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ABSTRACT

Cassava is an important economic crop which has been artificially selected to
improve cultivars with high industrial yield of starch. Based on their morphoagronomic descriptors
however, several improved cultivars are similar. Hence, accurate identification of each cultivar
requires well-trained personnel. This study aimed to establish molecular markers for the identifi-
cation of 16 Thai cassava cultivars from the germplasm collection in Rayong Field Crops
Research Center. HAT-RAPD amplicons which were distinctive among the cultivars were
employed for molecular cloning. Based on nucleotide sequences obtained four SCAR primer
pairs were designed. SCAR markers were generated and used to differentiate the cultivars as
follows: (1) 308-bp marker and 850-bp marker for Rayong 60 and Hanatee, respectively; (2)
414-bp marker for Rayong 1, Rayong 11, Rayong 90, Rayong 86-13, Huay Bong 60 and
Kasetsart 50; (3) 273-bp marker for Rayong 3, Rayong 9 and Rayong 72; and (4) 414-bp and
273-bp markers for Rayong 5 and Huay Bong 80. For the procedure to be less time-consuming
and more cost-effective, efficient multiplex PCR with optimal conditions was developed to
incorporate all four pairs of SCAR primers in a single PCR reaction.

Keywords: Cassava, cultivar identification, multiplex PCR, SCAR
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∫∑π”
¡—π ”ª–À≈—ß (Manihot esculenta Crantz) ‡ªìπæ◊™‡»√…∞°‘®∑’Ë¡’§«“¡ ”§—≠¢Õß‚≈° ·≈–

‡ªìπæ◊™Õ“À“√À≈—°¢Õßª√–‡∑»μà“ßÊ „π∑«’ª·Õø√‘°“·≈–Õ‡¡√‘°“„μâ „πªï æ.». 2560 ª√–‡∑»‰∑¬ “¡“√∂
º≈‘μ¡—π ”ª–À≈—ß‰¥â¡“°‡ªìπÕ—π¥—∫ 3 √Õß®“°ª√–‡∑»‰π®’‡√’¬ ·≈–§Õß‚° (http://www.fao.org/faostat/)
¡—π ”ª–À≈—ß∑’Ë„™â„πÕÿμ “À°√√¡‰¥â√—∫°“√ª√—∫ª√ÿßæ—π∏ÿå‡æ‘Ë¡¢÷Èπ‡ªìπ®”π«π¡“°„πÀ≈“¬ª√–‡∑» ‡æ◊ËÕ„Àâ‰¥â
æ—π∏ÿåª≈Ÿ° (cultivar) ∑’Ë„Àâº≈º≈‘μ Ÿß μâ“π∑“π‚√§·≈–·¡≈ß ·≈–‡À¡“– ¡°—∫ ¿“ææ◊Èπ∑’Ë‡æ“–ª≈Ÿ°  ”À√—∫
ª√–‡∑»‰∑¬¡’Àπà«¬ß“π∑’Ë√—∫º‘¥™Õ∫¥â“π°“√ª√—∫ª√ÿßæ—π∏ÿå¡—π ”ª–À≈—ß 2 Àπà«¬ß“πÀ≈—° §◊Õ °√¡«‘™“°“√‡°…μ√
·≈–¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å ´÷Ëßªí®®ÿ∫—π‰¥âª√—∫ª√ÿßæ—π∏ÿå¡—π ”ª–À≈—ß·≈–¡’°“√√—∫√Õßæ—π∏ÿå·≈â« 19 æ—π∏ÿå
ª≈Ÿ° ‚¥¬‡ªìπ¢Õß°√¡«‘™“°“√‡°…μ√ 11 æ—π∏ÿåª≈Ÿ° (√–¬Õß 1 √–¬Õß 2 √–¬Õß 3 √–¬Õß 5 √–¬Õß
7 √–¬Õß 9 √–¬Õß 11 √–¬Õß 60 √–¬Õß 72 √–¬Õß 90 ·≈–√–¬Õß 86-13) ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å
6 æ—π∏ÿåª≈Ÿ° (»√’√“™“ 1 ‡°…μ√»“ μ√å 50 ‡°…μ√»“ μ√å 72 Àâ«¬∫ß 60 Àâ«¬∫ß 80 ·≈–Àâ«¬∫ß 90) ·≈–
°√¡«‘™“°“√‡°…μ√√à«¡°—∫ ”π—°ß“πæ—≤π“«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’·Ààß™“μ‘ ·≈–¡À“«‘∑¬“≈—¬¡À‘¥≈ 2 æ—π∏ÿå
ª≈Ÿ° (æ‘√ÿ≥ 1 ·≈–æ‘√ÿ≥ 2) πÕ°®“°π’È¬—ß¡’¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°æ◊Èπ‡¡◊Õß∑’Ë„™â‡æ◊ËÕ°“√∫√‘‚¿§„π§√—«‡√◊Õπ
‰¥â·°à æ—π∏ÿåª≈Ÿ°Àâ“π“∑’ ‚¥¬·μà≈–æ—π∏ÿåª≈Ÿ°¡’¢âÕ¥’·≈–¢âÕ®”°—¥·μ°μà“ß°—π [1]

