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Primer set test for race identification of
Fusarium oxysporum f.sp. lycopersici

¡π— «’  ÿ√‘¬«π“°ÿ≈ (Manatsawee Suriyawanakul)1*

«’√–»—°¥‘Ï »—°¥‘Ï»‘√‘√—µπå (Weerasak Saksirirat)2

∫∑§—¥¬àÕ

°“√π”™ÿ¥‰æ√‡¡Õ√å (uni, sp13, sp23 ·≈– sprl) ∑’Ë¡’√“¬ß“π«à“ “¡“√∂·¬° race ¢Õß‡™◊ÈÕ√“ Fusarium

oxysporum f .sp . lycopers ic i (Fol) ‰¥â¡“∑¥ Õ∫°“√‡æ‘Ë¡ª√‘¡“≥ DNA ¢Õß‡™◊ÈÕ√“ Fol

∑’Ë·¬°‰¥â„πª√–‡∑»‰∑¬®”π«π 11 ‰Õ‚´‡≈µ (KK1, KK2, KK3, KK4, KK5, KK6, KS, CM1, CM2, CM3 ·≈–

PP1) ·≈–‰Õ‚´‡≈µ¡“µ√∞“π∑’Ë∑√“∫ race ·≈â«®”π«π 4 ‰Õ‚´‡≈µ (Fol 1, Fol 2, Fol 3N ·≈– Fol 3A) ¥â«¬

‡∑§π‘§ PCR æ∫«à“‰æ√‡¡Õ√å  uni  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA ¢Õß‡™◊ÈÕ√“ Fol ‰¥â∑ÿ° race

·≈–∑ÿ°‰Õ‚´‡≈µ‚¥¬¡’¢π“¥¢Õß DNA ª√–¡“≥ 670-672 bp  ”À√—∫‰æ√‡¡Õ√å sp13  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA

¢Õß‡™◊ÈÕ√“ Fol ‰¥â∑ÿ° race ‡™àπ‡¥’¬«°—π ·µà≈– race ¡’¢π“¥¢Õß DNA ª√–¡“≥ 445 bp

·≈–‰æ√‡¡Õ√å sp23  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA ‰¥â‡©æ“– race 3 (‰Õ‚´‡≈µ Fol 3A) ‡∑à“π—Èπ DNA ∑’Ë‰¥â¡’¢π“¥

ª√–¡“≥ 518 bp  à«π‰æ√‡¡Õ√å sprl π—Èπ „™â ”À√—∫∑¥ Õ∫‡™◊ÈÕ√“ F. oxysporum f.sp.

radicis-lycopersici (Forl) ¥—ßπ—Èπ‡¡◊ËÕπ”¡“∑¥ Õ∫°—∫‡™◊ÈÕ√“ Fol ´÷Ëß‰¡à “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA

¢Õß‡™◊ÈÕ√“ Fol ‰¥â º≈°“√∑¥≈Õß§√—Èßπ’Èæ∫«à“™ÿ¥‰æ√‡¡Õ√å uni, sp13, sp23 ·≈– sprl ‰¡à “¡“√∂

·¬°§«“¡·µ°µà“ß√–À«à“ß race ¢Õß‡™◊ÈÕ√“ Fol ∑’Ë·¬°‰¥â®“°ª√–‡∑»‰∑¬‰¥â ¥—ßπ—Èπ®÷ßµâÕß¡’°“√»÷°…“

«‘∏’°“√·≈–æ—≤π“‡∑§π‘§™’«‚¡‡≈°ÿ≈ ”À√—∫·¬° race ¢Õß‡™◊ÈÕ√“ Fol Õ—π®–‡ªìπª√–‚¬™πå„π°“√µ√«®√—∫√Õß°“√

ª≈Õ¥‚√§„π°√–∫«π°“√ÕÕ°„∫ª≈Õ¥‚√§æ◊™µàÕ‰ª

Abstract

The primer set composed of uni, sp13, sp23 and sprl, which has been reported

to classify the race of Fusarium oxysporum f.sp. lycopersici (Fol) was evaluated using the PCR technique on

eleven Fol isolates collected in Thailand; KK1, KK2, KK3, KK4, KK5, KK6, KS, CM1, CM2, CM3 and PP1

and standard races; Fol 1, Fol 2, Fol 3N and Fol 3A. The results reveal that the primer uni gave rise to a PCR

1π—°»÷°…“ª√‘≠≠“‡Õ° ¿“§«‘™“æ◊™»“ µ√å·≈–∑√—æ¬“°√°“√‡°…µ√ §≥–‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
2√Õß»“ µ√“®“√¬å ¿“§«‘™“æ◊™»“ µ√å·≈–∑√—æ¬“°√°“√‡°…µ√ §≥–‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
*corresponding author, e-mail: ao_crop@hotmail.com
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“
Fusarium oxysporum f.sp.lycopersici

∫∑π”

¡–‡¢◊Õ‡∑» (Lycopersicon esculentum Mill.)

