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Abstract

Jerusalem artichoke (Helianthus tuberosus L.) is native of North America. The high-fructose syrups

derived from the tubers may be used primarily as sweeteners in the food industry, also for the production of ethanol

and be suitable for use as cattle fodder. There was no genome and genetic diversity information of this plant

species. Thus, the aim of this study was to analyze the genetic diversity of H. tuberosus germplasm collected from

the USA, Germany, France, Russian Federation and Canada using Inter Simple Sequence Repeat (ISSR) technique

with primers containing microsatellites which are ubiquitous in plant genomes. A total of 24 primers, containing

different Simple Sequence Repeat (SSR) motifs, were tested for potential amplification. Six primers produced 552

repeatable bands in the range of 200-1500 bp, of which 344 were polymorphic PCR products and 47 variety-specific

bands whereby flanking sequence 3' anchored primer gave more ISSR-PCR products than that of 5' anchored

primers. The ISSR profiles of H. tuberosus generated by (GATA)2 (GACA)2, HVH (TCC)5 and (GA)6 YT primers

showed that these repeats are abundant in the H. tuberosus genome. This genome which distinguished high tuber

yield accessions from the others and also separated cultivated accessions from wild H. tuberosus.
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∫∑π”

·°àπμ–«—π (Helianthus tuberosus L.) ‡ªìπ

æ◊™≈â¡≈ÿ° Õ¬Ÿà„π«ß»å∑“πμ–«—π (Asteraceae) ¥Õ°

 ’‡À≈◊Õß§≈â“¬°—∫∑“πμ–«—π·μà¡’¢π“¥‡≈Á°°«à“ ¡’∂‘Ëπ

°”‡π‘¥Õ¬Ÿà„πª√–‡∑» À√—∞Õ‡¡√‘°“ ‡π◊ËÕß®“°¡’

§«“¡ ”§—≠„πÕÿμ “À°√√¡πÈ”μ“≈ Õÿμ “À°√√¡

°“√º≈‘μ‡Õ∑“πÕ≈ Õÿμ “À°√√¡Õ“À“√ —μ«å ·≈–

°“√º≈‘μÕ“À“√‡æ◊ËÕ ÿ¢¿“æ ÷́Ëß„™â à«π¢Õß≈”μâπ

„μâ¥‘π∑’Ë – ¡Õ“À“√‰«â ‡ªìπ«—μ∂ÿ¥‘∫„π°“√º≈‘μ

πÕ°®“°π’È„π≈”μâπ¢Õß·°àπμ–«—π¬—ß¡’ “√Õ‘πŸ≈‘π

(inulin) ́ ÷Ëß≈¥§«“¡‡ ’Ë¬ß°“√‡ªìπ‚√§‡∫“À«“π ·≈–

¡–‡√Áß≈”‰ â„À≠à¢ÕßºŸâ∫√‘‚¿§ ∑’Ëºà“π¡“‰¥â¡’°“√«‘®—¬

‡æ◊ËÕ§—¥·¬°¬’π lectin (Van Damme et al., 1999)

´÷Ëß‡ªìπ¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√ —ß‡§√“–Àåø√ÿ§·μπ

(fructan) (var der Meer et al., 1998) ·≈–‰¥â¡’

°“√»÷°…“∫∑∫“∑¢Õß‡Õπ‰´¡å Polyphenol oxidase

„π·°àπμ–«—π (Ziyan and Pekyardimci, 2001)

∑’Ëºà“π¡“¡’ß“π«‘®—¬∑’Ëπ”‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈

À≈“¬™π‘¥¡“„™â»÷°…“§«“¡·μ°μà“ß∑“ßæ—π∏ÿ°√√¡

¢Õß ‘Ëß¡’™’«‘μ ‡™àπ RAPD (Random Amplified

Polymorphic DNA) (Hu and Quiros, 1991;

Munthali et al., 1992) AFLP (Amplified

Fragment Length Polymorphism) (Vos et al.,

1995) RFLP (Retriction Fragment Length

Polymorphism) (Gentzbittel et al., 1992) SSR

(Simple Sequence Repeat) (Zietkiewicz et al.,

1994) ·≈– ISSR (Inter Simple Sequence

Repeat) (Salimath et al., 1995; Wolfe and Randle,

2000) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈∑’Ë‰¥â®“°

ISSR marker π—Èπ æ∫«à“¡’§«“¡·ª√º—π„π√–¥—∫™π‘¥

∫∑§—¥¬àÕ

·°àπμ–«—π (Jerusalem artichoke : Helianthus tuberosus L.) ‡ªìπæ◊™«ß»å‡¥’¬«°—∫∑“πμ–«—π ¡’∂‘Ëπ

°”‡π‘¥„π·∂∫Õ‡¡√‘°“‡Àπ◊Õ ¡’§«“¡ ”§—≠„πÕÿμ “À°√√¡πÈ”μ“≈ ‡Õ∑“πÕ≈ Õÿμ “À°√√¡Õ“À“√ —μ«å ·≈–

º≈‘μ¿—≥±åÕ“À“√‡æ◊ËÕ ÿ¢¿“æ ‡π◊ËÕß®“°¬—ß‰¡àæ∫«à“¡’°“√»÷°…“®’‚π¡·≈–§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß

æ◊™™π‘¥π’È ß“π«‘®—¬π’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“®’‚π¡·≈–§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π®“°

·À≈àßæ—π∏ÿ°√√¡∑’Ë‰¥â®“°ª√–‡∑» À√—∞Õ‡¡√‘°“  “∏“√≥√—∞‡¬Õ√¡—π Ω√—Ëß‡»  √— ‡´’¬ ·≈–·§π“¥“ ¥â«¬‡∑§π‘§

ISSR-PCR ́ ÷ËßÕ“»—¬≈”¥—∫‡∫ ·∫∫ È́”∑’Ë°√–®“¬∑—Ë«‰ª„π®’‚π¡æ◊™ ‚¥¬„™â‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ ·∫∫´È”∑—ÈßÀ¡¥

24 ™π‘¥ æ∫«à“¡’‰æ√‡¡Õ√å 6 ™π‘¥ ∑’Ë “¡“√∂ —ß‡§√“–Àåº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ‰¥â∑—ÈßÀ¡¥ 552 ·∂∫ ¡’¢π“¥ª√–¡“≥

200 ∂÷ß 1500 §Ÿà‡∫  æ∫·∂∫∑’Ë‡ªìπ polymorphic ®”π«π 344 ·∂∫ ·≈–·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå

