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∫∑§—¥¬àÕ

§«“¡ “¡“√∂„π°“√∑π‡§Á¡‡ªìπ‡Õ°≈—°…≥åÕ¬à“ßÀπ÷Ëß¢Õß¢â“«·µà≈– “¬æ—π∏ÿå °“√»÷°…“§√—Èßπ’È¡’

«—µ∂ÿª√– ß§å‡æ◊ËÕ ◊∫§âπ Expressed sequence tag-Simple sequence repeats (EST-SSRs) ®“°∞“π¢âÕ¡Ÿ≈

™’«¿“æ‡æ◊ËÕπ”¡“§—¥‡≈◊Õ°·≈–æ—≤π“‡ªìπ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈„π°“√√–∫ÿ§«“¡ “¡“√∂∑π‡§Á¡¢Õß¢â“« ®“°°“√

 ◊∫§âπ EST-SSRs ‰¥â§—¥‡≈◊Õ° 16 §Ÿà‰æ√‡¡Õ√å¡“„™â‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ¥â«¬ªØ‘°‘√‘¬“æ’´’Õ“√å ‚¥¬∑¥ Õ∫°—∫¢â“«

12  “¬æ—π∏ÿå∑’Ë¡’§«“¡∑π‡§Á¡·µ°µà“ß°—π æ∫«à“¡’ 1 §Ÿà‰æ√‡¡Õ√å∑’Ë„Àâ·∂∫¥’‡ÕÁπ‡Õ¢Õß¢â“« “¬æ—π∏ÿåæÕ§§“≈’

´÷Ëß‡ªìπ “¬æ—π∏ÿå∑’Ë∑π‡§Á¡ Ÿß ¡’¢π“¥„À≠à°«à“ “¬æ—π∏ÿåÕ◊ËπÊ ‡¡◊ËÕπ”·∂∫¥’‡ÕÁπ‡Õ‰ª«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å

æ∫«à“¡’µ”·Àπàß¢Õß SSR ∑’Ë¡’≈”¥—∫‡∫  È́”§◊Õ GATC  ‡æ‘Ë¡¢÷Èπ 1 ´È” „π¢â“« “¬æ—π∏ÿåæÕ§§“≈’ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¢â“« “¬æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105  ·≈–‡¡◊ËÕπ”≈”¥—∫π‘«§≈’‚Õ‰∑¥åπ’È‰ª‡ª√’¬∫‡∑’¬∫

§«“¡‡À¡◊Õπ°—∫¬’π„π∞“π¢âÕ¡Ÿ≈ GenBank ¥â«¬‚ª√·°√¡ BLASTNæ∫«à“ µ√ß°—∫¬’π Rice Bowman-Birk

inhibitor 2-3 (rbbi2-3) ´÷Ëß‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√µÕ∫ πÕß‡¡◊ËÕ¢â“«‰¥â√—∫§«“¡‡§√’¬¥·≈–‡°‘¥‚√§ ®“°

º≈°“√«‘®—¬  ‡ªìπ∑’Ëπà“ π„®Õ¬à“ß¬‘Ëß∑’Ë®–π” EST-SSR π’È‰ªæ—≤π“·≈–∑¥ Õ∫°“√‡ªìπ‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡

„π°“√√–∫ÿ§«“¡ “¡“√∂∑π‡§Á¡¢Õß¢â“«µàÕ‰ª

ABSTRACT

The ability of salt tolerance is one of characteristics of each rice variety. This study was aimed  to

retrieve the Expressed sequence tag-Simple sequence repeats (EST-SSRs) from biological databases and

develop as molecular markers to indicate salt tolerance in rice improvement. From EST-SSRs derived from

GenBank, sixteen primer pairs were designed for DNA amplification in positions flanking SSRs by PCR

using twelve rice varieties DNA. Only one from sixteen primers detected the polymorphic DNA band of

Pokkali, high salt tolerance variety, comparing to the other varieties. The DNA sequencing of PCR products

from Pokkali and KDML-105 were performed and compared. The result interestingly showed that the

longer sequence of Pokkali contained one more repeat of GATC motif. After using BLASTN analysis
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∫∑π”

¢â“« (Oryza sativa L.) ‡ªìπæ◊™‡»√…∞°‘®

À≈—°∑’Ë ”§—≠¢Õßª√–‡∑»‰∑¬ ‚¥¬„π™à«ß‰µ√¡“ ·√°

¢Õßªï æ.». 2550 ª√–‡∑»‰∑¬‡ªìπª√–‡∑»∑’Ë¡’°“√

 àßÕÕ°¢â“«‡ªìπÕ—π¥—∫∑’Ë 1 ¢Õß‚≈° ‚¥¬ àßÕÕ°∑—Èß ‘Èπ

1.94 ≈â“πµ—π §‘¥‡ªìπ¡Ÿ≈§à“ 25,729 ≈â“π∫“∑ ·≈–¡’

·π«‚πâ¡«à“°“√ àßÕÕ°¢â“«¢Õß‰∑¬¡’Õ—µ√“°“√¢¬“¬

µ—«‡æ‘Ë¡¡“°¢÷Èπ ¢â“«ÀÕ¡¡–≈‘‡ªìπ∑’Ëπ‘¬¡·≈–¡’™◊ËÕ‡ ’¬ß

¡“°·≈–∂◊Õ‡ªìπ‡Õ°≈—°…≥å¢Õß¢â“«‰∑¬ Õ¬à“ß‰√°Áµ“¡

®“°°“√ ”√«®æ◊Èπ∑’Ë‡æ“–ª≈Ÿ°¢â“«„πª√–‡∑»‰∑¬¡’

