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∫∑§—¥¬àÕ

°“√μ√«® Õ∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß¥â«¬‡∑§π‘§‡Õ‡Õø·Õ≈æ’ æ∫«à“‰æ√‡¡Õ√å EcoRI-MseI ∑’Ë„™â∑—ÈßÀ¡¥

64 §Ÿà  “¡“√∂„Àâ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ‚¥¬æ∫·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß°—π√–À«à“ßπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ ·≈–

æ—π∏ÿåÀπ—ß√«¡∑—Èß ‘Èπ 8 ·∂∫ ÷́Ëß “¡“√∂„™â‡ªìπ‡§√◊ËÕßÀ¡“¬‡Õ‡Õø·Õ≈æ’ „π°“√®”·π°πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–

æ—π∏ÿåÀπ—ßÕÕ°®“°°—π‰¥â πÕ°®“°π—Èπ¬—ß‰¥âæ—≤π“‡§√◊ËÕßÀ¡“¬ °“√å ®“°‡§√◊ËÕßÀ¡“¬‡Õ‡Õø·Õ≈æ’ 4 ™π‘¥ ´÷Ëß

æ∫‡§√◊ËÕßÀ¡“¬ °“√å∑’Ë®”‡æ“–°—∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ‡æ’¬ßÕ¬à“ß‡¥’¬«

ABSTRACT

Amplified fragment length polymorphism (AFLP) technique was used to identify sugar apple (Annona

squamosa L.) cultivars Nua and Nang. The total of 64 EcoRI-MseI primer-pair combinations were screened

and all of them could produce DNA fingerprinting. Eight AFLP markers were clearly polymorphic among

the 2 cultivars which were capable to distinguish the sugar apple varieties between Nua and Nang. Four

polymorphic AFLP fragments were subsequently cloned and sequenced for sequence characterized amplified

°“√®”·π°πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß¥â«¬‡§√◊ËÕßÀ¡“¬

‡Õ‡Õø·Õ≈æ’·≈– °“√å

Identification of sugar apple cultivars Nua and Nang using

AFLP and SCAR markers
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∫∑π”

πâÕ¬Àπà“ (Annona squamosa L.) ‡ªìπ‰¡âº≈

‡¡◊Õß√âÕπ¢π“¥°≈“ß ≈”μâπ Ÿßª√–¡“≥ 3-6 ‡¡μ√

¡’·À≈àß°”‡π‘¥∫√‘‡«≥·∂∫√âÕπ·≈–·Àâß·≈âß∑’Ë ÿ¥¢Õß

∑«’ªÕ‡¡√‘°“°≈“ß ·≈–∑’Ë√“∫ Ÿß¢Õßª√–‡∑»‡ª√Ÿ·≈–

Õ‘§—«¥Õ√å (Morton, 1987; Phillip and Campbell, 1994)

 “¡“√∂‡®√‘≠‡μ‘∫‚μ‰¥â¥’„π¥‘π·∑∫∑ÿ°™π‘¥∑’Ë‰¡à¡’πÈ”¢—ß

®÷ßª≈Ÿ°·æ√àÀ≈“¬„π‡¢μ√âÕπ·≈–‡¢μÕ∫Õÿàπ∑—Ë«‚≈°

„πÕ¥’μπ—°‡¥‘π‡√◊Õ™“«‚ª√μÿ‡° ·≈–Õ—ß°ƒ…‡ªìπºŸâπ”