(variety-specific band) ®”π«π 47 ·∂∫ πÕ°®“°π’È¬—ßæ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ 3′ anchored  “¡“√∂

 —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ‰¥â¡“°°«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ 5′ anchored ·∫∫·ºπ¢Õß·∂∫¥’ÕÁπ‡Õ∑’Ë —ß‡§√“–Àå‰¥â

· ¥ß≈”¥—∫‡∫  È́”‡ªìπ (GATA)
2
 (GACA)

2
, HVH (TCC)

5
 ·≈– (GA)

6
 YT ´÷Ëßæ∫¡“°„π®’‚π¡¢Õß·°àπμ–«—π

®“°°“√«‘‡§√“–Àåæ—π∏ÿå°√√¡¢Õß·°àπμ–«—π 13  “¬æ—π∏ÿå  “¡“√∂®—¥°≈ÿà¡·°àπμ–«—π∑’Ë„Àâº≈º≈‘μÀ—« ŸßÕÕ°®“°

 “¬æ—π∏ÿåÕ◊Ëπ ·≈– “¡“√∂·¬°·°àπμ–«—π∑’Ë‡ªìπæ—π∏ÿåªÉ“ÕÕ°®“°·°àπμ–«—π∑’Ë‡ªìπæ—π∏ÿåª≈Ÿ°‰¥â

§” ”§—≠ : ·°àπμ–«—π (Helianthus tuberosus L.), ISSR, PCR, §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡, ®’‚π¡
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·≈–¡’¢âÕ¥’¡“°°«à“‡∑§π‘§ RAPD ®“°°“√„™â‰æ√

‡¡Õ√å∑’Ëª√–°Õ∫¥â«¬≈”¥—∫‡∫ ·∫∫ È́” À√◊Õ∑’Ë‡√’¬°«à“

‰¡‚§√·´∑‡∑≈‰≈∑å (microsatellite) ∑’Ëæ∫‰¥â∫àÕ¬

„π®’‚π¡ Õ’°∑—Èß¡’®”π«π‡∫ „π‰æ√‡¡Õ√å¡“°°«à“∑’Ë

„™â„π‡∑§π‘§ RAPD (Tsumura et al., 1996; Wolfe

and Liston, 1998; Camacho and Liston, 2001)

®÷ß™à«¬‡æ‘Ë¡§«“¡®”‡æ“–„π°“√‡¢â“®—∫°—∫¥’‡ÕÁπ‡Õ

μâπ·∫∫ (Fang and Roose, 1997; Nan et al.,

2003; Bornet and Branchard, 2001) ∑”„Àâ‰¥â

º≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ∑’Ë·μ°μà“ß°—π„πμ—«Õ¬à“ß∑’Ë„™â»÷°…“

‡ªìπº≈»÷°…“‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ

„πª√–‡∑»‰∑¬π—Èπ·°àπμ–«—π¬—ß‰¡à‡ªìπ∑’Ë√Ÿâ®—°

°—π·æ√àÀ≈“¬π—° ‡π◊ËÕß®“°‰¥â¡’°“√π”·°àπμ–«—π

®“°μà“ßª√–‡∑»‡¢â“¡“‡æ◊ËÕ∑¥ Õ∫„π·ª≈ßª≈Ÿ°

‡¡◊ËÕ‰¡àπ“π¡“π’È ·≈–¬—ß‰¡à¡’°“√º≈‘μ·°àπμ–«—π‡æ◊ËÕ

°“√§â“¿“¬„πª√–‡∑» ¥—ßπ—Èπ®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–μâÕß

¡’°“√√«∫√«¡æ—π∏ÿå·°àπμ–«—π‡æ◊ËÕ„Àâ¡’∞“πæ—π∏ÿ°√√¡

∑’ËÀ≈“°À≈“¬‡æ◊ËÕ„™â„π°“√§—¥‡≈◊Õ°·≈–ª√—∫ª√ÿß

æ—π∏ÿå·°àπμ–«—π„Àâ “¡“√∂ª≈Ÿ°„πª√–‡∑»‰∑¬ „π

°“√»÷°…“§√—Èßπ’È‡ªìπ°“√»÷°…“‡∫◊ÈÕßμâπ∂÷ß§«“¡‡ªìπ

‰ª‰¥â„π°“√π” ISSR marker ¡“„™â‡æ◊ËÕ«‘‡§√“–Àå

®’‚π¡·≈–§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß·°àπ

μ–«—π ‚¥¬Õ“»—¬¢âÕ‰¥â‡ª√’¬∫¢Õß ISSR marker ∑’Ë

‰¡à®”‡ªìπμâÕß∑√“∫≈”¥—∫‡∫ „π®’‚π¡¢Õß·°àπμ–«—π

·μà„™âª√–‚¬™πå®“°≈”¥—∫‡∫ ·∫∫ È́”∑’Ë¡—°æ∫∑—Ë«‰ª

„π®’‚π¡¢Õß¬Ÿ§“√‘‚Õμ (Blair et al., 1999) ‡æ◊ËÕ

∑√“∫∂÷ß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß·°àπ

μ–«—π √«¡∂÷ß°“√∫àß™’È≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß

·°àπμ–«—π ‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√§—¥‡≈◊Õ°

·≈–°“√ª√—∫ª√ÿßæ—π∏ÿå·°àπμ–«—π„Àâ‰¥âæ—π∏ÿå∑’Ë„Àâ

º≈º≈‘μ Ÿß·≈–¡’§ÿ≥¿“æ¥’‡ªìπ∑’ËμâÕß°“√¢Õßμ≈“¥

μàÕ‰ª

«‘∏’°“√»÷°…“

μ—«Õ¬à“ßæ◊™

·°àπμ–«—π (Helianthus tuberosus L.) ∑’Ë„™â

„π°“√»÷°…“§√—Èßπ’È¡’®”π«π 13  “¬æ—π∏ÿå (μ“√“ß

∑’Ë 1) ‚¥¬‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°·À≈àß√«∫√«¡

æ—π∏ÿ°√√¡„π ª√–‡∑» À√—∞Õ‡¡√‘°“ (North Central

Regional Plant Introduction Station Iowa State

University)  “∏“√≥√—∞‡¬Õ√¡—π Ω√—Ëß‡»  √— ‡´’¬

·≈–·§π“¥“ (Plant Gene Resource) ‚¥¬π”¡“

ª≈Ÿ°∑’Ë·ª≈ß∑¥ Õ∫¢Õß¿“§«‘™“æ◊™‰√à §≥–‡°…μ√

»“ μ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

°“√ °—¥¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π (Helianthus
tuberosus L.)