æ◊Èπ∑’Ë‡æ“–ª≈Ÿ°ªï≈–ª√–¡“≥ 63-66  ≈â“π‰√à ·≈–¡’

º≈º≈‘µ‡©≈’Ë¬ 420 °‘‚≈°√—¡µàÕ‰√à ´÷ËßµË”°«à“º≈º≈‘µ

‡©≈’Ë¬¢Õßª√–‡∑»ºŸâ àßÕÕ°¢â“«√“¬„À≠àÕ◊ËπÊ §◊Õ

‡«’¬¥π“¡  À√—∞Õ‡¡√‘°“ ÕÕ ‡µ√‡≈’¬ Õ‘π‡¥’¬ ·≈–

ª“°’ ∂“π ÷́Ëß¡’º≈º≈‘µ‡©≈’Ë¬Õ¬Ÿà∑’Ë 480 °‘‚≈°√—¡µàÕ‰√à

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëßª√–‡∑»‡«’¬¥π“¡ ÷́Ëß‡ªìπª√–‡∑»

ºŸâ àßÕÕ°¢â“«¡“°‡ªìπÕ—π¥—∫ 2 ¢Õß‚≈° ¡’º≈º≈‘µ

‡©≈’Ë¬ 700 °‘‚≈°√—¡µàÕ‰√à ∑—Èßπ’È‡ªìπ‡æ√“–æ◊Èπ∑’Ë‡æ“–

ª≈Ÿ°¢â“«¢Õßª√–‡∑»‰∑¬ à«π„À≠à°«à“√âÕ¬≈– 80

Õ¬Ÿà„π‡¢µπÈ”Ωπ ‚¥¬‡©æ“–¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ

´÷Ëß§√Õ∫§√Õßæ◊Èπ∑’Ëª≈Ÿ°¡“°°«à“√âÕ¬≈– 50 ¢Õßæ◊Èπ∑’Ë

ª≈Ÿ°¢â“«∑—Ë«ª√–‡∑» ·µàªí≠À“Ωπ·≈âß ¥‘π‡§Á¡ πÈ”∑à«¡

·≈–°“√™≈ª√–∑“π‰¡à ¡∫Ÿ√≥å ¡“°°«à“æ◊Èπ∑’ËÕ◊ËπÊ

 àßº≈„Àâº≈º≈‘µ‡©≈’Ë¬µàÕ‰√à ¢Õß∑—Èßª√–‡∑»§àÕπ¢â“ß

µË”‡¡◊ËÕ‡∑’¬∫°—∫ª√–‡∑»Õ◊ËπÊ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß

ªí≠À“¥‘π‡§Á¡‡ªìπÕ’°ªí≠À“À≈—°¢Õß°“√ª≈Ÿ°¢â“«„π

¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ (∞“π‡»√…∞°‘®, 25-28

æƒ…¿“§¡ 2551)

ªí≠À“¥‘π‡§Á¡æ∫‰¥â∑—Ë«‚≈°‚¥¬æ∫«à“¡’

æ◊Èπ∑’Ë∑’Ë‡ªìπ¥‘π‡§Á¡Õ¬Ÿà¡“°°«à“ 20% ¢Õßæ◊Èπ∑’Ë‡æ“–

ª≈Ÿ°∑—ÈßÀ¡¥∑—Ë«‚≈° (Baret - Lennard, 2000)

ª√‘¡“≥¢Õß‡°≈◊Õ„π¥‘π∑’Ë¡’¡“°‡°‘π¡’º≈°√–∑∫µàÕ

°√–∫«π°“√æ—≤π“·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™

Õ¬à“ß¡“° ‡™àπ °“√ßÕ°¢ÕßµâπÕàÕπ °“√‡®√‘≠¢Õßµâπ

°“√ÕÕ°¥Õ°·≈–µ‘¥º≈ ÷́Ëß àßº≈°√–∑∫µàÕª√‘¡“≥

·≈–§ÿ≥¿“æ¢Õßº≈º≈‘µ∑’Ë‰¥â æ◊™ à«π„À≠à¡’º≈º≈‘µ

≈¥≈ß‡¡◊ËÕ “√≈–≈“¬¥‘π¡’§à“°“√πÌ“‰øøÑ“ (ECe)

