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∫∑§—¥¬àÕ

‚√§‰À¡â¡’ “‡Àµÿ¡“®“°‡™◊ÈÕ√“ Pyricularia grisea ‡ªìπ‚√§∑’Ë ”§—≠¡“°‚√§Àπ÷Ëß„π¢â“« ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫¢â“«æ—π∏ÿå

µà“ßÊ «à“¡’¬’πµâ“π∑“π‚√§À√◊Õ‰¡à¡’¬’πµâ“π∑“π‚√§ ‡ªìπ¢âÕ¡Ÿ≈∑’Ë ”§—≠„π°“√ª√—∫ª√ÿßæ—π∏ÿå¢â“« ®“°°“√

 ”√«®æ—π∏ÿ°√√¡¢â“«æ◊Èπ‡¡◊Õß¢Õß‰∑¬ 110 µ—«Õ¬à“ß ‚¥¬„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ®”‡æ“–°—∫¬’πµâ“π∑“π‚√§‰À¡â

3 µ”·Àπàß§◊Õ¬’π Pi-ta, Pi-b ·≈– Pi-2t æ∫«à“¢â“«æ◊Èπ‡¡◊Õß¢Õß‰∑¬ à«π„À≠à (79 µ—«Õ¬à“ß) ¡’¬’πµâ“π∑“π‚√§‰À¡â

Õ¬à“ßπâÕ¬Àπ÷Ëßµ”·Àπàß ·≈–¡’¢â“«æ◊Èπ‡¡◊Õß 3 µ—«Õ¬à“ß∑’Ë¡’¬’πµâ“π∑“π‚√§‰À¡â∑—Èß 3 µ”·Àπàß ¢âÕ¡Ÿ≈®“°°“√

∑¥≈Õßπ’È®–‡ªìπª√–‚¬™πå ”À√—∫‚§√ß°“√ª√—∫ª√ÿßæ—π∏ÿå‡æ◊ËÕ°“√æ—≤π“æ—π∏ÿå¢â“«„À¡à„Àâµâ“π∑“πµàÕ‚√§‰À¡â

„πÕπ“§µ

ABSTRACT

Blast disease, caused by Pyricularia grisea, is one of the most serious diseases of rice. Information on rice

with disease resistant genes is important for rice improvement project. In this study, we identified 110 Thai

local rice samples using molecular markers specific to rice blast resistant genes, Pi-ta, Pi-b and Pi-2t. We

found that 79 cultivars have at least one resistant gene and three cultivars have all the three resistant genes.

The outcome of this study will be very useful for breeding program to develop new blast resistant elite rice

cultivars in the future.

§” ”§—≠: ¬’πµâ“π∑“π‚√§‰À¡â ¢â“«æ◊Èπ‡¡◊Õß‰∑¬

Keywords: blast disease resistant genes, Thai local rice
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∫∑π”

‚√§‰À¡â (blast disease) ¡’ “‡Àµÿ¡“®“°‡™◊ÈÕ√“

Pyricularia grisea (Cooke) Sacc. À√◊Õ Magnaporthe

grisea ‡ªìπ‚√§∑’Ë ”§—≠∑’Ë ÿ¥‚√§Àπ÷Ëß„π¢â“« ·≈– √â“ß

§«“¡‡ ’¬À“¬µàÕº≈º≈‘µ‡ªìπÕ¬à“ß¡“°  “¡“√∂

∑”≈“¬µâπ¢â“«‰¥â„π∑ÿ°√–¬–°“√‡®√‘≠‡µ‘∫‚µ µ—Èß·µà

√–¬–°≈â“∂÷ß√–¬–ÕÕ°√«ß °√≥’‡°‘¥‚√§√–∫“¥√ÿπ·√ß

°≈â“¢â“«®–·Àâß·≈–øÿ∫µ“¬ Õ“°“√§≈â“¬∂Ÿ°‰ø‰À¡â

 à«π√–¬–·µ°°Õ æ∫Õ“°“√¢Õß‚√§‰¥â∑’Ë„∫ (leaf blast)

°“∫„∫ ¢âÕµàÕ„∫ ·≈–¢âÕµàÕ≈”µâπ ¢π“¥·º≈∑’Ëæ∫

®–„À≠à°«à“„π√–¬–°≈â“ ·º≈ “¡“√∂¢¬“¬≈ÿ°≈“¡µ‘¥

µàÕ°—π‰¥â®π∂÷ß¢âÕµàÕ„∫ ·≈–¢âÕµàÕ≈”µâπ „∫®–¡’

≈—°…≥–‡ªìπ®ÿ¥™È”  ’πÈ”µ“≈ °≈“ß·º≈‡ªìπ ’‡∑“¥”

„π√–¬–ÕÕ°√«ß æ∫‡™◊ÈÕ‡¢â“∑”≈“¬‰¥â¥’„π√–¬–¢â“«

‡√‘Ë¡„Àâ√«ß ¡’Ωπµ°™ÿ° ‡™◊ÈÕ√“π’È®–‡¢â“∑”≈“¬∑’Ë§Õ√«ß

(neck blast) „π√–¬–‡√‘Ë¡·°à®– —ß‡°µ‰¥â∑’Ë∫√‘‡«≥§Õ

√«ß ®–æ∫‡™◊ÈÕ√“π’È‡¢â“∑”≈“¬‡ªìπ√Õ¬·º≈™È” ’πÈ”µ“≈

‡∑“ ∑”„Àâ§Õ√«ßÀ—°æ—∫ßà“¬ ‡¡≈Á¥≈’∫ √«ß¢â“«®–√à«ß

À≈àπ º≈º≈‘µ≈¥≈ßÕ¬à“ß¡“° (»Ÿπ¬å«‘®—¬¢â“«Õÿ∫≈√“™∏“π’,

2551)

