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°“√„™â Bulked Segregant Analysis ‡æ◊ËÕ√–∫ÿ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈™π‘¥

RAPD  ∑’Ë¡’µ”·Àπàß„°≈â°—∫¬’π§«∫§ÿ¡§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â„π∂—Ë«≈‘ ß

Bulked Segregant Analysis for Identifing RAPD Marker Linked to

Bud Necrosis Disease Resistance in Peanut (Arachis hypogaea L.)
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Abstract

Peanut bud necrosis disease (PBND) is an important disease of peanut (Arachis hypogaea L.) Chemical
control of the disease is costly. Development of PBNV resistant cultivars of peanut is an alternative for PBND
management. Random amplified polymorphic DNA (RAPD) and bulk segregant analysis (BSA) were used in this
study to identify molecular marker linked to PBND resistance in peanut. The segregating population in this study
was F2-intercross constructed by crossing between the resistant line IC34 and the susceptible line KK60-1 (suscep-
tible). The individual F2 plants were classified into two groups based on disease severity : PBND resistant bulk and
PBND susceptible bulk. Eight plants of each group were selected for bulk segregant analysis. Disease severity of
each plant was scored at 14, 21, and 28 days after PBNV inoculation. DNA of each plant was extracted. One
hundred and forty of RAPD primers were used to screen DNA of the two parental lines and the two bulks. The
primer OPG16 generated polymorphism between the two parental lines and the two bulks. The susceptible group
showed 850 bp DNA band, whereas the resistant group did not show. Regression analysis revealed a significant
relation between disease severity and DNA score (R2 = 0.914, b = 0.320), indicating that the OPG16

850
 marker was

linked to PBND resistance. This marker can be used for further PBND resistance breeding program as.

Key words : PBNV, RAPD, bulk segregant analysis

∫∑§—¥¬àÕ

‚√§¬Õ¥‰À¡â„π∂—Ë«≈‘ ß Peanut bud necrosis disease (PBND) ‡ªìπ‚√§Àπ÷Ëß∑’Ë∑”§«“¡‡ ’¬À“¬µàÕº≈º≈‘µ¢Õß∂—Ë«≈‘ ß
(Arachis hypogaea L.) °“√„™âæ—π∏ÿåµâ“π∑“π‡ªìπ«‘∏’∑’Ë¥’∑’Ë ÿ¥„π°“√§«∫§ÿ¡‚√§π’È·≈–¬—ß™à«¬≈¥µâπ∑ÿπ°“√„™â “√‡§¡’Õ’°∑“ßÀπ÷Ëß¥â«¬
¥—ßπ—Èπ°“√ª√—∫ª√ÿßæ—π∏ÿå∂—Ë«≈‘ ß„Àâµâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â®÷ß¡’§«“¡ ”§—≠ °“√∑¥≈Õßπ’È‰¥âπ”‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈™π‘¥ Random
Amplified Polymorphic DNA (RAPD) ¡“„™â»÷°…“√à«¡°—∫‡∑§π‘§ Bulk Segregant Analysis (BSA) ‡æ◊ËÕµ‘¥µ“¡¬’π∑’Ë
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∫∑π”

‚√§¬Õ¥‰À¡â„π∂—Ë«≈‘ ß Peanut bud necrosis
disease (PBND) ‡°‘¥®“°‡™◊ÈÕ Peanut bud necrosis
tospovirus (PBNV) ‡ªìπ‚√§∑’Ë∑”§«“¡‡ ’¬À“¬µàÕ
º≈º≈‘µ¢Õß∂—Ë«≈‘ ß (Arachis hypogaea L.) „πÀ≈“¬
ª√–‡∑» ‡™àπ Õ‘π‡¥’¬ ‡πª“≈ ·≈–»√’≈—ß°“ (Reddy et
al., 1995) „πª√–‡∑»‰∑¬æ∫¡’°“√√–∫“¥¢Õß‚√§¬Õ¥
‰À¡âµ“¡·À≈àßª≈Ÿ°µà“ßÊ·≈–¡—°√–∫“¥„πƒ¥Ÿ·≈âß ∫“ßæ◊Èπ∑’Ë
∂—Ë«≈‘ ß∂Ÿ°∑”≈“¬∂÷ß 90 ‡ªÕ√å‡´Áπµå (‚ ¿≥, 2536) °“√
„™âæ—π∏ÿåµâ“π∑“π‡ªìπ«‘∏’Àπ÷Ëß∑’Ë™à«¬≈¥§«“¡‡ ’¬À“¬®“°°“√
‡¢â“∑”≈“¬¢Õß‚√§ ≈¥ªí≠À“°“√·æ√à√–∫“¥¢Õß‚√§
¬Õ¥‰À¡â πÕ°®“°π’È¬—ß™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√Õ◊ËπÊ

°“√ª√—∫ª√ÿßæ—π∏ÿå∂—Ë«≈‘ ß‡æ◊ËÕµâ“π∑“πµàÕ‚√§
¬Õ¥‰À¡â §«√¡’°“√ª√–‡¡‘π§«“¡µâ“π∑“π¢Õß‚√§∑’Ë
·¡àπ¬” ‡æ◊ËÕ∑’Ë®– “¡“√∂®”·π°æ—π∏ÿåµâ“π∑“π·≈–æ—π∏ÿå
ÕàÕπ·Õ‰¥âÕ¬à“ß™—¥‡®π ÷́Ëß™à«¬„π°“√§—¥‡≈◊Õ°æ—π∏ÿå
µâ“π∑“π‚√§„Àâ°â“«Àπâ“‡√Á«¬‘Ëß¢÷Èπ ªí®®ÿ∫—π‰¥â¡’°“√§âπæ∫
‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë‡™◊ËÕ¡Õ¬Ÿà°—∫¬’π∑’Ë§«∫§ÿ¡À≈“¬
≈—°…≥–·≈–„πæ◊™À≈“¬™π‘¥ ®“°ß“π«‘®—¬∑’Ëºà“π¡“‰¥â¡’

