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°“√µ√«®À“ Quantitative Trait Loci ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§«“¡ ¡∫Ÿ√≥å
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Detection of quantitative trait loci affecting fertility trait in dairy cattle
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∫∑§—¥¬àÕ: °“√»÷°…“§√—Èßπ’È‡æ◊ËÕµ√«®À“ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕÕ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ°µ—«·√° ·≈–™à«ßÀà“ß°“√„Àâ≈Ÿ°„π‚§π¡

≈Ÿ°º ¡‚Œ≈ ‰µπåø√’‡™’Ë¬π∑’Ë‡°‘¥„πª√–‡∑»‰∑¬·≈–»÷°…“™ÿ¥¢âÕ¡Ÿ≈∑’Ë‡À¡“– ¡„π°“√«‘‡§√“–Àå QTL ¥â«¬·ºπ°“√∑¥≈Õß

·∫∫ daughter design (half-sib analysis) ‚¥¬µ√«® Õ∫®’‚π‰∑ªá¢Õß microsatellite markers ®”π«π 42 markers ´÷Ëß§√Õ∫§≈ÿ¡

7 ‚§√‚¡‚´¡ „πæàÕæ—π∏ÿå®”π«π 5 §√Õ∫§√—« ·≈–¡’≈Ÿ° “«∑—ÈßÀ¡¥√«¡ 457 µ—« „™â∑—Èß¢âÕ¡Ÿ≈°“√„Àâº≈º≈‘µ (yield deviation,

YD) ·≈– §à“°“√º ¡æ—π∏ÿå (EBV) „π°“√«‘‡§√“–ÀåÀ“ QTL ‚¥¬µ√«® Õ∫∑ÿ° 1 cM ¿“¬„π∫√‘‡«≥∑’Ë§√Õ∫§≈ÿ¡∑ÿ° marker

∑”°“√ª√–¡“≥§à“ chromosome-wise significance  thresholds ∑’Ë√–¥—∫ 5 ·≈– 1 % ¥â«¬«‘∏’ permutation ®”π«π 10,000

√Õ∫ º≈°“√»÷°…“§√—Èßπ’Èæ∫ linkaged QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕÕ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ°µ—«·√°·≈–™à«ßÀà“ß°“√„Àâ≈Ÿ°Õ¬Ÿà∫π‚§√‚¡‚´¡

‡¥’¬«°—π ∫π‚§√‚¡‚´¡§Ÿà∑’Ë 4 (Õ¬Ÿà√–À«à“ß markerBMS827 ·≈– BMS789), ‚§√‚¡‚´¡§Ÿà∑’Ë 7 (Õ¬Ÿà√–À«à“ß markerBM6117 ·≈–

OARAE129) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 23 (Õ¬Ÿà√–À«à“ß markerBM1818 ·≈– DIK4203) πÕ°®“°π’È¬—ßæ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC

‡æ’¬ß≈—°…≥–‡¥’¬«∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2 („°≈â°—∫ markerBL1028) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 6 („°≈â°—∫ markerBMS2508, DIK2294,

ILSTS035) ·≈–™ÿ¥¢âÕ¡Ÿ≈ EBV ¡’§«“¡‡À¡“– ¡¡“°°«à“∑’Ë ÿ¥ ”À√—∫°“√«‘‡§√“–Àå QTL ∑’Ë¡’º≈µàÕ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå„π

ª√–™“°√‚§π¡≈Ÿ°º ¡¢Õßª√–‡∑»‰∑¬

§” ”§—≠: Quantitative Trait Loci, ‚§π¡, §«“¡ ¡∫Ÿ√≥åæ—π∏ÿå

Abstract: The objective of this study aimed to investigate the locations of QTL affecting age at first calving and
calving interval in Thai crossbred Holsteins by daughter design. Five sire families with total of 457 daughters were
genotyped for fourty two microsatellite markers with coverage of 7 bovine autosomes. Both of the yield deviations
and the estimated breeding values were used. The putative QTL were scanned every 1 cM within the region covered
by all markers. Ten thousand permutations were used to estimate the 5, and 1% chromosome-wise significance
thresholds. The putative QTL affecting AFC and CI were most found linkaged on the same chromosome, which were
chromosome 4 (between BMS827-BMS789), chromosome 7 (BM6117-OARAE129), and chromosome 23 (between
BM1818-DIK4203). However, the QTL affected AFC alone were also found on chromosome 2 (near BL1028), and
chromosome 6 (near BMS2508, near DIK2294, and near ILSTS035). EBV was the most suitable data set analyzed
for QTL affecting fertility traits in Thai crossbred.
Keywords: Quantitative Trait Loci, dairy cattle, fertility
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∫∑π”