ª√–‡∑»‰∑¬‡ªìπ·À≈àßº≈‘μ¡—π ”ª–À≈—ß∑’Ë¡’»—°¬¿“æ Ÿß ·μàªí®®ÿ∫—π‡°…μ√°√ à«π„À≠àª√– ∫
ªí≠À“μâπ∑ÿπ°“√º≈‘μ∑’Ë¢¬—∫μ—« Ÿß¢÷Èπ‚¥¬‡©æ“–§à“ªÿÜ¬‡§¡’ §à“ “√‡§¡’°”®—¥«—™æ◊™ ·≈–‡π◊ËÕß®“°°“√¢¬“¬
æ—π∏ÿå¡—π ”ª–À≈—ßπ‘¬¡„™â∑àÕπæ—π∏ÿå [2] ‡°…μ√°√¬—ßª√– ∫ªí≠À“°“√À≈Õ°¢“¬∑àÕπæ—π∏ÿå∑’Ë¡’√“§“ Ÿß
´÷ËßÕ“®‡ªìπæ—π∏ÿåª≈Ÿ°∑’Ë‰¥â√—∫°“√√—∫√Õßæ—π∏ÿå·≈â«·μà¡’°“√μ—Èß™◊ËÕ∑“ß°“√§â“„À¡à ¥—ßπ—Èπ°àÕπ°“√‡æ“–ª≈Ÿ°À“°
 “¡“√∂®”·π°æ—π∏ÿåª≈Ÿ°‰¥â®“°∑àÕπæ—π∏ÿå®–™à«¬≈¥§à“„™â®à“¬„π°“√´◊ÈÕ∑àÕπæ—π∏ÿå√“§“ Ÿß „π°“√√–∫ÿæ—π∏ÿå
ª≈Ÿ°¢Õß¡—π ”ª–À≈—ß®–„™â≈—°…≥– —≥∞“π«‘∑¬“À≈“¬ª√–°“√ª√–°Õ∫°—π ´÷ËßμâÕßÕ“»—¬§«“¡√Ÿâ®“°
∫ÿ§≈“°√∑’Ë¡’§«“¡™”π“≠ ‚¥¬≈—°…≥–μà“ßÊ ∑’Ë„™â„π°“√®”·π°Õ“®¢÷ÈπÕ¬Ÿà°—∫Õ“¬ÿ¢Õß¡—π ”ª–À≈—ß √«¡∑—Èß
§«“¡·ª√º—π∑’Ë‡°‘¥¢÷Èπ®“°Õ‘∑∏‘æ≈¢Õß ‘Ëß·«¥≈âÕ¡Õ“®∑”„Àâ¡—π ”ª–À≈—ßæ—π∏ÿå‡¥’¬«°—π∑’Ëª≈Ÿ°„πμà“ßæ◊Èπ∑’Ë¡’
≈—°…≥–·μ°μà“ß°—π °“√ —ß‡°μ≈—°…≥–¿“¬πÕ°‡æ’¬ßÕ¬à“ß‡¥’¬«®÷ßÕ“®®–‰¡à “¡“√∂®”·π°æ—π∏ÿåª≈Ÿ°‰¥â
Õ¬à“ß·¡àπ¬” [3] ¥—ßπ—Èπ„π°“√‡æ‘Ë¡¢’¥§«“¡ “¡“√∂„π°“√·¢àß¢—π¿“§°“√‡°…μ√ ª√–‡∑»‰∑¬§«√¡’·π«∑“ß
„π°“√≈¥μâπ∑ÿπ¢Õß«—μ∂ÿ¥‘∫∑“ß°“√‡°…μ√´÷Ëß√«¡∂÷ß°“√‡æ‘Ë¡¡“μ√∞“π°“√§«∫§ÿ¡°“√º≈‘μ∑àÕπæ—π∏ÿå¡—π ”ª–À≈—ß
·≈–‡æ◊ËÕ„Àâ‡°…μ√°√‰¥â√—∫∑àÕπæ—π∏ÿå∑’Ë∂Ÿ°μâÕß ®÷ß§«√¡’°“√»÷°…“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ ”À√—∫°“√®”·π°∑àÕπ
æ—π∏ÿå¡—π ”ª–À≈—ß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’ËÕ“»—¬¥’‡ÕÁπ‡Õ·≈–‡∑§π‘§ polymerase chain
reaction (PCR) ‡æ◊ËÕ„™â„π°“√»÷°…“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ·≈–°“√®”·π°™π‘¥·≈–æ—π∏ÿå¢Õß
æ◊™ [4-9] ‡∑§π‘§ sequence characterized amplified region (SCAR) ª√–¬ÿ°μå¡“®“°‡∑§π‘§∑’Ë¡’°“√
‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ·∫∫ ÿà¡À≈“¬μ”·Àπàß ‡™àπ RAPD ‚¥¬°“√æ—≤π“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ SCAR marker
‡°’Ë¬«¢âÕß°—∫°“√‚§≈π (molecular cloning) ·≈–À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß
‡æ◊ËÕÕÕ°·∫∫‰æ√‡¡Õ√å (primer) ∑’Ë®”‡æ“– ”À√—∫‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ·∂∫¥—ß°≈à“«¥â«¬‡∑§π‘§ PCR
¥—ßπ—Èπº≈∑’Ë‰¥â®÷ß¡’§«“¡·¡àπ¬” æ√âÕ¡∑—Èß¡’§«“¡§ß∑’Ë ¡Ë”‡ ¡Õ  “¡“√∂μ√«® Õ∫‰¥â‡¡◊ËÕ∑”°“√∑¥≈Õß È́”
(reproducible) μ—«Õ¬à“ß°“√ª√–¬ÿ°μå„™â‡∑§π‘§ SCAR „π°“√®”·π°™π‘¥·≈–æ—π∏ÿåæ◊™„π°≈ÿà¡μà“ßÊ
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[10-14] ªí®®ÿ∫—π¬—ß‰¡àæ∫√“¬ß“π°“√„™â‡∑§π‘§ SCAR „π°“√®—¥®”·π°æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß∑—Èß
„πμà“ßª√–‡∑»·≈–„πª√–‡∑»‰∑¬ πÕ°®“°π’È¬—ß¡’°“√„™â‡∑§π‘§ multiplex PCR ‡æ◊ËÕ‡æ‘Ë¡¢¬“¬ª√‘¡“≥
¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬À≈“¬μ”·Àπàß¥â«¬°“√„™â‰æ√‡¡Õ√åÀ≈“¬§Ÿàæ√âÕ¡°—π„πÀπ÷ËßªØ‘°‘√‘¬“ ‚¥¬‰æ√‡¡Õ√å·μà≈–§Ÿà∑’Ë
π”¡“„™â®–¡’§«“¡®”‡æ“–·≈–„Àâ PCR product ∑’Ë¡’¢π“¥μà“ß°—π °“√∑” multiplex PCR μâÕß¡’°“√ª√—∫
 ¿“«–√«¡∑—Èß à«πª√–°Õ∫¢ÕßªØ‘°‘√‘¬“„Àâ‡À¡“– ¡ ‡æ◊ËÕ„Àâ‰æ√‡¡Õ√å∑ÿ°§Ÿà “¡“√∂‡æ‘Ë¡¢¬“¬ª√‘¡“≥
¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬‰¥â ¡’√“¬ß“π°“√„™â‡∑§π‘§ multiplex PCR „π°“√®”·π°æ◊™À≈“¬™π‘¥ [14-16]

¥—ßπ—Èπ°“√«‘®—¬π’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ§âπÀ“ SCAR marker ∑’Ë¡’§«“¡®”‡æ“–„π°“√√–∫ÿæ—π∏ÿå
ª≈Ÿ°¢Õß¡—π ”ª–À≈—ß®“°·À≈àß‡™◊ÈÕæ—π∏ÿ°√√¡„πª√–‡∑»‰∑¬ ·≈–°“√ª√–¬ÿ°μå„™â‡∑§π‘§ multiplex PCR
‡æ◊ËÕ≈¥¢—ÈπμÕπ·≈–‡«≈“„π°“√μ√«® Õ∫ ∑”„Àâ‰¥âº≈∑’Ë·¡àπ¬”·≈–√«¥‡√Á«¬‘Ëß¢÷Èπ

«‘∏’°“√∑¥≈Õß
1. °“√‡°Á∫μ—«Õ¬à“ß„∫¡—π ”ª–À≈—ß
‡°Á∫√«∫√«¡μ—«Õ¬à“ß„∫¡—π ”ª–À≈—ß®”π«π 16 æ—π∏ÿåª≈Ÿ°®“°·À≈àß‡™◊ÈÕæ—π∏ÿ°√√¡„π»Ÿπ¬å«‘®—¬

æ◊™‰√à√–¬Õß ‚¥¬·∫àß‡ªìπæ—π∏ÿåª≈Ÿ°∑’Ë‰¥â√—∫°“√√—∫√Õßæ—π∏ÿå®“°°√¡«‘™“°“√‡°…μ√®”π«π 15 æ—π∏ÿåª≈Ÿ° ·≈–
æ—π∏ÿåª≈Ÿ°æ◊Èπ‡¡◊Õß®”π«π 1 æ—π∏ÿåª≈Ÿ° ¥—ß√“¬≈–‡Õ’¬¥· ¥ß„πμ“√“ß∑’Ë 1