°“√ª√—∫ª√ÿßæ—π∏ÿå¢â“«„Àâµâ“π∑“π‚√§ ‡ªìπ

«‘∏’°“√∑’Ë‡À¡“– ¡„π°“√§«∫§ÿ¡°“√√–∫“¥¢Õß‚√§

‰À¡â ·≈–‡ªìπ·π«∑“ß∑’Ë„Àâº≈§ÿâ¡§à“„π√–¬–¬“«

‚¥¬ “¡“√∂≈¥°“√„™â “√‡§¡’ªÑÕß°—π°”®—¥‚√§ ·≈–

≈¥¡≈¿“«–∑’Ë¡’º≈µàÕ ‘Ëß·«¥≈âÕ¡ (æŸπ»—°¥‘Ï ·≈–§≥–,

2550) „π¢â“«æ◊Èπ‡¡◊Õß¢Õßª√–‡∑»‰∑¬∑’Ë¡’§«“¡

À≈“°À≈“¬¢Õßæ—π∏ÿå§àÕπ¢â“ß Ÿß ·≈–¡’≈—°…≥–∑’Ë¥’

∫“ßª√–°“√ ‡™àπ §«“¡µâ“π∑“πµàÕ‚√§ ·≈–·¡≈ß

»—µ√Ÿæ◊™ ¥—ßπ—Èπ¢â“«æ◊Èπ‡¡◊Õß®÷ß‡ªìπ∞“πæ—π∏ÿ°√√¡∑’Ë¡’

ª√–‚¬™πåÕ¬à“ß¬‘Ëß „π°“√æ—≤π“æ—π∏ÿå¢â“«„Àâ‰¥âæ—π∏ÿå

¥’„πÕπ“§µ ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫¢â“«æ—π∏ÿåµà“ßÊ «à“¡’¬’π

µâ“π∑“π‚√§À√◊Õ‰¡à ®÷ß‡ªìπ¢âÕ¡Ÿ≈∑’Ë ”§—≠µàÕ°“√

ª√—∫ª√ÿßæ—π∏ÿå¢â “« ‚¥¬ªí®®ÿ∫—π‰¥â¡’°“√π”

‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈¡“„™â‡ªìπ‡§√◊ËÕß¡◊Õ ™à«¬„π°“√

§—¥‡≈◊Õ°·≈–µ√«® Õ∫«à“ ¢â“«¡’≈—°…≥–∑’ËµâÕß°“√

À√◊Õ‰¡àÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‚¥¬°“√‡¢â“∂÷ß¬’π∑’Ë

§«∫§ÿ¡≈—°…≥–∑“ß§ÿ≥¿“æ·≈–∑“ßª√‘¡“≥¢Õß¢â“«

‚¥¬µ√ß ‡™àπ ≈—°…≥–§«“¡ÀÕ¡ §«“¡µâ“π∑“π‚√§

§«“¡∑π∑“πµàÕ ¿“æ·«¥≈âÕ¡ (Õ¿‘™“µ ·≈–§≥–,

2544) ‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’ËÕ¬Ÿà„°≈â°—∫¬’πÀ√◊ÕÕ¬Ÿà

¿“¬„π¬’π  “¡“√∂π”¡“„™â§—¥‡≈◊Õ°¢â“«∑’Ë¡’¬’πÀ√◊Õ

≈—°…≥–∑’ËµâÕß°“√‰¥â

¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡µâ“π∑“π‚√§‰À¡â¡’

À≈“¬¬’π ‚¥¬¬’π∑’Ë¡’°“√æ—≤π“‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ

‡æ◊ËÕ„™â„π°“√µ√«® Õ∫‰¥â·°à¬’π Pi-ta ¡’µ”·ÀπàßÕ¬Ÿà

∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡∑’Ë 12 ®“°°“√√–∫ÿ

µ”·Àπàß¢Õß¬’π¥â«¬«‘∏’ map-based cloning ∑”„Àâ

∑√“∫µ”·Àπàß∑’Ë·πàπÕπ¢Õß¬’π ·≈–‰¥â¡’°“√»÷°…“

≈”¥—∫‡∫ ¢Õß¬’ππ’È æ∫«à“‡ªìπ¬’π‡¥’Ë¬« (single gene)

°”Àπ¥°“√ √â“ß putative cytoplasmic protein

¢π“¥°√¥Õ–¡‘‚π 928 ‡√ ‘́¥‘« „π¢â“« indica æ∫«à“

‚ª√µ’π®“°¬’πµâ“π∑“π (Pi-ta) ·µ°µà“ß®“°‚ª√µ’π

®“°¬’π∑’ËÕàÕπ·Õ (pi-ta) ‡æ’¬ß 1 µ”·Àπàß §◊Õ°√¥Õ–¡‘

‚π∑’Ë 918 ‚ª√µ’π„πæ—π∏ÿå∑’Ëµâ“π∑“π‚√§‡ªìπ°√¥Õ–

¡‘‚πÕ–≈“π’π  à«π„πæ—π∏ÿå∑’ËÕàÕπ·Õ‡ªìπ´’√’π ·≈–

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫‚ª√µ’π∑’Ë √â“ß®“°¢â“« japonica ∑’Ë