‰ªª≈Ÿ°„πª√–‡∑»μà“ßÊ ∑’Ë‡¥‘π‡√◊Õ‰ª∂÷ß ®“°À≈—°

∞“πæ∫«à “¡’°“√π”πâÕ¬Àπà“æ—π∏ÿå ‡π◊È ÕÀ√◊ÕΩÑ “¬

‡¢â“¡“ª≈Ÿ°§√—Èß·√°„πª√–‡∑»‰∑¬ ∑’Ë®—ßÀ«—¥

æ√–π§√»√’Õ¬ÿ∏¬“·≈–≈æ∫ÿ√’ „πæÿ∑∏»μ«√√…∑’Ë

21-22 ·≈–„πªï æ.». 2475 ¡’°“√π”πâÕ¬Àπà“æ—π∏ÿå

Àπ—ß®“°ª√–‡∑»‡«’¬¥π“¡ ‡¢â“¡“ª≈Ÿ°§√—Èß·√°∑’Ë

®—ßÀ«—¥Õÿ∫≈√“™∏“π’ (‡°»‘≥’, 2530) ªí®®ÿ∫—π¡’·À≈àß

‡æ“–ª≈Ÿ°πâÕ¬Àπà“‡æ◊ËÕ°“√§â“∑’Ë ”§—≠ ‰¥â·°à

π§√√“™ ’¡“ Õÿ∫≈√“™∏“π’  √–∫ÿ√’ ≈æ∫ÿ√’ π§√ª∞¡

√“™∫ÿ√’ ‡ªìπμâπ

πâÕ¬Àπà“‡ªìπº≈‰¡â∑’Ë¡’√ ™“μ‘¥’ À«“π °≈‘Ëπ

ÀÕ¡ ·≈–„Àâæ≈—ßß“π Ÿß ®÷ß‡ªìπ∑’Ëπ‘¬¡¢ÕßºŸâ∫√‘‚¿§

∑—Ë«‰ª ‚¥¬√—∫ª√–∑“π„π√Ÿªº≈ ÿ°À√◊Õ∑”‡ªìπ¢Õß

À«“π Õ“À“√«à“ß ‰Õ»°√’¡ ·≈–º ¡‡§√◊ËÕß¥◊Ë¡

πÕ°®“°π’È à«πμà“ßÊ ¢ÕßπâÕ¬Àπà“ ‡™àπ „∫ √“° ‡¡≈Á¥

·≈–º≈¥‘∫ ¬—ß¡’ √√æ§ÿ≥‡ªìπ¬“√—°…“‚√§·≈–¬“¶à“

·¡≈ß ‰¥â·°à ¬“·°âÕ—°‡ ∫ ¬“∂à“¬æ¬“∏‘ ¬“¶à“‡À“ ‡ªìπμâπ

(æ—π∏‘μ√å, 2548)

πâÕ¬Àπà“‡ªìπæ◊™∑’Ëª≈Ÿ°·≈–¢¬“¬æ—π∏ÿå‰¥âßà“¬

‡æ√“–¡’‡¡≈Á¥¡“° ∑πμàÕ§«“¡·Àâß·≈âß‰¥â¥’ ‰¡à§àÕ¬¡’
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ªí≠À“‡°’Ë¬«°—∫‚√§·≈–·¡≈ß»—μ√Ÿæ◊™ ®÷ßæ∫ª≈Ÿ°

°√–®“¬·∑∫∑ÿ°®—ßÀ«—¥¢Õßª√–‡∑»‰∑¬ ·¡â«à“

πâÕ¬Àπà“®–¡’¥Õ° ¡∫Ÿ√≥å‡æ» ·μà‡° √μ—«ºŸâ·≈–‡° √

μ—«‡¡’¬¿“¬„π¥Õ°‡¥’¬«°—π®–‰¡à “¡“√∂º ¡æ—π∏ÿå°—π

‡π◊ËÕß®“°‡®√‘≠‡μ‘∫‚μ‰¡àæ√âÕ¡°—π ¥—ßπ—Èπ®÷ß¡’°“√

º ¡æ—π∏ÿå¢â“¡¥Õ°‡ ¡Õ ·≈–Õ“®¡’°“√º ¡¢â“¡æ—π∏ÿå

√–À«à“ßæ—π∏ÿå‡π◊ÈÕ°—∫æ—π∏ÿåÀπ—ß‰¥â∂â“ª≈Ÿ°‰«â„°≈â°—π

´÷Ëß∑”„Àâ‡°‘¥πâÕ¬Àπà“≈Ÿ°º ¡¡“°¡“¬ (‡°»‘≥’, 2530)