°“√ °—¥¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π (Helianthus

tuberosus L.) ∑—Èß 13  “¬æ—π∏ÿå (μ“√“ß∑’Ë 1) ‰¥â

„™â«‘∏’¥—¥·ª≈ß®“° Tai and Tanksley (1990) ‚¥¬

„™â„∫ÕàÕππÈ”Àπ—° 0.3 °√—¡ ∑”„Àâ‡´≈≈å·μ°‚¥¬

°“√∫¥„π extraction buffer (∑√‘ -‰Œ‚¥√§≈Õ√‘°

§«“¡‡¢â¡¢âπ 100 mM EDTA §«“¡‡¢â¡¢âπ 50 mM

‚´‡¥’¬¡§≈Õ‰√¥å §«“¡‡¢â¡¢âπ 500 mM SDS §«“¡

‡¢â¡¢âπ 1.25% (w/v) ·≈–‚´‡¥’¬¡‰∫´—≈‰øμå §«“¡

‡¢â¡¢âπ 0.38% (w/v)) ∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“π“π 20 π“∑’ °àÕππ”‰ªªíòπ‡À«’Ë¬ß∑’Ë 12,000

√Õ∫μàÕ«‘π“∑’ ‡æ◊ËÕ·¬°‡»…‡´≈≈åÕÕ°‰ª ®“°π—Èπμ°

μ–°Õπ°√¥π‘«§≈‘Õ‘°¥â«¬‚æ·∑ ‡´’¬¡Õ–´‘‡μμ ·≈â«

≈–≈“¬°√¥π‘«§≈‘Õ‘°¥â«¬ TE buffer ª√‘¡“μ√ 50

‰¡‚§√≈‘μ√ ·≈â«®÷ß°”®—¥Õ“√å‡ÕÁπ‡Õ¥â«¬‡Õπ‰´¡åÕ“√å

‡ÕÁπ‡Õ ‡Õ (RNase A) §«“¡‡¢â¡¢âπ 0.01 ¬Ÿπ‘μ/

‰¡‚§√≈‘μ√ ®“°π—Èππ”¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“μ√«® Õ∫

§ÿ≥¿“æ·≈–ª√‘¡“≥ °àÕπ∑’Ë®–π”¡“„™â‡ªìπ¥’‡ÕÁπ‡Õ

μâπ·∫∫ „πªØ‘°‘√‘¬“ ISSR-PCR À√◊Õ ‡°Á∫‰«â∑’Ë

Õÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡´’¬ 
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°“√μ√«® Õ∫‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡„π°“√

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ ‚¥¬„™â‡∑§π‘§ ISSR-PCR

°“√μ√«® Õ∫À“‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ ·∫∫

´È”∑’Ë‡À¡“– ¡„π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ ‚¥¬„™â¥’

‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 (μ“√“ß

∑’Ë 1) ´÷Ëß‡ªìπÀπ÷Ëß„π 13  “¬æ—π∏ÿå∑’Ë„™â„π°“√»÷°…“

§√—Èßπ’È ‡ªìπ¥’‡ÕÁπ‡Õμâπ·∫∫„π°“√μ√«® Õ∫À“

‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡ ®“°‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ 

·≈–®”π«π È́”¢Õß≈”¥—∫‡∫ ∑’Ë·μ°μà“ß°—π ®”π«π 24

‰æ√‡¡Õ√å (μ“√“ß∑’Ë 2) „π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ

¥â«¬‡∑§π‘§ ISSR-PCR π—Èπ®–∑”°“√‡μ√’¬¡

 “√≈–≈“¬‡æ◊ËÕ —ß‡§√“–Àå¥’‡ÕÁπ‡Õª√‘¡“μ√ 10

‰¡‚§√≈‘μ√ ª√–°Õ∫¥â«¬ 1x PCR buffer 0.2 mM

dNTP (Fermentas) 2.5 mM MgCl
2
 (Fermentas)

Tag DNA polymerase (Fermentas) §«“¡‡¢â¡¢âπ

0.04 ¬Ÿπ‘μ/‰¡‚§√≈‘μ√ ‰æ√‡¡Õ√å§«“¡‡¢â¡¢âπ 1 pmole

DNA μâπ·∫∫ 40 ngDNA „πÀ≈Õ¥‡´πμ√‘øî«´å¢π“¥

0.20 ¡‘≈≈‘≈‘μ√ ‚¥¬ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ„π‡§√◊ËÕß PCR

(Corbett Research, Germany) ‚¥¬μ—Èß‚ª√·°√¡

¥—ßπ’È ¢—Èπ∑’Ë 1 ∑’ËÕÿ≥À¿Ÿ¡‘ 95 Ì C ‡ªìπ‡«≈“π“π 2 π“∑’

¢—Èπ∑’Ë 2 Õÿ≥À¿Ÿ¡‘ 94 Ì C ‡ªìπ‡«≈“π“π 30 «‘π“∑’

Õÿ≥À¿Ÿ¡‘ 45 Ì C ‡ªìπ‡«≈“π“π 30 «‘π“∑’ ·≈–Õÿ≥À¿Ÿ¡‘

72 Ì C ‡ªìπ‡«≈“π“π 1 π“∑’ 30 «‘π“∑’ ‚¥¬∑” È́”

„π¢—ÈπμÕπ∑’Ë 2 ®”π«π 45 √Õ∫ ¢—Èπ ÿ¥∑â“¬ ∑’ËÕÿ≥À¿Ÿ¡‘

72 Ì C ‡ªìπ‡«≈“π“π 5 π“∑’ À≈—ß®“°π—Èππ”º≈º≈‘μ

¥’‡ÕÁπ‡Õ∑’Ë‰¥â¡“μ√«® Õ∫¥â«¬‡∑§π‘§Õ‘‡≈Á°‚∑√‚ø√‘´’ 

„π«ÿâπÕ–°“‚√ §«“¡‡¢â¡¢âπ 1.0 ‡ªÕ√å‡´Áπμå „π TBE

buffer §«“¡‡¢â¡¢âπ 0.5 ‡∑à“ ·≈â«¬âÕ¡¥â«¬‡Õ∏‘‡¥’¬¡

No. Accession Germplasm collection Origin

1 HEL 68 Germany Germany

2 KKU Ac 001 - -

3 AMES 2729 North Central Regional Plant America

Introduction Station Iowa State University, USA.