μ“√“ß∑’Ë 1 μ—«Õ¬à“ß¡—π ”ª–À≈—ß∑’Ë„™â„π°“√»÷°…“®”π«π 16 æ—π∏ÿåª≈Ÿ°

æ—π∏ÿåª≈Ÿ°∑’Ë‰¥â√—∫°“√√—∫√Õßæ—π∏ÿå (™◊ËÕ¬àÕ)
1. √–¬Õß 1 (R1) 9. √–¬Õß 72 (R72)
2. √–¬Õß 2 (R2) 10. √–¬Õß 90 (R90)
3. √–¬Õß 3 (R3) 11. √–¬Õß 86-13 (R86-13)
4. √–¬Õß 5 (R5) 12. Àâ«¬∫ß 60 (HB60)
5. √–¬Õß 7 (R7) 13. Àâ«¬∫ß 80 (HB80)
6. √–¬Õß 9 (R9) 14. ‡°…μ√»“ μ√å 50 (KU50)
7. √–¬Õß 11 (R11) 15. æ‘√ÿ≥ 1 (P1)
8. √–¬Õß 60 (R60)
æ—π∏ÿåª≈Ÿ°æ◊Èπ‡¡◊Õß (™◊ËÕ¬àÕ)
16. Àâ“π“∑’ (HA)

2. °“√ °—¥¥’‡ÕÁπ‡Õ
∑”§«“¡ –Õ“¥„∫¡—π ”ª–À≈—ß¥â«¬ “√≈–≈“¬ 1% sodium hypochlorite ®“°π—Èπ °—¥®’‚π¡‘°

¥’‡ÕÁπ‡Õ (genomic DNA) ®“°„∫¢Õß¡—π ”ª–À≈—ß 16 æ—π∏ÿåª≈Ÿ° æ—π∏ÿåª≈Ÿ°≈– 3 „∫®“°μà“ßμâπ°—π (∑—ÈßÀ¡¥
48 μ—«Õ¬à“ß) ‚¥¬„™â DNeasy Plant Mini Kit (QIAGEN) μ“¡«‘∏’°“√„π§Ÿà¡◊Õ μ√«® Õ∫§«“¡‡¢â¡¢âπ
·≈–§«“¡∫√‘ ÿ∑∏‘Ï¢Õß¥’‡ÕÁπ‡Õ¥â«¬‡§√◊ËÕß UV-1800 spectrophotometer (Shimadzu) ·≈–‡®◊Õ®“ß„Àâ‰¥â
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§«“¡‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õμ—Èßμâπ„π·μà≈–μ—«Õ¬à“ß‡∑à“°—π §◊Õ 100 ng/μL ‡°Á∫¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â∑’ËÕÿ≥À¿Ÿ¡‘
-20°C ‡æ◊ËÕπ”‰ª„™â„π°“√»÷°…“μàÕ‰ª

3. °“√‡æ‘Ë¡¢¬“¬ª√‘¡“≥¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§ HAT-RAPD ·≈–§—¥‡≈◊Õ°·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’
§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß

‡μ√’¬¡μ—«Õ¬à“ß¥’‡ÕÁπ‡Õ·¡à·∫∫ (DNA template) ‡æ◊ËÕ‡ªìπμ—«·∑π¢Õß·μà≈–æ—π∏ÿåª≈Ÿ°‚¥¬
°“√√«¡¥’‡ÕÁπ‡Õ®“° 3 μ—«Õ¬à“ß„Àâ‡ªìπ 1 μ—«Õ¬à“ß (bulked DNA) ‡æ‘Ë¡¢¬“¬ª√‘¡“≥¥’‡ÕÁπ‡Õ¢Õßμ—«Õ¬à“ß
¡—π ”ª–À≈—ß∑—Èß 16 æ—π∏ÿåª≈Ÿ°¥â«¬‡∑§π‘§ high annealing temperature-RAPD (HAT-RAPD) ‚¥¬„™â‰æ√‡¡Õ√å
·∫∫ ÿà¡®”π«π 50  “¬ (NAPS Unit, University of British Columbia Biotechnology Laboratory)
¥â«¬‡§√◊ËÕß thermal cycler (Eppendorf Mastercycler Gradient 5331) ‚¥¬·μà≈–ªØ‘°‘√‘¬“ PCR ª√–°Õ∫
¥â«¬ “√μà“ßÊ ∑’Ë¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬ ¥—ßπ’È 7 ng/μL DNA template 150 μM dNTP ·μà≈–™π‘¥ 2 mM
MgCl2, 0.6 μM primer ·≈– 0.4 U TopTaq DNA polymerase (QIAGEN) °”Àπ¥¢—ÈπμÕπ
·≈–Õÿ≥À¿Ÿ¡‘„π°“√∑” PCR ¥—ßπ’È initial heating ∑’Ë 94° ‡ªìπ‡«≈“ 2 π“∑’ μ“¡¥â«¬ 35 √Õ∫¢Õß¢—Èπ
denaturation ∑’Ë 94°C ‡ªìπ‡«≈“ 1 π“∑’ annealing ∑’Ë 48°C ‡ªìπ‡«≈“ 1 π“∑’ ·≈– extension ∑’Ë 72°C ‡ªìπ
‡«≈“ 2 π“∑’ μ“¡¥â«¬¢—Èπ final extension ∑’Ë 72°C ‡ªìπ‡«≈“ 7 π“∑’ „π°“√∑” HAT-RAPD π’È ¡’°“√
‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„π¢—Èπ annealing ‡æ◊ËÕ≈¥°“√‡°‘¥·∂∫¥’‡ÕÁπ‡Õ∑’Ë‰¡à®”‡æ“– ®“°π—Èπμ√«® Õ∫√Ÿª·∫∫¢Õß·∂∫
¥’‡ÕÁπ‡Õ∑’Ë‰¥â¥â«¬ agarose gel electrophoresis (1.5% w/v) §—¥‡≈◊Õ°·∂∫¥’‡ÕÁπ‡Õ (PCR product) ∑’Ë¡’
§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ° ‡æ‘Ë¡¢¬“¬ª√‘¡“≥¥’‡ÕÁπ‡Õ¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’ËμâÕß°“√ ·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬
„™â QIAquick Gel Extraction Kit (QIAGEN) μ“¡«‘∏’°“√„π§Ÿà¡◊Õ

4. °“√‚§≈π °“√ °—¥æ≈“ ¡‘¥ ·≈–À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’ËμâÕß°“√
π”™‘Èπ PCR product (insert) ∑’Ë∑”„Àâ∫√‘ ÿ∑∏‘Ï‡™◊ËÕ¡μàÕ°—∫æ≈“ ¡‘¥ (plasmid: pGEM-T Easy