ªí®®ÿ∫—π‡√‘Ë¡¡’ºŸâ π„®°“√ª√—∫ª√ÿßæ—π∏ÿåπâÕ¬Àπà“¡“°¢÷Èπ

‡π◊ËÕß®“°πâÕ¬Àπà“¡’√“§“ Ÿß‡¡◊ËÕ‡∑’¬∫°—∫º≈‰¡âÕ◊Ëπ

·≈–°”≈—ß®–°≈“¬‡ªìπ‰¡âº≈‡»√…∞°‘®∑’Ë ”§—≠Õ’°™π‘¥

Àπ÷Ëß ‡æ√“–¡’¡Ÿ≈§à“°“√ àßÕÕ°‡æ‘Ë¡¢÷Èπ∑ÿ°ªï πÕ°®“°

π’È¬—ß¡’≈Ÿà∑“ß„π°“√¢¬“¬μ≈“¥ÕÕ°‰ª‰¥âÕ’°¡“° ´÷Ëß∂â“

¡’°“√ª√—∫ª√ÿßæ—π∏ÿåÀ√◊Õº ¡æ—π∏ÿå‡æ◊ËÕ„Àâ‰¥â≈—°…≥–∑’Ë

¥’¢÷Èπ ·≈–‡ªìπ∑’ËμâÕß°“√¢Õßμ≈“¥ °Á®–‰¥â‡ª√’¬∫„π

°“√·¢àß¢—π°—∫ª√–‡∑»ºŸâº≈‘μÕ◊Ëπ ‡™àπ ‡¡Á°´‘‚° ∫√“´‘≈

§‘«∫“ øî≈‘ªªîπ å Õ‘π‡¥’¬ ®’π ‚æ≈’π’‡´’¬  À√—∞Õ‡¡√‘°“

‡ªìπμâπ ‚¥¬πâÕ¬Àπà“≈Ÿ°º ¡∑’Ëª√—∫ª√ÿßæ—π∏ÿåÀ√◊Õ

º ¡æ—π∏ÿå¡“‰¥â ®”‡ªìπμâÕß¡’°“√®¥∑–‡∫’¬πæ—π∏ÿåæ◊™

‡æ◊ËÕªÑÕß°—π°“√·Õ∫Õâ“ßÀ√◊Õ¢‚¡¬

ªí®®ÿ∫—π‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬

∑—Ë«‰ª«à“  “¡“√∂®”·π° ‘Ëß¡’™’«‘μ‰¥â·¡àπ¬”·≈–

®”‡æ“– Ÿß √«¡∑—Èß¡’°“√ª√–¬ÿ°μå„™â°—∫æ◊™À≈“¬™π‘¥

(Powell et al., 1996) „πæ◊™ °ÿ≈πâÕ¬Àπà“°Á¡’°“√

ª√–¬ÿ°μå„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ‡™àπ°—π ‚¥¬¡’√“¬ß“π

°“√«‘®—¬°“√„™â ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈´å

(microsatellites) À√◊Õ‡Õ ‡Õ Õ“√å (SSRs, simple

sequence repeats) „π Annona cherimola Mill.

(Escribano et al., 2004) ·≈– Annona senegalensis

region (SCAR) primer design. The primers were tested with individual DNA samples and the result showed

the polymorphisms that were identified from the SCAR markers with specific to only sugar apple variety Nua.

§” ”§—≠: πâÕ¬Àπà“, Annona squamosa L., ‡Õ‡Õø·Õ≈æ’,  °“√å

Keywords: Sugar apple, Annona squamosa L., AFLP, SCAR
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Pers. (Kwapata et al., 2007) Õ¬à“ß‰√°Áμ“¡¬—ß‰¡àæ∫

√“¬ß“π°“√«‘®—¬‡°’Ë¬«°—∫°“√„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ„π

πâÕ¬Àπà“ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ßª√–¬ÿ°μå‡∑§π‘§‡Õ‡Õø

·Õ≈æ’ (AFLP, amplified fragment length

polymorphism) ‡æ◊ËÕμ√«® Õ∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß

πâÕ¬Àπà“ ·≈–æ—≤π“‡§√◊ËÕßÀ¡“¬ °“√å (SCAR,

sequence characterized amplified region) ∑’Ë

 “¡“√∂®”·π°πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß‰¥â

Õÿª°√≥å·≈–«‘∏’°“√

°“√ °—¥¥’‡ÕÁπ‡ÕπâÕ¬Àπà“

 °—¥¥’‡ÕÁπ‡Õ®“°μ—«Õ¬à“ß„∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

10 μâπ ·≈–æ—π∏ÿåÀπ—ß 10 μâπ ∑’Ë√«∫√«¡®“°·À≈àß

‡æ“–ª≈Ÿ°∑’Ë ”§—≠¢Õßª√–‡∑»‰∑¬ 6 ®—ßÀ«—¥ §◊Õ

Õÿ∫≈√“™∏“π’ π§√√“™ ’¡“  √–∫ÿ√’ ª∑ÿ¡∏“π’