4 HEL 335 Germany Germany

5 JA 102 Plant Gene Resource, Canada Germany

6 HEL 65 Germany Germany

7 JA 89 Plant Gene Resource, Canada France

8 HEL 66 Germany Germany

9 HEL 324 Germany Germany

10 JA 67 Plant Gene Resource, Canada America

11 JA 81 Plant Gene Resource, Canada France

12 JA 38 Plant Gene Resource, Canada Canada

13 CN 52867 Plant Gene Resource, Canada Russia

Table 1 H. tuberosus accessions and their the origins used in this study
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‚∫√‰¡¥å  àÕß¥Ÿ¿“¬„μâ· ßÕ—≈μ√“‰«‚Õ‡≈μ ‡ª√’¬∫

‡∑’¬∫°—∫¥’‡ÕÁπ‡Õ¡“μ√∞“π (100 bp DNA ladder

plus) (Fermentas) «‘‡§√“–Àå¢π“¥¢Õß·∂∫¥’‡ÕÁπ‡Õ

‚¥¬„™â‚ª√·°√¡ PhotoCaptMw (Vilber Lourmat,

France)

°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π‚¥¬„™â

ISSR marker

À≈—ß®“°∑’Ë‰¥âμ√«® Õ∫À“‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫

‡∫ ·∫∫ È́”∑’Ë “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß·°àπ

μ–«—π “¬æ—π∏ÿå KKU Ac 001 ‰¥â·≈â« ®÷ßπ”‰æ√

‡¡Õ√å‡À≈à“π—Èπ¡“„™â„π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ°—∫

·°àπμ–«—π∑—Èß 13  “¬æ—π∏ÿå (μ“√“ß∑’Ë 1) ‚¥¬„™â‡∑§π‘§

ISSR-PCR „π°“√‡μ√’¬¡ “√≈–≈“¬‡æ◊Ë Õ

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ °“√μ—Èß‚ª√·°√¡‡æ◊ËÕ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ„π‡§√◊ËÕß PCR ·≈–°“√μ√«® Õ∫º≈º≈‘μ¥’

‡ÕÁπ‡Õ ®–∑”‡™àπ‡¥’¬«°—∫„π¢—ÈπμÕπ°“√μ√«® Õ∫

‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡„π°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ ‚¥¬

°“√ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ®“°¥’‡ÕÁπ‡Õμâπ·∫∫¢Õß·°àπ

μ–«—π∑—Èß 13  “¬æ—π∏ÿå π—Èπ®–∑”´È” 2 §√—Èß ‡æ◊ËÕ

°“√μ√«® Õ∫§«“¡§ß∑’Ë¢Õß§«“¡ “¡“√∂„π°“√

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß‰æ√‡¡Õ√å∑—Èß 6 ™π‘¥ ®“°π—Èπ

®÷ßπ”·∂∫¥’‡ÕÁπ‡Õ∑’Ë —ß‡§√“–Àå‰¥â¡“«‘‡§√“–Àå¢π“¥

¢Õß·∂∫¥’‡ÕÁπ‡Õ‚¥¬„™â‚ª√·°√¡ PhotoCaptMw

(Vilber Lourmat, France)

°“√«‘‡§√“–Àåæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π¥â«¬

‚ª√·°√¡§Õ¡æ‘«‡μÕ√å

„π°“√»÷°…“§«“¡·μ°μà“ß∑“ßæ—π∏ÿ°√√¡¢Õß

·°àπμ–«—π·μà≈– “¬æ—π∏ÿå ‰¥â∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡

‡À¡◊Õπ·≈–§«“¡·μ°μà“ß¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ

º≈º≈‘μ®“°ªØ‘°‘√‘¬“ ISSR-PCR ‚¥¬„Àâ·∂∫¥’‡ÕÁπ‡Õ

∑’Ëª√“°Ø¡’§à“‡∑à“°—∫ 1 ·≈–‰¡àª√“°Ø¡’§à“‡∑à“°—∫ 0

·≈â«§”π«≥À“§à“ similarity index (S.I.) ®“° Ÿμ√

S.I. = 2n
ab
/(n

a
+n

b
) ‡¡◊ËÕ n

a
 ·≈– n

b
 ·∑π®”π«π

·∂∫¥’‡ÕÁπ‡Õ∑—ÈßÀ¡¥∑’Ëæ∫„πμ—«Õ¬à“ß a ·≈– b

μ“¡≈”¥—∫ ·≈– n
ab
 §◊Õ ®”π«π·∂∫¥’‡ÕÁπ‡Õ∑’Ë

æ∫‡À¡◊Õπ°—π∑—Èß 2 μ—«Õ¬à“ß ¡“«‘‡§√“–Àå¥â«¬«‘∏’

unweighted pair-group method with arithmetic

average (UPGMA) °àÕππ”¡“®—¥°≈ÿà¡∑“ßæ—π∏ÿ

°√√¡‚¥¬„™â‚ª√·°√¡ SPSS for Window 10.0 ·≈–

‚ª√·°√¡ WinBoot (Yep and Nelson, 1996)

º≈°“√»÷°…“

‰æ√‡¡Õ√å ISSR ∑’Ë§—¥‡≈◊Õ°‰¥â®“° —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ®“°·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001

„π°“√μ√«® Õ∫À“‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ 

·∫∫´È”∑’Ë·μ°μà“ß°—π®”π«π 24 ™π‘¥ (μ“√“ß∑’Ë 2)

∑’Ë “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ®“°¥’‡ÕÁπ‡Õμâπ·∫∫

¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 (μ“√“ß∑’Ë 1)

´÷Ëß‡ªìπÀπ÷Ëß„π 13  “¬æ—π∏ÿå ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È

‚¥¬„™â‡∑§π‘§ ISSR-PCR ‡æ◊ËÕ∑¥ Õ∫«à“‰æ√‡¡Õ√å

™π‘¥„¥∑’Ë “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π

 “¬æ—π∏ÿå KKU Ac 001 ‰¥â æ∫«à“‰æ√‡¡Õ√å®”π«π 6

™π‘¥  “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬

æ—π∏ÿå KKU Ac 001 ‰¥â ‚¥¬‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucle-

otide motifs ´÷Ëß‡ªìπ‰æ√‡¡Õ√å∑’Ë¡’‡∫  Õßμ—«´È”°—π

À≈“¬§√—Èß·∫∫ 3′ anchored ®”π«π 4 ™π‘¥ ‰¥â·°à

‰æ√‡¡Õ√å KEAN 5 ((CA)
8
 G), KEAN 6 ((GA)

6
YT),

KEAN 7 ((GA)
8
 YC) ·≈– KEAN 15 ((GA)