ÕàÕπ·ÕµàÕ‚√§æ∫«à“ ¡’°√¥Õ–¡‘‚π∑’Ë·µ°µà“ß°—π 5

µ”·Àπàß (Bryan et al., 2000) ®“°§«“¡·µ°µà“ß¢Õß

≈”¥—∫‡∫ ∑’Ëæ∫ ®÷ß¡’°“√æ—≤π“‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ™π‘¥

dominant marker ∑’Ë®”‡æ“–°—∫·Õ≈≈’≈ Pi-ta ·≈–

pi-ta (Jia et al., 2003)

¬’π Pi-b ¡’µ”·ÀπàßÕ¬Ÿà∫π‚§√‚¡‚´¡∑’Ë 2 ‰¥â

¡’°“√»÷°…“≈”¥—∫‡∫ ¢Õß¬’π æ∫«à“¬’ππ’È°”Àπ¥°“√

 √â“ß‚ª√µ’π¢π“¥°√¥Õ–¡‘‚π 1,251 ‡√´‘¥‘« (Wang

et al., 1999) ·≈–¡’°“√æ—≤π“‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ™π‘¥

PCR-based marker ‚¥¬ÕÕ°·∫∫‰æ√‡¡Õ√å„Àâ

®”‡æ“–°—∫≈”¥—∫‡∫ ∫√‘‡«≥ª≈“¬ 3′ ¢Õß¬’π ‡¡◊ËÕπ”

‰ªµ√«® Õ∫®–æ∫·∂∫¥’‡ÕÁπ‡Õ‡©æ“–¢â“«∑’Ë¡’¬’π

µâ“π∑“π‡∑à“π—Èπ (Fjellstrom et al., 2004)

¬’π Pi-2t ¡’µ”·ÀπàßÕ¬Ÿà∫π·¢π¢â“ß —Èπ¢Õß

‚§√‚¡‚´¡∑’Ë 6 Õ¬ŸàÀà“ß®“°‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ‡Õ

™π‘¥‡Õ‡Õø·Õ≈æ’ RG64 ‡ªìπ√–¬–∑“ß 2.8 cM (Yu et
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al., 1991) ®÷ß¡’°“√æ—≤π“‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ™π‘¥

cleaved amplified polymorphisms (CAPs) ‚¥¬π”

≈”¥—∫‡∫ ∫√‘‡«≥‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ RG64 ¡“ÕÕ°

·∫∫‰æ√‡¡Õ√å ‡¡◊ËÕπ”º≈º≈‘µæ’´’Õ“√å∑’Ë‰¥â¡“µ—¥¥â«¬

‡Õπ‰´¡åµ—¥®”‡æ“– HaeIII æ∫«à“„Àâ§«“¡·µ°µà“ß

√–À«à“ßæ—π∏ÿåµâ“π∑“π∑’Ë¡’¬’π Pi-2t °—∫æ—π∏ÿåÕàÕπ·Õ∑’Ë

¡’¬’π Pi-2t (Hittalmani et al., 1995)

«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È ‡æ◊ËÕ»÷°…“«à“¢â“«æ◊Èπ

‡¡◊Õß “¬æ—π∏ÿåµà“ß Ê ¡’¬’πµâ“π∑“π‚√§‰À¡âÀ√◊Õ‰¡à

‚¥¬„™â‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë®”‡æ“–°—∫¬’πµâ“π∑“π

‰¥â·°à¬’π Pi-ta, Pi-b ·≈– Pi-2t ‡æ◊ËÕª√–‚¬™πå·°àπ—°

ª√—∫ª√ÿßæ—π∏ÿå∑’Ë®– “¡“√∂π”¢âÕ¡Ÿ≈‰ª„™â „π°“√

ª√—∫ª√ÿßæ—π∏ÿå¢â“«„Àâµâ“π∑“πµàÕ‚√§‰À¡âµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

µ—«Õ¬à“ß¢â“«·≈–°“√ °—¥¥’‡ÕÁπ‡Õ

√«∫√«¡æ—π∏ÿå¢â“«æ◊Èπ‡¡◊Õß√«¡ 110 µ—«Õ¬à“ß

(µ“√“ß∑’Ë 1) ®“°∑—Ë«ª√–‡∑» π”„∫ÕàÕπ¢Õß¢â“«¡“

 °—¥¥’‡ÕÁπ‡Õ¥â«¬«‘∏’ CTAB (Webb and Knapp, 1990)

µ√«® Õ∫§«“¡‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â¥â«¬«‘∏’

agarose gel electrophoresis ¿“¬À≈—ß°“√¬âÕ¡¥â«¬

‡Õ∏‘‡¥’¬¡‚∫√‰¡¥å ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥¢Õß¥’‡ÕÁπ‡Õ∑’Ë

 °—¥‰¥â°—∫¥’‡ÕÁπ‡Õ¡“µ√∞“π ·≈â«‡®◊Õ®“ß„Àâ¡’§«“¡

‡¢â¡¢âπª√–¡“≥ 20 π“‚π°√—¡µàÕ‰¡‚§√≈‘µ√ ‡æ◊ËÕ

π”‰ª„™â„πªØ‘°‘√‘¬“æ’´’Õ“√å

°“√µ√«® Õ∫æ—π∏ÿ°√√¡¢â“«‚¥¬„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ

‡Õ®”‡æ“–°—∫¬’πµâ“π∑“π‚√§‰À¡â

∑”ªØ‘°‘√‘¬“æ’´’Õ“√åµàÕ¬’π Pi-2t, Pi-ta ·≈– Pi-

b ‚¥¬¡’ à«πª√–°Õ∫¢Õß “√¥—ßπ’È ¥’‡ÕÁπ‡Õ 20 π“‚π

°√—¡, 10 mM Tris-HCl pH 8.8, 50mM KCl, 0.08%

Nonidet P40, 0.2 µM ‰æ√‡¡Õ√å, 2.0 µM MgCl2, 0.1

mM dNTP ·≈– Taq DNA polymerase 1 ¬Ÿπ‘µ

(Fermentas, Canada) ‚¥¬‰æ√‡¡Õ√å®–®”‡æ“–°—∫¬’π

µâ“π∑“π‚√§‰À¡â (µ“√“ß∑’Ë 2) „™âÕÿ≥À¿Ÿ¡‘„π°“√∑”