¡“°°«à“ 2 dS/m æ◊™∫“ß™π‘¥∑π‡§Á¡‰¥â∂÷ß 4-8 dS/

m ·µà‡¡◊ËÕ√–¥—∫§«“¡‡§Á¡ Ÿß∂÷ß 16 dS/m æ◊™‡°◊Õ∫

∑ÿ°™π‘¥· ¥ßÕ“°“√∑’Ë‰¥â√—∫º≈°√–∑∫Õ¬à“ß√ÿπ·√ß

§«“¡ “¡“√∂„π°“√∑π‡§Á¡¢Õßæ◊™‡ªìπ≈—°…≥–∑“ß

æ—π∏ÿ°√√¡∑’Ë·µ°µà“ß‰ª¢Õßæ◊™·µà≈–™π‘¥·µà≈– “¬

æ—π∏ÿå °≈‰°°“√µÕ∫ πÕßµàÕ§«“¡‡§Á¡¡’§«“¡´—∫

´âÕπ·≈–‡°’Ë¬«¢âÕß°—∫°“√µÕ∫ πÕßµàÕ§«“¡‡§√’¬¥

ÕÕ ‚¡µ‘° (osmotic stress) §«“¡‡ªìπæ‘…¢Õß∏“µÿ

∫“ß™π‘¥ (ion toxicity) ·≈–§«“¡‰¡à ¡¥ÿ≈¢Õß∏“µÿ

Õ“À“√ (Bernstein, 1964) °≈‰°°“√µÕ∫ πÕß

¢Õßæ◊™‡¡◊ËÕ¡’§«“¡‡§√’¬¥‡°≈◊Õ‡ªìπ°≈‰°∑’Ë´—∫´âÕπ

´÷Ëß∑”„Àâ°“√æ¬“¬“¡§—¥‡≈◊Õ°æ—π∏ÿå À√◊Õµ‘¥µ“¡

≈—°…≥–∑π‡§Á¡„π°“√ª√—∫ª√ÿßæ—π∏ÿå  ‚¥¬„™â

‡§√◊ËÕßÀ¡“¬∑“ß‚¡‡≈°ÿ≈´÷Ë ß«“ßµ—«„°≈â°—∫¬’π∑’Ë

‡°’Ë¬«¢âÕß°—∫≈—°…≥–∑π‡§Á¡∑’Ë‰¥â®“°°“√∑”ªØ‘°‘√‘¬“

≈Ÿ°‚´à‚æ≈’‡¡Õ‡√  (PCR: Polymerase chain reaction)

‰¡àª√– ∫º≈ ”‡√Á®¥’π—° ‡π◊ËÕß®“°°“√µÕ∫ πÕßµàÕ

§«“¡‡§√’¬¥‡°≈◊Õ¡’¬’π∑’Ë‡°’Ë¬«¢âÕßÀ≈“¬¬’π¥â«¬°—π

¥—ßπ—Èπ°“√π”¢âÕ¡Ÿ≈®“°∞“π¢âÕ¡Ÿ≈®’‚π¡¢â“«¡“„™â„π

against GenBank database, the sequence showed the homology to Rice Bowman-Birk inhibitor 2-3

(rbbi2-3) gene responding to stresses and pathogens in rice. This promising results presented the

possibility to develop this EST-SSR as a genetic marker of salt- tolerant in rice improvement in future

study.

§” ”§—≠   : ¢â“«  §«“¡ “¡“√∂∑π‡§Á¡  EST-SSRs

Key  Words   : Oryza sativa L., Salt tolerance, EST-SSRs
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°“√√–∫ÿ·≈–æ—≤π“‡§√◊ËÕßÀ¡“¬∑“ßæ—π∏ÿ°√√¡®÷ß‡ªìπ

Õ’°«‘∏’∑’Ë∑”„Àâ‰¥â‚¡‡≈°ÿ≈‡§√◊ËÕßÀ¡“¬∑’Ë¡’§«“¡®”‡æ“–

¡“°¬‘Ëß¢÷Èπ

Expressed sequence tags (ESTs)  ‡ªìπ

≈”¥—∫¥’‡ÕÁπ‡Õ¢π“¥ 500 - 800 π‘«§≈’‚Õ‰∑¥å ‚¥¬

‡°’Ë¬«¢âÕß°—∫¬’π∑’Ë¡’°“√· ¥ßÕÕ° °“√„™â≈”¥—∫ ESTs

™à«¬„ÀâºŸâ«‘®—¬ “¡“√∂√–∫ÿ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫≈—°…≥–

∑“ßæ—π∏ÿ°√√¡‰¥âÕ¬à“ß√«¥‡√Á« πÕ°®“°π’È „π®’‚π¡

¢Õß ‘Ëß¡’™’«‘µ ¬—ßæ∫∫√‘‡«≥∑’Ë¡’≈”¥—∫π‘«§≈’‚Õ‰∑¥å´È”

Õ¬Ÿà¡“°¡“¬ √«¡∑—Èß„π ESTs ¥â«¬ ≈”¥—∫´È”¢Õßπ‘«§≈’

‚Õ‰∑¥å∑’Ë¡’™ÿ¥´È” 1 - 6 §Ÿà‡∫  ‡√’¬°«à“ microsatellite

À√◊Õ simple sequence repeats (SSRs) ‚¥¬∑’Ë

®”π«π È́”¢Õß™ÿ¥´È”π’È®–·µ°µà“ß°—π‰ª„π ‘Ëß¡’™’«‘µ

·µà≈–µ—«µπ ¥—ßπ—Èπ SSRs ®÷ß “¡“√∂„™â‡ªìπ

‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡√–∫ÿ≈—°…≥– ‡©æ“–¢Õß ‘Ëß¡’

™’«‘µ‰¥â ·≈–‰¥â∂Ÿ°π”¡“„™âª√–‚¬™πå„π°“√ √â“ß

·ºπ∑’Ë¬’π·≈–°“√ª√–¬ÿ°µå„™â„π°“√µ√«® Õ∫≈“¬

æ‘¡æå¥’‡ÕÁπ‡Õ„π ‘Ëß¡’™’«‘µÀ≈“¬™π‘¥ (Cho et al.,

2000)