°“√π”‡Õ“‡∑§π‘§ Bulk Segregant Analysis (BSA)
¡“„™â√à«¡°—∫‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈µà“ßÊ ‡™àπ RAPD
markers ́ ÷Ëß‡ªìπ«‘∏’Àπ÷Ëß∑’Ë√«¥‡√Á«„π°“√§âπÀ“‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈À√◊Õ markers ∑’Ë«“ßÕ¬Ÿà„°≈â°—∫¬’π∑’Ë§«∫§ÿ¡
≈—°…≥–µâ“π∑“π‚√§∑’Ë ”§—≠ ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈¥—ß°≈à“«
 “¡“√∂π”‰ª„™â™à«¬„π°“√§—¥‡≈◊Õ°æ—π∏ÿå‰¥âÕ¬à“ß·¡àπ¬”
µàÕ‰ª‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈®–¡’§«“¡ ”§—≠µàÕß“πª√—∫ª√ÿß
æ—π∏ÿå¡“°¢÷Èπ

°“√∑¥≈Õßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ§âπÀ“‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈∑’Ë¡’µ”·Àπàß„°≈â°—∫§«“¡µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â
„π∂—Ë«≈‘ ß ´÷Ëß‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈π’È “¡“√∂π”‰ªæ—≤π“
„Àâ¡’§«“¡®”‡æ“–¡“°¢÷Èπ·≈– “¡“√∂π”‰ª™à«¬§—¥‡≈◊Õ°
 “¬æ—π∏ÿåµâ“π∑“πµàÕ‚√§¬Õ¥‰À¡âµàÕ‰ª‰¥â

«‘∏’°“√»÷°…“

æ—π∏ÿå·≈–°“√ √â“ßª√–™“°√
„π°“√∑¥≈Õß§√—Èßπ’È¡’°“√π”∂—Ë«≈‘ ß≈Ÿ°º ¡™—Ë«∑’Ë

2 ∑’Ë¡“®“°°“√º ¡√–À«à“ßæ—π∏ÿå∂—Ë«≈‘ ß∑’Ë¡’§«“¡
µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â §◊Õ IC34 (¡‚π™—¬ ·≈–§≥–,
2532; ®ÿ±“√—µπå, 2540)  °—∫æ—π∏ÿå∑’ËÕàÕπ·Õ §◊Õ KK 60-

§«∫§ÿ¡≈—°…≥–µâ“π∑“π‚√§¬Õ¥‰À¡â„π∂—Ë«≈‘ ß ‚¥¬°“√ √â“ß°≈ÿà¡µ—«·∑π Õß°≈ÿà¡§◊Õ °≈ÿà¡∑’Ë¡’≈—°…≥–∑’Ëµâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â
®”π«π 8 µâπ ·≈–°≈ÿà¡∑’ËÕàÕπ·ÕµàÕ‚√§¬Õ¥‰À¡â®”π«π 8 µâπ ‚¥¬§—¥‡≈◊Õ°®“°ª√–™“°√≈Ÿ°º ¡™—Ë«∑’Ë 2 ∑’Ë‰¥â®“°°“√º ¡
√–À«à“ß∂—Ë«≈‘ ßæ—π∏ÿåµâ“π∑“π (IC34) ·≈–æ—π∏ÿåÕàÕπ·Õ (KK 60-1) ‚¥¬Õ“»—¬¢âÕ¡Ÿ≈®“°°“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§
®“°°“√‡¢â“∑”≈“¬¢Õß‡™◊ÈÕ PBNV ‡ªìπ√“¬µâπÀ≈—ß∑”°“√ª≈Ÿ°‡™◊ÈÕ PBNV 14 21 ·≈– 28 «—π ®“°π—Èπ °—¥¥’‡ÕÁπ‡Õ·≈â«π”¡“
∑¥ Õ∫°—∫‰æ√‡¡Õ√å®”π«π 140 ‰æ√‡¡Õ√å ‡æ◊ËÕµ√«® Õ∫§«“¡·µ°µà“ß√–À«à“ßæ—π∏ÿåæàÕ·¡à·≈– Õß°≈ÿà¡µ—«·∑π æ∫«à“‰æ√‡¡Õ√å
OPG16 „Àâ§«“¡·µ°µà“ß (polymorphism) √–À«à“ßæ—π∏ÿåæàÕ·¡à·≈– Õß°≈ÿà¡µ—«·∑π ‚¥¬æ—π∏ÿåÕàÕπ·Õ°—∫°≈ÿà¡µ—«·∑π∑’ËÕàÕπ·Õ
®–ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ 850 bp „π¢≥–∑’Ëæ—π∏ÿåµâ“π∑“π°—∫°≈ÿà¡µ—«·∑π∑’Ëµâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â‰¡àª√“°Ø·∂∫
¥’‡ÕÁππ’È ·≈–‡¡◊ËÕπ”‰æ√‡¡Õ√å OPG16 ¡“∑¥ Õ∫‡ªìπ√“¬µâπ ∑’Ë‡ªìπ ¡“™‘°∑’ËÕ¬Ÿà„π°≈ÿà¡µâ“π∑“π ®”π«π 8 µâπ·≈–°≈ÿà¡ÕàÕπ·Õ
®”π«π 8 µâπ ́ ÷Ëßπ”¡“„™â √â“ß°≈ÿà¡µâ“π∑“π·≈–ÕàÕπ·Õ æ∫«à“ ·∂∫¥’‡ÕÁπ‡Õ¢Õß·µà≈–µâπ∑’Ëπ”¡“ √â“ß°≈ÿà¡µ—«·∑π°Á¡’§«“¡·µ°µà“ß°—π
‚¥¬µâπ∑’ËÕàÕπ·Õª√“°Ø·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 850 bp  à«πµâπ∑’Ëµâ“π∑“π‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õπ’È °“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§·≈–°“√ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ æ∫«à“ ¡’π—¬ ”§—≠√–À«à“ß Õß≈—°…≥– ‚¥¬¡’§à“ R2 ‡∑à“°—∫ 0.914 ·≈–
slope ¢Õß°√“ø¡’§à“‡∑à“°—∫ 0.320 ®÷ß∂◊Õ‰¥â«à“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ OPG16