Vector, Promega) ‚¥¬„™â‡Õπ‰´¡å T4 DNA ligase ‡æ◊ËÕ„Àâ‰¥â¥’‡ÕÁπ‡Õ “¬º ¡ (recombinant DNA)
·≈–π”‡¢â“ Ÿà‡´≈≈å·∫§∑’‡√’¬ Escherichia coli (HIT-JM109 competent cell, RBC Bioscience)
‚¥¬«‘∏’ heat shock ®“°π—Èπ§—¥‡≈◊Õ°‚§≈π∑’Ë¡’¥’‡ÕÁπ‡Õ “¬º ¡¥â«¬«‘∏’ blue-white selection ‡≈’È¬ß‡™◊ÈÕ
·∫§∑’‡√’¬‡æ◊ËÕ‡æ‘Ë¡®”π«π„π LB broth (‡μ‘¡ 100 μg/mL ampicillin)  °—¥æ≈“ ¡‘¥¥â«¬«‘∏’ alkaline lysis
´÷Ëß¢—ÈπμÕπ·≈–«‘∏’°“√μà“ßÊ ¥—¥·ª≈ß®“° Green ·≈– Sambrook [17] μ√«® Õ∫¢π“¥¢Õß™‘Èπ insert
‚¥¬°“√μ—¥¥â«¬ EcoRI restriction enzyme ∑”æ≈“ ¡‘¥„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬ QIAGEN Plasmid Mini Kit
(QIAGEN) μ“¡«‘∏’°“√„π§Ÿà¡◊Õ π”æ≈“ ¡‘¥∑’Ë‰¥â àß‡æ◊ËÕÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å‚¥¬„™â‰æ√‡¡Õ√å T7 ·≈– SP6
(universal primer)

5. °“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å ·≈–°“√ÕÕ°·∫∫‰æ√‡¡Õ√å ”À√—∫ SCAR
μ√«® Õ∫§«“¡∂Ÿ°μâÕß·≈–·°â‰¢≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‰¥â®“°™‘Èπ insert (·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡

·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°) ‚¥¬„™â‚ª√·°√¡ Chromas (http://www.technelysium.com.au/chromas.html)
‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å°—∫∞“π¢âÕ¡Ÿ≈ GenBank ¥â«¬‚ª√·°√¡ BLAST (https://blast.ncbi.
nlm.nih.gov) ®“°π—ÈπÕÕ°·∫∫§Ÿà‰æ√‡¡Õ√å ”À√—∫ SCAR (SCAR primer) ‚¥¬„™â‚ª√·°√¡ Primer3 [18]

6. °“√∑¥ Õ∫‰æ√‡¡Õ√å ”À√—∫ SCAR °—∫μ—«Õ¬à“ß¡—π ”ª–À≈—ß∑’Ë∑√“∫æ—π∏ÿåª≈Ÿ°
∑¥ Õ∫‰æ√‡¡Õ√å ”À√—∫ SCAR ∑’Ë‰¥â°—∫μ—«Õ¬à“ß¥’‡ÕÁπ‡Õ¢Õß¡—π ”ª–À≈—ß∑—Èß 16 æ—π∏ÿåª≈Ÿ°
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∑’Ë¡“®“°μâπÕ◊ËπÊ Õ’°æ—π∏ÿåª≈Ÿ°≈– 5 μâπ ‡æ◊ËÕ¬◊π¬—π§«“¡·¡àπ¬”¢Õß‰æ√‡¡Õ√å ”À√—∫ SCAR ·μà≈–§Ÿà¥â«¬
uniplex PCR ‚¥¬„πªØ‘°‘√‘¬“ª√–°Õ∫¥â«¬ “√∑’Ë¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬ ¥—ßπ’È 4 ng/μL DNA template, 0.2
mM dNTP ·μà≈–™π‘¥, 1.5 mM MgCl2, 0.66 μM ¢Õß§Ÿà‰æ√‡¡Õ√å ”À√—∫ SCAR (forward ·≈–
reverse primer) ·≈– 1.25 U HotStarTaq DNA polymerase (QIAGEN) °”Àπ¥¢—ÈπμÕπ·≈–
Õÿ≥À¿Ÿ¡‘„π°“√∑” PCR ¥—ßπ’È initial heating ∑’Ë 95°C ‡ªìπ‡«≈“ 15 π“∑’ μ“¡¥â«¬ 30 √Õ∫¢Õß¢—Èπ
denaturation ∑’Ë 94°C ‡ªìπ‡«≈“ 1 π“∑’ annealing ∑’Ë 56°C ‡ªìπ‡«≈“ 1 π“∑’ ·≈– extension ∑’Ë 72°C ‡ªìπ
‡«≈“ 1 π“∑’ 30 «‘π“∑’ μ“¡¥â«¬¢—Èπ final extension ∑’Ë 72°C ‡ªìπ‡«≈“ 2 π“∑’ μ√«® Õ∫·∂∫¥’‡ÕÁπ‡Õ∑’Ë
‰¥â¥â«¬ agarose gel electrophoresis (1.5% w/v)

7. °“√æ—≤π“‡∑§π‘§ multiplex PCR ‡æ◊ËÕμ√«® Õ∫æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß
°“√æ—≤π“‡∑§π‘§ multiplex PCR ‡√‘Ë¡®“°°“√∑¥ Õ∫ ¿“«– (PCR condition) √«¡∑—Èß à«π

ª√–°Õ∫ (PCR component) ∑’Ë‡À¡“– ¡„π°“√„™â‰æ√‡¡Õ√å ”À√—∫ SCAR ∑’Ë‰¥â®”π«πÀ≈“¬§Ÿàæ√âÕ¡°—π
„πÀπ÷ËßªØ‘°‘√‘¬“ ‡æ◊ËÕ‡æ‘Ë¡§«“¡√«¥‡√Á«„π°“√μ√«® Õ∫æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß ‚¥¬ à«πº ¡ ”À√—∫ªØ‘°‘√‘¬“
PCR ª√–°Õ∫¥â«¬ “√∑’Ë¡’§«“¡‡¢â¡¢âπ ÿ¥∑â“¬ ¥—ßπ’È 4 ng/μL DNA template, 0.2 mM dNTP ·μà≈–
™π‘¥, 1.5 mM MgCl2, 0.8 μg/μL bovine serum albumin (BSA), ‰æ√‡¡Õ√å ”À√—∫ SCAR ®”π«π
À≈“¬§Ÿà (forward ·≈– reverse primer ∑’Ë§«“¡‡¢â¡¢âπ 0.66 μM  ”À√—∫ PCR product ¢π“¥„À≠à
·≈– 0.22 μM  ”À√—∫ PCR product ¢π“¥‡≈Á°) ·≈– 1.25 U HotStarTaq DNA polymerase (QIAGEN)
°”Àπ¥¢—ÈπμÕπ·≈–Õÿ≥À¿Ÿ¡‘„π°“√∑” PCR ¥—ßπ’È initial heating ∑’Ë 95°C ‡ªìπ‡«≈“ 15 π“∑’ μ“¡¥â«¬ 30
√Õ∫¢Õß¢—Èπ denaturation ∑’Ë 94°C ‡ªìπ‡«≈“ 1 π“∑’ annealing ∑’Ë 55°C ‡ªìπ‡«≈“ 1 π“∑’ 30 «‘π“∑’ ·≈–
extension ∑’Ë 72°C ‡ªìπ‡«≈“ 1 π“∑’ 30 «‘π“∑’ μ“¡¥â«¬¢—Èπ final extension ∑’Ë 68°C ‡ªìπ‡«≈“ 15 π“∑’
μ√«® Õ∫·∂∫¥’‡ÕÁπ‡Õ∑’Ë‰¥â¥â«¬ agarose gel electrophoresis (1.5% w/v)

º≈°“√∑¥≈Õß
1. °“√§—¥‡≈◊Õ°·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß∑’Ë‰¥â®“°