æ√–π§√»√’Õ¬ÿ∏¬“ ·≈–≈æ∫ÿ√’ ¥â«¬«‘∏’ª√–¬ÿ°μå®“°

Agrawal et al. (1992) ·≈â«μ√«® Õ∫ª√‘¡“≥¥’‡ÕÁπ‡Õ

¥â«¬«‘∏’«—¥§à“°“√¥Ÿ¥°≈◊π· ß∑’Ë§«“¡¬“«§≈◊Ëπ 260 ·≈–

280 π“‚π‡¡μ√ ·≈–μ√«® Õ∫§ÿ≥¿“æ¥’‡ÕÁπ‡Õ¥â«¬

«‘∏’Õ‘‡≈Á°‚∑√‚ø√’´‘ „π‡®≈Õ–°“‚√  0.8 ‡ªÕ√å‡ Á́πμå

(Sambrook et al., 1989)

°“√μ√«® Õ∫≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕπâÕ¬Àπà“¥â«¬‡∑§π‘§

‡Õ‡Õø·Õ≈æ’

√«¡¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 10 μâπ ‡ªìπ

μ—«Õ¬à“ß‡¥’¬«°—π ·≈–√«¡¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿåÀπ—ß

10 μâπ ‡ªìπμ—«Õ¬à“ß‡¥’¬«°—π ·≈â«π”‰ªμ√«® Õ∫

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§‡Õ‡Õø·Õ≈æ’ ´÷Ëßª√–°Õ∫

¥â«¬ 3 ¢—ÈπμÕπ §◊Õ

(1) °“√μ—¥¥’‡ÕÁπ‡Õ¥â«¬‡Õπ‰´¡åμ—¥®”‡æ“–

·≈–‡™◊ËÕ¡μàÕ™‘Èπ¥’‡ÕÁπ‡Õ°—∫Õ–·¥æ‡μÕ√å (adapter)

‚¥¬μ—¥¥’‡ÕÁπ‡Õ 250 π“‚π°√—¡ ¥â«¬‡Õπ‰´¡å EcoRI

·≈– MseI ™π‘¥≈– 2.5 ¬Ÿπ‘μ „π∫—ø‡øÕ√å (10 mM Tris-

HCl pH 7.5, 10 mM magnesium acetate ·≈– 50 mM

potassium acetate) ·≈â«π”™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“

‡™◊ËÕ¡μàÕ‡¢â“°—∫ EcoRI adapter ·≈– MseI adapter

(μ“√“ß∑’Ë 1) §«“¡‡¢â¡¢âπ≈– 250 ·≈– 2,500 π“‚π

‚¡≈“√å μ“¡≈”¥—∫ ‚¥¬„™â‡Õπ‰´¡å T4 DNA ligase

„π∫—ø‡øÕ√å 1 ‡∑à“ (1 mM ATP, 50 mM Tris-HCl pH

7.8, 10 mM MgCl2, 10 mM DTT ·≈– 50 ng/ml

BSA) ·≈â«‡®◊Õ®“ß„Àâ‡ªìπ 20 ‡∑à“ ¥â«¬∫—ø‡øÕ√å TE (10

mM Tris-HCl, 1 mM EDTA, pH 8.0)