850
 ¡’µ”·Àπàß„°≈â°—∫µ”·Àπàß¢Õß¬’π∑’Ë§«∫§ÿ¡

≈—°…≥–µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â∫π‚§√‚¡‚´¡„π∂—Ë«≈‘ ß ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈¥—ß°≈à“« “¡“√∂π”‰ª„™â‡ªìπ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈
™à«¬„π°“√§—¥‡≈◊Õ° (marker assisted selection) ́ ÷Ëß®–‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√§—¥‡≈◊Õ°„πß“πª√—∫ª√ÿßæ—π∏ÿå∂—Ë«≈‘ ßµâ“π∑“π
‚√§¬Õ¥‰À¡âµàÕ‰ª‰¥â

§” ”§—≠ : ‚√§¬Õ¥‰À¡â Õ“√å‡Õæ’¥’
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1 (Pensuk et al., 2002) ¡“„™â‡æ◊ËÕµ‘¥µ“¡¬’π∑’Ë§«∫§ÿ¡
≈—°…≥–µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â„π∂—Ë«≈‘ ß ‚¥¬º ¡∂—Ë«
≈‘ ß 2 æ—π∏ÿå¥—ß°≈à“«∑’Ë·ª≈ßº ¡æ—π∏ÿå ¡À“«‘∑¬“≈—¬√“™¿—Æ
Õÿ¥√∏“π’‰¥â‡¡≈Á¥≈Ÿ°º ¡™—Ë«∑’Ë 1 ·≈â«ª≈Ÿ°º ¡µ—«‡Õß
®π°√–∑—Ëß‰¥â‡¡≈Á¥≈Ÿ°º ¡™—Ë«∑’Ë 2 ÷́Ëß¡’°“√°√–®“¬µ—«
®”π«π 3 family √«¡‡¡≈Á¥ ∑—ÈßÀ¡¥‰¥â 137 ‡¡≈Á¥

°“√ª√–‡¡‘π§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â¢Õß∂—Ë«≈‘ ß
π”‡¡≈Á¥æ—π∏ÿåæàÕ·¡à·≈–≈Ÿ°º ¡™—Ë«∑’Ë 2 ®”π«π

3 family ‰¥â·°à  family ∑’Ë 1 ®”π«π 45 ‡¡≈Á¥ family
∑’Ë 2 ®”π«π 40 ‡¡≈Á¥ ·≈– family ∑’Ë 3 ®”π«π 52 ‡¡≈Á¥
µ“¡≈”¥—∫ √«¡ 137 ‡¡≈Á¥ ¡“ª≈Ÿ°≈ß„π°√–∂“ß‚¥¬ª≈Ÿ°
3 µâπµàÕ°√–∂“ß ‡æ◊ËÕ∑¥ Õ∫·≈–ª√–‡¡‘π§«“¡µâ“π∑“π
µàÕ‚√§¬Õ¥‰À¡â „π ¿“æ‡√◊Õπ∑¥≈Õß‚¥¬ª≈Ÿ°‡™◊ÈÕ¥â«¬
«‘∏’∑“¥â«¬πÈ”§—Èπ À≈—ßª≈Ÿ°∂—Ë«≈‘ ßæ—π∏ÿåæàÕ·¡à·≈–≈Ÿ°º ¡
™—Ë«∑’Ë 2 ®”π«π 3 family ·≈–¡’„∫·∑â‚º≈à¢÷Èπ¡“ 2 „∫

®–∑”°“√ª≈Ÿ°‡™◊ÈÕ PBNV ¥â«¬πÈ”§—Èπ ´÷Ëß‡µ√’¬¡‰¥â
‚¥¬∫¥µ—«Õ¬à“ß„π‚°√àß·™à‡¬Áπ„™â 0.05 M  phosphate
buffer pH 7.0  ∑’Ë‡µ‘¡ 0.2% 2-mercaptoethanol  ·≈–
1% celite ‡ªìπ inoculating buffer  „πÕ—µ√“ à«π„∫æ◊™
1 °√—¡ µàÕ buffer 10 ¡‘≈≈‘≈‘µ√ ·≈â«√Õß‡Õ“‡©æ“–πÈ”§—Èπ
∑‘Èß à«π∑’Ë‡ªìπ‡»…æ◊™ ‡°Á∫πÈ”§—Èπ∑’Ë¡’‰«√— ∑’Ë‰¥â‰«â„π¿“™π–
∑’Ë·™à„ππÈ”·¢Áßµ≈Õ¥‡«≈“∑’Ë∑”°“√ª≈Ÿ°‡™◊ÈÕ „™âπ‘È«®ÿà¡πÈ”§—Èπ
∑“≈ß∫πº‘«„∫ÕàÕπ¢Õß∂—Ë«≈‘ ßÕ“¬ÿ 7-10 «—π ‚¥¬„™âπÈ”§—Èπ
ª√–¡“≥ 200 µl/µâπ °àÕπ°“√ª≈Ÿ°‡™◊ÈÕµâÕßπ”µ—«Õ¬à“ß
‰ª‰«â∑’ËÀâÕß¡◊¥‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß  À≈—ß°“√ª≈Ÿ°‡™◊ÈÕ‡°Á∫
√—°…“æ◊™‰«â„π°√ß∑’Ë°—π·¡≈ß‰¥â ®“°π—Èπ∑”°“√ª√–‡¡‘π
√–¥—∫§«“¡√ÿπ·√ß¢Õß‚√§®“°°“√‡¢â“∑”≈“¬¢Õß‡™◊ÈÕ
PBNV À≈—ß°“√ª≈Ÿ°‡™◊ÈÕ∑’Ë 14, 21 ·≈– 28 «—πµ“¡≈”¥—∫
‚¥¬ª√–‡¡‘π‡ªìπ√“¬µâπ®“°∑ÿ°µâπ„π°≈ÿà¡ª√–™“°√
≈Ÿ°º ¡™—Ë«∑’Ë 2 „™â«‘∏’°“√ª√–‡¡‘π¢Õß Pensuk et al.
(2002) ‚¥¬„Àâ§–·ππ 1-5  (Fig. 1)