«‘∏’°“√«‘®—¬

1. °“√ ◊∫§âπ∞“π¢âÕ¡Ÿ≈®’‚π¡¢â“«·≈–°“√§—¥‡≈◊Õ°

EST-SSRs

°“√ ◊∫§âπ ESTs ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫

§«“¡ “¡“√∂∑π‡§Á¡ ®“°∞“π¢âÕ¡Ÿ≈ NCBI (http://

www.ncbi.nlm.nih.gov/) ·≈–π”‡Õ“≈”¥—∫   π‘«§≈’

‚Õ‰∑¥å¢Õß ESTs ∑’Ë‰¥â ‰ª«‘‡§√“–ÀåÀ“ Simple

Sequence Repeat (SSRs) ‚¥¬„™â‚ª√·°√¡ SSRIT

(Simple Sequence Repeat Identification Tool)

‚¥¬À“®”π«π´È”µ—Èß·µà dimer ∂÷ß decamer

2. °“√ÕÕ°·∫∫ primers

„™â‚ª√·°√¡ Primer3 „π°“√ÕÕ°·∫∫‰æ√

‡¡Õ√å‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥™‘Èπ¥’‡ÕÁπ‡Õ„π∫√‘‡«≥  EST-SSRs

‰¥â‰æ√‡¡Õ√å®”π«π 16 §Ÿà  π”¡“„™â§—¥‡≈◊Õ°

‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ ”À√—∫§«“¡ “¡“√∂„π°“√∑π

‡§Á¡∑’ËÕ“®‡°’Ë¬«°—∫§«“¡·µ°µà“ß¢Õß®”π«π È́”¢Õß

SSRs „π¢â“« “¬æ—π∏ÿåµà“ßÊ ∑’Ë‰¥â∂Ÿ°®—¥®”·π°§«“¡

 “¡“√∂„π°“√∑π‡§Á¡‰«â°àÕπÀπâ“π’È ¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 √–¥—∫§–·ππ∑’Ë„™â„π«—¥ °“√∑π‡§Á¡

√–¥—∫ §«“¡ “¡“√∂  “¬æ—π∏ÿå

§–·ππ „π°“√∑π‡§Á¡

1 ∑π¡“° æÕ§§“≈’, °¢10

·≈–πÈ” –°ÿ¬19

3 ∑π °¢15 ·≈–ª∑ÿ¡∏“π’ 1

5 ∑πª“π°≈“ß ´‘«·¡à®—π200, ¥Õ °≈œ

·≈–‡À≈◊ÕßÕπ—πµå

7 ÕàÕπ·Õ ÀÕ¡π“ßπ«≈

9 ÕàÕπ·Õ¡“° ªÑÕß·Õâ«, ¥Õ¬«π

·≈–¢“«¥Õ°¡–≈‘ 105

3. °“√√«∫√«¡ “¬æ—π∏ÿå¢â“«·≈–°“√ °—¥¥’‡ÕÁπ‡Õ

√«∫√«¡‡¡≈Á¥æ—π∏ÿå¢â“«®”π«π 12  “¬æ—π∏ÿå

‰¥â·°à æÕ§§“≈’, °¢10, πÈ” –°ÿ¬19, °¢15,

ª∑ÿ¡∏“π’1, ´‘«·¡à®—π200, ¥Õ °≈œ, ÀÕ¡π“ßπ«≈,

‡À≈◊ÕßÕπ—πµå, ªÑÕß·Õâ«, ¥Õ¬«π ·≈–¢“«¥Õ°¡–≈‘105

´÷Ëß¡’§«“¡ “¡“√∂„π°“√∑π‡§Á¡·µ°µà“ß°—ππ”¡“

ª≈Ÿ°®π°√–∑—Ëß‰¥âµâπ¢â“«Õ“¬ÿ 14 «—π ‡°Á∫µ—«Õ¬à“ß„∫

‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -80 ÌC ®π°√–∑—Ëßπ”¡“„™â °—¥¥’‡ÕÁπ‡Õ

µàÕ‰ª

°“√ °—¥¥’‡ÕÁπ‡Õ ¥—¥·ª≈ß«‘∏’¢Õß Doyle and

Doyle 1987 ‚¥¬™—Ëß„∫ÕàÕπ 0.2 °√—¡ ∫¥„π

‰π‚µ√‡®π‡À≈«‡µ‘¡ Extraction buffer 1,000 µl ´÷Ëß

ª√–°Õ∫¥â«¬ 20 mM EDTA 100 mM Tris - base,

1.4 M NaCl, 2.0% (w/v) CTAB·≈– 1.0%

PVP-40 ‡µ‘¡ 2- mercaptoethanol 1 µl ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘

65 ÌC ‡ªìπ‡«≈“ 1 ™—Ëß‚¡ß ®“°π—Èπ °—¥¥â«¬ Chlorofrom:

Isoamyl alcohol (24:1) 2 √Õ∫  µ°µ–°Õπ¥â«¬

Isopropanal ∑’ËÕÿ≥À¿Ÿ¡‘ -20 ÌC ≈â“ßµ–°Õπ¥â«¬ 76%

‡Õ∑“πÕ≈ ·≈–10 mM ·Õ¡‚¡‡π’¬¡Õ– ‘́‡µ∑ µ“°

µ–°Õπ¥’‡ÕÁπ„Àâ·Àâß ·≈–≈–≈“¬¥â«¬ TE buffer

ª√‘¡“µ√ 30 µl ·≈â«µ√«® Õ∫§ÿ≥¿“æ·≈–ª√‘¡“≥

¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â‚¥¬‡∑§π‘§ Gel electrophoresis
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·≈–«—¥§à“°“√¥Ÿ¥°≈◊π· ß ∑’Ë§«“¡¬“«§≈◊Ëπ 260 nm