(2) °“√‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ ‚¥¬∑”ªØ‘°‘√‘¬“

æ’´’Õ“√å 2 ¢—ÈπμÕπ §◊Õ preselective amplification

·≈– selective amplification π”™‘Èπ¥’‡ÕÁπ‡Õ∑’Ë‡™◊ËÕ¡

μàÕ°—∫Õ–·¥æ‡μÕ√å·≈–‡®◊Õ®“ß¡“ 2.5 ‰¡‚§√≈‘μ√

·≈â«‡æ‘Ë¡ª√‘¡“≥¥â«¬ preselective primer 2 ™π‘¥ §◊Õ

E-A ·≈– M-C (μ“√“ß∑’Ë 1) ™π‘¥≈– 200 π“‚π‚¡≈“√å

„π∫—ø‡øÕ√åæ’´’Õ“√å 1 ‡∑à“ (500 mM KCl, 200 mM

Tris-HCl pH 8.4 ·≈– 1.5 mM MgCl2) ́ ÷Ëß¡’π‘«§≈’‚Õ

‰∑¥å 4 ™π‘¥ (dATP, dCTP, dGTP ·≈– dTTP)

™π‘¥≈– 160 ‰¡‚§√‚¡≈“√å ª√‘¡“μ√√«¡ 25 ‰¡‚§√≈‘μ√

‚¥¬„™â‡Õπ‰´¡å Taq DNA polymerase 0.5 ¬Ÿπ‘μ ·≈â«

∑”ªØ‘°‘√‘¬“æ’´’Õ“√å∑’ËÕÿ≥À¿Ÿ¡‘ 94 °C ‡ªìπ‡«≈“ 30

μ“√“ß∑’Ë 1 ≈”¥—∫‡∫ ¢ÕßÕ–·¥æ‡μÕ√å·≈–‰æ√‡¡Õ√å

Õ–·¥æ‡μÕ√åÀ√◊Õ‰æ√‡¡Õ√å ≈”¥—∫‡∫ 

EcoRI adapter 5′-CTCGTAGACTGCGTACC-3′

        3′-CATCTGACGCATGGTTAA-5′

MseI adapter 5′-GACGATGAGTCCTGAG-3′

          3′-TACTCAGGACTCAT-5′

E-A primer 5′-GACTGCGTACCAATTCA-3′

M-C primer 5′-GATGAGTCCTGAGTAAC-3′
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«‘π“∑’, 52 °C ‡ªìπ‡«≈“ 1 π“∑’ ·≈– 72 °C ‡ªìπ‡«≈“

1 π“∑’ ®”π«π 20 √Õ∫ À≈—ß®“°π—Èπ®÷ß‡®◊Õ®“ß

preselective amplification ¥â«¬∫—ø‡øÕ√å TE „Àâ‡ªìπ

20 ‡∑à“

π” preselective amplification ∑’Ë‡®◊Õ®“ß¡“ 5

‰¡‚§√≈‘μ√ ¡“‡æ‘Ë¡ª√‘¡“≥¥â«¬ selective primer ´÷Ëß

ª√–°Õ∫¥â«¬ E-ANN 8 ™π‘¥ (E-AAC, E-AAG, E-

ACA, E-ACC, E-ACG, E-ACT, E-AGC, E-AGG)

·≈– M-CNN 8 ™π‘¥ (M-CAA, M-CAC, M-CAG,

M-CAT, M-CTA, M-CTC, M-CTG, M-CTT) ‚¥¬

„™â§√—Èß≈– 2 ™π‘¥ §◊Õ E-ANN ·≈– M-CNN Õ¬à“ß≈–

1 ™π‘¥ ™π‘¥≈– 250 π“‚π‚¡≈“√å „π∫—ø‡øÕ√åæ’´’Õ“√å

1 ‡∑à“ ÷́Ëß¡’π‘«§≈’‚Õ‰∑¥å 4 ™π‘¥ ™π‘¥≈– 200

‰¡‚§√‚¡≈“√å ·≈–¡’ª√‘¡“μ√√«¡ 20 ‰¡‚§√≈‘μ√

‚¥¬„™â‡Õπ‰´¡å Taq DNA polymerase 0.5 ¬Ÿπ‘μ ÷́Ëß

ß“π«‘®—¬π’È„™â selective primer ∑—ÈßÀ¡¥ 64 §Ÿà ∑”

ªØ‘°‘√‘¬“ touch down PCR ∑’ËÕÿ≥À¿Ÿ¡‘ 94 °C ‡ªìπ‡«≈“

30 «‘π“∑’, 65 °C ‡ªìπ‡«≈“ 30 «‘π“∑’ ·≈– 72 °C ‡ªìπ

‡«≈“ 1 π“∑’ ®”π«π 12 √Õ∫ ·μà≈–√Õ∫®–≈¥Õÿ≥À¿Ÿ¡‘

annealing ®“° 65 °C ≈ß√Õ∫≈– 0.7 °C ®π∂÷ß

56 °C À≈—ß®“°π—Èπ∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 94 °C ‡ªìπ