Fig. 1. Symptoms for bud necrosis caused by PBNV in peanut used for disease scores.
A = disease score 2, no systemic symptom, spots on some leaves; B = disease score 3,
systemic symptoms, top chlorosis but no stunting; C = disease score 4, systemic symptoms,
strong leaf distortion, stunt;  and D = disease score 5, plants showing severe necrosis and
stunting. [Note: Photograph for disease score 1 (no symptom) was not shown]

A B

C D
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°“√ °—¥¥’‡ÕÁπ‡Õ·≈–°“√µ√«® Õ∫§ÿ≥¿“æ·≈–ª√‘¡“≥
¥’‡ÕÁπ‡Õ

 °—¥¥’‡ÕÁπ‡Õ®“°„∫ÕàÕπµ“¡«‘∏’¢Õß Dellaporta
et al. (1983) Õâ“ß„π Lambrides et al. (2000) µ√«® Õ∫
§ÿ≥¿“æ·≈–ª√‘¡“≥ ¥’‡ÕÁπ‡Õ®“°°“√«—¥§à“ OD ¥â«¬
‡§√◊ËÕß ‡ª§‚µ√‚ø‚µ¡‘‡µÕ√å (Spectrophotometer) ∑’Ë
§«“¡¬“«§≈◊Ëπ 260 ·≈– 280 π“‚π‡¡µ√ ·≈â«ª√—∫√–¥—∫
§«“¡‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õ„Àâ‰¥â 10 π“‚π°√—¡/‰¡‚§√≈‘µ√

°“√§—¥‡≈◊Õ°‰æ√‡¡Õ√å‡æ◊ËÕ„™âµ√«® Õ∫≈—°…≥–µâ“π∑“π
‚¥¬‡∑§π‘§ RAPD- PCR

π”¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â®“°æ—π∏ÿåæàÕ·¡à§◊Õ IC34
·≈– KK 60-1 ¡“∑”ªØ‘°‘√‘¬“æ’´’Õ“√å‚¥¬„™â‡∑§π‘§
RAPD-PCR ‡æ◊ËÕ§—¥‡≈◊Õ°‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡®“°‰æ√
‡¡Õ√å ®”π«π 7 ™ÿ¥ ‰¥â·°à OPA OPB OPC OPE OPF
OPG ·≈– OPY ·µà≈–™ÿ¥ª√–°Õ∫¥â«¬‰æ√‡¡Õ√å 20‰æ√
‡¡Õ√å ®÷ß„™â∑—ÈßÀ¡¥ 140 ‰æ√‡¡Õ√å ·µà≈–‰æ√‡¡Õ√å¡’
§«“¡¬“« 10 π‘«§≈’‚Õ‰∑¥å ‡∑§π‘§ RAPD-PCR ¡’
Õß§åª√–°Õ∫¢ÕßªØ‘°‘√‘¬“ (reaction mixture) ÷́Ëß¡’
ª√‘¡“µ√ 20 µl ª√–°Õ∫¥â«¬ 20 ng DNA template
1X PCR buffer 3 mM MgCl2  0.2 mM dNTP mix
0.2 µM primer ·≈– 1.25 Unit Taq-Polymerase
‡√‘Ë¡¥â«¬Õÿ≥À¿Ÿ¡‘°àÕπªØ‘°‘√‘¬“ PCR 95  Ì´.  ‡ªìπ‡«≈“ 3
π“∑’ ®”π«π 1 √Õ∫ ®“°π—Èπ‡ªìπªØ‘°‘√‘¬“ PCR ®”π«π
45 √Õ∫ ª√–°Õ∫¥â«¬¢—ÈπµÕπ denaturation ¥â«¬Õÿ≥À¿Ÿ¡‘
95  Ì´. ‡ªìπ‡«≈“ 1 π“∑’ ¢—ÈπµÕπ annealing Õÿ≥À¿Ÿ¡‘
∑’Ë„™âª√–¡“≥ 36-44  Ì´. ‡ªìπ‡«≈“ 1 π“∑’ ·≈–¢—ÈπµÕπ
extension „™âÕÿ≥À¿Ÿ¡‘ 72 Ì´. ‡ªìπ‡«≈“ 1 π“∑’ ‡¡◊ËÕ
 ‘Èπ ÿ¥ªØ‘°‘√‘¬“ ∑” final extension ¥â«¬Õÿ≥À¿Ÿ¡‘
72  Ì´. ‡ªìπ‡«≈“ 4 π“∑’ ®“°π—Èππ”‡Õ“ PCR product
¡“µ√«® Õ∫ º≈ ¥â«¬‡∑§π‘§Õ‘‡≈Á°‚µ√‚ø√’́ ’  (Electro-
phoresis techniques) ‚¥¬„™âÕ–°“‚√ ‡®≈ (agarose gel)
∑’Ë¡’§«“¡‡¢â¡¢âπ 2 % ‡ªìπµ—«°≈“ß„π°“√·¬° „™â§«“¡
µà“ß»—°¬å  75 ‚«≈µå ‡ªìπ‡«≈“ 150 π“∑’ „π∫—ø‡øÕ√å™π‘¥
TBE ·≈–¬âÕ¡¥’‡ÕÁπ‡Õ¥â«¬ ethidium bromide
µ√«® Õ∫·∫∫·ºπ¥’‡ÕÁπ‡Õ∑’Ë‡°‘¥¢÷Èπ¿“¬„µâ· ß UV ‡æ◊ËÕ
§—¥‡≈◊Õ° primer ∑’Ë “¡“√∂·¬°§«“¡·µ°µà“ß√–À«à“ß
æ—π∏ÿåµâ“π∑“π ·≈–ÕàÕπ·Õ