·≈– 280 nm

4.  °“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√∑”ªØ‘°‘√‘¬“ PCR

π”µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â®“°¢â“« 12  “¬

æ—π∏ÿå ¡“‡ªìπ¥’‡ÕÁπ‡Õµâπ·∫∫„π°“√∑¥ Õ∫À“ ¿“«–

∑’Ë‡À¡“– ¡„π°“√∑”ªØ‘°‘√‘¬“ PCR ‚¥¬ª√‘¡“µ√√«¡

¢ÕßªØ‘°‘√‘¬“ §◊Õ 15 µl „™â¥’‡ÕÁπ‡Õ 50 ng, 1x Buffer,

2.5 mM MgCl2 , 200 µM dNTP, 2.0 µM

Forward primer, 2.0 µM Reverse primer ·≈– 0.5

Unit Taq DNA polymerase ¢—ÈπµÕπªØ‘°‘√‘¬“¥—ßπ’È

¢—Èπ∑’Ë 1 Predenature ∑’ËÕÿ≥À¿Ÿ¡‘ 94 ÌC 4 π“∑’ ®”π«π

1 √Õ∫ ¢—Èπ∑’Ë 2 Denature ∑’ËÕÿ≥À¿Ÿ¡‘ 94 ÌC 1 π“∑’

Annealing ∑’ËÕÿ≥À¿Ÿ¡‘ 52-60 ÌC 1 π“∑’·≈–

Extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 ÌC 2 π“∑’ ®”π«π 35 √Õ∫

¢—Èπ∑’Ë 3 Final extension ∑’ËÕÿ≥À¿Ÿ¡‘ 72 ÌC 4 π“∑’

®”π«π 1 √Õ∫ ·≈â«µ√«® Õ∫º≈∫π 1.5% agarose

gel

5. µ√«® Õ∫º≈ PCR ¥â«¬ Polyacrylamide gel

‡¡◊ËÕ‰¥â ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫ªØ‘°‘√‘¬“

PCR ·≈â« π”¥’‡ÕÁπ‡Õ®“°∑ÿ° “¬æ—π∏ÿå¡“‡æ‘Ë¡ª√‘¡“≥

™‘Èπ¥’‡ÕÁπ‡Õ„π∫√‘‡«≥∑’Ë§√Õ∫§≈ÿ¡ EST-SSRs ∑’ËµâÕß

°“√µ√«® Õ∫º≈¥â«¬ 40% Polyacrylamide gel

‚¥¬„™âº≈‘µ¿—≥±å PCR 5 µl „ à„π™àÕß‡®≈ ®“°π—Èπ

·¬°™‘Èπ à«π¥’‡ÕÁπ‡Õ¥â«¬‡§√◊ËÕß electrophoresis

(Hoefer) ‚¥¬„™â°√–· ‰øøÑ“ 300 V 30 mA

‡ªìπ‡«≈“ 60-90 π“∑’ ¬âÕ¡‡®≈¥â«¬ ´‘≈‡«Õ√å‰π‡µ√∑

·≈â««‘‡§√“–Àå·∫∫·ºπ¥’‡ÕÁπ‡Õ

6.  àßµ—«Õ¬à“ß«‘‡§√“–ÀåÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å (DNA

Sequencing)

π”µ—«Õ¬à“ß PCR product ‰ª«‘‡§√“–Àå

≈”¥—∫π‘«§≈’‚Õ‰∑¥å (DNA Sequencing) ∑’Ë ∂“∫—π

®’‚π¡ »Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’™’«¿“æ

·Ààß™“µ‘ (»™)

º≈°“√«‘®—¬

1. °“√ ◊∫§âπ∞“π¢âÕ¡Ÿ≈®’‚π¡¢â“«

®“°°“√ ◊∫§âπ ESTs ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫

§«“¡ “¡“√∂∑π‡§Á¡ ®“°∞“π¢âÕ¡Ÿ≈®’‚π¡¢â“«

∞“π¢âÕ¡Ÿ≈∑’Ë„™â ◊∫§âπ‰¥â·°à NCBI æ∫«à“ ESTs ¢Õß

¢â“«¡’∑—ÈßÀ¡¥ 1,274,216 ESTs æ∫ ESTs ®”π«π

3,036 ESTs ∑’Ë¡’√“¬ß“π‡°’Ë¬«¢âÕß°—∫§«“¡∑π‡§Á¡

°“√§—¥‡≈◊Õ° EST-SSRs ¥â«¬‚ª√·°√¡

SSRIT ‚¥¬À“®”π«π´È”µ—Èß·µà dimer ∂÷ß decamer

æ∫ SSRs „π ESTs ®”π«π 46,383 ≈”¥—∫´÷Ëß√«¡

≈”¥—∫∑’Ë´È”°—π¥â«¬ π”¡“ÕÕ°·∫∫‰æ√‡¡Õ√å¥â«¬

‚ª√·°√¡ Primer3 §—¥‡≈◊Õ°‰æ√‡¡Õ√å®”π«π 16 §Ÿà

∑’Ëπ”‰ª„™â∑¥ Õ∫°“√‡ªìπ‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡

µ“√“ß∑’Ë 2 SSRs ∑’Ëæ∫„π≈”¥—∫ EST ∑’Ë§—¥‡≈◊Õ°¡“

∑¥ Õ∫°“√‡ªìπ‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡

SSR motif ®”π«π´È” Accession No.

