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°“√„™â‡∑§π‘§ SSR ·≈– AFLP „π°“√®”·π°§«“¡·µ°µà“ß

„π√–¥—∫ race ¢Õß‡™◊ÈÕ Fusarium oxysporum f.sp. lycopersici

Use of SSR and AFLP techniques for race characterization
of Fusarium oxysporum f.sp. lycopersici
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∫∑§—¥¬àÕ: °“√®”·π°§«“¡·µ°µà“ß∑“ßæ—π∏ÿ°√√¡·≈– race ¢Õß‡™◊ÈÕ Fusarium oxysporum f. sp. lycopersici  (Fol)

∑’Ë‡ªìπ race ¡“µ√∞“π 4 ‰Õ‚´‡≈µ [Fol1 (race 1), Fol2 (race 2), Fol3A (race 3),  Fol3N (race 3)] ·≈–∑’Ë√«∫√«¡‰¥â®“°·À≈àß

ª≈Ÿ°¡–‡¢◊Õ‡∑»∑’Ë ”§—≠„πª√–‡∑»‰∑¬Õ’°®”π«π 11 ‰Õ‚´‡≈µ ‚¥¬°“√„™â‡∑§π‘§ Simple Sequence Repeat (SSR) ·≈–

Amplified Fragment Length Polymorphism (AFLP) º≈°“√»÷°…“ ‚¥¬„™â‡∑§π‘§ SSR ‡æ◊ËÕ°“√®”·π°‡™◊ÈÕ Fol π’È„™â‰æ√‡¡Õ√å

6 §Ÿà ∑’Ëµ‘¥©≈“°¥â«¬ ’ø≈ŸÕÕ‡√ ‡´πµå·≈–«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß·∂∫¥’‡ÕÁπ‡Õ¥â«¬‡§√◊ËÕßÕà“π≈”¥—∫‡∫ Õ—µ‚π¡—µ‘

(ABI PRISMTM 377 DNA Sequencer) æ∫«à“„Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·µ°µà“ß°—π∑—Èß ‘Èπ 18 ·∂∫ ‡¡◊ËÕπ”º≈‰ª«‘‡§√“–Àå

·∫∫®—¥°≈ÿà¡ æ∫«à“ “¡“√∂·∫àß‡™◊ÈÕ Fol ÕÕ°‡ªìπ 2 °≈ÿà¡„À≠à™—¥‡®π ‰¥â·°à °≈ÿà¡‡™◊ÈÕ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥

‚√§‡À’Ë¬«‡À≈◊Õß°—∫¡–‡¢◊Õ‡∑»·≈–°≈ÿà¡‡™◊ÈÕ∑’Ë‰¡à¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‡À≈◊Õß°—∫¡–‡¢◊Õ‡∑» ¬°‡«âπ

‰Õ‚´‡≈µ CM3 ´÷Ëß‡ªìπ‰Õ‚´‡≈µ∑’Ë‰¡à¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‡À≈◊Õß°—∫¡–‡¢◊Õ‡∑» Õ¬Ÿà ≈—∫°≈ÿà¡°—∫

‰Õ‚´‡≈µ Fol3N (‰Õ‚´‡≈µ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§) ·≈–¡’∫“ß‰Õ‚´‡≈µ∑’Ë‰¡à “¡“√∂√–∫ÿ§«“¡·µ°µà“ß‰¥â ‰¥â·°à

‰Õ‚´‡≈µ KK1, KK2, KK3 ·≈– KK4 ®÷ß®”‡ªìπµâÕß‡æ‘Ë¡®”π«π‰æ√‡¡Õ√å‡æ◊ËÕ„Àâ “¡“√∂√–∫ÿ§«“¡·µ°µà“ß¢Õß‰Õ‚´‡≈µ·≈–

race ‰¥â ®“°°“√„™â‡™◊ÈÕ Fol „π°≈ÿà¡‡¥’¬«°—ππ’È‰ª®—¥∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ‚¥¬„™â‡∑§π‘§ AFLP ¥â«¬‰æ√‡¡Õ√å®”π«π 11 §Ÿà

(E-AAG/M-CAA, E-AAG/M-CTC, E-AAG/M-CAG, E-AAG/M-CAC, E-AAC/M-CAA, E-ACT/M-CTA, E-ACT/M-CTT, E-ACT/

M-CAA, E-ACT/M-CAT, E-ACG/ M-CAA ·≈– E-ACG/M-CAC) æ∫«à“  “¡“√∂∫Õ°§«“¡·µ°µà“ß¢Õß·µà≈–‰Õ‚´‡≈µ‰¥â¥’¡“°

‡¡◊ËÕπ”º≈‰ª«‘‡§√“–Àå·∫∫®—¥°≈ÿà¡ æ∫«à“  “¡“√∂·¬°‡™◊ÈÕ Fol ∑’Ë‡ªìπ race ¡“µ√∞“π‰Õ‚´‡≈µ Fol1 (race 1) ÕÕ°®“°‰Õ‚´‡≈µ

Fol2 (race 2), Fol3A (race 3) ·≈– Fol3N (race 3) ‰¥â ·µà‰¡à “¡“√∂·¬°‰Õ‚´‡≈µ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§ÕÕ°

®“°‰Õ‚´‡≈µ∑’Ë‰¡à¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§‰¥â

ABSTRACT: For race and genetic differentiation, fifteen isolates of Fusarium oxysporum f. sp. lycopersici (Fol):
four reference races [Fol1 (race 1), Fol2 (race 2), Fol3A (race 3), Fol3N (race 3)] and eleven isolates collected from
tomato cultivated field in Thailand, were investigated by using the Simple Sequence Repeat (SSR) and Amplified
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∫∑π”

‡™◊ÈÕ Fol ‡ªìπ‡™◊ÈÕ√“ “‡Àµÿ‚√§‡À’Ë¬« (Fusarium wilt)

¢Õß¡–‡¢◊Õ‡∑» ¡’™◊ËÕ‡√’¬°‚¥¬∑—Ë«‰ª«à“ ‚√§‡À’Ë¬«‡À≈◊Õß

√–∫“¥∑”§«“¡‡ ’¬À“¬„π·À≈àßª≈Ÿ°¡–‡¢◊Õ‡∑»∑—Ë«‚≈°

‡™◊ÈÕ™π‘¥π’È “¡“√∂Õ¬Ÿà¢â“¡ƒ¥ŸÀπ“«„π¥‘π„π√Ÿª¢Õß ªÕ√å

 “¡“√∂∑”≈“¬µâπ¡–‡¢◊Õ‡∑»‰¥âµ—Èß·µà√–¬–µâπ°≈â“

®π∂÷ß√–¬–„Àâº≈º≈‘µ °“√§«∫§ÿ¡‚√§π’È “¡“√∂∑”‰¥â

‚¥¬°“√Õ∫¥‘π¥â«¬‰ÕπÈ”√âÕπ´÷Ëßπ‘¬¡∑”°—π‡©æ“–„π

‡√◊Õπ°√–®° À√◊Õ°“√Õ∫¥‘π¥â«¬ “√‡§¡’‡¡∑‘≈‚∫‰¡¥å

(methyl bromide) ·µà°“√„™â “√‡§¡’¥—ß°≈à“«‡ªìπÕ—πµ√“¬

µàÕ¡πÿ…¬å·≈– —µ«å Õ’°∑—Èß¬—ß‡°‘¥§«“¡‡ªìπæ‘…µàÕ

 ‘Ëß·«¥≈âÕ¡ ·≈–§à“„™â®à“¬ ŸßÕ’°¥â«¬ °“√„™âæ—π∏ÿå

µâ“π∑“π‡ªìπÕ’°«‘∏’Àπ÷Ëß∑’Ë “¡“√∂§«∫§ÿ¡‚√§Õ¬à“ß¡’