‡«≈“ 30 «‘π“∑’, 56 °C ‡ªìπ‡«≈“ 30 «‘π“∑’ ·≈–

72 °C ‡ªìπ‡«≈“ 1 π“∑’ ®”π«π 23 √Õ∫

(3)  μ√«® Õ∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¥â«¬«‘∏’

Õ‘‡≈Á°‚∑√‚ø√’´‘ „π‡®≈Õ–§√‘≈“‰¡¥å 6 ‡ªÕ√å‡´Áπμå

·≈–¬âÕ¡¥â«¬ “√≈–≈“¬ ‘́≈‡«Õ√å‰π‡μ√∑

°“√æ—≤π“‡§√◊ËÕßÀ¡“¬ °“√å

μ—¥·∂∫¥’‡ÕÁπ‡Õ∑’Ë„Àâ§«“¡·μ°μà“ß√–À«à“ß≈“¬

æ‘¡æå¥’‡ÕÁπ‡Õ πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß ¡“

‡™◊ËÕ¡μàÕ°—∫ pGEM®-T Easy Vector ·≈–‚§≈π„π E.

coli JM109 ·≈â«π”‰ªÀ“≈”¥—∫¥’‡ÕÁπ‡Õ·≈–ÕÕ°·∫∫

‰æ√‡¡Õ√å ‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π¥’‡ÕÁπ‡Õ¥—ß°≈à“«

®“°π—Èπ®÷ßπ”‰æ√‡¡Õ√å∑’Ë‰¥â‰ªμ√«® Õ∫°—∫¥’‡ÕÁπ‡Õ

πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 10 μâπ ·≈–æ—π∏ÿåÀπ—ß 10 μâπ

¥â«¬‡∑§π‘§æ’´’Õ“√å ‚¥¬‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡ÕπâÕ¬Àπà“

100 π“‚π°√—¡ ¥â«¬‰æ√‡¡Õ√å 2 ™π‘¥ ™π‘¥≈– 250

π“‚π‚¡≈“√å „π∫—ø‡øÕ√åæ’´’Õ“√å 1 ‡∑à“ ´÷Ëß¡’π‘«§≈’

‚Õ‰∑¥å 4 ™π‘¥ ™π‘¥≈– 200 ‰¡‚§√‚¡≈“√å ·≈–

‡Õπ‰´¡å Taq DNA polymerase 1 ¬Ÿπ‘μ ªØ‘°‘√‘¬“æ’´’

Õ“√å¡’ 3 ¢—ÈπμÕπ §◊Õ (1) ∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 94 °C

‡ªìπ‡«≈“ 5 π“∑’ (2) ∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 94 °C

‡ªìπ‡«≈“ 30 «‘π“∑’, 56 °C ‡ªìπ‡«≈“ 30 «‘π“∑’ ·≈–

72 °C ‡ªìπ‡«≈“ 45 «‘π“∑’ ®”π«π 35 √Õ∫ ·≈– (3)

∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 72 °C ‡ªìπ‡«≈“ 7 π“∑’ ·≈â«π”

‰ªμ√«® Õ∫¥â«¬«‘∏’Õ‘‡≈Á°‚∑√‚ø√’́ ‘ „π‡®≈Õ–°“‚√ 

1.0 ‡ªÕ√å‡´Áπμå

°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

‡ª√’¬∫‡∑’¬∫≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕπâÕ¬Àπà“∑’Ë‰¥â®“°

‡∑§π‘§‡Õ‡Õø·Õ≈æ’´÷Ëß„™â¥’‡ÕÁπ‡Õ√«¡ ‚¥¬μ√«®À“

‡§√◊ËÕßÀ¡“¬‡Õ‡Õø·Õ≈æ’ ∑’Ë “¡“√∂„™â®”·π°

πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß ·≈â«μ√«® Õ∫ È́”