„π GenBank

aaggaggag 2 EX451246

ttcttcca 2 EX451325

cgatcttga 2 EX451497

tga 5 EX451537

tct 6 EX451609

ccatgccac 2 EX451904

ggagcagat 2 AB178675

atgtggacg 2 EX449918

gtg 5 EX450768

gatc 4 EX450449

ac 8 EX450689

cct 5 BQ529580

gcg 5 BQ529580

ttcttcga 2 CA766241

cac 5 AJ853645

ccatgccac 2 AJ853650
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2. º≈°“√ °—¥¥’‡ÕÁπ‡Õµ—«Õ¬à“ß¢â“«

®“°°“√„™â„∫ÕàÕπ¢Õß¢â“«Õ“¬ÿ 14 «—π „π

°“√ °—¥¥’‡ÕÁπ‡Õ·≈–µ√«® Õ∫º≈∫π 0.8% agarose

gel ‚¥¬„™â λ DNA/Hind III ‡ªìπ¥’‡ÕÁπ‡Õ¡“µ√∞“π

‡ª√’¬∫‡∑’¬∫æ∫«à“‰¥â¥’‡ÕÁπ‡Õ„π∑ÿ° “¬æ—π∏ÿå®”π«π

¡“°æÕ„π°“√„™â‡ªìπ¥’‡ÕÁπ‡Õµâπ·∫∫¢ÕßªØ‘°‘√‘¬“

æ’´’Õ“√å (¿“æ∑’Ë 1) ·≈–‡¡◊ËÕµ√«® Õ∫§«“¡‡¢â¡¢âπ

¢Õß¥’‡ÕÁπ‡Õ¥â«¬‡§√◊ËÕß«—¥§à“¥Ÿ¥°≈◊π· ßæ∫«à“§«“¡

‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¡’ª√‘¡“≥ 135-1,310 ng

·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï 1.6-1.9

¿“æ∑’Ë 1 º≈°“√ °—¥¥’‡ÕÁπ‡Õ®“°„∫¢â“«

M = λ DNA/Hind III

(1 = æÕ§§“≈’, 2 = °¢10, 3 = πÈ” –°ÿ¬19,

4 = °¢15, 5 = ª∑ÿ¡∏“π’1, 6 = ´‘«·¡à®—π200,

7 = ¥Õ °≈œ, 8 = ÀÕ¡π“ßπ«≈, 9 = ‡À≈◊ÕßÕπ—πµå,

10 = ªÑÕß·Õâ«, 11 = ¥Õ¬«π ·≈– 12 = ¢“«

¥Õ°¡–≈‘105)

3. º≈°“√µ√«® Õ∫º≈ PCR ¥â«¬ Polyacrylamide

gel

°“√µ√«® Õ∫¥â«¬ 40% Polyacrylamide

gel ·≈–¬âÕ¡·∂∫¥’‡ÕÁπ‡Õ¥â«¬´‘≈‡«Õ√å‰π‡µ√∑ ÷́Ëß

ª√“°Ø·∂∫¢Õß EST-SSRs µ“¡·µà≈–§Ÿà‰æ√‡¡Õ√å

æ∫«à“‰æ√‡¡Õ√å§Ÿà∑’Ë 10 „Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°

¢â“« “¬æ—π∏ÿåæÕ§§“≈’´÷Ëß‡ªìπæ—π∏ÿå∑’Ë∑π‡§Á¡¡“°

¡’¢π“¥ 215 §Ÿà‡∫  ®÷ß‡ªìπ∑’Ëπà“ π„®«à“ ·∂∫¥’‡ÕÁπ‡Õ

π’È “¡“√∂π”¡“æ—≤π“‡ªìπ‡§√◊ËÕßÀ¡“¬„π°“√∑π‡§Á¡

®÷ß‰¥â§—¥‡≈◊Õ°·∂∫¥’‡ÕÁπ‡Õπ’È‰ªÀ“≈”¥—∫π‘«§≈’‚Õ‰∑¥å

·≈–‡ª√’¬∫‡∑’¬∫°—∫·∂∫¥’‡ÕÁπ‡Õ®“°‰æ√‡¡Õ√å10

¢Õß¢â“«æ—π∏ÿå¢“«¥Õ°¡–≈‘105 ´÷Ëß„™â‡ªìπµ—«·∑π·∂∫

¥’‡ÕÁπ‡Õ¢π“¥ 203 §Ÿà‡∫ 

¿“æ∑’Ë 2 ·∫∫·ºπ DNA ∑’Ë‰¥â®“° primer §Ÿà∑’Ë 10

‡¡◊ËÕµ√«® Õ∫º≈∫π 40% Polyacrylamide

gel

4. º≈°“√«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å (DNA

Sequencing)

«‘‡§√“–Àå≈”¥—∫π‘«§≈’‚Õ‰∑¥å 2  “¬ §◊Õ

 “¬ Forward ·≈– “¬ Reverse ®“°π—Èπ‡ª√’¬∫‡∑’¬∫

≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑—Èß Õß “¬¥â«¬‚ª√·°√¡ clustalW2