ª√– ‘∑∏‘¿“æ ·≈–„™â°—πÕ¬à“ß·æ√àÀ≈“¬„π∑ÿ°æ◊Èπ∑’Ë ·µà

°“√„™âæ—π∏ÿåµâ“π∑“π°Á¡’¢âÕ®”°—¥‡æ√“–‡™◊ÈÕ Fol   “¡“√∂

æ—≤π“ “¬æ—π∏ÿå„À¡àÊ ‡°‘¥¢÷ÈπÕ¬Ÿà‡ ¡Õ πÕ°®“°π’È¬—ß

¡’√“¬ß“π„πµà“ßª√–‡∑»«à“‡™◊ÈÕ Fol ¡’ 3 race §◊Õ race

1, 2 ·≈– 3 ‡™◊ÈÕ Fol race 1 ¡’√“¬ß“π„π ªï §.». 1886

„π·ª≈ßª≈Ÿ°¡–‡¢◊Õ‡∑» µàÕ¡“‡°‘¥°“√√–∫“¥√ÿπ·√ß

¢Õß race π’È „π√—∞Õ“√å§—π´Õ ª√–‡∑» À√—∞Õ‡¡√‘°“

∑”§«“¡‡ ’¬À“¬µàÕº≈º≈‘µ¡–‡¢◊Õ‡∑»‡ªìπ¡Ÿ≈§à“

π—∫≈â“π‡À√’¬≠ À√—∞ (Marlatt et al., 1996)  ”À√—∫‡™◊ÈÕ

Fol race 2 æ∫√–∫“¥§√—Èß·√°„πª√–‡∑» À√—∞Õ‡¡√‘°“

‡™àπ°—π∑’Ë√—∞ Ohio „πªï §.». 1945 Õ’° 49 ªïµàÕ¡“

À≈—ß®“°∑’Ë‡™◊ÈÕ Fol race 1 √–∫“¥ (Alexander and Tucker,

1945) Õ’° 29 ªïµàÕ¡“§◊Õ ªï §.». 1978 æ∫‡™◊ÈÕ Fol

race 3 √–∫“¥„πª√–‡∑»ÕÕ ‡µ√‡≈’¬ (Grattidge, 1982)

µàÕ¡“¡’√“¬ß“π°“√√–∫“¥¢Õß‡™◊ÈÕ Fol race 3 π’È„π

À≈“¬√—∞¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ ‰¥â·°à √—∞ California,

Florida, Arkansas, North California ·≈–∑’Ë Tennessee

(Bost, 2001) ‚¥¬ race ∑’Ë¡’§«“¡ ”§—≠ §◊Õ race 3

‡π◊ËÕß®“°‡™◊ÈÕ “¡“√∂∂à“¬∑Õ¥‰ª°—∫‡¡≈Á¥æ—π∏ÿå‰¥â

¥—ß°≈à“«¢â“ßµâπ∑”„Àâ°“√»÷°…“‡æ◊ËÕ√–∫ÿ race ¢Õß

‡™◊ÈÕ¡’§«“¡ ”§—≠¡“°„πªí®®ÿ∫—π ∑—Èßπ’È‡æ◊ËÕ„™â„π°“√

µ√«® Õ∫«à“ ‡ªìπ race „¥ ·≈–‡æ◊ËÕ„™â„π°“√µ√«® Õ∫

‡¡≈Á¥æ—π∏ÿå ‡æ◊ËÕÕÕ°„∫√—∫√Õßª≈Õ¥‚√§æ◊™·≈–°“√

 àßÕÕ°

°“√®—¥®”·π°·≈–°“√√–∫ÿ race ¢Õß‡™◊ÈÕ à«π„À≠à

®–Õ“»—¬≈—°…≥–∑“ß —≥∞“π«‘∑¬“ ·≈–°“√∑¥ Õ∫

°“√∑”„Àâ‡°‘¥‚√§°—∫æ—π∏ÿå¡–‡¢◊Õ‡∑»∑’Ë¡’¬’πµâ“π∑“π∑’Ë

‡ªìπ specific dominant resistant genes ´÷Ëß‡√’¬°æ—π∏ÿåæ◊™

®”æ«°π’È«à“ æ—π∏ÿåæ◊™Õ“»—¬µ√«® Õ∫ race (differential

host) (Grattidge, 1982) °“√®”·π° race ‚¥¬«‘∏’π’È¡’

¢âÕ®”°—¥À≈“¬ª√–°“√ §◊Õ Õ“¬ÿ¢Õßæ◊™Õ“»—¬µâÕß‡∑à“°—π

 ¿“«–·«¥≈âÕ¡„°≈â‡§’¬ß°—π „™âµâπ°≈â“®”π«π¡“°

«‘∏’°“√∑”∑’Ë¬ÿàß¬“° µâÕß√–¡—¥√–«—ß°“√ªπ‡ªóôÕπ ·≈–

„™â√–¬–‡«≈“π“π ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“«‘∏’°“√„π°“√

®—¥®”·π°·≈–√–∫ÿ race ¢Õß‡™◊ÈÕ‚¥¬Õ“»—¬‡∑§π‘§

∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈ µ—«Õ¬à“ß‡™àπ °“√„™â≈“¬æ‘¡æå

¥’‡ÕÁπ‡Õ (DNA fingerprint) °“√«‘‡§√“–Àå≈”¥—∫‡∫ ¢Õß

¥’‡ÕÁπ‡Õ (DNA sequence analysis) ´÷Ëß«‘∏’°“√¥—ß°≈à“«

„™â„π°“√®—¥®”·π°‰¥â¥’·≈–·¡àπ¬” √«¡∑—Èß∑”„Àâ

∑√“∫∂÷ß§«“¡ —¡æ—π∏å¢Õß‡™◊ÈÕÀ√◊Õ«‘«—≤π“°“√¢Õß‡™◊ÈÕ

Fragment Length Polymorphism (AFLP). The results demonstrated that the differentiation of Fol was obtained
using SSR technique with 6 pairs of fluorescent labeling primers was carried out with automated DNA sequencer
(ABI PRISMTM 377 DNA Sequencer). A dendrogram constructed by using a similarity matrix derived from 18
polymorphic SSR fragments could be classified 15 isolates into two main groups as the pathogenic and non -
pathogenic groups, except 2 isolates of CM3 (non - pathogen) and Fol3N (pathogen), which were in opposite group.
The isolates of KK1, KK2, KK3 and KK4 could be identified  when the addition primers were used. DNA fingerprints
of these fungi using AFLP technique and 11 combination primers (E-AAG/M-CAA, E-AAG/M-CTC, E-AAG/
M-CAG, E-AAG/M-CAC, E-AAC/M-CAA, E-ACT/M-CTA, E-ACT/M-CTT, E-ACT/M-CAA, E-ACT/M-CAT,
E-ACG/M-CAA and E-ACG/M-CAC) showed an obvious difference of each isolate. The Fol1 (race1) was
discriminated from Fol2 (race2), Fol3A (race3) and Fol3N (race3) Nevertheless, the result from cluster analysis
could not discriminate pathogenic from non - pathogenic isolates. (Key words:  Fusarium oxysporum f. sp. lycopersici,
SSR, AFLP, race)
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Õ’°¥â«¬ ®÷ß‡ªìπ∑’Ëπà“ π„®¬‘Ëß„π°“√»÷°…“À“‡∑§π‘§

·≈–«‘∏’°“√∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈∑’Ë‡À¡“– ¡„π°“√

®”·π°§«“¡·µ°µà“ß√–À«à“ß race ¢Õß‡™◊ÈÕ Fol ‡æ◊ËÕ‡ªìπ

°“√¢®—¥Õÿª √√§„π°“√®—¥®”·π°  √â“ß§«“¡·¡àπ¬”

·≈–√«¥‡√Á«„π°“√µ√«® Õ∫ √«¡∑—Èß‡ªìπ∞“π¢âÕ¡Ÿ≈

‡°’Ë¬«°—∫ race ¢Õß‡™◊ÈÕ Fol ‚¥¬‡©æ“–∑’Ëæ∫„π¿“§

µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ´÷Ëß‡ªìπæ◊Èπ∑’ËÀ≈—°¢Õß°“√º≈‘µ