ªØ‘°‘√‘¬“æ’´’Õ“√å¥—ßπ’È Õÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡ ’́¬  π“π

3 π“∑’ 1 √Õ∫; Õÿ≥À¿Ÿ¡‘ 94 Õß»“‡´≈‡ ’́¬  π“π 30

«‘π“∑’, Õÿ≥À¿Ÿ¡‘ annealing (55-62 Õß»“‡´≈‡´’¬ )

π“π 30 «‘π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡´’¬  π“π

1.30 π“∑’ 35 √Õ∫ ·≈–Õÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡´’¬ 

π“π 5 π“∑’ 1 √Õ∫ ‡°Á∫º≈º≈‘µæ’´’Õ“√å‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4

Õß»“‡´≈‡´’¬  µ√«® Õ∫º≈º≈‘µæ’´’Õ“√å‚¥¬π”¡“

·¬°¥â«¬ 1% agarose gel electrophoresis „π 1X TBE

buffer §«“¡µà“ß»—°¬å‰øøÑ“ 110 ‚«≈µå ‡ªìπ‡«≈“ª√–¡“≥

40 π“∑’ ¬âÕ¡‡®≈¥â«¬‡Õ∏‘‡¥’¬¡‚∫√‰¡¥å§«“¡‡¢â¡¢âπ

0.5 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ π“π 15 π“∑’ ≈â“ß¥â«¬

πÈ” –Õ“¥π“π 5 π“∑’ µ√«® Õ∫º≈¿“¬„µâ· ß UV

®“°π—Èππ”º≈º≈‘µæ’´’Õ“√å∑’Ë‰¥â¡“µ—¥¥â«¬‡Õπ‰´¡åµ—¥

®”‡æ“– HaeIII ´÷Ëß„πªØ‘°‘√‘¬“°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥

®”‡æ“– (15 ‰¡‚§√≈‘µ√) ¡’ à«πª√–°Õ∫¥—ßπ’È º≈

º≈‘µæ’´’Õ“√å 5 ‰¡‚§√≈‘µ√ ultra pure water 7.9

‰¡‚§√≈‘µ√ 10X buffer (+1X BSA) 1.5 ‰¡‚§√≈‘µ√

HaeIII (10 ¬Ÿπ‘µ/‰¡‚§√≈‘µ√) 0.6 ‰¡‚§√≈‘µ√ ®“°π—Èπ

∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 65 Õß»“‡´≈‡ ’́¬  π“π 2 ™—Ë«‚¡ß

·≈â«µ√«® Õ∫¥â«¬ agarose gel electrophoresis

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

‡§√◊ËÕßÀ¡“¬®”‡æ“–°—∫¬’π Pi-ta ‡ªìπ‡§√◊ËÕßÀ¡“¬

¥’‡ÕÁπ‡Õ™π‘¥ dominant marker ®”‡æ“–°—∫·Õ≈≈’≈∑’Ë

„Àâ≈—°…≥–µâ“π∑“πµàÕ‚√§‰À¡â ¡’µ”·ÀπàßÕ¬Ÿà∫π

‚§√‚¡‚´¡∑’Ë 12 ‚¥¬µ—«Õ¬à“ß∑’Ë¡’¬’πµâ“π∑“π®–

ª√“°Ø™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ª√–¡“≥ 1.1 °‘‚≈‡∫  (¿“æ∑’Ë

1 °) (Jia et al., 2003) ‡§√◊ËÕßÀ¡“¬®”‡æ“–°—∫¬’π Pi-

b ‡ªìπ‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ™π‘¥ dominant marker ÷́Ëß

®”‡æ“–°—∫·Õ≈≈’≈∑’Ë„Àâ≈—°…≥–µâ“π∑“πµàÕ‚√§‰À¡â

¡’µ”·ÀπàßÕ¬Ÿà∫π‚§√‚¡‚´¡∑’Ë 2 ‚¥¬µ—«Õ¬à“ß∑’Ë¡’¬’π

µâ“π∑“π®–ª√“°Ø™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ª√–¡“≥ 360 §Ÿà

‡∫  ‚¥¬Õ“®æ∫ non specific band ¢π“¥ª√–¡“≥

600 ·≈– 700 §Ÿà‡∫  (¿“æ∑’Ë 1 ¢) (Fjellstrom et al.,

2004) ‡§√◊ËÕßÀ¡“¬®”‡æ“–°—∫¬’π Pi-2t ∑’Ë¡’µ”·ÀπàßÕ¬Ÿà

∫π‚§√‚¡‚´¡∑’Ë 6 æ∫«à“¡’®”π«π√Ÿª·∫∫¢Õß™‘Èπ¥’