§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå¡’§«“¡ ”§—≠Õ¬à“ß¬‘ËßµàÕ√–∫∫
°“√º≈‘µ¢Õß‚§π¡ ‡π◊ËÕß®“°‡ªìπ¥—™π’µ—«Àπ÷Ëß∑’Ë∫àß™’È∂÷ß
ª√– ‘∑∏‘¿“æ°“√º≈‘µ¢Õß‚§π¡ πÕ°®“°π’Èªí≠À“
§«“¡‰¡à ¡∫Ÿ√≥åæ—π∏ÿå„π‚§π¡ ‡ªìπ “‡ÀµÿÀ≈—°∑’Ë∂Ÿ°„™â
„π°“√æ‘®“√≥“§—¥∑‘Èß (culling) ‚§π¡„πø“√å¡Õ’°¥â«¬
(Bascom and Young, 1998; Holmberg and Andersson-
Eklund, 2006; Moussavi, 2008) ‚¥¬¡’≈—°…≥–µà“ßÊ
∑’Ëπ‘¬¡„™â„π°“√ª√–‡¡‘π§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå„π‚§π¡
‰¥â·°à Õ“¬ÿ‡¡◊ËÕº ¡æ—π∏ÿå§√—Èß·√° (age at first service,
AFS), Õ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ°µ—«·√° (age at first calving,
AFC), ®”π«π§√—Èßº ¡µàÕ°“√º ¡µ‘¥ (number of
service per conception, NSC), ™à«ßÀà“ß°“√„Àâ≈Ÿ°
(calving interval, CI), ®”π«π«—π∑âÕß«à“ß (day open, DO)
‡ªìπµâπ

„πª√–‡∑»‰∑¬‚§π¡∑’Ë‡≈’È¬ß à«π„À≠à‡ªìπ‚§π¡
≈Ÿ°º ¡√–À«à“ßæ—π∏ÿå Holstein Friesian ·≈– Zebu
‡æ◊ËÕ¡ÿàß‡πâπ∑—Èß°“√„Àâº≈º≈‘µπÈ”π¡·≈–∑πµàÕ ¿“æ
Õ“°“»√âÕπ™◊Èπ ·¡â«à“„πªí®®ÿ∫—π°“√§—¥‡≈◊Õ°¥â«¬«‘∏’
conventional breeding §àÕπ¢â“ßª√– ∫§«“¡ ”‡√Á®
‚¥¬¡’°“√π”‡Õ“‚ª√·°√¡°“√ª√–‡¡‘πæ—π∏ÿ°√√¡‡¢â“
¡“„™â„π°“√§—¥‡≈◊Õ°æàÕæ—π∏ÿå ·µà«‘∏’π’È¬—ß§ß¡’¢âÕ®”°—¥
Õ¬Ÿà¡“° ”À√—∫≈—°…≥–§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå ‡π◊ËÕß®“°
‡ªìπ≈—°…≥–∑’Ë¡’§à“Õ—µ√“æ—π∏ÿ°√√¡µË” °“√· ¥ßÕÕ°
¢Õß≈—°…≥–∂Ÿ°®”°—¥¥â«¬‡æ» ®—¥‡°Á∫¢âÕ¡Ÿ≈√“¬µ—«„Àâ
 ¡∫Ÿ√≥å‰¥â¬“° ‡¡◊ËÕª√–°Õ∫°—∫ªí®®—¬¥â“πÕ◊ËπÊ (Õ“À“√
°“√®—¥°“√  ‘Ëß·«¥≈âÕ¡ œ≈œ) ®÷ß∑”„Àâ‚§π¡‰∑¬¬—ß§ß
¡’ªí≠À“§«“¡ ¡∫Ÿ√≥åæ—π∏ÿåµË” °“√π”‡Õ“§«“¡√Ÿâ¥â“π
æ—π∏ÿ»“ µ√å‚¡‡≈°ÿ≈‡¢â“¡“„™â√à«¡„π°“√ª√—∫ª√ÿßæ—π∏ÿå
‚§π¡ ‚¥¬ à«π„À≠à¡ÿàß‡πâπ°“√»÷°…“µ”·Àπàß∑’Ë§«∫§ÿ¡
≈—°…≥–ª√‘¡“≥ (quantitative trait loci, QTL) ·≈–
§âπÀ“‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡ (genetic marker) ∑’Ë
‡°’Ë¬«¢âÕß°—∫¬’π∑’Ë¡’Õ‘∑∏‘æ≈µàÕ≈—°…≥–µà“ßÊ ‡æ◊ËÕπ”
¡“„™â„π°“√§—¥‡≈◊Õ°‚§π¡¥â«¬«‘∏’ marker assisted
selection (MAS) ´÷Ëß‡ªìπÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß ”À√—∫°“√
§—¥‡≈◊Õ°‚§π¡®“°°“√„™â‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡∑’Ë
 —¡æ—π∏å°—∫≈—°…≥– ∑”„Àâ “¡“√∂§—¥‡≈◊Õ°‚§π¡‰¥â