‡¡≈Á¥æ—π∏ÿå‡æ◊ËÕ°“√ àßÕÕ°

«‘∏’°“√»÷°…“

1.  “¬æ—π∏ÿå‡™◊ÈÕ√“∑’Ëπ”¡“»÷°…“
‡™◊ÈÕ Fol ®”π«π 15 ‰Õ‚´‡≈µ ∑’Ëπ”¡“»÷°…“ ‰¥â·°à

‰Õ‚´‡≈µ∑’Ë‡ªìπ race ¡“µ√∞“π 4 ‰Õ‚´‡≈µ [Fol1 (race 1),

Fol2 (race 2), Fol3A (race 3) ·≈– Fol3N (race 3)]

·≈–∑’Ë√«∫√«¡‰¥â®“°·À≈àßª≈Ÿ°¡–‡¢◊Õ‡∑»∑’Ë ”§—≠„π

ª√–‡∑»‰∑¬Õ’°®”π«π 11 ‰Õ‚´‡≈µ (CM1, CM2, CM3,

KK1, KK2, KK3, KK4, KK5, KK6 ·≈– KS) ´÷Ëß∫àß™’È race

‚¥¬ Bunyatratchata (2006)

2. °“√ °—¥¥’‡ÕÁπ‡Õ

π”‡™◊ÈÕ∑—ÈßÀ¡¥®“°¢âÕ 1  ‡≈’È¬ß∫πÕ“À“√ Sabouraud

dextrose agar (SDA) ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 28 Õß»“‡´≈‡´’¬ 

π“π 3 «—π „™â·ºàπ ‰≈¥å·°â«∑’Ë≈π‰ø¶à“‡™◊ÈÕ·≈â«¢Ÿ¥

‡ âπ„¬¢Õß‡™◊ÈÕ‰ª∫¥„Àâ≈–‡Õ’¬¥„π‚°√àß∑’Ë‡µ‘¡‰π‚µ√‡®π

‡À≈« ·≈â«‡µ‘¡ extraction buffer [CTAB 2 ‡ªÕ√å‡´Áπµå,

100 mM Tris-HCl (pH 8.0), 20 mM EDTA, 1.4 M

NaCl, Polyvinylpyrollidone (PVP) 1 ‡ªÕ√å‡´Áπµå] ·≈–

2-mercaptoethanol ®”π«π 600 ·≈– 3 ‰¡‚§√≈‘µ√

µ“¡≈”¥—∫  º ¡„Àâ à«πº ¡‡¢â“°—π ¥Ÿ¥„ àÀ≈Õ¥‰¡‚§√‡´π

µ√‘øî«®å ‡µ‘¡ chloroform : isoamyl alcohol (24:1)  ª√‘¡“µ√

600 ‰¡‚§√≈‘µ√ º ¡‡∫“Ê ‚¥¬°“√°≈—∫À≈Õ¥¢÷Èπ≈ß

π“π 10 π“∑’ π”‰ªÀ¡ÿπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 12,000 √Õ∫

µàÕπ“∑’ π“π 15 π“∑’ ‡°Á∫‡©æ“– à«π∑’Ë‡ªìππÈ”„ 

(supernatant) „πÀ≈Õ¥‰¡‚§√‡´πµ√‘øî«®åÀ≈Õ¥„À¡à

·≈â«‡µ‘¡ isopropanol ª√‘¡“µ√ 0.7 ‡∑à“¢Õß à«ππÈ”„ 

‚¥¬§àÕ¬Ê º ¡¥â«¬°“√°≈—∫À≈Õ¥¢÷Èπ≈ß π“π 5 π“∑’

®–æ∫¥’‡ÕÁπ‡Õ‡ªìπ “¬ ’¢“«¢ÿàπ ‡°Á∫µ–°Õπ¥’‡ÕÁπ‡Õ

‚¥¬°“√À¡ÿπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 14,000 √Õ∫µàÕπ“∑’

π“π 10 π“∑’  ‡∑ à«ππÈ”„ ∑‘Èß ≈â“ßµ–°Õπ¥’‡ÕÁπ‡Õ¥â«¬

ethanol 70 ‡ªÕ√å‡´Áπµå ª√‘¡“µ√ 1,000 ‰¡‚§√≈‘µ√ π”‰ª

À¡ÿπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 14,000 √Õ∫µàÕπ“∑’ π“π 10 π“∑’

‡∑ à«ππÈ”„ ∑‘Èß (≈â“ßµ–°Õπ¥â«¬«‘∏’‡¥’¬«°—ππ’È®”π«π

3 §√—Èß) ª≈àÕ¬„Àâµ–°Õπ¥’‡ÕÁπ‡Õ·Àâß ®÷ßπ”‰ª≈–≈“¬¥â«¬

TE buffer (10 mM Tris-HCl pH 8.0, 1 mM EDTA) ª√‘¡“µ√

30-50 ‰¡‚§√≈‘µ√ ®“°π—ÈπÀ“§«“¡‡¢â¡¢âπ·≈–§«“¡∫√‘ ÿ∑∏‘Ï

¢Õß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â ‚¥¬°“√«—¥°“√¥Ÿ¥°≈◊π· ß¥â«¬

‡§√◊ËÕß spectrophotometer ·≈–‚¥¬‡∑§π‘§Õ–°“‚√ ‡®≈

Õ‘‡≈Á°‚∑√‚ø√’´‘  (agarose gel electrophoresis) ‡°Á∫

¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ„™â

„π°“√»÷°…“µàÕ‰ª

3. °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Simple Sequence
Repeat (SSR)

π”¥’‡ÕÁπ‡Õ®“°¢âÕ 2 ¡“∑”°“√‡®◊Õ®“ß„Àâ¡’§«“¡

‡¢â¡¢âπ‡∑à“°—∫ 40 π“‚π°√—¡µàÕ‰¡‚§√≈‘µ√ ‡æ‘Ë¡ª√‘¡“≥

¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§ Polymerase Chain Reaction (PCR)

‚¥¬„™â‰æ√‡¡Õ√å 6 §Ÿà (Table1) (Bogale et al., 2005)

´÷Ëß„πªØ‘°‘√‘¬“∑—ÈßÀ¡¥ 10 ‰¡‚§√≈‘µ√ ª√–°Õ∫¥â«¬

¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ√“ 2 ‰¡‚§√≈‘µ√, 100mM dNTPs mix

1 ‰¡‚§√≈‘µ√, 10x ImmoBuffer 1 ‰¡‚§√≈‘µ√, 50mM

MgCl
2
 0.5 ‰¡‚§√≈‘µ√, DNA polymerase (IMMOLASETM

DNA Polymerase; Bioline USA Inc. 5 unit/µl) 0.05

‰¡‚§√≈‘µ√, ‰æ√‡¡Õ√å forward ·≈– reverse (5µM)

Õ¬à“ß≈– 0.3 ‰¡‚§√≈‘µ√,  ’ø≈ŸÕÕ‡√ ‡´πµå FdCTP 0.01

‰¡‚§√≈‘µ√ ·≈–‡µ‘¡ deionized H
2
O „Àâ¡’ª√‘¡“µ√ ÿ¥∑â“¬

‡∑à“°—∫ 10 ‰¡‚§√≈‘µ√ π”‡¢â“‡§√◊ËÕß thermal cycler

®”π«π√Õ∫ ‡«≈“ ·≈–Õÿ≥À¿Ÿ¡‘¢Õß·µà≈–™à«ß‡ªìπ¥—ßπ’È

94 Õß»“‡´≈‡´’¬  2 π“∑’ 1 √Õ∫; 94 Õß»“‡´≈‡´’¬  40

«‘π“∑’, 50 Õß»“‡´≈‡ ’́¬  π 40 «‘π“∑’, 72 Õß»“‡´≈‡ ’́¬ 

40 «‘π“∑’  40 √Õ∫; 72 Õß»“‡´≈‡´’¬  7 π“∑’ 1 √Õ∫

®“°π—Èπ·¬°¢π“¥¢Õßº≈º≈‘µ PCR ∑’Ë‰¥â¥â«¬‡§√◊ËÕß ABI

PRISMTM 377 DNA Sequencer ·≈–„™â‚ª√·°√¡

GeneScan „π°“√«‘‡§√“–Àå¢π“¥¢Õßº≈‘µ¿—≥±å PCR
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·≈–‚ª√·°√¡ Genotyper (PE Applied Biosystems)