‡æ◊ËÕÀ“§«“¡‡À¡◊Õπ·≈–§«“¡·µ°µà“ß¢Õß≈”¥—∫

π‘«§≈’‚Õ‰∑¥å ·≈–„™â‚ª√·°√¡ BLASTN ‡æ◊ËÕ

µ√«® Õ∫«à“≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‰¥âµ√ß°—∫¬’π„¥

„π∞“π¢âÕ¡Ÿ≈ GenBank

¿“æ∑’Ë 3 ‡ª√’¬∫‡∑’¬∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å “¬ Forward

¢Õß¢“«¥Õ°¡–≈‘105 (KDMLF) ·≈–

æÕ§§“≈’ (PKF)
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®“°°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π

 “¬ Forward æ∫«à“  “¬æ—π∏ÿåæÕ§§“≈’¡’≈”¥—∫´È”

GATC 4 ´È” „π¢≥–∑’Ë “¬æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

¡’ GATC ‡æ’¬ß 3 ´È”

¿“æ∑’Ë 4 ‡ª√’¬∫‡∑’¬∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å “¬ Reverse

¢Õß¢“«¥Õ°¡–≈‘105 (KDMLR) ·≈–

æÕ§§“≈’ (PKR)

®“°°“√‡ª√’¬∫‡∑’¬∫≈”¥—∫π‘«§≈’‚Õ‰∑¥å„π

 “¬ Reverse æ∫«à“ „π “¬æ—π∏ÿåæÕ§§“≈’¡’≈”¥—∫

π‘«§≈’‚Õ‰∑¥ǻ È” AGCT 2 ́ È”  à«π “¬æ—π∏ÿå¢“«¥Õ°¡–≈‘

105 ¡’ AGTC ‡æ’¬ß 1 ´È”

°“√„™â‚ª√·°√¡ BLASTN µ√«® Õ∫≈”

¥—∫π‘«§≈’‚Õ‰∑¥åæ∫«à“ ≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‰¥âµ√ß°—∫

¬’π rbbi2-3 trypsin inhibitor

 √ÿª·≈–«‘®“√≥åº≈°“√«‘®—¬

 ◊∫§âπ ESTs ·≈–¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡

 “¡“√∂∑π‡§Á¡ ®“°∞“π¢âÕ¡Ÿ≈ (NCBI) ·≈â«π”‡Õ“

≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß ESTs ∑’Ë‰¥â ‰ª«‘‡§√“–ÀåÀ“

Simple Sequence Repeat (SSRs) ‚¥¬„™â‚ª√·°√¡

SSRIT ‚¥¬À“®”π«π´È”µ—Èß·µà dimer ∂÷ß decamer

·≈–„™â‚ª√·°√¡ Primer3 „π°“√ÕÕ°·∫∫‰æ√‡¡Õ√å

‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥™‘Èπ¥’‡ÕÁπ‡Õ„π∫√‘‡«≥ EST-SSRs

§—¥‡≈◊Õ°‰æ√‡¡Õ√å®”π«π 16 §Ÿà„π°“√∑¥ Õ∫°“√

‡ªìπ‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡

°“√ °—¥¥’‡ÕÁπ‡Õ®“°„∫¢â“« 12  “¬æ—π∏ÿå

‡¡◊ËÕª√–‡¡‘π§ÿ≥¿“æ·≈–ª√‘¡“≥¥â«¬«‘∏’  Gel

electrophoresis ·≈–«—¥§à“°“√¥Ÿ¥°≈◊π· ß æ∫«à“

¥’‡ÕÁπ‡Õ¡’≈—°…≥– ¡∫Ÿ√≥å ‰¡à·µ°À—° §«“¡‡¢â¡¢âπ

¢Õß¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥âÕ¬Ÿà√–À«à“ß 135-1,310 ng

·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï 1.6-1.9 ‚¥¬¥’‡ÕÁπ‡Õ∑’Ë∫√‘ ÿ∑∏‘Ï

π—Èπ§«√¡’Õ—µ√“ à«π√–À«à“ß A260/A2801.8

¢÷Èπ‰ª (Sambrook and Russel, 2001) Õ¬à“ß‰√

°Áµ“¡¡’À≈“¬ªí®®—¬∑’Ë¡’º≈µÕ§ÿ≥¿“æ¢Õß¥’‡ÕÁπ‡Õ∑’Ë

 °—¥‰¥â ‡™àπ Õ“¬ÿ·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™

 “√ª√–°Õ∫æÕ-≈‘øïπÕ≈ (polyphenols) ·≈–æÕ≈’

·´§§“‰√¥å (polysaccharides) ‡ªìπµâπ (Porebski

et al. 1997) ‚¥¬ “√ª√–°Õ∫‡À≈à“π’È‡¡◊ËÕªπ‡ªóôÕπ

¡“°—∫¥’‡ÕÁπ‡Õ®–¡’º≈¬—∫¬—Èß°‘®°√√¡¢Õß Taq DNA

polymerase ·≈–¬—∫¬—Èß°“√µ—¥¥’‡ÕÁπ‡Õ¥â«¬‡Õπ‰´¡å

µ—¥®”‡æ“– (Zidani et al. 2005)  ”À√—∫Õ“¬ÿ¢Õßæ◊™

π—Èπ ¥’‡ÕÁπ‡Õ∑’Ë °—¥®“°„∫æ◊™Õ“¬ÿπâÕ¬®–¡’§ÿ≥¿“æ¥’