°“√µ√«® Õ∫≈Ÿ°º ¡™—Ë«∑’Ë 2 ¥â«¬‡§√◊ËÕßÀ¡“¬ RAPD
√à«¡°—∫«‘∏’ Bulk segregant analysis

°“√√–∫ÿ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈™π‘¥ RAPD „π
ª√–™“°√≈Ÿ°º ¡™—Ë«∑’Ë 2  ‚¥¬°“√ √â“ß°≈ÿà¡µ—«·∑π¢Õß
ª√–™“°√≈Ÿ°º ¡™—Ë«∑’Ë 2  Õß°≈ÿà¡§◊Õ °≈ÿà¡µâ“π∑“π®”π«π
8 µâπ·≈–°≈ÿà¡ÕàÕπ·Õ®”π«π 8 µâπ‡™àπ°—π ‚¥¬ √â“ß
°≈ÿà¡µ—«·∑π‰¥â®“°º≈°“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß‚√§
¬Õ¥‰À¡â¥—ß√“¬≈–‡Õ’¬¥¢âÕ 2.2 ‚¥¬§—¥‡≈◊Õ° “¬æ—π∏ÿå
(µâπ) ®“°ª√–™“°√≈Ÿ°º ¡™—Ë«∑’Ë 2 µâπ∑’Ë‰¡à‡ªìπ‚√§ (§à“
§–·ππ°“√‡°‘¥‚√§‡∑à“°—∫ 1) ®”π«π 8 µâπ ( “¬æ—π∏ÿå)
‡æ◊ËÕ‡ªìπµ—«·∑π¢Õß°≈ÿà¡µâ“π∑“π ·≈–µâπ∑’Ë‡°‘¥Õ“°“√
¬Õ¥‰À¡â√ÿπ·√ß®”π«π 8 µâπ ( “¬æ—π∏ÿå)  °—¥¥’‡ÕÁπ‡Õ
®“°∑ÿ°µâπ∑’Ë§—¥‡≈◊Õ° ·≈â«π”¥’‡ÕÁπ‡Õ∑—Èß 8 µâπ√«¡‡¢â“
¥â«¬°—π ¥â«¬ª√‘¡“≥¥’‡ÕÁπ‡Õ∑’Ë‡∑à“°—π ®–‰¥â°≈ÿà¡¥’‡ÕÁπ
‡Õµâ“π∑“π (resistant bulk) ·≈–°≈ÿà¡¥’‡ÕÁπ‡ÕÕàÕπ·Õ
(susceptible bulk) ®“°π—Èππ”¥’‡ÕÁπ‡Õ∑—Èß 2 °≈ÿà¡¡“
∑¥ Õ∫°—∫‰æ√‡¡Õ√å∑’Ë· ¥ß§«“¡·µ°µà“ß (polymor-
phism) √–À«à“ßæ—π∏ÿåæàÕ·¡à (æ—π∏ÿåµâ“π∑“π·≈–æ—π∏ÿå
ÕàÕπ·Õ) ∑’Ë§—¥‡≈◊Õ°‰«â®“°¢âÕ 2.4 ‚¥¬‡∑§π‘§ RAPD-
PCR (Michelmore et al., 1991) ·≈â«§—¥‡≈◊Õ°
‡§√◊ËÕßÀ¡“¬ RAPD ∑’Ë„Àâ√Ÿª·∫∫¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë
§≈â“¬°—∫„Àâ§«“¡·µ°µà“ß∑’Ë‡°‘¥°—∫æ—π∏ÿåæàÕ·¡à ®“°π—Èπ
π”‡§√◊ËÕßÀ¡“¬ RAPD ∑’Ë§—¥‡≈◊Õ°‰¥â ‰ª∑¥ Õ∫°—∫¥’
‡ÕÁπ‡Õ¢Õß·µà≈–µâπ∑’Ëπ”¡“ √â“ß°≈ÿà¡µ—«·∑π ‡æ◊ËÕµ√«®
 Õ∫«à“·∂∫¥’‡ÕÁπ‡Õ∑’Ë„Àâ§«“¡·µ°µà“ß√–À«à“ßæ—π∏ÿåæàÕ-·¡à
¬—ß§ß„Àâ§«“¡·µ°µà“ß√–À«à“ß Õß°≈ÿà¡¢Õß¥’‡ÕÁπ‡Õ (re-
sistant bulk ·≈– susceptible bulk) Õ’°∑—Èß¬—ß§ß„Àâ
§«“¡·µ°µà“ß„π·µà≈–µâπ∑’Ëπ”¡“ √â“ß°≈ÿà¡µ—«·∑π

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
µ√«® Õ∫«à“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë¡’µ”·Àπàß