Õ¬à“ß·¡àπ¬”·≈–¡’ª√– ‘∑∏‘¿“æ¬‘Ëß¢÷Èπ (Dekkers, 2004)
µ≈Õ¥®π‡æ‘Ë¡§«“¡‡¢â¡¢âπ„π°“√§—¥‡≈◊Õ°Õ’°¥â«¬
®÷ß¡’π—°«‘®—¬À≈“¬°≈ÿà¡∑”°“√»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß QTL
∑’Ë¡’º≈µàÕ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå„π‚§π¡ ‡™àπ Õ—µ√“°“√
µ‘¥∑âÕß Õ—µ√“°“√°≈—∫ —¥ Õ—µ√“°“√§≈Õ¥≈Ÿ°·Ω¥ ·≈–
™à«ß°“√„Àâ≈Ÿ°®π∂÷ßº ¡§√—Èß·√° ‡ªìπµâπ ´÷Ëß¡’√“¬ß“π
«à“æ∫ QTL ∫π‚§√‚¡‚´¡À≈“¬·∑àß ‰¥â·°à 2, 6, 9, 14,
16, 18, 27 ·≈– 28 ‡ªìπµâπ (Schrooten et al., 2000;
Kuhn et al., 2003; Ashwell et al., 2004; Holmberg and
Andersson-Eklund, 2006) ´÷Ëß QTL ∑’Ëæ∫ à«π„À≠à‡ªìπ
™π‘¥ LE markers „π°“√π”‰ª„™âª√–‚¬™πå®– “¡“√∂
„™â‰¥â‡©æ“–ª√–™“°√π—Èπ‡∑à“π—Èπ‰¡à “¡“√∂∑’Ë®–„™â°—∫
ª√–™“°√Õ◊ËπÊ ‰¥â ¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕµ√«®À“ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå
„π‚§π¡≈Ÿ°º ¡‚Œ≈ ‰µπåø√’‡™’Ë¬π∑’Ë‡°‘¥„πª√–‡∑»‰∑¬
∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2, 4, 6, 7, 18, 23, ·≈– 27 ·≈–
¬—ß»÷°…“∂÷ß™ÿ¥¢âÕ¡Ÿ≈∑’Ë‡À¡“– ¡„π°“√«‘‡§√“–Àå QTL
√–À«à“ß¢âÕ¡Ÿ≈°“√„Àâº≈º≈‘µ (yield deviation, YD) ·≈–
§à“°“√º ¡æ—π∏ÿå (EBV) ‡π◊ËÕß®“°∑—Èß Õß™ÿ¥¢âÕ¡Ÿ≈π’È
¡’§«“¡·µ°µà“ß°—π§◊Õ yield deviation (YD) §◊Õ§à“
¢Õß≈—°…≥–ª√“°ØÀ—°ÕÕ°¥â«¬§à“Õ‘∑∏‘æ≈¢Õßªí®®—¬
§ß∑’Ëµà“ßÊ ·≈– estimate breeding value (EBV) ´÷Ëß
‡ªìπ§à“¢ÕßÕ‘∑∏‘æ≈‡π◊ËÕß®“° additive gene ®÷ß‰¥â§à“∑’Ë
· ¥ßÕÕ°µ“¡æ—π∏ÿ°√√¡¢Õß —µ«åÕ¬à“ß·∑â®√‘ß