‡ÕÁπ‡ÕÀ≈—ß°“√µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– HaeIII ∑—ÈßÀ¡¥
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µ“√“ß∑’Ë 1 µ—«Õ¬à“ßæ—π∏ÿå¢â“«æ◊Èπ‡¡◊Õß‰∑¬∑’Ë„™â„π°“√»÷°…“ („π«ß‡≈Á∫√–∫ÿÀ¡“¬‡≈¢æ—π∏ÿå¢â“«∑’Ë‡°Á∫√«∫√«¡‰«â∑’Ë

Àπà«¬§âπÀ“·≈–„™âª√–‚¬™πå¬’π¢â“« Õ. °”·æß· π ®. π§√ª∞¡)

À¡“¬‡≈¢ ™◊ËÕæ—π∏ÿå¢â“« À¡“¬‡≈¢ ™◊ËÕæ—π∏ÿå¢â“« À¡“¬‡≈¢ ™◊ËÕæ—π∏ÿå¢â“«

1 ¢â“«·¥ß (A001) 38 ¢â“«°Ë” (C028) 75 ¢â“«ÀπÕππâÕ¬ (D026)

2 ¢â“«‡À≈◊Õß∫ÿ≠¡“ (D064) 39 ¢â“«Àâ“« (C029) 76 ¢â“«ªï° (D027)

3 ¢â“«¥Õ (D065) 40 ¢â“«‡Àπ’¬«¥” (C031) 77 ¢â“«À¬«° (D028)

4 ¢â“«¢“«Õâ“¬‡™‘¥ (A022) 41 ¢â“«°Ë”À√◊Õ¢â“«‡Àπ’¬« (C032-1) 78 ¢â“«ÀÕ¡À¡“µ◊Ëπ (D029)

5 ¢â“«ÀÕ¡≈Ÿ°√—ß (A023) 42 ¢â“«Õ’ÀπÕπ·¥ß (C033) 79 ¢â“« “√∂—Ë« (D030)

6 ¢â“«µË” (A026) 43 ¢â“«¥”À√◊Õ¢â“«°Ë” (C034) 80 ¢â“«·∂∫·¥ß (D031)

7 ¢â“«ÀÕ¡æ◊Èπ‡¡◊Õß (A027) 44 ¢â“«Õ“∫“¬ (C035) 81 ¢â“«ª≈“ ‘́«¥Õ°§Ÿà (D033)

8 ¢â“«¥Õ°æ¬Õ¡ (A030) 45 ¢â“«¡—πªŸ (C037) 82 ¢â“«ª≈“ ‘́«¥Õ°§Ÿà (D034)

9 ¢â“«‡®â“ (A035) 46 ¢â“«®‘Í∫À√◊Õ¢â“«·¥ß (C038) 83 ¢â“«°Õ‡¥’¬« (D035)

10 ¢â“«æ◊Èπ‡¡◊Õß (A036) 47 ¢â“«‡Àπ’¬«¥” (C040) 84 ¢â“«ÀπÕπ¥Õ (D036)

11 ¢â“«‡¡Á¥ªÿÑ¡≈“¬ (A037) 48 ¢â“«‡Àπ’¬«·¥ßπÈ”À¡“° (C041) 85 ¢â“«ª≈“ ‘́« (D037)

12 ¢â“«§“¬‡À√’¬ß (A038) 49 ¢â“«°Ë” (C042) 86 ¢â“«¥ÕÀ√◊Õ¢â“«·¡àŒâ“ß (D038)

13 ¢â“«§“¬‡À√’¬ß (A039) 50 ¢â“«¢“«„À≠à (D001) 87 ¢â“«ÀÕ¡∑ÿàß (D039)

14 ¢â“«§“¬‡À√’¬ß (A040) 51 ¢â“«¢’Èµ¡„À≠à (D002) 88 ¢â“«¥ÕÕÿ∫≈ (D040)

15 ¢â“«®â“«·¥ß (A041) 52 ¢â“«‡≈â“·µ° (D003) 89 ¢â“«¥Õª≈“ ‘́« (D041)

16 ¢â“«‡®â“·¥ß (A042) 53 ¢â“«·¡àº÷Èß (D004) 90 ¢â“«Õ’π“ßµÿâπ (D042)

17 ¢â“«π° (A043) 54 ¢â“«ÀÕ¡¿Ÿæ“π (D005) 91 ¢â“«¢“«¥Õ (D043)

18 ¢â“«‡À≈◊Õß∑Õß ‡≈â“·µ° (D066) 55 ¢â“«Õ’‡°≈’È¬ß (D006) 92 ¢â“«∫—È°¢“¡¥Õ (D044)

19 ¢â“«‡ß“–√–∑‘π (A045) 56 ¢â“« ‘́«·¡à®—π (D007) 93 ¢â“«¥Õπ“ß∫ÿ≠¡“ (D045)

20 ¢â“«‡ß“–∫Ÿ¡◊Õ –‡ßÕ¬ (A046) 57 ¢â“«¢“«ª≈“ ‘́« (D008) 94 ¢â“«¥Õπ“ß∫ÿ≠¡“ (D047)

21 ¢â“«‡ß“–‡æ◊Õπ (A047) 58 ¢â“«·°ãπ≈âÕÀ—° (D009) 95 ¢â“«‡À≈◊Õß∫ÿ≠¡“ (D048)

22 ¢â“«¢“«„À≠à (A048) 59 ¢â“«°Ë”πÈ”ªŸπ (D010) 96 ¢â“«¥Õπ“ß«’ (D049)

23 ¢â“«§“¬‡À√’¬ß (A052) 60 ¢â“«æ√–¬“≈◊¡·°ß (D011) 97 ¢â“«Õ’‡ªì¥πâÕ¬ (D050)