„π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈·∫∫®—¥°≈ÿà¡ π”¢âÕ¡Ÿ≈π’È¡“ √â“ß

‡ªìπ binary matrix π”§à“∑’Ë‰¥â®“°µ“√“ß‰ª§”π«≥

similarity matrix ‚¥¬„™â«‘∏’ Unweighted Pair - Group

Method Using the Arithmetic Average (UPGMA) ‡¢’¬π

dendrogram ‚¥¬„™â Neighbor-joinring tree °“√«‘‡§√“–Àå

∑”‚¥¬„™â‚ª√·°√¡ SPSS version 9.0

4. °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Amplified Fragment
Length Polymorphism (AFLP)

4.1  °“√§—¥‡≈◊Õ° AFLP primer combination

®—¥∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol 1 ¥â«¬‡∑§π‘§ AFLP

‚¥¬¥—¥·ª≈ßµ“¡«‘∏’°“√¢Õß Vos ·≈–§≥– (1995) ¥—ßπ’È

1) µ—¥¥’‡ÕÁπ‡Õ¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“–
·≈–‡™◊ËÕ¡µàÕ¥’‡ÕÁπ‡Õ∑’Ë∂Ÿ°µ—¥¥â«¬ adaptor

π”¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ∑’Ë¡’ª√‘¡“≥ 250 π“‚π°√—¡

¡“µ—¥¥â«¬‡Õπ‰´¡å EcoR I ·≈– Mse I Õ¬à“ß≈– 2.5 unit

„πªØ‘°‘√‘¬“∑—ÈßÀ¡¥ 10 ‰¡‚§√≈‘µ√ (10mM Tris-acetate,

10mM Mg acetate, 50mM potassium acetate ·≈– 5mM

DTD, pH 7.5) ∫à¡ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 

π“π 1 ™—Ë«‚¡ß ®“°π—Èπ‡™◊ËÕ¡µàÕ¥’‡ÕÁπ‡Õ∑’Ë∂Ÿ°µ—¥¥â«¬

EcoR I ·≈– Mse I Adaptor (≈”¥—∫‡∫ · ¥ß„π Table 2)

‚¥¬‡µ√’¬¡ ligation mastermix ®”π«π 10 ‰¡‚§√≈‘µ√

[EcoR I adaptor (5-pmol/µl) ®”π«π 1 ‰¡‚§√≈‘µ√,

Mse I adaptor (50 pmol/µl) ª√‘¡“µ√ 1 ‰¡‚§√≈‘µ√, T4

DNA ligase 1 unit, 10x T4 DNA ligase buffer ®”π«π

2 ‰¡‚§√≈‘µ√, 0.5M NaCl ®”π«π 2 ‰¡‚§√≈‘µ√, 1 mg/ml

BSA] π” ligation mastermix ‡µ‘¡≈ß„π¥’‡ÕÁπ‡Õ∑’Ë∂Ÿ°µ—¥

¥â«¬‡Õπ‰´¡å ¡∫Ÿ√≥å·≈â« ∫à¡ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 37

Õß»“‡´≈‡´’¬  π“π 2 ™—Ë«‚¡ß ‡¡◊ËÕ§√∫ 2 ™—Ë«‚¡ß

À¬ÿ¥ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å‚¥¬°“√∫à¡‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 60

Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 15 π“∑’

2) Preselective amplification
‡®◊Õ®“ß¥’‡ÕÁπ‡Õ∑’Ë‡™◊ËÕ¡µàÕ°—∫ adaptor ·≈â«

≈ß 10 ‡∑à“ ‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ‡©æ“–™‘Èπ∑’Ëª≈“¬ ∑—Èß 2

¢â“ß∑’Ë‡™◊ËÕ¡µàÕ°—∫ EcoR I adaptor ·≈–¥â“π∑’Ë‡À≈◊Õ

‡™◊ËÕ¡µàÕ°—∫ Mse I adaptor π”¥’‡ÕÁπ‡Õπ’È¡“∑”ªØ‘°‘√‘¬“

PCR ¥â«¬ preselective primer ∑’Ë¡’≈”¥—∫π‘«§≈’‚Õ‰∑¥å

‡À¡◊Õπ adaptor ·µà¡’°“√‡æ‘Ë¡π‘«§≈’‚Õ‰∑¥å‡¢â“‰ª∑’Ë

ª≈“¬ 3′ ¢â“ß≈– 1 π‘«§≈’‚Õ‰∑¥å (+1) „π°“√∑¥≈Õßπ’È

„™â preselective primer ∑’Ë‡ªìπ EcoR I + A ·≈– Mse I + C

¥—ß· ¥ß„π Table 2

„π°“√∑”ªØ‘°‘√‘¬“ PCR „π¢—ÈπµÕπ preselective

amplification ¡’ à«πª√–°Õ∫¥—ßπ’È „™â¥’‡ÕÁπ‡Õ∑’Ë‡™◊ËÕ¡µàÕ

°—∫ adaptor ‡®◊Õ®“ß≈ß·≈â« 10 ‡∑à“ 4 ‰¡‚§√≈‘µ√, 10x

PCR buffer (100mM Tris-HCl pH 8.3, 15mM MgCl
2
 ·≈–

Table 1 The microsattellite primer sequences and repeat motif of Fusarium sp.
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500mM KCl) 2 ‰¡‚§√≈‘µ√, ‡Õπ‰´¡å DNA polymerase

(Bioline USA Inc.) 1.2 unit, 5pmole dNTPs 2 ‰¡‚§√≈‘µ√,

1µM EcoR I + A primer 1 ‰¡‚§√≈‘µ√, 8.3 µM Mse I + C

primer 2 ‰¡‚§√≈‘µ√ ·≈–‡µ‘¡ deionized H
2
O „Àâ¡’ª√‘¡“µ√

 ÿ¥∑â“¬‡∑à“°—∫ 20 ‰¡‚§√≈‘µ√ π”‡¢â“‡§√◊ËÕß thermal

cycler ®”π«π√Õ∫ ‡«≈“ ·≈–Õÿ≥À¿Ÿ¡‘¢Õß·µà≈–™à«ß‡ªìπ

¥—ßπ’È 72 Õß»“‡´≈‡ ’́¬  2 π“∑’  1 √Õ∫; 94 Õß»“‡´≈‡ ’́¬ 

20 «‘π“∑’, 56 Õß»“‡´≈‡´’¬   30 «‘π“∑’, 72 Õß»“‡´≈‡´’¬ 

2 π“∑’ 20 √Õ∫ ·≈– 60 Õß»“‡´≈‡´’¬  30 π“∑’ 1 √Õ∫

3)  Selective amplification
‚¥¬„™â primer combination √–À«à“ß EcoR I + 3

nucleotide ∑’Ëµ‘¥©≈“°¥â«¬ ’ø≈ŸÕÕ‡√ ‡´πµåµà“ßÊ

∑’Ëª≈“¬ 5′ ®”π«π 8 ‡ âπ °—∫ Mse I + 3 nucleotide

8 ‡ âπ (Table 3) ªØ‘°‘√‘¬“¡’¥—ßπ’È „™â¥’‡ÕÁπ‡Õ®“°¢—Èπ

preselective amplification ∑’Ë‡®◊Õ®“ß≈ß 20 ‡∑à“

3 ‰¡‚§√≈‘µ√, 1µM EcoR I primer-Axx 1 ‰¡‚§√≈‘µ√,

3µM Mse I primer-Cxx 1 ‰¡‚§√≈‘µ√ ·≈– AFLP core mix

(PE Applied BioSystems) ‡µ‘¡ deionized H
2
O „Àâ¡’ª√‘¡“µ√

 ÿ¥∑â“¬‡∑à“°—∫ 20 ‰¡‚§√≈‘µ√ ‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ

‚¥¬°“√π”‰ª∑” touch down PCR ∑’Ë¡’‚ª√·°√¡¥—ßπ’È

94 Õß»“‡´≈‡´’¬  2 π“∑’ 1 √Õ∫; 94 Õß»“‡´≈‡´’¬ 

20 «‘π“∑’, 66 Õß»“‡´≈‡ ’́¬  30 «‘π“∑’, 72 Õß»“‡´≈‡ ’́¬ 

2 π“∑’ 10 √Õ∫ ·≈–®“°π—Èπ≈¥Õÿ≥À¿Ÿ¡‘≈ß 1 Õß»“‡´≈‡´’¬ 

∑ÿ°Ê √Õ∫ ‡¡◊ËÕ§√∫·≈â«∑”Õ’° 20 √Õ∫ ‚¥¬„™âÕÿ≥À¿Ÿ¡‘

94 Õß»“‡´≈‡´’¬  20 π“∑’ 56 Õß»“‡´≈‡´’¬  30 «‘π“∑’

·≈– 72 Õß»“‡´≈‡´’¬  2 π“∑’ ·≈– 60 Õß»“‡´≈‡´’¬ 

30 «‘π“∑’ ®“°π—Èππ”º≈º≈‘µ PCR ®”π«π 3 ‰¡‚§√≈‘µ√

‰ª·¬°¢π“¥¢Õß¥’‡ÕÁπ‡Õ‚¥¬„™â‡§√◊ËÕß ABI PRISMTM

377 DNA Sequencer

Table 2 The sequences of AFLP adaptor and preselective primer.

Table 3 The selective EcoR I and Mse I primer sequences have three selective bases extend into the restriction
fragments with fluorescent labelling.
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4.2 °“√®—¥∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol
‚¥¬„™â‡∑§π‘§ AFLP

π”º≈¢Õß primer combination ∑’Ë¥’‚¥¬µ√«®

º≈®“°¢âÕ 4.1 ‡æ◊ËÕ®—¥∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol

®”π«π 15 ‰Õ‚´‡≈µ  ”À√—∫¢—ÈπµÕπ°“√¥”‡π‘π°“√

‡™àπ‡¥’¬«°—∫¢—ÈπµÕπ°“√§—¥‡≈◊Õ°§Ÿà¢Õß‰æ√‡¡Õ√å„π¢âÕ 4.1

®“°π—Èππ”¡“·¬°¢π“¥¢Õß¥’‡ÕÁπ‡Õ‡™◊ÈÕ Fol ∑’Ë‰¥â®“°

‡∑§π‘§ AFLP ¥â«¬‡§√◊ËÕß ABI PRISMTM 377 DNA

Sequencer ‚¥¬„™â‚ª√·°√¡ GeneScan ·≈– Genotyper

(PE Applied Biosytems) „π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ π”¢âÕ¡Ÿ≈

π’È¡“ √â“ß‡ªìπ binary matrix π”§à“∑’Ë‰¥â®“°µ“√“ß‰ª

§”π«≥ similarity matrix ‚¥¬„™â«‘∏’ Unweighted

Pair - Group Method Using the Arithmetic Average

(UPGMA) ‡¢’¬π dendrogram ‚¥¬„™â Neighbor-joinring

tree °“√«‘‡§√“–Àå∑”‚¥¬„™â‚ª√·°√¡ SPSS version 9.0

º≈°“√»÷°…“

1. °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Simple Sequence
Repeat (SSR)

®“°°“√»÷°…“¥â«¬‡∑§π‘§ SSR „π°“√®”·π°

‡™◊ÈÕ Fol ®”π«π 15 ‰Õ‚´‡≈µ ‚¥¬„™â‰æ√‡¡Õ√å®”π«π 6 §Ÿà

æ∫«à“ ‰æ√‡¡Õ√å MB2 (Figure 1A) „Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’

§«“¡·µ°µà“ß°—π (polymorphic band) ®”π«π 5 ·∂∫

‰¥â·°à ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 222 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ KK6

·≈– CM2 ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 248 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ

Fol3N ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 250 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ PP

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 258-259 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ Fol1,

Fol2, Fol3A, KK1, KK2, KK3, KK4, KK5, CM1 ·≈– CM3

·≈–·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 265 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ KS

 à«π‰æ√‡¡Õ√å MB10 (Figure 1B) „Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’

Figure 1  Microsatellite DNA fingerprint profiles of 15 isolates of Fusarium oxysporum f. sp. lycopersici  amplified
with MB2 primer (A) and MB10 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 =
Fol1, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.
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§«“¡·µ°µà“ß°—π®”π«π 2 ·∂∫ ‰¥â·°à ·∂∫¥’‡ÕÁπ‡Õ

¢π“¥ 204 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ Fol1, Fol2, Fol3A,

Fol3N, KK1, KK2, KK3, KK4, KK5, CM1, CM3, PP

·≈– KS ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 222 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ

KK6 ·≈– CM2   à«π‰æ√‡¡Õ√å MB11 (Figure 2A) „Àâ

·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·µ°µà“ß°—π®”π«π 2 ·∂∫ ‰¥â·°à

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 204 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ Fol1,

Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, CM1,

CM3, PP ·≈– KS  ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 222 §Ÿà‡∫  æ∫„π

‰Õ‚´‡≈µ KK6 ·≈– CM2  ‰æ√‡¡Õ√å MB11 (Figure 2A)

„Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·µ°µà“ß°—π®”π«π 2 ·∂∫ ‰¥â·°à

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 172 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ Fol3N

·≈– KS  ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 175 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ

Fol1, Fol2, Fol3A, KK1, KK2, KK3, KK4, KK5, KK6, CM1,

CM2, CM3 ·≈– PP ‰æ√‡¡Õ√å MB14 (Figure 2B) „Àâ

·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡·µ°µà“ß°—π®”π«π 3 ·∂∫ ‰¥â·°à

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 183-184 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ PP ·≈–

KS ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 185-186 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ

Fol1, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, CM2

·≈– CM3 ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 196-198 §Ÿà‡∫  æ∫„π

‰Õ‚´‡≈µ KK5, KK6 ·≈– CM1 ‰æ√‡¡Õ√å FS7 (Figure 3A)

„Àâ·∂∫¥’‡ÕÁπ‡Õ·∂∫‡¥’¬«‚¥¬¡’¢π“¥ 228 §Ÿà‡∫  „π

‰Õ‚´‡≈µ Fol1, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4,

KK6, CM2 ·≈– CM3  à«πÕ’° 4 ‰Õ‚´‡≈µ ‰¡àæ∫·∂∫

¥’‡ÕÁπ‡Õ¥—ß°≈à“« ‰¥â·°à ‰Õ‚´‡≈µ KK5, CM1, PP ·≈–

KS ·≈–‰æ√‡¡Õ√å FS19 (Figure 3B) „Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ë

¡’§«“¡·µ°µà“ß°—π®”π«π 4 ·∂∫ ‰¥â·°à ·∂∫¥’‡ÕÁπ‡Õ

¢π“¥ 374 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ Fol1, Fol2, Fol3A,

Fol3N, KK1, KK2, KK3, KK4, KK6, CM2, CM3 ·≈– PP

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 378-379 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ KK5,

Figure 2 Microsatellite DNA fingerprint profiles of 15 isolates of Fusarium oxysporum f. sp. lycopersici  amplified
with MB11 primer (A) and MB14 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 =
Fol1, Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.
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Figure 3 Microsatellite DNA fingerprint profiles of 15 isolates of  Fusarium oxysporum f. sp. lycopersici  amplified
with FS7 primer (A) and FS19 primer (B); when X stand for size of DNA fragment (bp) ; row 1-15 = Fol1,
Fol2, Fol3A, Fol3N, KK1, KK2, KK3, KK4, KK5, KK6, CM1, CM2, CM3, PP and KS respectively.