«‘∏’°“√»÷°…“

°≈ÿà¡ª√–™“°√∑’Ë»÷°…“ (Population)
∑”°“√»÷°…“„πª√–™“°√‚§π¡≈Ÿ°º ¡‚Œ≈ ‰µπå

ø√’‡™’Ë¬π∑’Ë‡°‘¥„πª√–‡∑»‰∑¬ ®“°ø“√å¡‚§π¡‚™§™—¬
Õ”‡¿Õª“°™àÕß ®—ßÀ«—¥π§√√“™ ’¡“ ∑”°“√µ√«® Õ∫
¢âÕ¡Ÿ≈‚§π¡∑’Ë¡’§«“¡ —¡æ—π∏å·∫∫ daughter design À√◊Õ
half sib analysis (Weller et al., 1990) ́ ÷Ëß¡’æàÕæ—π∏ÿå®”π«π
5 §√Õ∫§√—« ·≈–≈Ÿ° “«®”π«π 457 µ—« ‡°‘¥√–À«à“ß
ªï §.». 1991 ∂÷ß 2008 ‚¥¬¡’®”π«π≈Ÿ° “«„π·µà≈–
æàÕ‡∑à“°—∫ 89, 65, 138, 96, ·≈– 70 µ—« µ“¡≈”¥—∫
´÷Ëß¡’∫—π∑÷°¢âÕ¡Ÿ≈§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå ‰¥â·°à Õ“¬ÿ‡¡◊ËÕ

§≈Õ¥≈Ÿ°µ—«·√° ·≈–™à«ßÀà“ß°“√„Àâ≈Ÿ°
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¢âÕ¡Ÿ≈®’‚π‰∑ªá (Genotypic Data)
∑”°“√ °—¥ DNA ®“°πÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕæ—π∏ÿå

·≈–‡≈◊Õ¥¢Õß≈Ÿ° “«∑—ÈßÀ¡¥ ‡æ◊ËÕµ√«® Õ∫®’‚π‰∑ªá

¢Õß microsatellite markers ∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2, 4, 6,

7, 18, 23, ·≈– 27 ¥â«¬«‘∏’ PCR ‚¥¬§—¥‡≈◊Õ° marker

®“°∑’Ë¡’√“¬ß“π„π Meat Animal Research Center Map

(MARC) (http://www.marc.usda.gov) ‡¡◊ËÕ∑”°“√µ—¥

¢âÕ¡Ÿ≈¢Õß uninformative marker ·≈â«‰¥â marker

∑’Ë ‡À¡“– ¡®”π«π 42 markers ´÷Ëß§√Õ∫§≈ÿ¡

7 ‚§√‚¡‚´¡ ¡’™à«ß√–¬–Àà“ß‡©≈’Ë¬·µà≈– marker ‡∑à“°—∫

8 cM ¡’√“¬≈–‡Õ’¬¥¢Õß marker ¥—ß· ¥ß‰«â„π Table 1

¢âÕ¡Ÿ≈§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå (Fertility Data)
¢âÕ¡Ÿ≈¢Õß≈—°…≥–§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå∑’Ë„™â„π°“√

»÷°…“§√—Èßπ’È ‰¥â·°à Õ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ°µ—«·√° (age at first

calving, AFC) ·≈–™à«ßÀà“ß°“√„Àâ≈Ÿ° (calving interval,

CI) ‚¥¬„™â¢âÕ¡Ÿ≈∑—Èß∑’Ë‡ªìπ·∫∫ yield deviation (YD)

§◊Õ§à“¢Õß≈—°…≥–ª√“°ØÀ—°ÕÕ°¥â«¬§à“Õ‘∑∏‘æ≈¢Õß

ªí®®—¬§ß∑’Ëµà“ßÊ ·≈– estimate breeding value (EBV)