9
 T)

 “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬

æ—π∏ÿå KKU Ac 001 ‰¥â 9 ·∂∫, 4 ·∂∫, 4 ·∂∫ ·≈–

6 ·∂∫ μ“¡≈”¥—∫ ‚¥¬¡’¢π“¥¢Õß·∂∫¥’‡ÕÁπ‡ÕÕ¬Ÿà

√–À«à“ß 300 ∂÷ß 1300 §Ÿà‡∫ , 300 ∂÷ß 800 §Ÿà‡∫ ,
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600 ∂÷ß 1100 §Ÿà‡∫  ·≈– 500 ∂÷ß 1000 §Ÿà‡∫  μ“¡

≈”¥—∫ ‰æ√‡¡Õ√å KEAN 3 ´÷Ëß‡ªìπ trinucleotide

motifs ·∫∫ 5′ anchored (HVH (TCC)
5
)  “¡“√∂

 —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU

Ac 001 ‰¥â 8 ·∂∫ ¡’¢π“¥¢Õß·∂∫¥’‡ÕÁπ‡ÕÕ¬Ÿà√–À«à“ß

300 ∂÷ß 1000 §Ÿà‡∫  ·≈–‰æ√‡¡Õ√å KEAN 11 ´÷Ëß

‡ªìπ tetranucleotide motifs ((GATA)
2
(GACA)

2
)

 “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬

æ—π∏ÿå KKU Ac 001 ‰¥â 11 ·∂∫ ¡’¢π“¥¢Õß·∂∫¥’

‡ÕÁπ‡ÕÕ¬Ÿà√–À«à“ß 300 ∂÷ß 1500 §Ÿà‡∫ 

‰æ√‡¡Õ√å∑’Ë‰¡à “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß

·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 ¡’®”π«π 18 ™π‘¥

(μ“√“ß∑’Ë 2) ‡¡◊ËÕæ‘®“√≥“‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucle-

otide motifs æ∫«à“‰æ√‡¡Õ√å∑’Ë¡’́ È”¢Õß≈”¥—∫‡∫ ‡ªìπ

GT, TG ·≈– CT ‰¡à “¡“√∂ —ß‡§√“–Àå ¥’‡ÕÁπ‡Õ

¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 ‰¥â „π¢≥–

∑’Ë‰æ√‡¡Õ√å∑’Ë¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ GA ·≈– CA

 “¡“√∂ —ß‡§√“–Àå ¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå

KKU Ac 001 ‰¥â πÕ°®“°π’È¬—ßæ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ

trinucleotide motifs ∑’Ë¡’́ È”¢Õß≈”¥—∫‡∫ ‡ªìπ CAC,

CGG, CTC, ACC ·≈– ATT ‰¡à “¡“√∂ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 ‰¥â

·μà‰æ√‡¡Õ√å∑’Ë¡’́ È”¢Õß≈”¥—∫‡∫ ‡ªìπ TCC  “¡“√∂

 —ß‡§√“–Àå ¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU

Ac 001 ‰¥â ·≈– ”À√—∫‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ ·∫∫

´È”‡ªìπ tetranucleotide motifs æ∫«à“‰æ√‡¡Õ√å∑’Ë

¡’́ È”¢Õß≈”¥—∫‡∫ ‡ªìπ TAGG ‰¡à “¡“√∂ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π “¬æ—π∏ÿå KKU Ac 001 ‰¥â „π

¢≥–∑’Ë‰æ√‡¡Õ√å∑’Ë¡’́ È”¢Õß≈”¥—∫‡∫ ‡ªìπ GATA ·≈–

GACA  “¡“√∂ —ß‡§√“–Àå ¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—π

 “¬æ—π∏ÿå KKU Ac 001 ‰¥â

§«“¡ —¡æ—π∏å√–À«à“ß≈”¥—∫‡∫ „π®’‚π¡

·°àπμ–«—π°—∫≈”¥—∫‡∫ ¢Õß‰æ√‡¡Õ√å

À≈—ß®“°∑’Ë‰¥âμ√«® Õ∫À“‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫

‡∫ ·∫∫ È́”∑’Ë “¡“√∂ —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¢Õß·°àπ

μ–«—π “¬æ—π∏ÿå KKU Ac 001 ‰¥â·≈â« ®÷ßπ”‰æ√‡¡Õ√å

KEAN 3, KEAN 5, KEAN 6, KEAN 7, KEAN 11

·≈– KEAN 15 (μ“√“ß∑’Ë 3) ¡“„™â„π°“√ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ°—∫·°àπμ–«—π∑—Èß 13  “¬æ—π∏ÿå (μ“√“ß∑’Ë 1)

æ∫«à“‰æ√‡¡Õ√å∑—Èß 6 ™π‘¥  “¡“√∂ —ß‡§√“–Àå¥’

‡ÕÁπ‡Õ®“°·°àπμ–«—π∑—Èß 13  “¬æ—π∏ÿå ‰¥â®”π«π 552

·∂∫ ́ ÷Ëß¡’·∂∫∑’Ë‡ªìπ polymorphic ®”π«π 344 ·∂∫

‚¥¬¡’¢π“¥¢Õß·∂∫¥’‡ÕÁπ‡ÕÕ¬Ÿà√–À«à“ßª√–¡“≥ 200

∂÷ß 1500 §Ÿà‡∫  (μ“√“ß∑’Ë 3)

∑—Èßπ’ÈÕ“®®”·π°‰æ√‡¡Õ√å∑’Ë “¡“√∂ —ß‡§√“–Àå

¥’‡ÕÁπ‡Õ¢Õß·°àπμ–«—πÕÕ°‰¥â‡ªìπ “¡°≈ÿà¡ ‰¥â·°à

 ‰æ√‡¡Õ√å∑’Ë¡’́ È”‡ªìπ di-, tri-, ·≈– tetranucleotide

motifs æ∫«à“‰æ√‡¡Õ√å∑’Ë„Àâ·∂∫¥’‡ÕÁπ‡Õ¡“°∑’Ë ÿ¥ §◊Õ

‰æ√‡¡Õ√å KEAN 11 ((GATA)
2
(GACA)

2
) ∑’Ë¡’´È”‡ªìπ

tetranucleotide motifs  “¡“√∂„Àâº≈º≈‘μ·∂∫¥’

‡ÕÁπ‡Õ∑—ÈßÀ¡¥¡“°∑’Ë ÿ¥®”π«π 120 ·∂∫ ·≈–·∂∫

¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ polymorphic ‰¥â¡“°∑’Ë ÿ¥®”π«π 94