„°≈â°—∫¬’π∑’Ë§«∫§ÿ¡§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â ‚¥¬°“√
«‘‡§√“–Àå ¡°“√∂¥∂Õ¬ (simple regression) ‚¥¬„™â
¢âÕ¡Ÿ≈ Õß°≈ÿà¡§◊Õ „™â¢âÕ¡Ÿ≈∑’ËÕà“πº≈®“°·ºàπ‡®≈‡ªìπ
µ—«·ª√Õ‘ √–·≈–¢âÕ¡Ÿ≈√–¥—∫§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§
¢Õß∑—Èß 16 µâπ‡ªìπµ—«·ª√µ“¡ ·≈â«µ√«® Õ∫ ¡°“√
y = a + bx
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º≈·≈–«‘®“√≥å

°“√ª√–‡¡‘π§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â¢Õß∂—Ë«≈‘ ß·≈–
°“√ √â“ß°≈ÿà¡µ—«·∑π

®“°°“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§
¬Õ¥‰À¡â„πª√–™“°√≈Ÿ°º ¡™—Ë«∑’Ë 2 ·≈–æ—π∏ÿåæàÕ·¡à ‚¥¬
ª√–‡¡‘π∑’Ë 14  21 ·≈– 28 «—πÀ≈—ßª≈Ÿ°‡™◊ÈÕ æ∫«à“∂—Ë«
≈‘ ßæ—π∏ÿå IC34 ‰¡à‡°‘¥‚√§ ·≈–æ—π∏ÿå  KK 60-1 ‡°‘¥
‚√§‚¥¬¡’√–¥—∫§–·ππ§«“¡√ÿπ·√ß‡∑à“°—∫ 3-5 ≈Ÿ°º ¡
™—Ë«∑’Ë 2 ¡’§–·ππ°“√‡°‘¥‚√§µ—Èß·µà 2 ∂÷ß 5 ·≈–
 “¡“√∂·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡§◊Õ °≈ÿà¡∑’Ë‰¡à‡ªìπ‚√§·≈–
°≈ÿà¡∑’Ë‡ªìπ‚√§ ‚¥¬¡’√–¥—∫§–·ππ§«“¡√ÿπ·√ß¢Õß‚√§
·µ°µà“ß°—π™—¥‡®π ®“°π—Èπ‡≈◊Õ°µâπ∑’Ëπ”¡“‡ªìπµ—«·∑π
¢Õß°≈ÿà¡µâ“π∑“π®”π«π 8 µâπ ‚¥¬¡’√–¥—∫§–·ππ
§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§¬Õ¥‰À¡â‡∑à“°—∫ 1 ·≈–µâπ
∑’Ëπ”¡“‡ªìπµ—«·∑π¢Õß°≈ÿà¡ÕàÕπ·Õ®”π«π 8 µâπ ·µà≈–
µâπ¡’√–¥—∫§–·ππ§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§‡ªìπ 4   4
3  5  3  4  4 ·≈– 4 µ“¡≈”¥—∫

°“√§—¥‡≈◊Õ°‰æ√‡¡Õ√å‡æ◊ËÕ„™âµ√«® Õ∫≈—°…≥–µâ“π∑“π
®“°°“√»÷°…“‰æ√‡¡Õ√å√«¡ 140 ‰æ√‡¡Õ√å æ∫«à“

‰æ√‡¡Õ√å∑’Ë· ¥ß§«“¡·µ°µà“ß (polymorphism) √–À«à“ß
∂—Ë«≈‘ ßæ—π∏ÿåµâ“π∑“π·≈–æ—π∏ÿåÕàÕπ·Õ§◊Õ ‰æ√‡¡Õ√å

OPG16 (5ûAGC GTC CTC C3') ‡∑à“π—Èπ ‚¥¬æ∫
·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 850 §Ÿà‡∫ „πæ—π∏ÿåÕàÕπ·Õ KK 60-1
·µà‰¡àæ∫„πæ—π∏ÿåµâ“π∑“π IC34 (Fig. 1) ·≈–‰æ√
‡¡Õ√åÕ◊ËπÊ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È∑’Ë°≈à“«∂÷ß¢â“ßµâπ‰¡à· ¥ß
§«“¡·µ°µà“ß√–À«à“ß∂—Ë«≈‘ ßæ—π∏ÿåµâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â
(æ—π∏ÿå IC34 ) ·≈–æ—π∏ÿåÕàÕπ·ÕµàÕ‚√§¬Õ¥‰À¡â (æ—π∏ÿå
KK 60-1) ‡π◊ËÕß®“°æ—π∏ÿå∑’Ëπ”¡“∑¥ Õ∫¡’§«“¡„°≈â™‘¥
∑“ßæ—π∏ÿ°√√¡§àÕπ¢â“ß¡“°‡¡◊ËÕ∑¥ Õ∫°—∫‰æ√‡¡Õ√å
®÷ßæ∫«à“ à«π„À≠à‰¡à· ¥ß§«“¡·µ°µà“ß (monomor-
phism)

°“√µ√«® Õ∫≈Ÿ°º ¡™—Ë«∑’Ë 2 ®“°‡§√◊ËÕßÀ¡“¬ RAPD
√à«¡°—∫«‘∏’ Bulk segregant analysis
     À≈—ß®“°∑’Ëæ∫‰æ√‡¡Õ√å∑’Ë„Àâ§«“¡·µ°µà“ß√–À«à“ß
 “¬æ—π∏ÿåæàÕ·¡à·≈â« ®“°π—Èππ” bulked DNA ∑—Èß Õß
°≈ÿà¡¡“µ√«® Õ∫¥â«¬‰æ√‡¡Õ√å OPG16 ∑’Ë· ¥ß§«“¡
·µ°µà“ß√–À«à“ßæ—π∏ÿåµâ“π∑“π·≈–ÕàÕπ·Õ æ∫«à“ bulked
DNA °≈ÿà¡µâ“π∑“π‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õ·≈– bulked
DNA °≈ÿà¡ÕàÕπ·Õª√“°Ø·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’™‘Èπ¥’‡ÕÁπ‡Õ
¢π“¥ 850 bp ´÷Ëß Õ¥§≈âÕß°—∫º≈§«“¡·µ°µà“ß¢Õß
·∂∫¥’‡ÕÁπ‡Õ∑’Ëª√“°Ø„πæ—π∏ÿåæàÕ·¡à∑’Ë‡ªìπæ—π∏ÿåµâ“π∑“π
·≈–ÕàÕπ·Õ  (Fig. 2)