24 ¢â“«®–°Õ≈Õ (A053) 61 ¢â“«‡¢’¬« (D012) 98 ¢â“«ÀÕ¡µ¡ (D051)

25 ¢â“«Õ’‚µâ (A057) 62 ¢â“«Õ’‚æâ (D013) 99 ¢â“«ªÑÕß·Õâ« (D052)

26 ¢â“«§“¬‡À√’¬ß (A058) 63 ¢â“« ¡ ¡—¬ (D014) 100 ¢â“«‡Àπ’¬«ª≈“ ‘́« (D053)

27 ¢â“«°Ë” (C001) 64 ¢â“«¢’Èµ¡‡À≈◊Õß (D015) 101 ¢â“«‡Àπ’¬«ªÑÕß·Õâ« (D054)

28 ¢â“«‡∫“À—«∫Õπ (C004) 65 ¢â“«µ—∫À¡“¬ (D016) 102 ¢â“«Õ’‡°‘¥ (D055)

29 ¢â“«¡–≈‘·¥ß (C015) 66 ¢â“«µ–À¡“¬ (D017) 103 ¢â“«¡—π‡ªì¥ (D056)

30 ¢â“«°Ë” (C017) 67 ¢â“«°Õ‡¥’¬« (D018) 104 ¢â“«Õ’µ¡ (D057)

31 ¢â“«°Ë”‡≈“ Ÿà (C021) 68 ¢â“«ß—π¢“« (D019) 105 ¢â“«‡Àπ’¬«·æ√à‰√à (D058)

32 ¢â“«‡Àπ’¬«·¥ß (C022) 69 ¢â“«¡â“¡ÿ¡ (D020) 106 ¢â“«¥Õ‡À¡¬ (D059)

33 ¢â“«æ◊Èπ‡¡◊Õß (C023) 70 ¢â“« “√∂—Ë« (D021) 107 ¢â“«‡≈Á∫™â“ß (D060)

34 ¢â“«æ◊Èπ‡¡◊Õß (C024) 71 ¢â“«¥Õ°°“¬ (D022) 108 ¢â“«ª≈’° (D061)

35 ¢â“«æ◊Èπ‡¡◊Õß (C025) 72 ¢â“«¥Õ°µÕß (D023) 109 ¢â“«ªÑÕß·Õâ« (D062)

36 ¢â“«°Ë” (C026) 73 ¢â“«¡–‡§“– (D024) 110 ¢â“«‡À≈◊Õß∫ÿ≠¡“ (D063)

37 ¢â“«·¥ß (C027) 74 ¢â“«ÀπÕπ„À≠à (D025)

4 √Ÿª·∫∫ (¿“æ∑’Ë 1 §) ‚¥¬æ∫«à“√Ÿª·∫∫∑’Ë 1 ¡’

¢π“¥¢Õß™‘Èπ¥’‡ÕÁπ‡Õª√–¡“≥ 300 ·≈– 750 §Ÿà‡∫ 

‡ªìπ™‘Èπ¥’‡ÕÁπ‡Õ®”‡æ“–°—∫·Õ≈≈’≈ Pi-2t „Àâ≈—°…≥–

µâ“π∑“π‚√§‰À¡â„π¢â“«  à«π·Õ≈≈’≈√Ÿª·∫∫ 2 ¡’

¢π“¥™‘Èπ¥’‡ÕÁπ‡Õª√–¡“≥ 300 ·≈– 650 §Ÿà‡∫  ‡ªìπ

√Ÿª·∫∫∑’Ëæ∫„πæ—π∏ÿå¢â“«∑’ËÕàÕπ·ÕµàÕ‚√§∑’Ëæ∫„π¢â“«
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µ“√“ß∑’Ë 2 ‰æ√‡¡Õ√å®”‡æ“–°—∫¬’πµâ“π∑“π‚√§‰À¡â 3 µ”·Àπàß ∑’Ë„™â„π°“√»÷°…“

Locus Chromosome Forward primer Reverse primer Annealing Distance from

(5′-3′) (5′-3′) temp. (°C) gene (cM)

Pi-ta1 12 agcaggttataagctaggcc ctaccaacaagttcatcaaa 55 0.0

Pi-2t2 6 gttgtttgagctctccaatgcctgttc ctgcagtgcaatgtacggccagg 60 2.8

Pi-b3 2 gaacaatgcccaaacttgaga gggtccacatgtcagtgagc 62 0.0
1‰æ√‡¡Õ√å®“° Jia et al. (2003), 2‰æ√‡¡Õ√å®“° Hittalmani et al. (1995), 3‰æ√‡¡Õ√å®“° Fjellstrom et al. (2004)

indica ·Õ≈≈’≈√Ÿª·∫∫∑’Ë 3 æ∫„π¢â“« japonica ·≈–

√Ÿª·∫∫∑’Ë 4 ª√“°Ø™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ª√–¡“≥ 270

·≈– 750 §Ÿà‡∫  ÷́Ëß‰¡àæ∫„π√“¬ß“π¡“°àÕπ µ—«Õ¬à“ß

¢â“«∑’Ëª√“°Ø·Õ≈≈’≈ Pi-ta, Pi-2t ·≈– Pi-b ∑’Ë„Àâ

≈—°…≥–µâ“π∑“πµàÕ‚√§‰À¡â · ¥ß‰«â„πµ“√“ß∑’Ë 3

‡π◊ËÕß®“°‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ®”‡æ“–°—∫¬’π Pi-2t Õ¬Ÿà