‡ªìπæ◊™∑’Ëπ‘¬¡ª≈Ÿ°·≈–∫√‘‚¿§°—πÕ¬à“ß·æ√àÀ≈“¬

∑—Ë«‚≈° ‡π◊ËÕß®“°¡–‡¢◊Õ‡∑»¡’§ÿ≥§à“∑“ß‚¿™π“°“√ Ÿß

‡ªìπ·À≈àß«‘µ“¡‘π ·≈–·√à∏“µÿ∑’Ë®”‡ªìπ ”À√—∫¡πÿ…¬å

πÕ°®“°π’È¡–‡¢◊Õ‡∑»¬—ß‡ªìπæ◊™‡»√…∞°‘®∑’Ë ”§—≠¢Õß

ª√–‡∑»‰∑¬¥â«¬ ‡π◊ËÕß®“°¡’‡°…µ√°√ºŸâº≈‘µ‡¡≈Á¥

æ—π∏ÿå¡“°∂÷ßª√–¡“≥ 37,500 §√Õ∫§√—« √«¡∑—Èß¡’

∫√‘…—∑‡¡≈Á¥æ—π∏ÿå∑’Ë¥”‡π‘π°‘®°“√ª√–¡“≥ 70 ∫√‘…—∑

´÷Ëßª√‘¡“≥°“√„™â‡¡≈Á¥æ—π∏ÿå¿“¬„πª√–‡∑»§“¥«à“®–¡’

¡Ÿ≈§à“¡“°°«à“ 20,000 ≈â“π∫“∑/ª’ ·≈–„πªï 2548

¡’°“√ àßÕÕ°‡¡≈Á¥æ—π∏ÿå‡ªìπ¡Ÿ≈§à“ 1,153.4 ≈â“π∫“∑

(«—™√‘π, 2548) ª√–‡∑»‰∑¬‚¥¬‡©æ“–¿“§µ–«—πÕÕ°

‡©’¬ß‡Àπ◊Õ¡’ ¿“æ¿Ÿ¡‘Õ“°“»∑’Ë‡À¡“– ¡·°à°“√º≈‘µ

‡¡≈Á¥æ—π∏ÿå¡–‡¢◊Õ‡∑» ¡’æ◊Èπ∑’Ëª≈Ÿ°¡–‡¢◊Õ‡∑»¡“°„π

‡¢µ®—ßÀ«—¥ÀπÕß§“¬  °≈π§√ π§√æπ¡ °“Ã ‘π∏ÿå

·≈–¢Õπ·°àπ ‚¥¬‡ªìπ·À≈àßº≈‘µ¡–‡¢◊Õ‡∑»º≈ ¥

 ”À√—∫∫√‘‚¿§  àß‚√ßß“πÕÿµ “À°√√¡ ·≈–‡ªìπ

·À≈à ßº≈‘µ ‡¡≈Á¥æ—π∏ÿå ¡“°∑’Ë ÿ¥„πª√–‡∑»‰∑¬

(‡°’¬√µ‘‡°…µ√, 2541) ∑—Èßπ’Èæ∫«à“‡°…µ√°√¡’∑—Èß

ª√– ∫°“√≥å·≈–§«“¡™”π“≠„π°“√º≈‘µ √«¡∑—Èß¡’

‚§√ß √â“ßæ◊Èπ∞“π∑’Ë‡À¡“– ¡ ‡™àπ ß“π«‘®—¬æ◊Èπ∞“π

√–∫∫°“√§¡π“§¡ °“√¢π àß∑—Èß∑“ß∫° πÈ”·≈–Õ“°“»

∂◊Õ‡ªìπ§«“¡‰¥â‡ª√’¬∫¢Õßª√–‡∑»‰∑¬„π°“√°â“« Ÿà

°“√‡ªìπºŸâæ—≤π“‡¡≈Á¥æ—π∏ÿå·≈– àßÕÕ°‰ª¬—ßµ≈“¥‚≈°

„π°√–∫«π°“√º≈‘µ‡¡≈Á¥æ—π∏ÿå ‡æ◊ËÕ°“√ àßÕÕ°π—Èπ

®–µâÕß¡’„∫√—∫√Õßª≈Õ¥‚√§æ◊™ (phytosanitary

product band of 670-672 bp in all tested Fol isolates. A DNA band of 445 bp was detected in all isolates of

Fol when primer sp13 was used. However, primer sp 23 showed a DNA band (approximately 518 bp) only in

race 3 (Fol 3A). The primer sprl did not express any DNA band in all Fol isolates. This work suggests that

the primer set could not classify races of Fol isolated in Thailand. A molecular method according to DNA

technology should be developed for Fol race classification and detection for supporting phyto-sanitary programs

in Thailand.

§” ”§—≠ : Fusarium oxysporum, f. sp. lycopersici, ‚√§‡À’Ë¬«‡À≈◊Õß, ¡–‡¢◊Õ‡∑»