Fig. 2  The PCR  products obtained from OPG-16 primer. Lanes are as follows : M = 100 bp
marker, RP = resistant parent (IC34), SP = susceptible parent (KK60-1), RB =  resistant
bulk, SB =  susceptible bulk.
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°“√µ√«® Õ∫§«“¡ —¡æ—π∏å√–À«à“ß‡§√◊ËÕßÀ¡“¬ RAPD
°—∫§«“¡µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â

°“√§—¥‡≈◊Õ°∂—Ë«≈‘ ß≈Ÿ°º ¡™—Ë«∑’Ë 2 ‚¥¬„™âº≈
°“√ª√–‡¡‘π§«“¡µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â (§–·ππ 1-5 )
¿“¬À≈—ß°“√ª≈Ÿ°‡™◊ÈÕ·≈â« π”¡“ √â“ß‡ªìπ°≈ÿà¡µ—«·∑π 2
°≈ÿà¡§◊Õ °≈ÿà¡µâ“π∑“π®”π«π 8 µâππ—Èπ ·µà≈–µâπ¡’√–¥—∫
§–·ππ§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§¬Õ¥‰À¡â‡∑à“°—∫ 1
·≈–°≈ÿà¡ÕàÕπ·Õ®”π«π 8 µâπ ·µà≈–µâπ¡’√–¥—∫§–·ππ
§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥‚√§‡ªìπ 4  4  3  5  3  4  4
·≈– 4 µ“¡≈”¥—∫ ‡¡◊ËÕπ”¥’‡ÕÁπ‡Õ¢Õß·µà≈–µâπ∑’Ë‡ªìπ
 ¡“™‘°„π°≈ÿà¡µ—«·∑π∑—Èß Õß°≈ÿà¡‰ªµ√«® Õ∫¥â«¬
‰æ√‡¡Õ√å OPG16 ‡æ◊ËÕ¥Ÿ°“√ª√“°Ø¢Õß·∂∫¥’‡ÕÁπ‡Õ ‚¥¬
∂â“ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ„Àâ§–·ππ‡∑à“°—∫ 1 ·≈–‰¡àª√“°Ø
·∂∫¥’‡ÕÁπ‡Õ„Àâ‡∑à“°—∫ 0 æ∫«à“µâπ∂—Ë«≈‘ ß∑’Ë‰¡à‡ªìπ‚√§
·≈–‰¥â√—∫°“√®”·π°‡ªìπµâπµâ“π∑“π∑ÿ°µâπ®–‰¡àª√“°Ø
·∂∫¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬  à«π∂—Ë«≈‘ ß∑’Ë‡°‘¥‚√§·≈–‰¥â√—∫°“√
®”·π°‡ªìπ≈—°…≥–ÕàÕπ·Õ ∑ÿ°µâπ®–ª√“°Ø·∂∫¥’‡ÕÁπ
‡Õ‡ªÑ“À¡“¬ (Fig. 3) ‡¡◊ËÕπ”¢âÕ¡Ÿ≈‰ª«‘‡§√“–Àå√’‡°√ 
™—Ëπ‡æ◊ËÕ°“√µ√«® Õ∫°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ß¡’π—¬ ”§—≠
¢Õß¢âÕ¡Ÿ≈¥â“π¥’‡ÕÁπ‡ÕµàÕ§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â º≈
°“√∑¥ Õ∫„Àâ§à“ R2 ‡∑à“°—∫ 0.914 ·≈– slope ¢Õß
°√“ø§«“¡ —¡æ—π∏å¡’§à“‡∑à“°—∫ 0.320 · ¥ß«à“§«“¡

µâ“π∑“π¢Õß‚√§‡ª≈’Ë¬π·ª≈ß‰ªµ“¡§«“¡·µ°µà“ß¢Õß
°“√ª√“°Ø·∂∫¥’‡ÕÁπ‡ÕÕ¬à“ß¡’π—¬ ”§—≠ ¥—ßπ—Èπµ”·Àπàß
¢Õß‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ OPG16