·∂∫ ‚¥¬¡’¢π“¥ª√–¡“≥ 300 ∂÷ß 1500 §Ÿà‡∫  „π

¢≥–∑’Ë‰æ√‡¡Õ√å KEAN 3 (HVH (TCC)
5
)  “¡“√∂

„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ®”π«π 98 ·∂∫ ‚¥¬¡’·∂∫

¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ polymorphic ®”π«π 46 ·∂∫ ‰æ√

‡¡Õ√å KEAN 5 ((CA)
8
 G)  “¡“√∂„Àâº≈º≈‘μ·∂∫

¥’‡ÕÁπ‡Õ‰¥â∑—ÈßÀ¡¥®”π«π 107 ·∂∫ ‚¥¬·∂∫¥’‡ÕÁπ

‡Õ∑’Ë‡ªìπ polymorphic ®”π«π 68 ·∂∫ ·∂∫

¢Õß¥’‡ÕÁπ‡Õ¡’¢π“¥√–À«à“ß 300 ∂÷ß 1400 §Ÿà‡∫  ‰æ√

‡¡Õ√å KEAN 6 ((GA)
6
YT)  “¡“√∂„Àâº≈º≈‘μ·∂∫

¥’‡ÕÁπ‡Õ∑—ÈßÀ¡¥®”π«π 77 ·∂∫ ·≈–·∂∫¥’‡ÕÁπ‡Õ∑’Ë

‡ªìπ polymorphic ®”π«π 25 ·∂∫ ¡’¢π“¥√–À«à“ß
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1 KEAN 1 BDB(TCC)
5

18 45 0 -

2 KEAN 2 DBDA(CA)
7

18 45 0 -

3 KEAN 3 HVH (TCC)
5

18 45 8 300 - 1000

4 KEAN 4 (CAC)
6

18 45 0 -

5 KEAN 5 (CA)
8
 G 17 45 9 300 - 1300

6 KEAN 6 (GA)
6
 YT 18 45 4 300 - 800

7 KEAN 7 (GA)
8
 YC 18 45 4 600 - 1100

8 KEAN 8 (CT)
8
 RG 18 45 0 -

9 KEAN 9 (CA)
8
 RC 18 45 0 -

10 KEAN 10 (CGG)
6

18 45 0 -

11 KEAN 11 (GATA)
2
 (GACA)

2
16 45 11 300 - 1500

12 KEAN 12 (CTC)
10

30 45 0 -

13 KEAN 13 (CAC)
4

12 45 0 -

14 KEAN 14 (GT)
6

12 45 0 -

15 KEAN 15 (GA)
9
 T 19 45 6 500 - 1000

16 KEAN 16 (GA)
9
 AC 20 45 0 -

17 KEAN 17 (CA)
8
 RT 18 45 0 -

18 KEAN 18 (TG)
8
 RT 18 45 0 -

19 KEAN 19 (ACC)
6

18 45 0 -

20 KEAN 20 CRTAY(GT)
9

23 45 0 -

21 KEAN 21 RATYT(ATT)
4

17 45 0 -

22 KEAN 22 RAYRATAY(GA)
7

22 45 0 -

23 KEAN 23 (GA)
3
 A 19 45 0 -

24 KEAN 24 GATCG(TAGG)
6
 TAG 32 45 0 -

B = G, C or T, D = A, G or T, H = A, C or T, R = G or A, V = A. C or G, Y = C or T

Table 2 Primer sequences with total of amplified ISSR markers obtained for KKU Ac 001 accession.

No. Primer nucleotide primer annealing number of Size of bands

(5' 3') size (bp) temperature bands (bp)

(0C)

�
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200 ∂÷ß 1100 §Ÿà‡∫  ‰æ√‡¡Õ√å KEAN 7 ((GA)
8
 YC)

 “¡“√∂„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ∑—ÈßÀ¡¥®”π«π 64

·∂∫ ·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ polymorphic ®”π«π 51

·∂∫ ¡’¢π“¥√–À«à“ß 400 ∂÷ß 1200 §Ÿà‡∫  ·≈– KEAN

15 ((GA)
9
 T)  “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ‰¥â

®”π«π 86 ·∂∫ ‚¥¬¡’·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ polymor-

phic ®”π«π 60 ·∂∫ ¡’¢π“¥√–À«à“ß 500 ∂÷ß 1000

§Ÿà‡∫  „π°≈ÿà¡¢Õß‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucleotide motifs

æ∫«à“‰æ√‡¡Õ√å∑’Ë¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ CA ®–

 “¡“√∂„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ (107 ·∂∫) ¡“°°«à“

·∂∫¥’‡ÕÁπ‡Õ„π‰æ√‡¡Õ√å∑’Ë¡’´È”¢Õß≈”¥—∫‡∫  GA

(64 ∂÷ß 86 ·∂∫) ·≈–¬—ßæ∫Õ’°«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ

tetranucleotide motifs  “¡“√∂„Àâº≈º≈‘μ·∂∫¥’