Keywords : Fusarium oxysporum, f. sp. lycopersici, Fusarium wilt, tomato

certificate) ∑’Ë√–∫ÿ°“√ª≈Õ¥‚√§∫“ß™π‘¥∑—Èß„π ¿“æ

·ª≈ßª≈Ÿ°·≈–‚√§∑’Ëµ‘¥‰ª°—∫‡¡≈Á¥æ—π∏ÿå ´÷Ëß‚√§‡À’Ë¬«

‡À≈◊Õß (Fusarium wilt) ¢Õß¡–‡¢◊Õ‡∑»∑’Ë‡°‘¥®“°‡™◊ÈÕ√“

Fusarium oxysporum f.sp. lycopersici (Fol) π—Èπ‡ªìπ

‚√§µâÕßÀâ“¡‚√§Àπ÷Ëß∑’Ë¡’§«“¡ ”§—≠‚¥¬‡©æ“–‡™◊ÈÕ√“

Fol race 3 π—Èπ¡’§«“¡ ”§—≠µàÕ°“√º≈‘µ‡¡≈Á¥æ—π∏ÿå

¡–‡¢◊Õ‡∑»‡æ◊ËÕ°“√ àßÕÕ°¡“° ‡æ√“– “¡“√∂‡¢â“

∑”≈“¬¡–‡¢◊Õ‡∑»‰¥â√ÿπ·√ß·≈–Õ“®∂à“¬∑Õ¥∑“ß‡¡≈Á¥

æ—π∏ÿå‰¥â ∑”„Àâª√–‡∑»ºŸâπ”‡¢â“‡¡≈Á¥æ—π∏ÿå¡–‡¢◊Õ‡∑»À≈“¬

ª√–‡∑» √–∫ÿ°“√ª≈Õ¥‡™◊ÈÕ√“ Fol race 3 ®“°ª√–‡∑»

ºŸâº≈‘µ‡¡≈Á¥æ—π∏ÿåµâπ∑“ß

„πµà“ßª√–‡∑»¡’√“¬ß“π«à“‡™◊ÈÕ√“ Fol

·∫àßÕÕ°‡ªìπ 3 race §◊Õ race 1, race 2 ·≈– race 3

(Cornelissen, 2001) ‡™◊ÈÕ√“ Fol race 1 æ∫§√—Èß·√°‡¡◊ËÕ

ªï §.». 1886 „π√—∞ Arkansas ª√–‡∑» À√—∞Õ‡¡√‘°“

(Booth, 1971; Marlatt et al., 1996)  ”À√—∫ Fol race

2 æ∫§√—Èß·√°‡¡◊ËÕªï §.». 1945 „π√—∞ Ohio ª√–‡∑»

 À√—∞Õ‡¡√‘°“ (Alexander and Tucker, 1945)  à«π

Fol race 3 æ∫§√—Èß·√°‡¡◊ËÕªï §.». 1978 „πª√–‡∑»

ÕÕ ‡µ√‡≈’¬ (Grattidge, 1982) ¿“¬À≈—ßæ∫«à“¡’

√“¬ß“π°“√·æ√à√–∫“¥¢Õß‡™◊ÈÕ√“ Fol race 3

Õ¬à“ß°«â“ß¢«“ß‡™àπ ∑’Ë California (Davis et al., 1988;

Cai et al., 2003), Florida (Volin et al.,1982), Georgia

(Chellemi et al., 1992), Arkansas ·≈– North Carolina

(Marlatt et al., 1996) Tennessee (Bost, 2001)

·≈–µàÕ¡“ Valenzuela-Ureta et al. (1996) ‰¥â√“¬ß“π
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«à“æ∫‡™◊ÈÕ√“ Fol race 3 „πª√–‡∑»‡¡Á° ‘́‚° ÷́Ëß°“√

‡°‘¥ race µà“ßÊ ¢Õß‡™◊ÈÕ√“ Fol Õ“®‡ªìπº≈

¡“®“°§«“¡º—π·ª√∑“ßæ—π∏ÿ°√√¡ (genetic variation)

∑”„Àâ‡°‘¥ “¬æ—π∏ÿå„À¡à ‡π◊ËÕß®“°‡™◊ÈÕ√“ Fol ¡’°“√

 ◊∫æ—π∏ÿå·∫∫‰¡àÕ“»—¬‡æ» ¥—ßπ—Èπ§«“¡º—π·ª√∑“ß

æ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ√“ Fol Õ“®¡“®“°°√–∫«π°“√

mutation ·≈– parasexual cycle À√◊ÕÕ“®¡“®“°

 ¿“«–·«¥≈âÕ¡∑’Ë·µ°µà“ß°—π ‚¥¬ race ∑’Ë¡’§«“¡

 ”§—≠§◊Õ race 3 ‡π◊ËÕß®“°∑”≈“¬¡–‡¢◊Õ‡∑»‰¥âÕ¬à“ß

√ÿπ·√ß (Marlatt et al., 1996) πÕ°®“°π’È‡™◊ÈÕ√“

Fol race 3 ¬—ß‡ªìπ‡™◊ÈÕ “‡Àµÿ‚√§∑’Ë ”§—≠„π·ª≈ß

º≈‘µ¡–‡¢◊Õ‡∑»‡æ◊ËÕ∫√‘‚¿§º≈ ¥ ·≈–·ª≈ßº≈‘µ‡¡≈Á¥

æ—π∏ÿå¡–‡¢◊Õ‡∑»‡æ◊ËÕ°“√ àßÕÕ° ´÷Ëßª√–‡∑»ºŸâπ”‡¢â“

‡¡≈Á¥æ—π∏ÿåπ—ÈπµâÕß°“√„Àâ·ª≈ßº≈‘µ‡¡≈Á¥æ—π∏ÿå¡–‡¢◊Õ

‡∑»ª≈Õ¥‚√§‡À’Ë¬«‡À≈◊Õß∑’Ë‡°‘¥®“°‡™◊ÈÕ√“ Fol race 3

‚¥¬√–∫ÿ‡ªìπ‡ß◊ËÕπ‰¢¢Õß°“√ÕÕ°„∫√—∫√Õß°“√ª≈Õ¥

‚√§‡æ◊ËÕ°“√ àßÕÕ°‡¡≈Á¥æ—π∏ÿå  àßº≈„Àâ°“√»÷°…“

‡°’Ë¬«°—∫‡™◊ÈÕ√“ Fol ¡’§«“¡ ”§—≠¡“°„πªí®®ÿ∫—π

„π°“√µ√«® Õ∫ race ¢Õß‡™◊ÈÕ√“ Fol π—Èπ„™â™ÿ¥æ◊™

Õ“»—¬µ√«® Õ∫ (differential host) ‚¥¬ —ß‡°µ®“°

ªØ‘°‘√‘¬“°“√µÕ∫ πÕß„π√Ÿª·∫∫¢Õß°“√‡¢â“∑”≈“¬

æ◊™Õ“»—¬π—Èπ‰¥â (susceptible) À√◊Õ‰¡à‰¥â (resistant)