´÷Ëß‡ªìπ§à“¢ÕßÕ‘∑∏‘æ≈‡π◊ËÕß®“° additive gene ∑”°“√

ª√–‡¡‘π®“°¢âÕ¡Ÿ≈ AFC ®”π«π 7,376 ∫—π∑÷° ·≈– CI

(CI ∑’Ë 1-4) ®”π«π 18,445 ∫—π∑÷° ®”π«π —µ«å„πæ—π∏ÿå

ª√–«—µ‘‡∑à“°—∫ 13,132 µ—« «‘‡§√“–Àå¥â«¬‚¡‡¥≈µ—« —µ«å

(animal model) ´÷Ëßª√—∫¥â«¬Õ‘∑∏‘æ≈‡π◊ËÕß®“°ªí®®—¬ ÿà¡

(random effect) ¢Õßµ—« —µ«å ·≈–ªí®®—¬§ß∑’Ë (fixed

effects) ‰¥â·°à √–¥—∫ “¬‡≈◊Õ¥‚Œ≈ ‰µπå ‡¥◊Õπ·≈–

ªï∑’Ë·¡à‚§π¡‡°‘¥ (‡©æ“– AFC) ‡¥◊Õπ·≈–ªï∑’Ë·¡à‚§π¡

§≈Õ¥≈Ÿ° ·≈–≈”¥—∫°“√„Àâπ¡ (‡©æ“– CI) ‚¥¬¡’‚¡‡¥≈

°“√«‘‡§√“–Àå‡ªìπ ·≈–

 ”À√—∫ AFC ·≈– CI µ“¡≈”¥—∫, ‡¡◊ËÕ

= §à“ —ß‡°µ, = Õ‘∑∏‘æ≈§ß∑’Ë, = Õ‘∑∏‘æ≈ ÿà¡

‡π◊ËÕß®“°µ—« —µ«å, = Õ‘∑∏‘æ≈ ÿà¡¢Õß ¿“æ·«¥≈âÕ¡

∂“«√, ·≈– = §«“¡§≈“¥‡§≈◊ËÕπ,  = incident

matrix ∑”°“√«‘‡§√“–Àå‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª

BLUPF90-DairyPAK 3.0 (Duangjinda et al., 2007)

§à“Õ—µ√“æ—π∏ÿ°√√¡ (h2) ¢Õß AFC ·≈– CI ¡’§à“‡∑à“°—∫

0.17 ·≈– 0.15 µ“¡≈”¥—∫, ·≈–§à“ permanent envi-

ronment ( ) ¢Õß CI ‡∑à“°—∫ 0.05
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°“√«‘‡§√“–Àå∑“ß ∂‘µ‘ ”À√—∫ QTL

«‘‡§√“–ÀåÀ“µ”·Àπàß¢Õß QTL ‚¥¬„™â¢âÕ¡Ÿ≈®’‚π‰∑ªá

¢Õß microsatellite markers ·≈–§à“ YD ·≈– EBV ¢Õß

≈—°…≥– AFC ·≈– CI ¢Õß‚§π¡≈Ÿ°º ¡‚Œ≈ ‰µπå

ø√’‡™’Ë¬π ‚¥¬«‘∏’ least square ·∫∫ simple interval

mapping ¥â«¬‚¡‡¥≈¢Õß Haley and Knott (1992) ∑”°“√

«‘‡§√“–Àå¥â«¬‚ª√·°√¡ QTL Express (Seaton et al.,

2001) ‚¥¬«‘‡§√“–Àå·∫∫√«¡∑ÿ°§√Õ∫§√—« (across

families) ·≈–«‘‡§√“–Àå·∫∫·¬°¿“¬„π§√Õ∫§√—«

(within families) ‡æ◊ËÕµ√«®À“µ”·Àπàß¢Õß QTL ∑ÿ°Ê

1 cM ¿“¬„π∫√‘‡«≥∑’Ë§√Õ∫§≈ÿ¡∑—Èß 42 markers ·≈–

∑”°“√ª√–¡“≥§à“ chromosome-wise significance

threshold ∑’Ë√–¥—∫ 5 ·≈– 1 % ¥â«¬°“√∑¥ Õ∫

permutation ®”π«π 10,000 √Õ∫

y
ij
 = µ + S

i 
+ b

i
X

ij 
+ ε

ij    
Haley and Knott (1992)