Àà“ß®“°¬’π‡ªìπ√–¬–∑“ß 2.8 cM ¥—ßπ—ÈπÕ“®¡’§«“¡

º‘ ¥æ≈“¥„π°“√µ√«® Õ∫ ‡π◊Ë Õ ß® “°°“√ ‡°‘ ¥

recombination √–À«à“ß‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ·≈–¬’π∑’Ë

µâÕß°“√µ√«® Õ∫‰¥â ‚¥¬¡’‚Õ°“ ∑’Ë®–‡°‘¥§«“¡º‘¥

æ≈“¥ 2.8% (Hittalmani et al., 1995) °√≥’µâÕß°“√¬◊π

¬—πº≈°“√µ√«® Õ∫¥â«¬‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ«à“¢â“«¡’

¬’πµâ“π∑“π Pi-2t ®√‘ß πà“®–µâÕßµ√«® Õ∫‚¥¬ª≈Ÿ°

‡™◊ÈÕ≈ß∫πµâπ¢â“« ·≈â«µ√«®¥Ÿ°“√‡°‘¥‚√§‡ª√’¬∫‡∑’¬∫

°—∫ “¬æ—π∏ÿå∑’Ë¬’πµâ“π∑“π Pi-2t ª√–°Õ∫°—∫‰¥â¡’

√“¬ß“π°“√»÷°…“≈”¥—∫‡∫ ¢Õß¬’π Pi-2t „πæ—π∏ÿå¢â“«

∑’Ë¡’·Õ≈≈’≈µâ“π∑“π·≈–ÕàÕπ·ÕµàÕ‚√§ (Zhou et al.,

2006) ®÷ßπà“®–¡’»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡

·µ°µà“ß¢Õß≈”¥—∫‡∫ ¢Õß¬’π∫√‘‡«≥µà“ßÊ °—∫§«“¡

µâ“π∑“π‚√§ ‡æ◊ËÕπ”¡“æ—≤π“‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ∑’Ë

®”‡æ“–°—∫¬’π Pi-2t ‚¥¬µ√ß

¬’π Pi-ta ¡’√“¬ß“π«à“æ∫„π¢â“«æ—π∏ÿå Tadukan

®“°ª√–‡∑»øî≈‘ªªîπ å ‡ªìπ¬’πµâ“π∑“π À√◊Õ¬’π R

µâ“π∑“πµàÕ°“√∫ÿ°√ÿ°¢Õß‡™◊ÈÕ√“°àÕ‚√§‰À¡â ¬’π∑’Ë„Àâ

≈—°…≥–µâ“π∑“π‡ªìπ¬’π‡¥àπ (dominant gene) ¡’

µ”·ÀπàßÕ¬Ÿà∫√‘‡«≥„°≈â‡´π‚∑√‡¡’¬√å¢Õß‚§√‚¡‚´¡∑’Ë

12 ∫√‘‡«≥π’È¡’°≈ÿà¡¬’π R ‚¥¬æ∫«à“¡’¬’π∑’Ëµâ“π∑“π

‚√§‰À¡â Pi-ta Õ¬Ÿà∫√‘‡«≥π’È¥â«¬ ÷́ËßÕ“®‡ªìπ “‡Àµÿ

Àπ÷Ëß∑’Ë∑”„Àâ¢â“«∑’Ëæ∫«à“¡’¬’π Pi-ta · ¥ß≈—°…≥–

§«“¡µâ“π∑“π·∫∫°«â“ß (broad spectrum resistance)

(Rybka et al., 1997) ¬’π Pi-b ‡ªìπ¬’π∑’Ë„Àâ≈—°…≥–

§«“¡µâ“π∑“π‡™◊ÈÕ°àÕ‚√§‰À¡â∑’Ë¡’√“¬ß“π§√—Èß·√°„π

¿“æ∑’Ë 1 º≈°“√µ√«® Õ∫¥’‡ÕÁπ‡Õ¢Õß¢â“« ‚¥¬„™â‡§√◊ËÕßÀ¡“¬®”‡æ“–°—∫¬’π 3 µ”·Àπàß §◊Õ ¬’π Pi-ta (°),

Pi-b (¢) ·≈– Pi-2t (§) (M = molecular DNA ladder)
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µ“√“ß∑’Ë 3 ·Õ≈≈’≈µâ“π∑“π‚√§‰À¡â Pi-ta, Pi-2t ·≈– Pi-b ∑’Ëæ∫„πµ—«Õ¬à“ß¢â“«æ◊Èπ‡¡◊Õß‰∑¬ 110 µ—«Õ¬à“ß (X

= æ∫«à“¡’·Õ≈≈’≈µâ“π∑“π ·≈– * =  ¿“æ‡Œ‡∑Õ‚√‰´‚°µ)

µ—«Õ¬à“ß∑’Ë Pi-ta Pi-2t Pi-b µ—«Õ¬à“ß Pi-ta Pi-2t Pi-b µ—«Õ¬à“ß∑’Ë Pi-ta Pi-2t Pi-b
1 x x 38 x 75
2 x x 39 x 76
3 x x 40 x 77
4 41 x 78
5 x 42 79
6 x 43 x 80
7 x 44 81 x
8 45 82 x
9 46 x 83 x
10 x 47 x 84 x
11 48 x 85 x x
12 x x 49 x 86 x x
13 50 x x x 87 x
14 51 x x 88 x x
15 x x 52 x 89 x x
16 x 53 90 x x
17 x x* 54 x 91 x x
18 x 55 x 92 x
19 x 56 93 x x
20 x 57 x 95 x x
21 x x 58 96 x x
22 x 59 x 97 x x
23 60 x 98 x
24 61 99 x x
25 x 62 100 x x
26 63 x 101 x x
27 x x 64 x 102 x x
28 65 x x 103 x
29 x x 66 x x x 104 x
30 x x 67 x 105 x x x
31 x 68 106 x x
32 69 x 107 x
33 x 70 x 108
34 x 71 109 x
35 x 72 110 x
36 x x 73
37 x 74
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ª√–‡∑»≠’ËªÿÉπ (Shinoda et al., 1971) ®“°°“√µ√«®