‡ÕÁπ‡Õ¡“°∑’Ë ÿ¥®”π«π 120 ·∂∫ √Õß≈ß¡“§◊Õ

‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucleotide motifs  “¡“√∂„Àâ

º≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ®”π«π 64 ∂÷ß 107 ·∂∫ ·≈–

‰æ√‡¡Õ√å∑’Ë‡ªìπ trinucleotide motifs  “¡“√∂„Àâ

º≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ®”π«π 98 ·∂∫

‡¡◊ËÕ·¬°‰æ√‡¡Õ√åÕÕ°‡ªìπ 5′ anchored, 3′

anchored ·≈– nonanchored æ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ

nonanchored  “¡“√∂„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ‰¥â

®”π«π¡“°∑’Ë ÿ¥ (120 ·∂∫)  à«π‰æ√‡¡Õ√å∑’Ë‡ªìπ 3′

anchored  “¡“√∂„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ®”π«π 64

∂÷ß 107 ·∂∫ „π¢≥–∑’Ë‰æ√‡¡Õ√å∑’Ë‡ªìπ 5′ anchored

 “¡“√∂„Àâº≈º≈‘μ·∂∫¥’‡ÕÁπ‡ÕπâÕ¬∑’Ë ÿ¥®”π«π 98

·∂∫

°“√«‘‡§√“–Àå “¬æ—π∏ÿå¢Õß·°àπμ–«—π®“°

·∂∫¥’‡ÕÁπ‡Õ∑’Ë —ß‡§√“–Àå‰¥â

¥—ß∑’Ë‰¥â°≈à“«¡“·≈â««à“≈”¥—∫‡∫ „π®’‚π¡¢Õß

 ‘Ëß¡’™’«‘μ·μà≈–™π‘¥ ·μà≈– “¬æ—π∏ÿå∑’Ë·μ°μà“ß°—π®–

¡’º≈μàÕøï‚π‰∑ªá (phenotype) ¢Õß ‘Ëß¡’™’«‘μπ—Èπ Ê

®“°°“√»÷°…“æ∫«à“≈”¥—∫‡∫ ¢Õß·°àπμ–«—π 13  “¬

æ—π∏ÿå (μ“√“ß∑’Ë 1) ¡’§«“¡·μ°μà“ß°—π ®“°§«“¡

·μ°μà“ß¢Õß·∂∫¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå

¥â«¬‡∑§π‘§ ISSR-PCR æ∫«à“‰æ√‡¡Õ√å KEAN 6

((GA)
6
 YT)  “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë

®”‡æ“–μàÕ “¬æ—π∏ÿå (variety-specific band) ¢Õß

·°àπμ–«—π ¡“°∑’Ë ÿ¥∂÷ß 3  “¬æ—π∏ÿå (¿“æ∑’Ë 1 B)

‰¥â·°à  “¬æ—π∏ÿå AMES 2729, HEL 324 ·≈– JA 81

‚¥¬¡’¢π“¥¢Õß·∂∫¥’‡ÕÁπ‡Õª√–¡“≥ 610, 290 ·≈–

265 §Ÿà‡∫  μ“¡≈”¥—∫ ·≈–¡’‰æ√‡¡Õ√åÕ’° 4 ™π‘¥ ∑’Ë

 “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬

æ—π∏ÿå·°àπμ–«—π “¬æ—π∏ÿåÕ◊Ëπ Ê ‰¥â·°à ‰æ√‡¡Õ√å KEAN-

Table 3 Polymorphism exhibited by ISSR primers in thirteen accessions of H. tuberosus

Primer annealing Number of monomorphic polymorphic Percent of Size of

No. Primer nucleotide size (bp) temperature bands bands bands polymorphism bands

(5' ➔ 3') (0C) (bp)

1 KEAN 3 HVH(TCC)
5

18 45 98 52 46 46.94 300 - 1100

2 KEAN 5 (CA)
8
G 17 45 107 39 68 63.55 300 - 1400

3 KEAN 6 (GA)
6
YT 18 45 77 52 25 32.47 200 - 1100

4 KEAN 7 (GA)
8
YC 18 45 64 13 51 76.69 400 - 1200

5 KEAN 11 (GATA)
2
(GACA)

2
16 45 120 26 94 78.33 300 - 1500

6 KEAN 15 (GA)
9
T 19 45 86 26 60 69.77 500 - 1000
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7 ((GA)8 YC), KEAN 11 ((GATA)
2
 (GACA)

2
),

KEAN 15 ((GA)
9
 T) ·≈– KEAN 3 (HVH (TCC)

5
)

 “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë¢π“¥ª√–¡“≥ 847,

536, 965 ·≈– 400 §Ÿà‡∫  ÷́Ëß®”‡æ“–μàÕ·°àπμ–«—π

 “¬æ—π∏ÿå JA 81, CN 52867, HEL 65 ·≈– AMES

2729 μ“¡≈”¥—∫ (¿“æ∑’Ë 1) ·μà‰¡àæ∫·∂∫¥’‡ÕÁπ‡Õ

∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå·°àπμ–«—π®“°‰æ√‡¡Õ√å KEAN

5 ∑—Èßπ’È®“°°“√ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ¢Õß·°àπ

μ–«—π∑—Èß 13  “¬æ—π∏ÿå ‚¥¬„™â‰æ√‡¡Õ√å∑—Èß 6 ™π‘¥

¥â«¬‡∑§π‘§ ISSR-PCR æ∫·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–

μàÕ·°àπμ–«—π “¬æ—π∏ÿå AMES 2729 ·≈– JA 81

®”π«π¡“°∑’Ë ÿ¥ “¬æ—π∏ÿå≈– 2 ·∂∫ ´÷Ëß‰¥â®“°°“√

 —ß‡§√“–Àå¥â«¬‰æ√‡¡Õ√å KEAN 6, KEAN 7 ·≈–

KEAN 3

‡¡◊ËÕ®”·π°‰æ√‡¡Õ√å∑’Ë “¡“√∂ —ß‡§√“–Àå¥’

‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå¢Õß·°àπμ–«—π ‚¥¬·∫àß

®“°√Ÿª·∫∫°“√´È”¢Õß≈”¥—∫‡∫ ÕÕ°‡ªìπ “¡°≈ÿà¡

‰¥â·°à ‰æ√‡¡Õ√å∑’Ë‡ªìπ di-, tri-, tetranucleotide

motifs æ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucleotide motifs

 “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬

æ—π∏ÿå·°àπμ–«—π¡“°∑’Ë ÿ¥ (4  “¬æ—π∏ÿå ‰¥â·°à AMES

2729, HEL 324, JA 81 ·≈– HEL 65) ‚¥¬‰æ√

‡¡Õ√å∑’Ë¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ GA  “¡“√∂„Àâ·∂∫

¥’‡ÕÁπ‡Õ®”‡æ“–μàÕ “¬æ—π∏ÿå·°àπμ–«—π¡“°∑’Ë ÿ¥ „π

¢≥–∑’Ë‰æ√‡¡Õ√å∑’Ë¡’́ È”‡ªìπ “¡‡∫ ·≈– ’Ë‡∫   “¡“√∂

 —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå·°àπ

μ–«—π‰æ√‡¡Õ√å≈– 1  “¬æ—π∏ÿå §◊Õ  “¬æ—π∏ÿå AMES

2729 ·≈– CN 52867 μ“¡≈”¥—∫ ·≈–‡¡◊ËÕæ‘®“√≥“∑’Ë

anchored ¢Õß‰æ√‡¡Õ√å∑’Ë„™â„πªØ‘°‘√‘¬“ ISSR-PCR

æ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ 3′ anchored  “¡“√∂„Àâ

º≈º≈‘μ·∂∫¥’‡ÕÁπ‡Õ∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå·°àπμ–«—π