CM1 ·≈– KS ·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 393 §Ÿà‡∫  æ∫„π

‰Õ‚´‡≈µ Fol1, Fol2, KK1, KK2, KK3, KK4 ·≈– KK6 ·≈–

·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 443 §Ÿà‡∫  æ∫„π‰Õ‚´‡≈µ CM1  ‡¡◊ËÕ

π”¢âÕ¡Ÿ≈∑’Ë‰¥â¢Õß‡™◊ÈÕ Fol 15 ‰Õ‚´‡≈µ ∑—Èß 6 ‰æ√‡¡Õ√å

‰ª«‘‡§√“–Àå·∫∫®—¥°≈ÿà¡ (cluster analysis) ‚¥¬„™â‚ª√·°√¡

SPSS version 9.0 ‰¥â§à“√–¬–Àà“ß¢Õß·µà≈–‰Õ‚´‡≈µ

(Table 4) ·≈–π”§à“√–¬–Àà“ß¢Õß·µà≈–‰Õ‚´‡≈µπ’È

‰ª √â“ß dendrogram ‡æ◊ËÕ¥Ÿ§«“¡ —¡æ—π∏å¢Õß·µà≈–

‰Õ‚´‡≈µ (Figure 4) æ∫«à“  “¡“√∂®—¥°≈ÿà¡‡™◊ÈÕ Fol

‰¥â ‡ªìπ 2 °≈ÿà¡∑’Ë·µ°µà“ß°—π¡“° ‰¥â·°à  °≈ÿà¡ A ·≈– B

´÷Ëß°≈ÿà¡ A ¬—ß·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡¬àÕ¬ ‰¥â·°à a1 ·≈– a2

‚¥¬°≈ÿà¡ a1 ¡’®”π«π 8 ‰Õ‚´‡≈µ ‰¥â·°à Fol3A, CM3,

KK3, KK4, KK1, KK2, Fol1 ·≈– Fol2  à«π°≈ÿà¡ a2

¡’®”π«π 2 ‰Õ‚´‡≈µ ‰¥â·°à KK6 ·≈– CM2  ·≈–°≈ÿà¡ B

·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡¬àÕ¬ ‰¥â·°à b1 ·≈– b2  ‚¥¬°≈ÿà¡

b1 ¡’®”π«π 2 ‰Õ‚´‡≈µ ‰¥â·°à KK5 ·≈– CM1  à«π°≈ÿà¡

b2 ¡’®”π«π 3 ‰Õ‚´‡≈µ ‰¥â·°à PP, KS ·≈– Fol3N

2.   °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Amplified Fragment

Length Polymorphism (AFLP)
2.1 °“√§—¥‡≈◊Õ° AFLP primer combination
º≈°“√§—¥‡≈◊Õ°§Ÿà¢Õß AFLP ‰æ√‡¡Õ√å¢Õß EcoR I

·≈– Mse I selective primer Õ¬à“ß≈– 8  “¬ √«¡‡ªìπ

64 primer combination ‚¥¬„™â‡™◊ÈÕ Fol ‰Õ‚´‡≈µ Fol1

‡ªìπ¥’‡ÕÁπ‡Õµâπ·∫∫„π°“√∑” AFLP ‡æ◊ËÕ§—¥‡≈◊Õ°§Ÿà¢Õß

‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡ ”À√—∫∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß

‡™◊ÈÕ Fol ∑—ÈßÀ¡¥ ‚¥¬æ‘®“√≥“®“°®”π«π·∂∫¢Õß

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡’®”π«π¡“°·≈–§¡™—¥‡®π

∑ÿ°Ê ·∂∫ º≈°“√§—¥‡≈◊Õ°æ∫«à“ ¡’‰æ√‡¡Õ√å ®”π«π

11 §Ÿà ∑’Ë„Àâ·∂∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ§¡™—¥ ‰¥â·°à ‰æ√‡¡Õ√å
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Table 4 Associations among 15 isolates of Fusarium oxysporum f. sp. lycopersici   revealed by 6 pairs of microsatellite
primer.

Figure 4 Dendrogram for 15 isolates of Fusarium oxysporum f. sp. lycopersici derived from Neighbor-joining tree
analysis based on 6 microsatellite primers ; np = non-pathogenic strain of Fusarium oxysporum f. sp.
lycopersici.

E-AAG/M-CAA, E-AAG/M-CTC, E-AAG/M-CAG, E-AAG/

M-CAC, E-AAC/M-CAA, E-ACT/M-CTA, E-ACT/M-CTT,

E-ACT/M-CAA, E-ACT/M-CAT, E-ACG/M-CAA ·≈–

E-ACG/M-CAC ‰æ√‡¡Õ√åÕ◊Ëπ∑’Ë‡À≈◊Õ„Àâ·∂∫≈“¬æ‘¡æå∑’Ë

πâÕ¬À√◊Õ‰¡à™—¥‡®π

2.2 °“√®—¥∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol

‚¥¬„™â‡∑§π‘§ AFLP
‡¡◊ËÕπ”º≈º≈‘µ PCR ∑’Ë‰¥â®“°°“√„™â§Ÿà¢Õß‰æ√‡¡Õ√å

∑—Èß 11 §Ÿà ®“°¢âÕ 2.1 ‰ª∑”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol

∑—Èß 15 ‰Õ‚´‡≈µ ª√“°Ø«à“‰æ√‡¡Õ√å∑—ÈßÀ¡¥„Àâ·∂∫

¥’‡ÕÁπ‡Õ‰¡à¡“°π—° ‚¥¬Õ¬Ÿà„π™à«ß 15-25 ·∂∫µàÕ‰æ√‡¡Õ√å
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µàÕ‰Õ‚´‡≈µ ‡∑à“π—Èπ ¢π“¥¢Õß™‘Èπ¥’‡ÕÁπ‡Õ∑’Ëµ√«®æ∫

¡’§«“¡¬“«Õ¬Ÿà√–À«à“ß 50-500 §Ÿà‡∫   ‡¡◊ËÕπ”¢âÕ¡Ÿ≈

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ Fol 15 ‰Õ‚´‡≈µ ∑—Èß 11

‰æ√‡¡Õ√å ‰ª«‘‡§√“–Àå·∫∫®—¥°≈ÿà¡ (cluster analysis)

‚¥¬„™â‚ª√·°√¡ SPSS version 9.0 ‰¥â§à“§«“¡·µ°µà“ß

∑“ßæ—π∏ÿ°√√¡¢Õß·µà≈–‰Õ‚´‡≈µ (Table 5) ·≈–π”§à“

§«“¡·µ°µà“ß∑“ßæ—π∏ÿ°√√¡¢Õß·µà≈–‰Õ‚´‡≈µπ’È‰ª √â“ß

dendrogram ‡æ◊ËÕ¥Ÿ§«“¡ —¡æ—π∏å¢Õß·µà≈–‰Õ‚´‡≈µ

(Figure 5) æ∫«à“  “¡“√∂®—¥°≈ÿà¡‡™◊ÈÕ Fol ‰¥â ‡ªìπ

2 °≈ÿà¡∑’Ë·µ°µà“ß°—π¡“° ‰¥â·°à  °≈ÿà¡ A ·≈– B  ´÷Ëß

°≈ÿà¡ A ¬—ß·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡¬àÕ¬ ‰¥â·°à a1 ·≈– a2

‚¥¬°≈ÿà¡ a1 ¡’®”π«π 8 ‰Õ‚´‡≈µ (KK3, KK4, Fol3N,

KK1, Fol2, KK5, CM3 ·≈– PP)   à«π°≈ÿà¡ a2 ¡’®”π«π

2 ‰Õ‚´‡≈µ (KK2 ·≈– Fol3A)  ·≈–°≈ÿà¡ B ·∫àßÕÕ°‡ªìπ

2 °≈ÿà¡¬àÕ¬ ‰¥â·°à b1 ·≈– b2  ‚¥¬°≈ÿà¡ b1 ¡’®”π«π

2 ‰Õ‚´‡≈µ (CM1 ·≈– Fol1)  à«π°≈ÿà¡ b2 ¡’®”π«π 3

‰Õ‚´‡≈µ  (KK6, CM2 ·≈– KS)

 √ÿª·≈–«‘®“√≥å

1.  °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Simple Sequence
Repeat (SSR)