°«à“„∫æ◊™∑’Ë‡®√‘≠‡µ‘¡∑’Ë ‡π◊ËÕß®“°„π„∫æ◊™∑’Ë¡’Õ“¬ÿ

πâÕ¬¡’ª√‘¡“≥ “√ª√–°Õ∫¥—ß°≈à“«πâÕ¬°«à“„∫æ◊™∑’Ë

‡®√‘≠‡µÁ¡∑’Ë (Porebski et al. 1997)

‡¡◊ËÕµ√«® Õ∫‡§√◊ËÕßÀ¡“¬ EST-SSRs „π

®’‚π¡¢Õß¢â“« 12  “¬æ—π∏ÿå ∑’Ë‡æ‘Ë¡ª√‘¡“≥¥â«¬

‰æ√å‡¡Õ√å®”π«π 16 §Ÿà ∑”ªØ‘°‘√‘¬“æ’´’Õ“√å µ√«®

 Õ∫º≈¥â«¬ electrophoresis ·≈–∫π polyacrylamide

gel ·≈â«¬âÕ¡¥â«¬ ‘́≈‡«Õ√å‰π‡µ√∑ æ∫«à“  ª√“°Ø

·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥πÈ”Àπ—°‚¡‡≈°ÿ≈‡∑à“°—∫À√◊Õ„°≈â

‡§’¬ß°—∫¢π“¥‚¡‡≈°ÿ≈∑’Ë§“¥§–‡π ‰¥â·°à Primer3,

Primer4, Primer5, Primer7, Primer8, Primer10

·≈– Primer13 ‡¡◊ËÕ∑”°“√«‘‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ

æ∫«à“ Primer10 Õ“®π”¡“„™â‡ªìπ‡§√◊ËÕßÀ¡“¬∑“ß

æ—π∏ÿ°√√¡‰¥â ‡π◊ËÕß®“° “¬æ—π∏ÿåæÕ§§“≈’¡’≈”¥—∫

π‘«§≈’‚Õ‰∑¥å´È” GATC 4 È́” µ“¡∑’Ë§“¥À¡“¬‰«â

 à«π “¬æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 ¡’ GATC ‡æ’¬ß 3 ´È”

·≈–‡¡◊ËÕ«‘‡§√“–Àå„π “¬¬âÕπ°≈—∫ (reverse strand)

æ∫«à“≈”¥—∫ SSR È́” (AGCT) „π “¬æ—π∏ÿåæÕ§§“≈’

¡’‡æ‘Ë¡¢÷Èπ¡“ 1 ´È” ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ “¬æ—π∏ÿå

¢“«¥Õ°¡–≈‘105
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°“√„™â‚ª√·°√¡ BLASTN µ√«® Õ∫

≈”¥—∫π‘«§≈’‚Õ‰∑¥åæ∫«à“ ≈”¥—∫π‘«§≈’‚Õ‰∑¥å∑’Ë‰¥âµ√ß

°—∫¬’π rbbi2-3 trypsin inhibitor ´÷Ëß‡ªìπ¬’π„π°≈ÿà¡

Bowman-Birk inhibitor (BBI) ∑’Ë‡ªìπ√À— ‚ª√µ’π

serine protease inhibiror (Qu et al., 2003) ‡™àπ

‡¥’¬«°—∫¬’π WRSI5 ¢Õß¢â“« “≈’ (Shan et al., 2008)

´÷Ëß„Àâº≈º≈‘µ§◊Õ‚ª√µ’π∑’Ë¡’ Bowman-Birk inhibitor

„π¢â“« “≈’ ‚¥¬æ∫«à“√–¥—∫°“√· ¥ßÕÕ°¢Õß¬’π

WRSI5 ‡æ‘Ë¡¢÷Èπ„π√“° ‡¡◊ËÕ∂Ÿ°æ◊™∂Ÿ°°√–µÿâπ¥â«¬

§«“¡‡§Á¡ §«“¡·Àâß·≈âß À√◊Õ ¿“«– oxidative stress

‚¥¬¡’º≈∑”„Àâ‡´≈≈å∫ÿº‘« (endodermal cell)  ∑’Ëª≈“¬

√“°¡’°“√§—¥‡≈◊Õ° K+ ‡¢â“ Ÿà‡´≈≈å¡“°¢÷Èπ ‡°‘¥°“√

®”°—¥°√–∫«π°“√¢π àß   Na+ ®“°√“°∂÷ßª≈“¬¬Õ¥

∑”„Àâ¡’°“√§«∫§ÿ¡∫√‘‡«≥ Na+ transport „π ¿“«–

‡§√’¬¥‡°≈◊Õ  ¥—ßπ—Èπ °“√∑’Ë¡’´È”¢Õß SSRs „π∫√‘‡«≥π’È

Õ“®¡’∫∑∫“∑„π§«“¡‡§√◊Õ¥‡°≈◊Õ´÷Ëß§“¥«à“®–‡ªìπ

µ”·Àπàß∑’Ë “¡“√∂π”¡“„™âæ—≤π“‡§√◊ËÕßÀ¡“¬∑“ß

æ—π∏ÿ°√√¡∑’Ë‡°’Ë¬«¢âÕß°—∫≈—°…≥–∑π‡§Á¡¢Õß¢â“«

·≈–¬—ß‡ªìπ¢âÕ¡Ÿ≈ ‡æ◊ËÕ®–»÷°…“µàÕ¬Õ¥„π°“√∑¥ Õ∫
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