°—∫¥’‡ÕÁπ‡ÕπâÕ¬Àπà“·μà≈–μâπ À≈—ß®“°π—Èπ®÷ßæ—≤π“

‡§√◊ËÕßÀ¡“¬ °“√å ·≈–π”¡“μ√«® Õ∫°—∫¥’‡ÕÁπ‡Õ

πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 10 μâπ ·≈–æ—π∏ÿåÀπ—ß 10 μâπ

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ√«¡¢ÕßπâÕ¬Àπà“æ—π∏ÿå

‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß ¥â«¬‡∑§π‘§‡Õ‡Õø·Õ≈æ’‚¥¬„™â

‰æ√‡¡Õ√å 64 §Ÿà æ∫«à“‰æ√‡¡Õ√å∑—Èß 64 §Ÿà  “¡“√∂

„Àâ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’Ë™—¥‡®π πÕ°®“°π’È¬—ßæ∫·∂∫

¥’‡ÕÁπ‡Õ 8 ·∂∫ ®“°‰æ√‡¡Õ√å 8 §Ÿà ¢π“¥ª√–¡“≥

140-550 §Ÿà‡∫  ∑’Ë„Àâ§«“¡·μ°μà“ß„π≈“¬æ‘¡æå¥’‡ÕÁπ

‡Õ√–À«à“ßπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß ‚¥¬

®”‡æ“–°—∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 4 ·∂∫ ·≈–æ—π∏ÿåÀπ—ß 4

·∂∫ (μ“√“ß∑’Ë 2) ·≈–‡¡◊ËÕμ√«® Õ∫´È”°—∫¥’‡ÕÁπ‡Õ

πâÕ¬Àπà“·μà≈–μâπ (¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 10 μâπ

·≈–æ—π∏ÿåÀπ—ß 10 μâπ) °Á„Àâº≈‡™àπ‡¥‘¡

‡¡◊ËÕμ—¥·∂∫¥’‡ÕÁπ‡Õ 4 ·∂∫ ∑’Ë„Àâ§«“¡·μ°

μà“ß√–À«à“ß≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–

æ—π∏ÿåÀπ—ß ´÷Ëß¡’¢π“¥ 450-550 §Ÿà‡∫  π”¡“‚§≈π
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·≈–À“≈”¥—∫¥’‡ÕÁπ‡Õ ·≈â«ÕÕ°·∫∫‰æ√‡¡Õ√å‡æ◊ËÕ

μ√«® Õ∫°—∫¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ 10 μâπ ·≈–

æ—π∏ÿåÀπ—ß 10 μâπ æ∫«à“‰æ√‡¡Õ√å∑’ËÕÕ°·∫∫®“°

·∂∫¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°§Ÿà‰æ√‡¡Õ√å E-ACC + M-CAG

·≈–®”‡æ“–°—∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ ÷́Ëß¡’≈”¥—∫‡∫ 

‡ªìπ 5′ CAACCTGCTCAAGTTATGAGG 3′ ·≈–

5′ AGCCCTCAGCTTGTCCTCC 3′ π—Èπ „Àâ·∂∫¥’

‡ÕÁπ‡Õ¢π“¥ 303 §Ÿà‡∫  ∑’Ë®”‡æ“–°—∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

(¿“æ∑’Ë 1) ·≈–‡¡◊ËÕμ√«® Õ∫´È”®”π«π 5 √Õ∫ °Á„Àâ

º≈‡™àπ‡¥‘¡ Õ¬à“ß‰√°Áμ“¡‰æ√‡¡Õ√å§Ÿàπ’È¬—ß„Àâ·∂∫¥’

‡ÕÁπ‡Õ¢π“¥ 470 ·≈– 880 §Ÿà‡∫  ∑’Ë®”‡æ“–°—∫

πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ‚¥¬‰¡à‰¥â§“¥À«—ß¡“°àÕπ

®“°°“√∑¥≈Õß· ¥ß«à“ “¡“√∂„™â‡∑§π‘§‡Õ

‡Õø·Õ≈æ’ ®”·π°πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß‰¥â

‡™àπ‡¥’¬«°—∫∫—«À≈«ß (πƒ¡≈ ·≈– ∏’√–™—¬, 2550)