º≈°“√»÷°…“¥â«¬°“√„™â‡∑§π‘§ SSR „π°“√®”·π°

‡™◊ÈÕ Fol ®”π«π 15 ‰Õ‚´‡≈µ ‚¥¬„™â‰æ√‡¡Õ√å®”π«π

6 §Ÿà „Àâ·∂∫¥’‡ÕÁπ‡Õ∑’Ëµà“ß°—π∑—ÈßÀ¡¥ 18 ·∂∫ ‡¡◊ËÕπ”‰ª

«‘‡§√“–Àå¢âÕ¡Ÿ≈·∫∫®—¥°≈ÿà¡ æ∫«à“  “¡“√∂·∫àß°≈ÿà¡

‡™◊ÈÕ Fol ÕÕ°‡ªìπ 2 °≈ÿà¡„À≠à ‚¥¬°≈ÿà¡ A ‡ªìπ°≈ÿà¡¢Õß

‡™◊ÈÕ Fol  ∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‡À≈◊Õß

°—∫¡–‡¢◊Õ‡∑»‰¥â ¬°‡«âπ‰Õ‚´‡≈µ CM3 ·≈–°≈ÿà¡ B ‡ªìπ

°≈ÿà¡¢Õß‡™◊ÈÕ Fol  ∑’Ë‰¡à “¡“√∂∑”„Àâ‡°‘¥‚√§°—∫¡–‡¢◊Õ‡∑»

‰¥â ¬°‡«âπ‰Õ‚´‡≈µ Fol3N ∑—Èßπ’È Õ¥§≈âÕß°—∫°“√»÷°…“

¢Õß¡π— «’·≈–§≥– (2548) ∑’Ë„™â‡∑§π‘§ Random

Amplified Polymorphic DNA (RAPD) ®”·π°‡™◊ÈÕ Fol

∑—Èß 15 ‰Õ‚´‡≈µπ’È æ∫«à“ “¡“√∂·∫àß°≈ÿà¡‡™◊ÈÕ Fol

∑’Ë¡’§«“¡ “¡“√∂„π°“√∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‡À≈◊Õß°—∫

¡–‡¢◊Õ‡∑» ÕÕ°®“°°≈ÿà¡¢Õß‡™◊ÈÕ Fol ∑’Ë‰¡à “¡“√∂

∑”„Àâ‡°‘¥‚√§°—∫¡–‡¢◊Õ‡∑»‰¥â ¬°‡«âπ‰Õ‚´‡≈µ CM3

‡™àπ‡¥’¬«°—∫°“√»÷°…“„π§√—Èßπ’È  πÕ°®“°π’È¬—ßæ∫«à“ ‡™◊ÈÕ

Fol ‰Õ‚´‡≈µ KK1, KK2, KK3 ·≈– KK4 ¡’§à“ proximity

matrix ‡∑à“°—∫ 0 · ¥ß«à“¡’§«“¡‡À¡◊Õπ°—π¡“°À√◊Õ¡’

§«“¡„°≈â™‘¥∑“ßæ—π∏ÿ°√√¡¡“° ·µà‡¡◊ËÕ¥Ÿº≈®“°

Table 6 ´÷Ëß‡ªìπº≈¢Õß proximity matrix ∑’Ë‰¥â®“°

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¢Õß‡™◊ÈÕ Fol ¥â«¬‡∑§π‘§ Amplified

Fragment Length Polymorphism (AFLP) ®”π«π 11 §Ÿà

¢Õß‰æ√‡¡Õ√å æ∫«à“ ¡’‡©æ“–‰Õ‚´‡≈µ KK3 ·≈– KK4

‡∑à“π—Èπ∑’Ë¡’§«“¡‡À¡◊Õπ°—π (§à“ proximity matrix = 0)

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“‡™◊ÈÕ Fol ®”π«π 2 ‰Õ‚´‡≈µπ’È ¡’§«“¡

„°≈â™‘¥∑“ßæ—π∏ÿ°√√¡®√‘ß ‡™àπ‡¥’¬«°—∫°“√»÷°…“¥â«¬

‡∑§π‘§ SSR æ∫«à“ ‰Õ‚´‡≈µ CM3 ¡’§«“¡‡À¡◊Õπ°—∫

‰Õ‚´‡≈µ Fol3A °√≥’π’È· ¥ß„Àâ‡ÀÁπ«à“ °“√∑’Ë®–„™â‡∑§π‘§

∑“ß¥’‡ÕÁπ‡Õµ√«® Õ∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¢Õß ‘Ëß¡’™’«‘µ ∂â“„™â‰æ√‡¡Õ√å®”π«ππâÕ¬µ”·Àπàß

Õ“®∑”„Àâ°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ÕÕ°¡“§≈“¥‡§≈◊ËÕπ®“°

§«“¡‡ªìπ®√‘ß‰¥â ‚¥¬‡©æ“–º≈∑’Ëª√“°Ø«à“ 2 ‰Õ‚´‡≈µ

∑’Ë¡’§«“¡‡À¡◊Õπ°—π∑“ßæ—π∏ÿ°√√¡ ‡æ◊ËÕ„Àâ¢âÕ¡Ÿ≈„π

°“√∑¥≈Õßπ’È¡’ª√–‚¬™πå¡“°¬‘Ëß¢÷Èπ ®÷ß§«√π”º≈¢Õß

°“√»÷°…“‡™◊ÈÕ Fol ‚¥¬„™â‡∑§π‘§Õ◊ËπÊ √à«¡¥â«¬ ®–∑”„Àâ

¡’‰æ√‡¡Õ√å¡“°æÕ∑’Ë®–»÷°…“ª√–™“°√¢Õß‡™◊ÈÕ Fol

Õ¬à“ß‰√°Áµ“¡ ®“°°“√√“¬ß“π¢Õß Bogale ·≈–§≥–

(2005) °≈à“««à“ °“√„™â SSR ®”π«π 9 µ”·Àπàß

°Á‡æ’¬ßæÕ∑’Ë®–»÷°…“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¢Õß‡™◊ÈÕ F. oxysporum ‰¥â

2. °“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ Amplified Fragment
Length Polymorphism (AFLP)

°“√®”·π°‡™◊ÈÕ Fol ∑—Èß 15 ‰Õ‚´‡≈µ ¥â«¬‡∑§π‘§

AFLP æ∫«à“ §Ÿàº ¡¢Õß‰æ√‡¡Õ√å∑’Ë„Àâº≈¥’¡’®”π«π

11 §Ÿà ‰¥â·°à ‰æ√‡¡Õ√å E-AAG/M-CAA, E-AAG/M-CTC,

E-AAG/M-CAG, E-AAG/ M-CAC, E-AAC/M-CAA, E-ACT/

M-CTA, E-ACT/M-CTT, E-ACT/M-CAA, E-ACT/M-CAT,

E-ACG/M-CAA ·≈– E-ACG/M-CAC §Ÿàº ¡¢Õß‰æ√‡¡Õ√å

∑—ÈßÀ¡¥„Àâ¢π“¥¢Õß™‘Èπ¥’‡ÕÁπ‡ÕÕ¬Ÿà√–À«à“ß 50-500 §Ÿà‡∫ 

·≈–„Àâ®”π«π·∂∫¥’‡ÕÁπ‡ÕÕ¬Ÿà„π™à«ß 15-25 ·∂∫ ´÷Ëß

π—∫«à“πâÕ¬ ‡æ√“–°“√∑¥≈Õßπ’È‰¥â‡≈◊Õ°ª√—∫®”π«π‡∫ 
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Table 5 Associations among 15 isolates of Fusarium oxysporum f. sp. lycopersici revealed by 11 pairs of AFLP primer.

Figure 4 Dendrogram for 15 isolates of Fusarium oxysporum f. sp. lycopersici derived from Neighbor-joining tree
analysis based on 6 microsatellite primers ; np = non-pathogenic strain of Fusarium oxysporum f. sp.
lycopersici.

