¡‡¥≈ 2b - - 0.86

         ≈”¥—∫                         model 1                  model 2a              model 2b                model 3

1 4137 4137 4137 4137
2 J132 J132 4027 J125
3 J125 4052 J125 759
4 4052 J125 J140 J140
5 4027 759 4161 48
6 J140 4161 4052 4161
7 4161 48 759 846
8 48 J140 48 4202
9 759 4163 4202 4163
10 4202 4202 J133 4033
11 846 J133 846 4115
12 4163 4027 4163 J133
13 4156 4115 J132 7106
14 J133 7106 4156 J132
15 7106 4156 7106 4027
16 Z707 89243 Z707 89243
17 3951 Z707 723 4111
18 4115 828 3951 4156
19 723 846 4115 Z707
20 89243 405 89243 4339

°—π„π∑ÿ°‚¡‡¥≈‚¥¬Õ¬Ÿà„π™à«ß 0.21 ∂÷ß 0.22 °“√ª√—∫Õ‘∑∏‘æ≈

¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π√à«¡°—π (‚¡‡¥≈ 3) „Àâ§à“

-2logL ¥’°«à“ ‚¡‡¥≈ 1 ·≈– ‚¡‡¥≈ 2a-b „π∑ÿ°≈—°…≥–

®“°°“√À“§«“¡ —¡æ—π∏å√–À«à“ß§à“°“√º ¡æ—π∏ÿå∑’Ëª√–‡¡‘π

‰¥â®“°‚¡‡¥≈µà“ßÊ ‚¥¬ Spearman Rank Correlation æ∫«à“

 √ÿª

§à“Õ—µ√“æ—π∏ÿ°√√¡¢Õß≈—°…≥–ª√‘¡“≥πÈ”π¡ª√—∫

305 «—π ¡’§à“Õ¬Ÿà„π™à«ß 0.51 (‚¡‡¥≈ 2a) ∂÷ß 0.57 (‚¡‡¥≈

1) ≈—°…≥–ª√‘¡“≥‚ª√µ’π¡’§à“Õ¬Ÿà„π™à«ß 0.43 (‚¡‡¥≈ 3) ∂÷ß

0.45 (‚¡‡¥≈1) ·≈–≈—°…≥–√âÕ¬≈–‚ª√µ’π¡’§à“„°≈â‡§’¬ß
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≈”¥—∫‚§∑’Ë‡√’¬ß¥â«¬§à“°“√º ¡æ—π∏ÿå∑’Ë‰¥â®“°‚¡‡¥≈∑’Ëª√—∫¥â«¬

®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§ ’́π√à«¡°—π ·µ°µà“ß°—π°—∫
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‡ªÕ√å‡´Áπµå‚ª√µ’π ·µà ”À√—∫≈—°…≥–ª√‘¡“≥‚ª√µ’π„π∑ÿ°

‚¡‡¥≈„Àâ≈”¥—∫‚§π¡„°≈â‡§’¬ß°—π

°‘µµ‘°√√¡ª√–°“»
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