(Bunyatratchata et al., 2005) ́ ÷Ëß«‘∏’π’È ‘Èπ‡ª≈◊Õß‡«≈“¡“°

„πªí®®ÿ∫—π¡’√“¬ß“π°“√„™â™ÿ¥‰æ√‡¡Õ√å (primer set)

„π°“√®—¥®”·π° race ¢Õß‡™◊ÈÕ Fol π’È‰¥â„πª√–‡∑»

≠’ËªÿÉπ (Hirano and Arie, 2006) ∑”„Àâ “¡“√∂≈¥

√–¬–‡«≈“„π°“√µ√«® Õ∫ race ¢Õß‡™◊ÈÕ√“ Fol

‰¥â °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å„π°“√π”™ÿ¥‰æ√

‡¡Õ√å¥—ß°≈à“«¡“ª√–¬ÿ°µå„™â°—∫ ‡™◊ÈÕ√“ Fol ∑’Ëæ∫„π

ª√–‡∑»‰∑¬ ‡æ◊ËÕ∫àß™’È race ¢Õß‡™◊ÈÕ√“ Fol ´÷Ëß®–‡ªìπ

ª√–‚¬™πåµàÕ°“√æ—≤π“«‘∏’°“√µ√«® Õ∫ ‡¡≈Á¥æ—π∏ÿå

‚¥¬Õ“»—¬‡∑§π‘§∑“ß™’«‚¡‡≈°ÿ≈ ‡æ◊ËÕÕÕ°„∫√—∫√Õß

ª≈Õ¥‚√§æ◊™‡ªÑ“À¡“¬·≈–°“√ àßÕÕ°‡¡≈Á¥æ—π∏ÿå

¡–‡¢◊Õ‡∑»¢Õßª√–‡∑»‰∑¬

«‘∏’°“√«‘®—¬

1. °“√√«∫√«¡‡™◊ÈÕ√“ Fusarium oxysporum

    f.sp. lycopersici (Fol)

∑”°“√√«∫√«¡‡™◊ÈÕ√“ Fol ÷́Ëß‰¥â¡’°“√®—¥

®”·π° race ·≈â«¥â«¬™ÿ¥æ—π∏ÿå¡–‡¢◊Õ‡∑»∑¥ Õ∫

‚¥¬ Bunyatratchata et al. (2005) ®”π«π 15

‰Õ‚´‡≈µ (µ“√“ß∑’Ë 1) ‰¥â·°à‰Õ‚´‡≈µ Fol1 ·≈– CM2

§◊Õ race 1, ‰Õ‚´‡≈µ Fol2, KK1, KK2, KK3, KK4

·≈– KK6 §◊Õ race 2 ‰Õ‚´‡≈µ Fol3A §◊Õ race 3 ®“°

Õ‡¡√‘°“ , ‰Õ‚´‡≈µ Fol3N §◊Õ race 3

®“°‡π‡∏Õ√å·≈π¥å  à«π‰Õ‚´‡≈µ KS, KK5, CM1, CM3

·≈– PP1 ‡ªìπ‰Õ‚´‡≈µ∑’Ë‰¡à°àÕ‚√§„π¡–‡¢◊Õ‡∑»

2. °“√‡µ√’¬¡‰æ√‡¡Õ√å

 —ß‡§√“–Àå‰æ√‡¡Õ√å®“°°“√√“¬ß“π¢Õß

Hirano and Arie (2006) «à“ “¡“√∂·¬° race

¢Õß‡™◊ÈÕ√“ Fol ‰¥â     (µ“√“ß∑’Ë 2) ®”π«π 4 ™ÿ¥ §◊Õ

uni (Forward 5'-ATCATCTTGTGCCAACTTCAG-

3', Reverse 5'-GTTTGTGATCTTTGAGTTGCCA-3'),

sp13 (Forward 5'-GTCAGTCCATTGGCTCTCTC-3',

Reverse 5'-TCCTTGACACCATCACAGAG-3'), sp23

(Forward 5'-CCTCTTGTCTTTGTCTCACGA-3',

Reverse 5'-GCAACAGGTCGTGGGGAAAA-3') ·≈–

sprl (Forward 5'-GATGGTGGAACGGTATGACC-

3', Reverse 5'-CCATCACACAAGAACACAGGA-3')

3. °“√ °—¥ DNA

 °—¥ DNA ¢Õß‡™◊ÈÕ√“ Fol ®”π«π 15

‰Õ‚´‡≈µ ´÷Ë ß¥—¥·ª≈ß®“°«‘∏’°“√¢Õß Doyle

·≈– Doyle (1987) ‚¥¬°“√‡≈’È¬ß‡™◊ÈÕ√“ Fol

„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Potato dextrose broth (PDB)

‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 125 √Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

‡ªìπ‡«≈“ 7 «—π °√Õß‡Õ“ à«π∑’Ë‡ªìπ‡ âπ„¬ ≈â“ß‡ âπ„¬

¥â«¬πÈ”°≈—Ëππ÷Ëß¶à“‡™◊ÈÕ π”‡ âπ„¬ª√–¡“≥ 0.5-1.0 g ¡“

∫¥„π‰π‚µ√‡®π‡À≈«„Àâ≈–‡Õ’¬¥ ®“°π—Èπ‡µ‘¡ “√≈–≈“¬
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“
Fusarium oxysporum f.sp.lycopersici

extraction buffer [2% w/v CTAB(hexadecylammonium

bromide), 100 mM Tris-base, 20 mM EDTA, 1.42

mM NaCl, 1% PVP-40, pH 8.0] ª√‘¡“µ√ 700 ml

·≈– 2-mercaptonethanol ®”π«π 3 µl ¥Ÿ¥„ à„π

microcentrifuge tube ¢π“¥ 1.5 ml ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘

ª√–¡“≥ 60 C ‡ªìπ‡«≈“ 60 π“∑’ æ≈‘°À≈Õ¥°≈—∫

‰ª¡“‡ªìπ§√—Èß§√“« ‡µ‘¡ “√≈–≈“¬ chloroform : isoamyl

alcohol, (24:1, v/v) ª√‘¡“µ√ 500 µl æ≈‘°À≈Õ¥

°≈—∫‰ª¡“‡∫“Ê π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 13,000 √Õ∫

µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 10 C ‡ªìπ‡«≈“ 10 π“∑’

¥Ÿ¥ “√≈–≈“¬ à«π∫π (supernatant ) „ à„π

microcentrifuge tube À≈Õ¥„À¡à ‡µ‘¡ isopropanol

∑’Ë‡¬Áπ®—¥ ª√‘¡“µ√ 0.7 ‡∑à“ æ≈‘°À≈Õ¥°≈—∫‰ª¡“‡∫“Ê

‡æ◊ËÕ„Àâ DNA µ°µ–°Õπ ∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ - 20 C

‡ªìπ‡«≈“ 20 π“∑’ π”‰ªªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 13,000

√Õ∫µàÕπ“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 10 C ‡ªìπ‡«≈“ 10 π“∑’