§—¥‡≈◊Õ°∑’Ëª≈“¬ 3′ ‡ªìπ +3 ‡∫  ∑—Èßπ’È‡π◊ËÕß®“°µâÕß°“√

„Àâ¡’§«“¡®”‡æ“– Ÿß ·µà¡’º≈∑”„Àâ‰¥â·∂∫¥’‡ÕÁπ‡Õ

§àÕπ¢â“ßπâÕ¬ °“√»÷°…“§√—Èßπ’Èµ√«® Õ∫·∂∫¥’‡ÕÁπ‡Õ∑’Ë

‡°‘¥¢÷Èπ‚¥¬«‘∏’µ‘¥©≈“°∑’Ëª≈“¬ 5′ ¢Õß‰æ√‡¡Õ√å¢â“ß

EcoRI ¥â«¬ “√‡√◊Õß· ß (fluorescent dye) ·≈â«µ√«®

¢π“¥¢Õß™‘Èπ¥’‡ÕÁπ‡Õ¥â«¬‡§√◊ËÕßÕà“π≈”¥—∫‡∫ Õ—µ‚π¡—µ‘

(automated DNA sequencer) ®“°π—Èπ‡§√◊ËÕß®–∑”°“√

µ√«® Õ∫·∂∫¥’‡ÕÁπ‡Õ ·≈–·ª≈ß‡ªìπ√À—  0 (‰¡à¡’·∂∫)

°—∫ 1 (¡’·∂∫) ‚¥¬Õ—µ‚π¡—µ‘ ‡¡◊ËÕπ”º≈π’È‰ª«‘‡§√“–Àå

·∫∫®—¥°≈ÿà¡À“§«“¡ —¡æ—π∏å„π√Ÿª dendrogram æ∫«à“

‡∑§π‘§ AFLP π’È  “¡“√∂»÷°…“§«“¡À≈“°À≈“¬¢Õß

‡™◊ÈÕ Fol ∑—Èß 15 ‰Õ‚´‡≈µ ∑’Ë¡’æ—π∏ÿ°√√¡„°≈â™‘¥°—∫°≈ÿà¡π’È
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‰¥â¥’ ‡æ√“–®–‡ÀÁπ‰¥â®“°§à“§«“¡ —¡æ—π∏åÀ√◊Õ√–¬–Àà“ß

·µà≈–‰Õ‚´‡≈µ ¡’µ—Èß·µà 0 (‰Õ‚´‡≈µ KK3 ·≈– KK4 ¡’§à“

‡∑à“°—π) ·≈– 1 (‰Õ‚´‡≈µ KS ·≈– Fol3A ¡’§à“µà“ß°—π¡“°)

‡¡◊ËÕ¥Ÿ®“° dendrogram ®– “¡“√∂·∫àß°≈ÿà¡‡™◊ÈÕ Fol

ÕÕ°‡ªìπ 2 °≈ÿà¡„À≠à (√–¬–Àà“ß‡∑à“°—∫ 0.8) ‰¥â·°à

°≈ÿà¡ A ·≈– B  °≈ÿà¡ A ¬—ß “¡“√∂·∫àß‡ªìπ°≈ÿà¡¬àÕ¬

(√–¬–Àà“ß‡∑à“°—∫ 0.4) ‰¥â·°à a1 ·≈– a2  ‚¥¬∑’Ë°≈ÿà¡ a1

ª√–°Õ∫¥â«¬‡™◊ÈÕ Fol ®”π«π 8 ‰Õ‚´‡≈µ∑’Ë§≈â“¬°—π¡“°

‰¥â·°à ‡™◊ÈÕ Fol ∑’Ë‡ªìπ race ¡“µ√∞“π 2 ·≈– 3 ‰¥â·°à

‰Õ‚´‡≈µ Fol2 ·≈– Fol3N µ“¡≈”¥—∫  °≈ÿà¡‡™◊ÈÕ Fol ∑’Ë

‡ªìπ race 2 ‰¥â·°à ‰Õ‚´‡≈µ KK1, KK3 ·≈– KK4 ·≈–

°≈ÿà¡‡™◊ÈÕ Fol  ∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§‡À’Ë¬«‡À≈◊Õß°—∫¡–‡¢◊Õ‡∑»

‰¥â·°à ‰Õ‚´‡≈µ KK5, CM3 ·≈– PP °≈ÿà¡ a2 ª√–°Õ∫

¥â«¬ 2 ‰Õ‚´‡≈µ ∑’Ë§≈â“¬°—π¡“° ‰¥â·°à Fol3A ·≈– KK2

 ”À√—∫„π°≈ÿà¡ B ·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡¬àÕ¬ ‰¥â·°à  b1

·≈– b2  ∑’Ë¡’§«“¡Àà“ß°—π∑“ßæ—π∏ÿ°√√¡ Ÿß°«à“°≈ÿà¡ A

‚¥¬∑’Ë°≈ÿà¡¬àÕ¬ b1 ª√–°Õ∫¥â«¬‡™◊ÈÕ Fol ‰Õ‚´‡≈µ  Fol1

·≈– CM1 °≈ÿà¡¬àÕ¬ b2 ª√–°Õ∫¥â«¬‡™◊ÈÕ Fol  ‰Õ‚´‡≈µ

KK6, CM2 ·≈– KS ́ ÷Ëß®–‡ÀÁπ«à“„π·µà≈–°≈ÿà¡®–ª√–°Õ∫

‰ª¥â«¬‡™◊ÈÕ Fol ∑’Ë∑”„Àâ‡°‘¥‚√§·≈–‰¡à∑”„Àâ‡°‘¥‚√§

ª–ªπ°—π Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ¥Ÿ„π·ßà¢Õß«‘«—≤π“°“√πà“

®–‡ªìπ‰ª‰¥â«à“‰Õ‚´‡≈µ Fol1 ·≈– Fol2 ¡’«‘«—≤π“°“√

·¬°®“°°—π ‡æ√“–Õ¬Ÿà°≈ÿà¡„À≠àµà“ß°≈ÿà¡°—π  ”À√—∫

‰Õ‚´‡≈µ Fol3N πà“®–¡’«‘«—≤π“°“√√à«¡°—∫‰Õ‚´‡≈µ

Fol2 ·µà¡’§«“¡Àà“ß¡“°°«à“‰Õ‚´‡≈µ Fol3N ∂â“À“°¥Ÿ

polymorphism ∑’Ë‡°‘¥¢÷Èπ‚¥¬¥Ÿ®“°§«“¡·µ°µà“ß¢Õß

·∂∫¥’‡ÕÁπ‡Õ„πµ”·Àπàß‡¥’¬«°—π ‡æ◊ËÕ°“√®”·π° race

®–æ∫«à“ ·∂∫¥’‡ÕÁπ‡Õ¢Õß∑—Èß 11 §Ÿàº ¡¢Õß‰æ√‡¡Õ√å

 à«π„À≠à„Àâ·∂∫∑’Ë‡À¡◊Õπ°—π (common band) ¡’·∂∫

 à«ππâÕ¬∑’Ë„Àâ§«“¡·µ°µà“ß ·≈–∫“ß‰Õ‚´‡≈µ¡’ common

band ∑’Ëµà“ßÕÕ°‰ª · ¥ß„Àâ‡ÀÁπ«à“¡’æ—π∏ÿ°√√¡∑’Ëµà“ß°—∫

‰Õ‚´‡≈µÕ◊ËπÊ ¡“° ∂â“∑”°“√µ—¥·∂∫¥’‡ÕÁπ‡Õ∑’Ëµà“ß°—π

‡À≈à“π’È‰ª∑”°“√Õà“π≈”¥—∫‡∫ ·≈â«ÕÕ°·∫∫‡ªìπ

‰æ√‡¡Õ√å®”‡æ“– (specific primer) „À¡à ®–∑”„Àâ°“√

®”·π°À√◊Õ√–∫ÿ§«“¡·µ°µà“ß¢Õß race ‰¥â√«¥‡√Á«°«à“π’È

‡æ√“–∂÷ß·¡â«à“‡∑§π‘§ AFLP ®–‡ªìπ‡∑§π‘§∑’Ë¥’ „Àâ

polymorphism ‰¥â®”π«π¡“°  “¡“√∂∫Õ°§«“¡·µ°µà“ß
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