‰ºà (Loh et al., 2000) °≈â«¬ (Wong et al., 2001)

¡–¡à«ß (Kashkush et al., 2001) À√◊Õæ◊™π‘¥Õ◊ËπÊ ·≈–

 “¡“√∂„™â‡§√◊ËÕßÀ¡“¬‡Õ‡Õø·Õ≈æ’ ·≈–‡§√◊ËÕßÀ¡“¬

 °“√åπ’È„π°“√√–∫ÿæ—π∏ÿåπâÕ¬Àπà“ ´÷Ëß¡’√Ÿª√à“ß≈—°…≥–

¿“¬πÕ° ‡™àπ „∫ ≈”μâπ ·≈–¥Õ°‡À¡◊Õπ°—π ‚¥¬‰¡à

μâÕß√Õ„ÀâÕÕ°º≈‰¥â‡™àπ‡¥’¬«°—∫‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

(∏’√–™—¬, 2550)

μ“√“ß∑’Ë 2 ·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–°—∫πâÕ¬Àπà“ ÷́Ëßæ∫„π≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°‡∑§π‘§‡Õ‡Õø·Õ≈æ’

§Ÿà‰æ√‡¡Õ√å ¢π“¥·∂∫¥’‡ÕÁπ‡Õ (§Ÿà‡∫ ) æ—π∏ÿåπâÕ¬πà“∑’Ëμ√«®æ∫·∂∫¥’‡ÕÁπ‡Õ

E-ACA + M-CTC 150 πâÕ¬Àπà“æ—π∏ÿåÀπ—ß

E-ACA + M-CTT 140 πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

E-ACC + M-CAA 550 πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

E-ACC + M-CAG 450 πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

E-ACT + M-CTA 175 πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ

E-ACT + M-CTC 450 πâÕ¬Àπà“æ—π∏ÿåÀπ—ß

E-ACT + M-CTG 525 πâÕ¬Àπà“æ—π∏ÿåÀπ—ß

E-AGG + M-CTA 140 πâÕ¬Àπà“æ—π∏ÿåÀπ—ß

¿“æ∑’Ë 1 °“√‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π¥’‡ÕÁπ‡Õ‚¥¬„™â§Ÿà‰æ√‡¡Õ√å E-ACC + M-CAG [M §◊Õ¥’‡ÕÁπ‡Õ¡“μ√∞“π 1 Kb

Plus DNA Ladder (InvitrogenTM Life Techologies, USA); 1-10 §◊Õ¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ; 11-

20 §◊Õ¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿåÀπ—ß]
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 √ÿªº≈°“√∑¥≈Õß

°“√μ√«® Õ∫≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕπâÕ¬Àπà“æ—π∏ÿå

‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß ¥â«¬‡∑§π‘§‡Õ‡Õø·Õ≈æ’‚¥¬„™â

‰æ√‡¡Õ√å 64 §Ÿà æ∫«à“¡’‰æ√‡¡Õ√å 8 §Ÿà ∑’Ë„Àâ·∂∫¥’

‡ÕÁπ‡Õ·μ°μà“ß°—π 8 ·∂∫ ·≈–‰¥â‡§√◊ËÕßÀ¡“¬

‡Õ‡Õø·Õ≈æ’‡æ’¬ß 8 ™π‘¥ ∑’Ë “¡“√∂®”·π°πâÕ¬Àπà“

æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ßÕÕ°®“°°—π‰¥â · ¥ß«à“

πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ·≈–æ—π∏ÿåÀπ—ß¡’æ—π∏ÿ°√√¡„°≈â™‘¥

°—π¡“° πÕ°®“°π—Èπ¬—ß‰¥âæ—≤π“‡§√◊ËÕßÀ¡“¬

 °“√å ®“°‡§√◊ËÕßÀ¡“¬‡Õ‡Õø·Õ≈æ’ 4 ™π‘¥ ÷́Ëßæ∫

‡§√◊ËÕßÀ¡“¬ °“√å∑’Ë®”‡æ“–°—∫πâÕ¬Àπà“æ—π∏ÿå‡π◊ÈÕ‡æ’¬ß

Õ¬à“ß‡¥’¬«

‡Õ° “√Õâ“ßÕ‘ß
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