‡æ◊ËÕ„Àâ DNA µ°µ–°Õπ Ÿà°âπÀ≈Õ¥ ‡∑ à«π„ ∑’Ë‡ªìπ

 “√≈–≈“¬∑‘Èß ≈â“ßµ–°Õπ DNA ¥â«¬ à«πº ¡√–À«à“ß

ethanol §«“¡‡¢â¡¢âπ 76 ‡ªÕ√å‡ Á́πµå ·≈– ammonium

acetate §«“¡‡¢â¡¢âπ 10 mM [76% ethanol :10 mM

ammonium acetate, 1:1] ª√‘¡“µ√ 500 µl æ≈‘°

À≈Õ¥°≈—∫‰ª¡“‡∫“Ê ‡∑ à«π„ ∑’Ë‡ªìπ “√≈–≈“¬∑‘Èß

„Àâ‡À≈◊Õ·µà‡©æ“–µ–°Õπ DNA ∑’Ë°âπÀ≈Õ¥ ∑‘Èß‰«â„Àâ

·Àâß„πÕ“°“»ª√–¡“≥ 30-60 π“∑’ ≈–≈“¬µ–°Õπ

DNA ¥â«¬ “√≈–≈“¬ TE buffer [10 mM Tris-base

pH 8.0, 10 mM EDTA] ª√‘¡“µ√ 40 µl ·≈–°”®—¥

RNA ¥â«¬‡Õπ‰´¡å RNase A §«“¡‡¢â¡¢âπ 10 mg/ml

∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 30 π“∑’ ‡°Á∫ “√≈–≈“¬

DNA ‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -20 C ®π°«à“®–π”‰ª„™â

4. °“√‡æ‘Ë¡ª√‘¡“≥ DNA ¥â«¬‡∑§π‘§ PCR

‡æ‘Ë¡ª√‘¡“≥ DNA ¢Õß‡™◊ÈÕ√“ Fol ∑—Èß 15

‰Õ‚´‡≈µ ¥â«¬‡∑§π‘§ PCR ‚¥¬„™â‰æ√‡¡Õ√å

∑’Ë —ß‡§√“–Àå®”π«π 4 ™ÿ¥ PCR reaction ª√–°Õ∫

‰ª¥â«¬ Taq polymerase (Promega) (5 unit/m1) ®”π«π

0.4 µl, 10 X Taq buffer 2.5 µl, dNTPs mix (0.25

mM each) ®”π«π 2 µl, ‰æ√‡¡Õ√å (100 rM/ml) ®”π«π

1 µl, MgCl2 (25 mM) ®”π«π 0.75 µl ·≈– genomic

DNA (100 ng/µl) ®”π«π 2 µl ª√—∫ª√‘¡“µ√„Àâ‰¥â

25 ml ¥â«¬πÈ”°≈—Ëππ÷Ëß¶à“‡™◊ÈÕ π”‰ª‡¢â“‡§√◊ËÕß Thermal

cycle (Biometra® √ÿàπ Tpersonal)   ‚¥¬„™â™à«ßÕÿ≥À¿Ÿ¡‘

¥—ßπ’È ¢—Èπ∑’Ë 1 denatured Õÿ≥À¿Ÿ¡‘ 95 C ‡ªìπ‡«≈“ 7

π“∑’®”π«π 1 √Õ∫, ¢—Èπ∑’Ë 2 denatured Õÿ≥À¿Ÿ¡‘ 94 

C ‡ªìπ‡«≈“ 1 π“∑’, annealing Õÿ≥À¿Ÿ¡‘ 55 C

‡ªìπ‡«≈“ 1.30 π“∑’, extension Õÿ≥À¿Ÿ¡‘ 72 C

‡ªìπ‡«≈“ 2 π“∑’ ®”π«π 30 √Õ∫ ‡¡◊ËÕ ‘Èπ ÿ¥

µ—ÈßÕÿ≥À¿Ÿ¡‘‰«â∑’Ë 4 C ®π°«à“®–π”‡Õ“ PCR product ‰ª„™â

°“√µ√«®«‘‡§√“–Àå·∂∫ DNA

µ√«®«‘‡§√“–Àåº≈°“√‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π

DNA ‚¥¬°“√π” PCR product ª√‘¡“µ√ 5 µl º ¡

°—∫ loading dye ª√‘¡“µ√ 2 µl π”¡“·¬°¢π“¥∫π

2% agarose gel electrophoresis ¿“¬„µâ ¿“æ 0.5 X

TBE [1X TBE: 89 mM Tris-base, 89 boric acid ·≈–

2 mM EDTA] ∑’Ë°√–· ‰øøÑ“ 100 V ‡ªìπ‡«≈“

50 π“∑’ π” gel ‰ª¬âÕ¡¥â«¬ ethidium bromide (EtBr)

π“π 10 π“∑’ ≈â“ßÕÕ°‚¥¬°“√·™à„ππÈ” –Õ“¥ 2 §√—ÈßÊ

≈– 5 π“∑’ À≈—ß®“°π—Èππ” gel ‰ªµ√«® Õ∫°“√‡æ‘Ë¡

ª√‘¡“≥™‘Èπ à«π DNA ¥â«¬‡§√◊ËÕß Gel documentation

(GENE GENIUS bio imaging system)
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“

Fusarium oxysporum f.sp.lycopersici«“√ “√«‘®—¬ ¡¢. 14 (2) : °ÿ¡¿“æ—π∏å 2552

 µ“√“ß∑’Ë 2. ™‘Èπ à«π DNA ¢Õß‡™◊ÈÕ√“ Fusarium oxysporum f.sp. lycopersici (Fol) ∑’Ë‰¥â®“°°“√‡æ‘Ë¡

ª√‘¡“≥ DNA ¥â«¬‡∑§π‘§ PCR ‚¥¬„™â™ÿ¥‰æ√‡¡Õ√å uni, sp13, sp23 ·≈– sprl

µ“√“ß∑’Ë 1. ·À≈àß∑’Ë¡“¢Õß‡™◊ÈÕ√“ Fusarirm oxysporum f.sp. lycopersici (Fol)

1∫àß™’È race ‚¥¬„™â™ÿ¥æ◊™Õ“»—¬µ√«® Õ∫¡“µ√∞“π (Standard differential hots)
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“
Fusarium oxysporum f.sp.lycopersici

¿“æ∑’Ë 1. √Ÿª·∫∫ DNA ¢Õß‡™◊ÈÕ√“ Fusarium oxysporum f.sp. lycopersici (Fol)  ®”π«π 15 ‰Õ‚´‡≈µ®“°°“√‡æ‘Ë¡

ª√‘¡“≥ DNA ¥â«¬‡∑§π‘§ PCR ‚¥¬„™â‰æ√‡¡Õ√å uni (A), sp13 (B), sp23 (C) ·≈– sprl (D) µ“¡≈”¥—∫

º≈°“√«‘®—¬·≈–«‘®“√≥å

®“°°“√π”‰æ√‡¡Õ√å∑’Ë¡’√“¬ß“π«à“ “¡“√∂·¬°

race ¢Õß‡™◊ÈÕ√“ Fol ‰¥â„πµà“ßª√–‡∑» ¡“∑¥ Õ∫

°—∫‡™◊ÈÕ√“ Fol ∑’Ëæ∫„πª√–‡∑»‰∑¬ ®”π«π 11 ‰Õ‚´‡≈µ

‰¥â·°à KK1, KK2, KK3, KK4, KK5, KK6, KS, CM1,

CM2, CM3 ·≈– PP1 ‡ª√’¬∫‡∑’¬∫°—∫‡™◊ÈÕ√“ Fol race

¡“µ√∞“π ‰Õ‚´‡≈µ Fol 1 (race 1), Fol 2 (race 2),

Fol 3N (race 3) ®“°‡π‡∏Õ√å·≈π¥å ·≈– Fol 3A (race 3)

®“°Õ‡¡√‘°“ „π°“√‡æ‘Ë¡ª√‘¡“≥ DNA ¢Õß‡™◊ÈÕ√“ Fol

¥â«¬‡∑§π‘§ PCR æ∫«à“‰æ√‡¡Õ√å uni  “¡“√∂‡æ‘Ë¡

ª√‘¡“≥ DNA ¢Õß‡™◊ÈÕ√“ Fol ‰¥â∑ÿ° race ·µà≈– race

¡’ DNA ¢π“¥ª√–¡“≥ 670 bp ́ ÷Ëß‰¡àæ∫™‘Èπ à«π DNA

π’È„π‰Õ‚´‡≈µ∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§ (KK5, CM1, KS ·≈–