‡∑§π‘§ HAT-RAPD
°“√μ√«® Õ∫√Ÿª·∫∫¢Õß·∂∫¥’‡ÕÁπ‡Õ¢Õßμ—«Õ¬à“ß¡—π ”ª–À≈—ß®”π«π 16 æ—π∏ÿåª≈Ÿ°∑’Ë‰¥â®“°

‡∑§π‘§ HAT-RAPD ‚¥¬„™â‰æ√‡¡Õ√å·∫∫ ÿà¡®”π«π 50  “¬ æ∫«à“¡’‰æ√‡¡Õ√å®”π«π 4  “¬∑’Ë„Àâ·∂∫
¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß ‰¥â·°à NAPS115, NAPS116, NAPS153 ·≈–
NAPS157 ‚¥¬æ∫·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 459, 867, 450 ·≈– 378 §Ÿà‡∫  (bp) μ“¡≈”¥—∫ ·≈–¡’‡æ’¬ß
NAPS116 ·≈– NAPS157 ‡∑à“π—Èπ∑’Ë„Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–°—∫¡—π ”ª–À≈—ß‡æ’¬ß 1 æ—π∏ÿåª≈Ÿ° ‰¥â·°à
æ—π∏ÿåÀâ“π“∑’ ·≈–√–¬Õß 60 μ“¡≈”¥—∫ ®“°μ—«Õ¬à“ß¡—π ”ª–À≈—ß∑—ÈßÀ¡¥ 16 æ—π∏ÿåª≈Ÿ° ¡’‡æ’¬ß 3 æ—π∏ÿåª≈Ÿ°
(√–¬Õß 2 √–¬Õß 7 ·≈–æ‘√ÿ≥ 1) ∑’Ë‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õ®“°°“√μ√«® Õ∫¥â«¬‰æ√‡¡Õ√å∑—Èß 4  “¬π’È
(μ“√“ß∑’Ë 2)
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μ“√“ß∑’Ë 2 ‰æ√‡¡Õ√å·∫∫ ÿà¡∑’Ë„Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß

RAPD primer Sequence (5û -----> 3û) Actual length of amplicon (bp) Presence of RAPD marker

NAPS115 TTCCGCGGGC 459 R3, R5, R9, R72, HB80
NAPS116 TACGATGACG 867 HA
NAPS153 GAGTCACGAG 450 R1, R5, R11, R90, R86-13,

HB60, HB80, KU50, HA

NAPS157 CGTGGGCAGG 378 R60

2. °“√ÕÕ°·∫∫‰æ√‡¡Õ√å ”À√—∫ SCAR
‡¡◊ËÕ‡∑’¬∫‡§’¬ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß™‘Èπ insert (·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°)

°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π∞“π¢âÕ¡Ÿ≈ GenBank ¥â«¬‚ª√·°√¡ BLAST æ∫«à“¡’§«“¡‡À¡◊Õπ 89-94%
°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ëæ∫„π®’‚π¡¢Õß¡—π ”ª–À≈—ß ®“°·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°
∑—Èß 4 ·∂∫  “¡“√∂ÕÕ°·∫∫‰æ√‡¡Õ√å ”À√—∫ SCAR ‰¥â∑—ÈßÀ¡¥ 4 §Ÿà ‰¥â·°à Cas115F-Cas115R,
Cas116F-Cas116R, Cas153F-Cas153R ·≈– Cas157F-Cas157R ‚¥¬μ”·Àπàß¢Õß‰æ√‡¡Õ√å·μà≈–§Ÿà
· ¥ß„π√Ÿª∑’Ë 1

3. °“√∑¥ Õ∫‰æ√‡¡Õ√å ”À√—∫ SCAR °—∫μ—«Õ¬à“ß¡—π ”ª–À≈—ß∑’Ë∑√“∫æ—π∏ÿåª≈Ÿ°
∑¥ Õ∫‰æ√‡¡Õ√å ”À√—∫ SCAR ·μà≈–§Ÿà°—∫¥’‡ÕÁπ‡Õ¢Õß¡—π ”ª–À≈—ß∑’Ë∑√“∫æ—π∏ÿåª≈Ÿ°∑—ÈßÀ¡¥

80 μ—«Õ¬à“ß ¥â«¬ uniplex PCR ‡æ◊ËÕ«‘‡§√“–Àå§«“¡·¡àπ¬”¢Õß SCAR marker ‚¥¬º≈°“√∑¥≈Õßæ∫«à“
§Ÿà‰æ√‡¡Õ√å Cas115F-Cas115R „Àâ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 273 §Ÿà‡∫ „π¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°√–¬Õß 3 √–¬Õß
5 √–¬Õß 9 √–¬Õß 72 ·≈–Àâ«¬∫ß 80 §Ÿà‰æ√‡¡Õ√å Cas116F-Cas116R „Àâ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 850
§Ÿà‡∫ „π¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°Àâ“π“∑’‡∑à“π—Èπ §Ÿà‰æ√‡¡Õ√å Cas153F-Cas153R „Àâ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 414
§Ÿà‡∫ „π¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°√–¬Õß 1 √–¬Õß 5 √–¬Õß 11 √–¬Õß 90 √–¬Õß 86-13 Àâ«¬∫ß 60 Àâ«¬∫ß
80 ‡°…μ√»“ μ√å 50 ·≈–Àâ“π“∑’ ·≈–§Ÿà‰æ√‡¡Õ√å Cas157F-Cas157R „Àâ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 308 §Ÿà‡∫ 
„π¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°√–¬Õß 60 ‡∑à“π—Èπ (√Ÿª∑’Ë 2) √“¬≈–‡Õ’¬¥≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß‰æ√‡¡Õ√å ”À√—∫
SCAR ¢π“¥¢Õß SCAR marker ·≈–æ—π∏ÿåª≈Ÿ°∑’Ë “¡“√∂μ√«® Õ∫‰¥â®“° SCAR marker · ¥ß„π
μ“√“ß∑’Ë 3

4. °“√æ—≤π“‡∑§π‘§ multiplex PCR ‡æ◊ËÕ°“√μ√«® Õ∫æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß
À≈—ß®“°∑¥ Õ∫ ¿“«–·≈– à«πª√–°Õ∫∑’Ë‡À¡“– ¡ ”À√—∫°“√∑” multiplex PCR ‚¥¬„™â