‡¡◊ËÕ Y
ij
= yield deviation À√◊Õ EBV ¢Õß≈Ÿ° “« j,

¢ÕßæàÕæ—π∏ÿå i, µ= overall mean, S
i
= fixed effect ¢Õß

æàÕæ—π∏ÿå i, b
i
= regression coefficient ¢ÕßæàÕæ—π∏ÿå i,

X
ij
= ‚Õ°“ ∑’Ë≈Ÿ° “« j ®–‰¥â√—∫ putative QTL allele

∑’Ëµ”·Àπàß haplotype ∑’Ëæ‘®“√≥“¢ÕßæàÕæ—π∏ÿå i, ε
ij
=

residual effect

º≈°“√»÷°…“·≈–«‘®“√≥å

°“√«‘‡§√“–Àå√«¡∑ÿ°§√Õ∫§√—«
®“°¢âÕ¡Ÿ≈≈Ÿ° “«∑—ÈßÀ¡¥ 457 µ—« ¡’Õ“¬ÿ‡¡◊ËÕ

§≈Õ¥≈Ÿ°µ—«·√°‡©≈’Ë¬ ·≈–™à«ßÀà“ß°“√„Àâ≈Ÿ°‡©≈’Ë¬

‡∑à“°—∫ 29.98 ‡¥◊Õπ ·≈– 416.19 «—π µ“¡≈”¥—∫

º≈°“√«‘‡§√“–Àå·∫∫√«¡∑ÿ°§√Õ∫§√—« æ∫µ”·Àπàß¢Õß

QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ≈—°…≥– AFC ∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2

(∫√‘‡«≥„°≈â°—∫ marker BL1028), ‚§√‚¡‚´¡§Ÿà∑’Ë 4

(∫√‘‡«≥√–À«à“ß marker BMS827 ·≈– BMS789),

‚§√‚¡‚´¡§Ÿà∑’Ë 6 (∫√‘‡«≥„°≈â°—∫ marker DIK2294) ·≈–

‚§√‚¡‚´¡§Ÿà∑’Ë 7 (∫√‘‡«≥„°≈â°—∫ marker BM6117) ·≈–

 ”À√—∫≈—°…≥– CI æ∫µ”·Àπàß¢Õß QTL ‡æ’¬ß

µ”·Àπàß‡¥’¬«Õ¬Ÿà∫π‚§√‚¡‚´¡§Ÿà∑’Ë 7 (∫√‘‡«≥„°≈â°—∫

marker OARAE129) (Figure 1-4) ¥—ßπ—Èπ®–‡ÀÁπ‰¥â«à“

·¡â«à“®–æ∫ QTL ¢Õß Õß≈—°…≥–∫π‚§√‚¡‚´¡§Ÿà∑’Ë 7

‡™àπ‡¥’¬«°—π·µà‰¡à„™àµ”·Àπàß‡¥’¬«°—π®÷ß¬—ß‰¡à “¡“√∂

∑’Ë®–π” markers ∫π‚§√‚¡‚´¡π’È‰ª„™â§—¥‡≈◊Õ°æ√âÕ¡°—π

2 ≈—°…≥–‰¥â  ·≈–°“√„™â¢âÕ¡Ÿ≈∑’Ëµà“ß°—π (YD ·≈– EBV)

®–∑”„Àâæ∫µ”·Àπàß¢Õß QTL µà“ß°—π ´÷Ëß°“√„™â¢âÕ¡Ÿ≈

YD ®–æ∫µ”·Àπàß¢Õß QTL ‰¥â¡“°°«à“ (Figure 1-4)
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°“√«‘‡§√“–Àå·¬°¿“¬„π§√Õ∫§√—«
 ”À√—∫æàÕæ—π∏ÿå∑—Èß 5 §√Õ∫§√—« ‡¡◊ËÕ∑”°“√«‘‡§√“–Àå

·¬°¿“¬„π§√Õ∫§√—« æ∫«à“¡’ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§«“¡