PP1) (¿“æ∑’Ë 1A) ÷́Ëßº≈°“√∑¥≈Õß∑’Ë‰¥â¡’§«“¡

 Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Hirano and Arie (2006)

 ”À√—∫‰æ√‡¡Õ√å sp13  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA ¢Õß

‡™◊ÈÕ√“ Fol ‰¥â∑ÿ° race ‡™àπ‡¥’¬«°—π ·≈–¬—ß “¡“√∂

‡æ‘Ë¡ª√‘¡“≥ DNA „π‰Õ‚´‡≈µ PP1 ´÷Ëß‡ªìπ‰Õ‚´‡≈µ

∑’Ë‰¡à “¡“√∂∑”„Àâ‡°‘¥‚√§‰¥â ‚¥¬·µà≈–‚Õ‚´‡≈µ

¡’ DNA ¢π“¥ª√–¡“≥ 445 bp (¿“æ∑’Ë 1B)

·µ°µà“ß®“°√“¬ß“π∑’Ë¡’„πµà“ßª√–‡∑»«à“°“√„™â‰æ√‡¡Õ√å

sp13  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA ‰¥â‡©æ“– race 1 ·≈–

race 3 ‡∑à“π—Èπ·µà¢π“¥ DNA ∑’Ë‰¥â‡∑à“°—π §◊Õ 445 bp

 à«π°“√„™â  ‰æ√‡¡Õ√å sp23 π—Èπ “¡“√∂‡æ‘Ë¡ª√‘¡“≥

DNA ‰¥â‡©æ“–‰Õ‚´‡≈µ Fol 3A ́ ÷Ëß‡ªìπ race 3 ‡∑à“π—Èπ

™‘Èπ à«π DNA ∑’Ë‰¥â¡’¢π“¥ª√–¡“≥ 518 bp (¿“æ∑’Ë 1C)

´÷Ëß‰¡à Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Hirano and Arie (2006)

∑’Ëæ∫«à“°“√„™â‰æ√‡¡Õ√å sp23  “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA

‰¥â„π‡™◊ÈÕ√“ Fol race 2 ·≈– race 3  à«π‰æ√‡¡Õ√å

sprl π—Èπ ‡ªìπ‰æ√‡¡Õ√å∑’Ë„™â ”À√—∫‡™◊ÈÕ√“ F. oxysporum

f.sp. radicis-lycopersici (Forl) ¥—ßπ—Èπ‡¡◊ËÕπ”¡“

∑¥ Õ∫°—∫‡™◊ÈÕ√“ Fol ‰¡à “¡“√∂‡æ‘Ë¡ª√‘¡“≥ DNA

¢Õß‡™◊ÈÕ√“ Fol ‰¥â ®“°‡Àµÿº≈π’È®÷ß “¡“√∂¬◊π¬—π‰¥â

«à“‡™◊ÈÕ√“ Fol ∑’Ë»÷°…“·≈–√“¬ß“π‚¥¬ Bunyatratchata

·≈–§≥– (2005) π—Èπ ‡ªìπ‡™◊ÈÕ√“ Fol πÕ°®“°π’È¬—ß

‰¡à¡’√“¬ß“π„πª√–‡∑»‰∑¬∂÷ß°“√æ∫‡™◊ÈÕ√“ Forl
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“

Fusarium oxysporum f.sp.lycopersici«“√ “√«‘®—¬ ¡¢. 14 (2) : °ÿ¡¿“æ—π∏å 2552

„πæ◊Èπ∑’Ëª≈Ÿ°¡–‡¢◊Õ‡∑» ‡™◊ÈÕ√“ Forl π—Èπ‡ªìπ “‡Àµÿ¢Õß

‚√§ crown root rot „π¡–‡¢◊Õ‡∑» ‡ªìπ‚√§∑’Ë‡°‘¥°—∫

√–∫∫√“° ÷́Ëß¡’§«“¡·µ°µà“ß®“°‚√§‡À’Ë¬«‡À≈◊Õß

(Fusarium wilt) Õ¬à“ß‰√°Áµ“¡∑—Èß Õß‚√§π’È¡’‡™◊ÈÕ√“

 “‡Àµÿ∑’ËÕ¬Ÿà„π °ÿ≈ (genus) ·≈–™π‘¥ (species) ‡¥’¬«°—π

·µà·µ°µà“ß°—π∑’Ë forma specialis (f.sp.) ‡∑à“π—Èπ

®÷ß‡ªìπ “‡Àµÿ„Àâ°“√«‘π‘®©—¬¥â«¬≈—°…≥–Õ“°“√·≈–

≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‡™◊ÈÕ “‡Àµÿ‚√§∑—Èß 2

‚√§π’È‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ‰¥â ¥—Èßπ—Èπ°“√∑’Ë Hirano and