‰æ√‡¡Õ√å ”À√—∫ SCAR ®”π«π 4 §Ÿàæ√âÕ¡°—π„πÀπ÷ËßªØ‘°‘√‘¬“ ‡æ◊ËÕ‡æ‘Ë¡§«“¡√«¥‡√Á«„π°“√μ√«® Õ∫æ—π∏ÿå
ª≈Ÿ°¢Õß¡—π ”ª–À≈—ß æ∫«à“√Ÿª·∫∫¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ SCAR marker  “¡“√∂„™â®”·π°æ—π∏ÿåª≈Ÿ°
¢Õß¡—π ”ª–À≈—ß‰¥â ¥—ßπ’È (1) √–∫ÿÕ—μ≈—°…≥å¢Õßæ—π∏ÿåª≈Ÿ°√–¬Õß 60 ·≈–Àâ“π“∑’ (2) √–∫ÿ°≈ÿà¡∑’Ëæ∫‡©æ“–
·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 414 §Ÿà‡∫  (√–¬Õß 1 √–¬Õß 11 √–¬Õß 90 √–¬Õß 86-13 Àâ«¬∫ß 60 ·≈–‡°…μ√»“ μ√å
50) (3) √–∫ÿ°≈ÿà¡∑’Ëæ∫‡©æ“–·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 273 §Ÿà‡∫  (√–¬Õß 3 √–¬Õß 9 ·≈–√–¬Õß 72) ·≈–
(4) √–∫ÿ°≈ÿà¡∑’Ëª√“°Ø·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 414 ·≈– 273 §Ÿà‡∫  (√–¬Õß 5 ·≈–Àâ«¬∫ß 80) πÕ°®“°π’È¬—ß
æ∫°≈ÿà¡∑’Ë‰¡à¡’°“√ª√“°Ø¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ SCAR marker (√–¬Õß 2 √–¬Õß 7 ·≈–æ‘√ÿ≥ 1) (√Ÿª∑’Ë 3)
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√Ÿª∑’Ë 1 ≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‰¥â®“°·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·μ°μà“ß√–À«à“ßæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß ·∂∫
 ’‡∑“· ¥ß≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß‰æ√‡¡Õ√å·∫∫ ÿà¡ ·≈–≈Ÿ°»√· ¥ßμ”·Àπàß·≈–∑‘»∑“ß¢Õß§Ÿà
‰æ√‡¡Õ√å ”À√—∫ SCAR: (A) Cas115F-Cas115R, (B) Cas116F-Cas116R, (C) Cas153F-
Cas153R, (D) Cas157F-Cas157R
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√Ÿª∑’Ë 2 μ—«Õ¬à“ß¿“æ‡®≈· ¥ßº≈°“√∑¥ Õ∫‰æ√‡¡Õ√å ”À√—∫ SCAR °—∫μ—«Õ¬à“ß¡—π ”ª–À≈—ß∑’Ë∑√“∫
æ—π∏ÿåª≈Ÿ°¥â«¬ uniplex PCR: (A) Cas115F-Cas115R, (B) Cas116F-Cas116R, (C) Cas153F-
Cas153R, (D) Cas157F-Cas157R

μ“√“ß∑’Ë 3 ‰æ√‡¡Õ√å ”À√—∫ SCAR ·≈–¢π“¥¢Õß SCAR marker ∑’Ëæ∫„πæ—π∏ÿåª≈Ÿ°μà“ßÊ ¢Õß¡—π ”ª–À≈—ß

RAPD primer SCAR primer Sequence (5′------> 3′) SCAR marker (bp) Existence of SCAR marker

NAPS115 Cas115F AGTGGAGAAATCCAGCGGTC Cas115 (273) R3, R5, R9, R72, HB80

Cas115R TCGCCGATGACTCAAACCTT

NAPS116 Cas116F TACGATGACGGAACGGGAAA Cas116 (850) HA

Cas116R ATTTGGGCGATGTACCGACG

NAPS153 Cas153F GCAAAGGCCAGAAAAATGTCC Cas153 (414) R1, R5, R11, R90, R86-13,

Cas153R CTAAAAGACATTGTGGCTCATGG HB60, HB80, KU50, HA

NAPS157 Cas157F GCTTCTGGTAGTGTGGCTCA Cas157 (308) R60

Cas157R GTGGGCAGGATTTGTCCCAA

√Ÿª∑’Ë 3 °“√μ√«® Õ∫æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß‚¥¬„™â‰æ√‡¡Õ√å ”À√—∫ SCAR ®”π«π 4 §Ÿàæ√âÕ¡°—π„π
multiplex PCR
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 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
ªí®®ÿ∫—πÀ≈“¬Àπà«¬ß“π„πª√–‡∑»‰∑¬‰¥âª√—∫ª√ÿßæ—π∏ÿå¡—π ”ª–À≈—ß‡æ◊ËÕ„Àâ¡’≈—°…≥–μ√ßμ“¡

§«“¡μâÕß°“√¢Õß∑—Èß¿“§‡°…μ√°√√¡·≈–Õÿμ “À°√√¡ ‡™àπ ¡’§«“¡μâ“π∑“πμàÕ‚√§·≈–·¡≈ß»—μ√Ÿæ◊™  “¡“√∂
ª√—∫μ—«‰¥â¥’°—∫∑ÿ°æ◊Èπ∑’Ë‡æ“–ª≈Ÿ° ·≈–„Àâ‡ªÕ√å‡´Áπμå·ªÑß„πÀ—«¡—π ¥ Ÿß »Ÿπ¬å«‘®—¬æ◊™‰√à√–¬Õß °√¡«‘™“°“√‡°…μ√
‡ªìπÀπà«¬ß“πÀ≈—°„π°“√®—¥μ—Èß∏π“§“√‡™◊ÈÕæ—π∏ÿå¡—π ”ª–À≈—ß ‚¥¬‰¥â√«∫√«¡‡™◊ÈÕæ—π∏ÿ°√√¡¡—π ”ª–À≈—ß®“°
International Center for Tropical Agriculture (CIAT) ª√–‡∑»‚§≈—¡‡∫’¬ ·≈–®“°·À≈àßÕ◊ËπÊ μ≈Õ¥
®π√«∫√«¡æ—π∏ÿå≈Ÿ°º ¡∑’Ë‡°‘¥¢÷Èπ„πª√–‡∑»‰∑¬ °“√Õπÿ√—°…å‡™◊ÈÕæ—π∏ÿå‡À≈à“π’È¡’ª√–‚¬™πå ”À√—∫„™â‡ªìπ·À≈àß
æàÕ·¡àæ—π∏ÿå‡æ◊ËÕ°“√æ—≤π“¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°„À¡àÊ [19]

°“√®”·π°æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß®”‡ªìπμâÕßÕ“»—¬≈—°…≥– —≥∞“π«‘∑¬“ ‡™àπ  ’·≈–¢π
¢Õß¬Õ¥ÕàÕπ  ’¢Õß„∫ÕàÕπ  ’¢Õß°â“π„∫  ’¢Õß≈”μâπ ·≈–≈—°…≥–¢ÕßÀ—« ´÷Ëß≈—°…≥–¥—ß°≈à“«π’ÈÕ“®æ∫‰¥â
„π∫“ß™à«ßÕ“¬ÿ¢Õßæ◊™ ·≈–Õ“®¡’§«“¡·ª√ª√«π‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß ‘Ëß·«¥≈âÕ¡ [3] πÕ°®“°π’È¬—ßÕ“®æ∫
æ—π∏ÿåª≈Ÿ°ª√–‡¿∑‡¥’¬«°—π·μà¡’°“√μ—Èß™◊ËÕ·μ°μà“ß°—π„π·μà≈–æ◊Èπ∑’Ë À√◊Õ°“√ª√—∫‡ª≈’Ë¬π™◊ËÕæ—π∏ÿåª≈Ÿ°‡æ◊ËÕ
°“√§â“∑”„Àâ√“§“∑àÕπæ—π∏ÿå Ÿß¢÷Èπ ¥—ßπ—Èπ°“√®”·π°æ—π∏ÿåª≈Ÿ°®“°≈—°…≥– —≥∞“π«‘∑¬“®÷ßÕ“®¡’§«“¡ —∫ π
μâÕßÕ“»—¬∑—°…–·≈–ª√– ∫°“√≥å¢ÕßºŸâ‡™’Ë¬«™“≠ »Ÿπ¬å‡∑§‚π‚≈¬’ “√ π‡∑»·≈–°“√ ◊ËÕ “√ °√¡«‘™“°“√‡°…μ√
√à«¡°—∫ ∂“∫—π«‘®—¬æ◊™‰√à ·≈–»Ÿπ¬å«‘®—¬æ◊™‰√à√–¬Õß ®÷ß‰¥â√«∫√«¡≈—°…≥–ª√–®”æ—π∏ÿå¢Õß¡—π ”ª–À≈—ß∑’Ë‰¥â
√—∫°“√√—∫√Õßæ—π∏ÿå·≈–π‘¬¡ª≈Ÿ°„πª√–‡∑»‰∑¬®”π«π 12 æ—π∏ÿåª≈Ÿ° ‡æ◊ËÕ®—¥∑”√–∫∫„π°“√™à«¬®”·π°æ—π∏ÿå
ª≈Ÿ°¢Õß¡—π ”ª–À≈—ßºà“π∑“ß‡«Á∫‰´μå http://at.doa.go.th/cassvar/ [20]