 Õ∫¥â«¬‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õæ∫«à“ ¢â“«æ◊Èπ‡¡◊Õß¢Õß

‰∑¬¡’¬’πµâ“π∑“π Pi-ta ·≈– Pi-b ‡™àπ‡¥’¬«°—π°—∫∑’Ë

æ∫„π¢â“«µà“ßª√–‡∑»  ”À√—∫¬’π Pi-2t ‡ªìπ¬’πµâ“π∑“π

µàÕ‚√§‰À¡âÕ’°¬’πÀπ÷Ëß ∑’Ë„Àâ≈—°…≥–§«“¡µâ“π∑“π

·∫∫°«â“ß  “¡“√∂µâ“π∑“π‡™◊ÈÕ°àÕ‚√§‰À¡â∑’Ëæ∫„π

ª√–‡∑»øî≈‘ªªîπ å‰¥â∂÷ß 415  “¬æ—π∏ÿå (Chen et al.,

1996) æ∫„π¢â“« indica æ—π∏ÿå 5173 ¢â“«æ◊Èπ‡¡◊Õß¢Õß

‰∑¬ à«π„À≠à (79 µ—«Õ¬à“ß) ¡’¬’πµâ“π∑“π‚√§‰À¡â

Õ¬à“ßπâÕ¬Àπ÷Ëßµ”·Àπàß µ—«Õ¬à“ß¢â“«∑’Ë‰¡àæ∫·Õ≈≈’≈

µâ“π∑“π¡’∑—ÈßÀ¡¥ 31 µ—«Õ¬à“ß ·≈–¡’¢â“« 3 µ—«Õ¬à“ß

∑’Ë¡’¬’πµâ“π∑“π‚√§‰À¡â∑—Èß 3 µ”·Àπàß §◊Õ ¢â“«¢“«

„À≠à (µ—«Õ¬à“ß∑’Ë 50, D001) ¢â“«µ–À¡“¬ (µ—«Õ¬à“ß∑’Ë

66, D017) ·≈–¢â“«‡Àπ’¬«·æ√à‰√à (µ—«Õ¬à“ß∑’Ë 105,

D058) ¢â“«æ◊Èπ‡¡◊Õß‡À≈à“π’È “¡“√∂π”‰ª„™â‡ªìπæàÕ

·¡àæ—π∏ÿå„π°“√ª√—∫ª√ÿßæ—π∏ÿå¢â“«„Àâµâ“π∑“πµàÕ‚√§

‰À¡â‰¥â

 √ÿªº≈°“√∑¥≈Õß

®“°°“√ ”√«®æ—π∏ÿ°√√¡¢â“«æ◊Èπ‡¡◊Õß‰∑¬ 110

µ—«Õ¬à“ß ‚¥¬„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ®”‡æ“–°—∫¬’π

µâ“π∑“π‚√§‰À¡â 3 µ”·Àπàß§◊Õ¬’π Pi-ta, Pi-b ·≈–

Pi-2t æ∫«à“¢â“«æ◊Èπ‡¡◊Õß¢Õß‰∑¬ à«π„À≠à®”π«π 79

µ—«Õ¬à“ß ¡’¬’πµâ“π∑“πµàÕ‚√§‰À¡âÕ¬à“ßπâÕ¬Àπ÷Ëß

µ”·Àπàß ·≈–¡’¢â“«æ◊Èπ‡¡◊Õß 3 µ—«Õ¬à“ß‰¥â·°à ¢â“«

¢“«„À≠à (D001) ¢â“«µ–À¡“¬ (D016) ·≈–¢â“«

‡Àπ’¬«·æ√à‰√à (D058) ¡’¬’πµâ“π∑“π‚√§‰À¡â∑—Èß 3

µ”·Àπàß °“√µ√«® Õ∫æ—π∏ÿ°√√¡¢Õß¢â“«æ◊Èπ‡¡◊Õß

«à“¡’¬’π∑’Ë§«∫§ÿ¡≈—°…≥–∑’Ë‡ªìπª√–‚¬™πå¥—ß°≈à“«

À√◊Õ‰¡à®–‡ªìπ¢âÕ¡Ÿ≈∑’Ë ”§—≠µàÕ°“√ª√—∫ª√ÿßæ—π∏ÿå¢â“«

„πÕπ“§µµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ¥√. ªí∑¡“ »‘√‘∏—≠≠“ ·≈– ¥√. ∏’√

¬ÿ∑∏ µŸâ®‘π¥“  ”À√—∫°“√Õπÿ‡§√“–Àåµ—«Õ¬à“ßæ—π∏ÿå¢â“«

∑’Ë„™â»÷°…“ ß“π«‘®—¬π’È ‡ªìπ à«πÀπ÷Ëß¢Õßß“π«‘®—¬∑’Ë‰¥â

√—∫∑ÿπ π—∫ πÿπ®“°»Ÿπ¬åæ—π∏ÿ «‘ »«°√√¡·≈–
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