Arie (2006) ‰¥â»÷°…“∂÷ß°“√„™â‰æ√‡¡Õ√å sprl

‡æ◊ËÕπ”¡“ª√–°Õ∫°“√µ√«® Õ∫ race ¢Õß‡™◊ÈÕ√“ Fol

®÷ß‡ªìπ°“√¬◊π¬—π°“√∫àß™’È‡™◊ÈÕ√“ Forl ÕÕ°®“°‡™◊ÈÕ√“ Fol

¥â«¬‡∑§π‘§ PCR  à«π‰æ√‡¡Õ√å uni π—Èπ “¡“√∂‡æ‘Ë¡

ª√‘¡“≥™‘Èπ à«π DNA ¢Õß‡™◊ÈÕ√“ Fol ∑ÿ°‰Õ‚´‡≈µ

·≈–∑ÿ° race „Àâ™‘Èπ à«π DNA ∑’Ë¡’¢π“¥ª√–¡“≥ 670

bp ÷́Ëß¡’¢π“¥‡∑à“°—π°—∫∑’Ë Hirano and Arie (2006)

‰¥â√“¬ß“π‰«â®÷ß∂◊Õ‰¥â«à“ uni ‡ªìπ‰æ√‡¡Õ√å∑’Ë¡’

ª√–‚¬™πå¡“°„π°“√„™â∫àß™’È‡™◊ÈÕ√“ Fol ¥â«¬‡∑§π‘§ PCR

·≈–™‘Èπ à«π DNA ∑’Ë‰¥âÕ“®¡’§«“¡ —¡æ—π∏å°—∫¬’π∑’Ë

§«∫§ÿ¡°“√∑”„Àâ‡°‘¥‚√§¢Õß‡™◊ÈÕ√“ Fol

 ”À√—∫°“√„™â‰æ√‡¡Õ√å sp13 ·≈– sp23

‡æ‘Ë¡ª√‘¡“≥™‘Èπ à«π DNA ¢Õß‡™◊ÈÕ√“ Fol ‰Õ‚´‡≈µ

∑’Ëæ∫„πª√–‡∑»‰∑¬‰¥âº≈∑’Ë·µ°µà“ß‰ª®“°°“√»÷°…“

¢Õß Hirano and Arie (2006) „πª√–‡∑»≠’ËªÿÉπ ∑—Èßπ’È

Õ“®‡ªìπ‡æ√“–°“√„™âæ◊™Õ“»—¬µ√«® Õ∫¡“µ√∞“π

(Standard differential host) ∑’Ë¡’æ—π∏ÿå¡–‡¢◊Õ‡∑»

¡“µ√∞“π·µ°µà“ß°—π ®“°™ÿ¥°“√„™â‰æ√‡¡Õ√å∑’Ë¡’

√“¬ß“π„πµà“ßª√–‡∑» ‡æ◊ËÕµ√«® Õ∫ race ¢Õß‡™◊ÈÕ√“

Fol ‚¥¬‡∑§π‘§ PCR π’È¬—ß¡’¢âÕ®”°—¥Õ¬Ÿà¡“°·≈–

 ”À√—∫„πª√–‡∑»‰∑¬π—Èπ¬—ß¡’°“√»÷°…“‡°’Ë¬«°—∫‡™◊ÈÕ

√“™π‘¥π’ÈπâÕ¬¡“° ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ„π°“√»÷°…“

«‘∏’°“√µ√«® Õ∫·≈–æ—≤π“‡∑§π‘§ ”À√—∫·¬° race

¢Õß‡™◊ÈÕ√“ Fol µàÕ‰ªÕ¬à“ß¬‘Ëß ‡æ◊ËÕ‡ªìπª√–‚¬™πå„π

√–∫∫°“√µ√«® Õ∫‡¡≈Á¥æ—π∏ÿå ‡æ◊ËÕÕÕ°„∫√—∫√Õß

ª≈Õ¥‚√§æ◊™‡ªÑ“À¡“¬·≈–°“√ àßÕÕ°‡¡≈Á¥æ—π∏ÿå

¡–‡¢◊Õ‡∑» ¥—ßπ—Èπ®÷ß§«√¡’°“√æ—≤π“™ÿ¥‰æ√‡¡Õ√å‡æ◊ËÕ

„™âµ√«® Õ∫ race ¢Õß‡™◊ÈÕ√“ Fol „Àâ¡’§«“¡·¡àπ¬”

¡“°¬‘Ëß¢÷Èπ À√◊Õæ—≤π“‡∑§π‘§∑“ß¥â“π DNA ‡∑§π‘§Õ◊ËπÊ

‡™àπ DNA probe ¡“µ√«® Õ∫‡ªìπµâπ Õ—π®–π”‰ª Ÿà

‡ªìπ°“√ √â“ßÕß§å§«“¡√Ÿâ„À¡à„Àâ°—∫ª√–‡∑»µàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥‚§√ß°“√«‘®—¬ æ—≤π“·≈–«‘»«°√√¡

 ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘

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

»Ÿπ¬å«‘®—¬‡∑§‚π‚≈¬’™’«¿“æ∑“ß°“√‡°…µ√ ‡æ◊ËÕ‡»√…∞

°‘®∑’Ë¬—Ëß¬◊π ·≈–»Ÿπ¬å ‡∑§‚π‚≈¬’™’«¿“æ‡°…µ√

¡À“«‘∑¬“≈—¬√à«¡ ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ∑’Ë„Àâ∑ÿπ

 π—∫ πÿπ„π°“√∑”«‘®—¬
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°“√∑¥ Õ∫™ÿ¥‰æ√‡¡Õ√å ”À√—∫™’È race ¢Õß‡™◊ÈÕ√“
Fusarium oxysporum f.sp.lycopersici
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