°“√®”·π°æ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß¥â«¬«‘∏’¥—Èß‡¥‘¡®“°≈—°…≥– —≥∞“π«‘∑¬“‡æ’¬ßÕ¬à“ß‡¥’¬«
π—ÈπÕ“®‰¡à‡À¡“–°—∫°“√„™â„π·À≈àß‡™◊ÈÕæ—π∏ÿ°√√¡¢π“¥„À≠à∑’Ë¡’μ—«Õ¬à“ß®”π«π¡“° °“√„™â‡§√◊ËÕßÀ¡“¬
‚¡‡≈°ÿ≈‡æ◊ËÕ®”·π°æ—π∏ÿåª≈Ÿ°®–™à«¬≈¥√–¬–‡«≈“·≈–§à“„™â®à“¬ Õ’°∑—Èß¬—ß¡’§«“¡ ¡Ë”‡ ¡Õ ‰¡à·ª√ª√«π®“°
ªí®®—¬¢Õß ‘Ëß·«¥≈âÕ¡ ·≈– “¡“√∂μ√«® Õ∫‰¥â®“°∑ÿ° à«π·≈–∑ÿ°√–¬–°“√‡®√‘≠¢Õßæ◊™Õ’°¥â«¬ [21-22]
¥—ßπ—Èπ°“√»÷°…“π’È®÷ß‰¥âæ—≤π“‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ ”À√—∫√–∫ÿæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß‰∑¬∑’Ë‰¥â®“°·À≈àß
‡™◊ÈÕæ—π∏ÿ°√√¡„π»Ÿπ¬å«‘®—¬æ◊™‰√à√–¬Õß ‚¥¬‰¥â SCAR marker ∑’Ë¡’§«“¡®”‡æ“–„π°“√®”·π°æ—π∏ÿåª≈Ÿ°¢Õß
¡—π ”ª–À≈—ß ¥—ßπ’È

SCAR marker Cas157 (308-bp marker) „™â√–∫ÿÕ—μ≈—°…≥å¢Õßæ—π∏ÿåª≈Ÿ°√–¬Õß 60 ´÷Ëß‡ªìπ
≈Ÿ°º ¡√–À«à“ß Mcol1684 ·≈–æ—π∏ÿåª≈Ÿ°√–¬Õß 1 ¢âÕ¥’¢Õßæ—π∏ÿåª≈Ÿ°√–¬Õß 60 §◊ÕÕ“¬ÿ°“√‡°Á∫‡°’Ë¬« —Èπ
„Àâº≈º≈‘μ Ÿß ·μà¡’¢âÕ¥âÕ¬§◊Õ ‡ªÕ√å‡´Áπμå·ªÑßμË” „πªï æ.». 2561 ¡’√“¬ß“πæ◊Èπ∑’Ëª≈Ÿ°„πª√–‡∑»‰∑¬
ª√–¡“≥ 2 · π‰√à π—∫‡ªìπÕ—π¥—∫ 5 √Õß®“°æ—π∏ÿåª≈Ÿ°‡°…μ√»“ μ√å 50 √–¬Õß 5 √–¬Õß 90 ·≈–√–¬Õß 72
(http:// www.oae.go.th/)

SCAR marker Cas116 (850-bp marker) „™â√–∫ÿÕ—μ≈—°…≥å¢Õßæ—π∏ÿåª≈Ÿ°Àâ“π“∑’ ´÷Ëß‡ªìπ
æ—π∏ÿåª≈Ÿ°æ◊Èπ‡¡◊Õß∑’Ëæ∫¡“π“π„πª√–‡∑»‰∑¬ ¡’ª√‘¡“≥°√¥‰Œ‚¥√‰´¬“π‘°μË” √ ™“μ‘¥’ ‡π◊ÈÕ√à«π´ÿ¬ ‡À¡“–
 ”À√—∫°“√∫√‘‚¿§ πÕ°®“°π’È¬—ßπ‘¬¡„™â‡ªìπæàÕ·¡àæ—π∏ÿå„Àâ·°à¡—π ”ª–À≈—ßæ—π∏ÿåÀ«“πÕ’°¥â«¬ „πªïß∫ª√–¡“≥
2559 °√–∑√«ßæ“≥‘™¬å‰¥â√‘‡√‘Ë¡‚§√ß°“√·ª√√Ÿª¡—π ”ª–À≈—ßæ—π∏ÿåÀ«“π ŸàÕÿμ “À°√√¡Õ“À“√‡æ◊ËÕ¬°√–¥—∫
√“¬‰¥â‡°…μ√°√™ÿ¡™π ‚¥¬¡’‡ªÑ“À¡“¬‡æ◊ËÕº≈—°¥—π„Àâ‡°…μ√°√‡æ‘Ë¡°“√‡æ“–ª≈Ÿ°¡—π ”ª–À≈—ßæ—π∏ÿåÀ«“π
‡™àπ Àâ“π“∑’ æ‘√ÿ≥ 1 ·≈–æ‘√ÿ≥ 2 ‚¥¬„πªí®®ÿ∫—πæ∫º≈‘μ¿—≥±åÕ“À“√∑’Ë∑”®“°¡—π ”ª–À≈—ßæ—π∏ÿåª≈Ÿ°Àâ“π“∑’
¡“°¢÷Èπ (http://www.moc.go.th)
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SCAR marker Cas153 √à«¡°—∫ Cas115 (414-bp marker ·≈– 273-bp marker) „™â√–∫ÿ
°≈ÿà¡æ—π∏ÿåª≈Ÿ°√–¬Õß 5 ·≈–Àâ«¬∫ß 80 ‚¥¬æ—π∏ÿåª≈Ÿ°√–¬Õß 5 ‡ªìπ≈Ÿ°º ¡√–À«à“ßæ—π∏ÿå 22-77-10 °—∫
æ—π∏ÿåª≈Ÿ°√–¬Õß 3 ¡’¢âÕ¥’§◊Õ„Àâº≈º≈‘μ·≈–‡ªÕ√å‡´Áπμå·ªÑß Ÿß ª√—∫μ—«‰¥â¥’°—∫ ¿“æ·«¥≈âÕ¡ ·μà¡’¢âÕ¥âÕ¬
§◊Õ§àÕπ¢â“ßÕàÕπ·ÕμàÕ‚√§„∫‰À¡â·≈–‡æ≈’È¬·ªÑß „πªï æ.». 2561 ¡’√“¬ß“πæ◊Èπ∑’Ëª≈Ÿ°„πª√–‡∑»‰∑¬®”π«π
2.8 ≈â“π‰√à ·≈–‡°Á∫‡°’Ë¬«º≈º≈‘μ‰¥â∂÷ß 4.97 ≈â“πμ—π π—∫‡ªìπÕ—π¥—∫ 2 √Õß®“°æ—π∏ÿåª≈Ÿ°‡°…μ√»“ μ√å
50  à«πæ—π∏ÿåª≈Ÿ°Àâ«¬∫ß 80 ´÷Ëß¡’≈—°…≥– —≥∞“π«‘∑¬“§≈â“¬§≈÷ß°—∫Àâ«¬∫ß 60 ‡ªìπ≈Ÿ°º ¡√–À«à“ßæ—π∏ÿå
ª≈Ÿ°√–¬Õß 5 ·≈–‡°…μ√»“ μ√å 50 ¡’‡ªÕ√å‡ Á́πμå·ªÑß Ÿß°«à“æ—π∏ÿåª≈Ÿ°‡°…μ√»“ μ√å 50 ·≈–Àâ«¬∫ß 60
º≈º≈‘μÀ—« ¥‡À¡“– ¡„π°“√„™â·ª√√Ÿª‡ªìπ¡—π‡ âπ ·ªÑß¡—π ”ª–À≈—ß ·≈–„™âº≈‘μ‡Õ∑“πÕ≈ [1]