850
 ¡’µ”·Àπàß∑’ËÕ¬Ÿà„°≈â

°—∫µ”·Àπàß¢Õß¬’π§«∫§ÿ¡§«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â ®π
 “¡“√∂∂à“¬∑Õ¥‰ª¥â«¬°—πµ“¡°Ø¢Õß°“√∂à“¬∑Õ¥
æ—π∏ÿ°√√¡®“°™—Ë«√ÿàπæàÕ·¡à ‰ª®π°√–∑—Ëß∂÷ß≈Ÿ°º ¡™—Ë«∑’Ë  2
‰¥â ¥—ßπ—Èπ ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈π’Èπà“®– “¡“√∂π”‰ª
æ—≤π“‡ªìπ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë¡’§«“¡®”‡æ“–µàÕ§«“¡
µâ“π∑“π‚√§¬Õ¥‰À¡âµàÕ‰ª ‡π◊ËÕß®“°‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈
™π‘¥ RAPD  “¡“√∂æ—≤π“µàÕ‰ª‡ªìπ‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈∑’Ë¡’§«“¡®”‡æ“–‰¥â ‡™àπ SCAR marker „π
¡–‡¢◊Õ‡∑»∑’Ë®”‡æ“–µàÕ¬’π§«∫§ÿ¡§«“¡µâ“π∑“π‚√§
Tomato mosaic virus (Dax et al., 1998) ·≈– SCAR
marker „π∂—Ë«‡À≈◊Õß ÷́Ëß®”‡æ“–µàÕ¬’π§«∫§ÿ¡§«“¡
µâ“π∑“π‚√§ soybean mosaic virus (Zheng et al.,
2003) πÕ°®“°π’È‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë‰¥â®“°°“√»÷°…“
§√—Èßπ’È ¬—ß “¡“√∂π”‰ª™à«¬ß“πª√—∫ª√ÿßæ—π∏ÿå·≈–§—¥‡≈◊Õ°
æ—π∏ÿå∂—Ë«≈‘ ß‡æ◊ËÕ§«“¡µâ“π∑“π‚√§¥—ß°≈à“«µàÕ‰ª‰¥â ·µà
Õ¬à“ß‰√°Áµ“¡ §«“¡µâ“π∑“π‚√§¬Õ¥‰À¡â Õ“®∂Ÿ°§«∫§ÿ¡
¥â«¬¬’πÕ’°À≈“¬§Ÿà ®÷ß§«√¡’°“√§âπÀ“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈
‡æ‘Ë¡‡µ‘¡ ‡æ◊ËÕ„Àâ‰¥â‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ ”À√—∫„™â„πß“π
§—¥‡≈◊Õ°æ—π∏ÿå„Àâ‰¥â¬’π§«∫§ÿ¡§«“¡µâ“π∑“π ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ

Fig. 3 Electrophoretic analysis of DNA amplification products using
primer OPG16. Lanes are as follows : lane 1 =  100 bp marker,
lane 2 = resistant parent , lane 3 = susceptible parent,
lane 4 = resistant bulk, lane 5 = susceptible bulk,
lane 6-13 = individual  line of resistant bulk,
and lane 14-21 = individual line of susceptible bulk.
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 √ÿª

°“√À“µ”·Àπàß¬’πµâ“π∑“π ‚¥¬°“√„™â‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈™π‘¥ RAPD √à«¡°—∫‡∑§π‘§ bulk segregant
analysis ‡ªìπ‡∑§π‘§∑’Ë∂Ÿ°π”¡“„™â„π°“√»÷°…“‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈∑’Ë‡™◊ËÕ¡Õ¬Ÿà°—∫§«“¡µâ“π∑“πµàÕ‚√§¬Õ¥‰À¡â
„π∂—Ë«≈‘ ß ®“°°“√§—¥‡≈◊Õ°‰æ√‡¡Õ√å®”π«π 140‰æ√‡¡Õ√å
æ∫«à“¡’‰æ√‡¡Õ√å‡æ’¬ß 1 ™π‘¥§◊Õ OPG16 (5' AGCG
TCCTCC 3' ) ∑’Ë· ¥ß§«“¡·µ°µà“ß (polymorphism)
√–À«à“ßæ—π∏ÿåµâ“π∑“π·≈–°≈ÿà¡µ—«·∑π∑’Ëµâ“π∑“π (resistant
bulk) ́ ÷Ëß®–‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õ  à«πæ—π∏ÿåÕàÕπ·Õ·≈–
°≈ÿà¡µ—«·∑π∑’ËÕàÕπ·Õ (susceptable bulk) ®–ª√“°Ø·∂∫
¥’‡ÕÁπ‡Õ¢π“¥ 850 bp µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ„™â‰æ√‡¡Õ√å
¥—ß°≈à“«∑¥ Õ∫°—∫¥’‡ÕÁπ‡Õ‡ªìπ√“¬µâπ (individual) ∑’Ë
π”¡“„™â √â“ß Õß°≈ÿà¡µ—«·∑π æ∫«à“°≈ÿà¡∑’Ë‰¥â√—∫°“√®”·π°
‡ªìπµâπ∑’Ëµâ“π∑“π®–‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õ·≈–°≈ÿà¡‰¥â√—∫
°“√®”·π°‡ªìπµâπ∑’ËÕàÕπ·Õ®–ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’
™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ 850 bp ·≈–‡¡◊ËÕ∑”°“√«‘‡§√“–Àå
√’‡°√ ™—Ëπ√–À«à“ß°“√‡°‘¥‚√§°—∫°“√ª√“°Ø¢Õß·∂∫
¥’‡ÕÁπ‡Õ æ∫«à“ ∑—Èß Õß≈—°…≥–¡’§«“¡ —¡æ—π∏å°—π‚¥¬¡’§à“
R2 = 0.914 ·≈– slope  ¢Õß°√“ø¡’π—¬ ”§—≠ §◊Õ ¡’§à“
‡∑à“°—∫ 0.320  · ¥ß«à“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ OPG16

850

¥—ß°≈à“«¡’µ”·Àπàß∑’ËÕ¬Ÿà„°≈â°—∫¬’π§«∫§ÿ¡§«“¡µâ“π∑“π
‚√§¬Õ¥‰À¡â∫π‚§√‚¡‚´¡ ́ ÷Ëß‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ëæ∫π’È
 “¡“√∂æ—≤π“‰ª‡ªìπ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë®”‡æ“–
(specific marker) ´÷Ëß “¡“√∂π”¡“„™â‡ªìπ‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈™à«¬„π°“√§—¥‡≈◊Õ° (marker assisted selection)
„π‚ª√·°√¡°“√ª√—∫ª√ÿßæ—π∏ÿå∂—Ë«≈‘ ß„Àâµâ“π∑“πµàÕ‚√§
¬Õ¥‰À¡âµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥¡À“«‘∑¬“≈—¬¢Õπ·°àπ∑’Ë‰¥â π—∫ πÿπ
‡ß‘π«‘®—¬§√—Èßπ’È ¿“¬„µâ‚§√ß°“√«‘®—¬ª√–‡¿∑‡ß‘πÕÿ¥Àπÿπ
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