 ¡∫Ÿ√≥åæ—π∏ÿå„πæàÕæ—π∏ÿå∑’Ë 1, 2, 3, 4, ·≈– 5 (Table 2)
æàÕæ—π∏ÿå∑’Ë 1: æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC Õ¬Ÿà

∫π‚§√‚¡‚´¡§Ÿà∑’Ë 6 √–À«à“ß marker DIK2294 ·≈–

ILSTS035 ·≈–æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ CI Õ¬Ÿà∫π

‚§√‚¡‚´¡§Ÿà∑’Ë 6 „°≈â°—∫ marker BMS789

æàÕæ—π∏ÿå∑’Ë 2: æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC Õ¬Ÿà

∫π‚§√‚¡‚´¡§Ÿà∑’Ë 6 „°≈â°—∫ marker BMS2508 πÕ°®“°

π’È¬—ßæ∫ QTL∑’Ë¡’Õ‘∑∏‘æ≈µàÕ∑—Èß AFC ·≈– CI Õ¬Ÿà∫π

‚§√‚¡‚´¡§Ÿà∑’Ë 7 „°≈â°—∫ marker OARAE129

æàÕæ—π∏ÿå∑’Ë 3: æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC Õ¬Ÿà

∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2 („°≈â°—∫ marker BL1028), ‚§√‚¡‚´¡

§Ÿà∑’Ë 4 („°≈â°—∫ marker BMS827), ‚§√‚¡‚´¡§Ÿà∑’Ë 18

(„°≈â°—∫ marker DIK1099) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 23

(„°≈â°—∫ marker DIK4203)

æàÕæ—π∏ÿå∑’Ë 4: æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ∑—Èß AFC

·≈– CI Õ¬Ÿà∫π‚§√‚¡‚´¡§Ÿà∑’Ë 7 (√–À«à“ß markerBM6117

·≈– BMS2258), ‚§√‚¡‚´¡§Ÿà∑’Ë 23 („°≈â°—∫ marker

BM1258 ·≈–BM1818) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 27 (√–À«à“ß

markerBMS2104 ·≈– BM871)

æàÕæ—π∏ÿå∑’Ë 5: æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC Õ¬Ÿà

∫π‚§√‚¡‚´¡§Ÿà∑’Ë 18 („°≈â°—∫ markerBM7109) ·≈–

‚§√‚¡‚´¡§Ÿà∑’Ë 23 („°≈â°—∫ markerBM1258)