„π°“√»÷°…“π’È¬—ß‰¥â¡’°“√æ—≤π“‡∑§π‘§ multiplex PCR ‡æ◊ËÕ‡æ‘Ë¡§«“¡√«¥‡√Á«·≈–≈¥§à“„™â®à“¬
„π°“√μ√«® Õ∫ ‡¡◊ËÕ∑”°“√∑¥ Õ∫ ¿“«–·≈– à«πª√–°Õ∫∑’Ë‡À¡“– ¡ ”À√—∫°“√∑” multiplex PCR ‚¥¬
„™â‰æ√‡¡Õ√å ”À√—∫ SCAR ®”π«π 4 §Ÿàæ√âÕ¡°—π„πÀπ÷ËßªØ‘°‘√‘¬“ æ∫«à“ SCAR marker Cas116 „Àâ·∂∫
¥’‡ÕÁπ‡Õ¢π“¥„À≠à (850 bp) ∑’Ë¡’§«“¡‡¢â¡πâÕ¬°«à“·∂∫¥’‡ÕÁπ‡Õ¢π“¥‡≈Á°Õ◊ËπÊ ®÷ß∑”°“√ª√—∫ à«πª√–°Õ∫
¢ÕßªØ‘°‘√‘¬“‚¥¬‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß‰æ√‡¡Õ√å Cas116F ·≈– Cas116R ·≈–≈¥§«“¡‡¢â¡¢âπ¢Õß
‰æ√‡¡Õ√å ”À√—∫ SCAR §ŸàÕ◊ËπÊ  àßº≈„Àâ°“√‡¢â“®—∫°—∫¥’‡ÕÁπ‡Õ·¡à·∫∫¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ [23-24]
πÕ°®“°π’È¬—ß¡’°“√‡μ‘¡ BSA ‡æ◊ËÕ„Àâ‡¢â“®—∫°—∫μ—«¬—∫¬—ÈßªØ‘°‘√‘¬“ PCR (PCR inhibitor) ∑”„Àâ‡Õπ‰´¡å
DNA polymerase ∑”ß“π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ [25-26] ·≈–∑”°“√ª√—∫ ¿“«–¢Õß multiplex PCR
‚¥¬°“√≈¥Õÿ≥À¿Ÿ¡‘„π¢—Èπ final extension ®“° 72°C ‡À≈◊Õ 68°C ·≈–‡æ‘Ë¡‡«≈“®“° 2 π“∑’ ‡ªìπ 15 π“∑’
‡æ◊ËÕ„Àâ°“√μàÕ “¬π‘«§≈’‚Õ‰∑¥å ¡∫Ÿ√≥å¬‘Ëß¢÷Èπ [23]

ß“π«‘®—¬π’È‰¥âæ—≤π“μàÕ¬Õ¥¡“®“°°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§ HAT-RAPD ¢Õß¡—π
 ”ª–À≈—ß‰∑¬®”π«π 19 æ—π∏ÿåª≈Ÿ° ª√–°Õ∫¥â«¬æ—π∏ÿåª≈Ÿ°∑’Ë‰¥â√—∫°“√√—∫√Õßæ—π∏ÿå®“°°√¡«‘™“°“√‡°…μ√ æ—π∏ÿå
ª≈Ÿ°æ◊Èπ‡¡◊Õß ·≈–æ—π∏ÿåª≈Ÿ°‡»√…∞°‘®∑’Ëπ‘¬¡‚¥¬‡°…μ√°√ ‚¥¬æ∫«à“¡—π ”ª–À≈—ß‡À≈à“π’È¡’§«“¡À≈“°À≈“¬
∑“ßæ—π∏ÿ°√√¡„π√–¥—∫ª“π°≈“ß [27] ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¡—π ”ª–À≈—ß®“°·À≈àß‡™◊ÈÕæ—π∏ÿ°√√¡¢Õßμà“ßª√–‡∑»
[28-31] ∂÷ß·¡â«à“°“√®”·π°æ—π∏ÿåª≈Ÿ°¥â«¬‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈ SCAR marker ¬—ß¡’¢âÕ®”°—¥‡π◊ËÕß®“°
§«“¡„°≈â™‘¥∑“ßæ—π∏ÿ°√√¡¢Õßæ—π∏ÿåª≈Ÿ°´÷ËßÕ¬Ÿà¿“¬„μâ™π‘¥‡¥’¬«°—π (M. esculenta) °“√»÷°…“§√—Èßπ’È
 “¡“√∂®”·π°¡—π ”ª–À≈—ß∫“ßæ—π∏ÿåª≈Ÿ°∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘® ´÷Ëß‡ªìπ·π«∑“ß„π°“√æ—≤π“‡∑§π‘§
SCAR ‡æ◊ËÕ„Àâ “¡“√∂√–∫ÿæ—π∏ÿåª≈Ÿ°¢Õß¡—π ”ª–À≈—ß∑’Ë√—∫√Õßæ—π∏ÿå·≈â«‰¥âÕ¬à“ß§√∫∂â«πμàÕ‰ª

°‘μμ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∑ÿπÕÿ¥Àπÿπ°“√∑”«‘®—¬®“°ß∫ª√–¡“≥‡ß‘π√“¬‰¥â§≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬

»√’π§√‘π∑√«‘‚√≤ ª√–®”ªïß∫ª√–¡“≥ 2561 ·≈–¢Õ¢Õ∫§ÿ≥π“ß®‘≥≥®“√å À“≠‡»√…∞ ÿ¢ Õ¥’μºŸâÕ”π«¬
°“√»Ÿπ¬å«‘®—¬æ◊™‰√à√–¬Õß  ”À√—∫μ—«Õ¬à“ß„∫¡—π ”ª–À≈—ß∑’Ë„™â„π°“√»÷°…“
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