ªí®®ÿ∫—π°“√µ√«®À“ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ§«“¡

 ¡∫Ÿ√≥åæ—π∏ÿå „π‚§π¡¬—ß¡’√“¬ß“π‰«â‰¡à¡“°π—°

µ≈Õ¥®π≈—°…≥–∑’Ë∑”°“√»÷°…“§àÕπ¢â“ß®”°—¥´÷Ëß¢÷Èπ

Õ¬Ÿà°—∫≈—°…≥–¢Õß°“√∫—π∑÷°¢âÕ¡Ÿ≈„πø“√å¡ ‚¥¬„π

√–¬–·√°‡ªìπ°“√»÷°…“„π≈—°…≥–Õ—µ√“°“√µ°‰¢à ·≈–

Õ—µ√“°“√§≈Õ¥≈Ÿ°·Ω¥ ´÷Ëßæ∫ QTL ∫π‚§√‚¡‚´¡§Ÿà∑’Ë

5, 7, ·≈– 19 (Kappes et al., 2000; Kirkpatrick et al.,

2000; Lien et al., 2000)  ”À√—∫°“√»÷°…“§√—Èßπ’Èæ∫«à“

µ”·Àπàß¢Õß QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC ·≈– CI

∫π‚§√‚¡‚´¡§Ÿà∑’Ë 2  Õ¥§≈âÕß°—∫µ”·Àπàß∑’Ëæ∫ QTL

∑’Ë¡’Õ‘∑∏‘æ≈µàÕÕ—µ√“°“√°≈—∫ —¥∑’Ë 56 «—πÀ≈—ß°“√º ¡

(Schrooten et al., 2000) ·µà ”À√—∫‚§√‚¡‚´¡§Ÿà∑’Ë 6

æ∫«à“ µ”·Àπàß¢Õß QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC ®“°°“√

»÷°…“§√—Èßπ’È‰¡à Õ¥§≈âÕß°—∫µ”·Àπàß QTL ∑’Ë¡’Õ‘∑∏‘æ≈

µàÕ™à«ß°“√„Àâ≈Ÿ°®π∂÷ßº ¡§√—Èß·√°¢Õß Schrooten

et al. (2000) ́ ÷Ëßæ∫∫√‘‡«≥ 107 cM (Õ¬Ÿà√–À«à“ß marker

BP7-BM2320) ·≈–√“¬ß“π¢Õß Ashwell et al. (2004)

æ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕÕ—µ√“°“√µ‘¥∑âÕß∑’Ëµ”·Àπàß

122 cM (Õ¬Ÿà√–À«à“ß marker BMS5021-BMS5029)
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 √ÿª

°“√»÷°…“§√—Èßπ’Èæ∫ QTL ∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC ·≈–
CI ∫π‚§√‚¡‚´¡§Ÿà∑’Ë 4 (Õ¬Ÿà√–À«à“ß markerBMS827 ·≈–
BMS789), ‚§√‚¡‚´¡§Ÿà∑’Ë 7 (Õ¬Ÿà√–À«à“ß markerBM6117
·≈– OARAE129) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 23 (Õ¬Ÿà√–À«à“ß
markerBM1818 ·≈– DIK4203) πÕ°®“°π’È¬—ßæ∫ QTL
∑’Ë¡’Õ‘∑∏‘æ≈µàÕ AFC ‡æ’¬ß≈—°…≥–‡¥’¬«∫π‚§√‚¡‚´¡
§Ÿà∑’Ë 2 („°≈â°—∫ markerBL1028) ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 6
(„°≈â°—∫ markerBMS2508, DIK2294, ILSTS035) À“°
‡√“ “¡“√∂∑’Ë®–∑¥ Õ∫ QTL ‡À≈à“π’È‰¥â„πª√–™“°√
Õ◊ËπÊ ®–‡ªìπª√–‚¬™πåÕ¬à“ß¬‘Ëß„π°“√π”‰ªæ—≤π“‡ªìπ
QTL-MAS ‡æ◊ËÕ§—¥‡≈◊Õ°æàÕæ—π∏ÿå‚§π¡„Àâ¡’ª√– ‘∑∏‘¿“æ
¡“°¬‘Ëß¢÷Èπ Õ’°∑—Èß¬—ß™à«¬‡æ‘Ë¡¡Ÿ≈§à“„Àâ°—∫æàÕæ—π∏ÿå‰¥â
Õ’°∑“ßÀπ÷Ëß¥â«¬ ·≈–°“√»÷°…“§√—Èßπ’Èæ∫«à“°“√„™â™ÿ¥
¢âÕ¡Ÿ≈ EBV ¡’§«“¡‡À¡“– ¡¡“°°«à“ YD  ”À√—∫
°“√«‘‡§√“–Àå QTL ∑’Ë¡’º≈µàÕ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå„π
ª√–™“°√‚§π¡≈Ÿ°º ¡¢Õß√ª√–‡∑»‰∑¬

§”¢Õ∫§ÿ≥

ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ∫“ß à«π®“°»Ÿπ¬å
«‘®—¬‡∑§‚π‚≈¬’™’«¿“æ∑“ß°“√‡°…µ√† ‡æ◊ËÕ‡»√…∞°‘®
∑’Ë¬—Ëß¬◊π ·≈–»Ÿπ¬å‡∑§‚π‚≈¬’™’«¿“æ‡°…µ√ (¡À“«‘∑¬“≈—¬
¢Õπ·°àπ) ‚§√ß°“√æ—≤π“∫—≥±‘µ»÷°…“·≈–«‘®—¬
 “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ·≈–‚§√ß°“√æ—≤π“
‚§π¡∑π√âÕπ¥â«¬°“√∫Ÿ√≥“°“√‡∑§‚π‚≈¬’‡æ◊ËÕ°“√º≈‘µ
Õ¬à“ß¬—Ëß¬◊π ∑ÿπÕÿ¥Àπÿπ∑—Ë«‰ª ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
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