¡“°∑’Ë ÿ¥

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π

„π°“√æ‘®“√≥“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ-

°√√¡¢Õß·°àπμ–«—π 13  “¬æ—π∏ÿå ‰¥âπ”¢âÕ¡Ÿ≈·∂∫

¥’‡ÕÁπ‡Õ∑’Ë —ß‡§√“–Àå‰¥â®“°ªØ‘°‘√‘¬“ ISSR-PCR ¥â«¬

‰æ√‡¡Õ√å®”π«π 6 ™π‘¥ ¡“«‘‡§√“–Àå¥â«¬«‘∏’ UPGMA

‡æ◊ËÕÀ“§à“ S.I. (similarity index) (μ“√“ß∑’Ë 4) ·≈–

 √â“ß‡¥π‚¥√·°√¡ (dendrogram) · ¥ß§«“¡

 —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡‚¥¬„™â‚ª√·°√¡ SPSS for

Window 10.0 ·≈–‚ª√·°√¡ Winboot (Yep and

Nelson, 1996) (¿“æ∑’Ë 2) ®“°μ“√“ß §à“ S.I. ¢Õß

·°àπμ–«—π∑—Èß 13  “¬æ—π∏ÿå æ∫«à“§«“¡ —¡æ—π∏å∑“ß

æ—π∏ÿ°√√¡√–À«à“ß “¬æ—π∏ÿå HEL 335 °—∫  “¬æ—π∏ÿå

JA 102 ¡’§à“ S.I.  Ÿß∑’Ë ÿ¥ (0.929) §«“¡ —¡æ—π∏å

∑“ßæ—π∏ÿ°√√¡√–À«à“ß “¬æ—π∏ÿå JA 67 °—∫  “¬æ—π∏ÿå

AMES 2729 ¡’§à“ S.I. μË”∑’Ë ÿ¥ (0.431) ®“°

·ºπ¿“æ§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π

13  “¬æ—π∏ÿå (¿“æ∑’Ë 2)  “¡“√∂®”·π° “¬æ—π∏ÿå

¢Õß·°àπμ–«—πæ—π∏ÿåª≈Ÿ°ÕÕ°®“° “¬æ—π∏ÿå AMES

2729 ∑’Ë‡ªìπæ—π∏ÿåªÉ“ πÕ°®“°π’È¿“¬„π°≈ÿà¡∑’Ë‡ªìπ

æ—π∏ÿåª≈Ÿ° ¬—ß “¡“√∂®”·π°ÕÕ°‡ªìπ°≈ÿà¡∑’Ë¡’

º≈º≈‘μ Ÿß ( “¬æ—π∏ÿå JA 89, HEL 335, KKU Ac

001, JA 102 ·≈– HEL 66) ÕÕ°®“° “¬æ—π∏ÿå∑’Ë¡’

º≈º≈‘μμË”∑’Ë ÿ¥ ( “¬æ—π∏ÿå JA 81) ( π—Ëπ ®Õ°≈Õ¬

·≈–§≥–, μ‘¥μàÕ à«πμ—«)
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Fig. 1 Electrophoretic pattern obtained with ISSR markers. (A) Primer KEAN 5 (B) primer KEAN
6 (C) primer KEAN 11 and (D) primer KEAN 3 in thirteen accessions. Lane 1-13 are
accessions of H. tuberosus as list in table 1. M is100 bp DNA ladder plus (Fermentus). Allows
in B and D present variety-specific bands.
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Table 4 Similarity index of H. tuberosus accession using ISSR markers

Accession 1 2 3 4 5 6 7 8 9 10 11 12 13

1. HEL 68 -
2. KKU 001 0.787 -
3. AMES 2729 0.472 0.472 -
4. HEL 335 0.694 0.886 0.481 -
5. JA 102 0.745 0.907 0.520 0.929 -
6. HEL 65 0.623 0.623 0.455 0.604 0.615 -
7. JA 89 0.667 0.818 0.510 0.756 0.773 0.577 -
8. HEL 66 0.760 0.913 0.491 0.851 0.870 0.667 0.787 -
9. HEL 324 0.542 0.492 0.441 0.500 0.483 0.525 0.475 0.532 -

10. JA 67 0.618 0.618 0.431 0.600 0.582 0.625 0.574 0.603 0.655 -
11. JA 81 0.589 0.589 0.456 0.660 0.642 0.569 0.545 0.576 0.500 0.567 -
12. JA 38 0.549 0.612 0.490 0.625 0.638 0.528 0.563 0.596 0.564 0.527 0.527 -
13. CN 52867 0.604 0.667 0.463 0.585 0.627 0.554 0.620 0.679 0.533 0.525 0.475 0.702 -

 Fig. 2 Unweighted pair-group method with arithmetic average (UPGMA) by WinBoot showed the
relationships among thirteen accessions. Numbers at branches are bootstrap values (%)
generated after 1000 replications.
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«‘®“√≥åº≈°“√»÷°…“

®“°°“√»÷°…“®’‚π¡·≈–§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π‚¥¬„™â ‡∑§π‘§ ISSR-

PCR æ∫«à“‡∑§π‘§ ISSR-PCR  “¡“√∂∫àß∫Õ°

§«“¡·μ°μà“ß∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π∑—Èß 13

 “¬æ—π∏ÿå∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‰¥â‡™àπ‡¥’¬«°—∫∑’Ëæ∫

„πæ◊™Õ◊ËπÊ ‡™àπ „π¢â“«‚æ¥ (Wang et al., 1994

and Chin et al., 1996) Arabidopsis thaliana

(Depeiges et al., 1995) Quercus macrocarpa

(Dow et al., 1995) ¢â“« (Akagi et al., 1997 and

Blair et al., 1999) Coffee (Ruas et al., 2003)

·≈–¢â“« “≈’ (Nagaoka and Ogihara, 1997) ´÷Ëß

„π°“√»÷°…“§√—Èßπ’È‰¥â„™â ‰æ√‡¡Õ√å∑’Ë¡’≈”¥—∫‡∫ ·≈–

´È”¢Õß≈”¥—∫‡∫ ∑’Ë·μ°μà“ß°—π 24 ™π‘¥ (μ“√“ß∑’Ë 2)

®“°°“√»÷°…“æ∫«à“ ‰æ√‡¡Õ√å KEAN 11 ((GATA)
2

(GACA)
2
) ∑’Ë‡ªìπ tetranucleotide motifs  “¡“√∂

 —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ∑’Ë‡ªìπº≈º≈‘μ‰¥â¡“°∑’Ë ÿ¥

(120 ·∂∫) ́ ÷Ëß„Àâº≈∑’Ë§≈â“¬°—∫°“√»÷°…“„π¢â“«‚æ¥

(Gupta et al., 1994 and Kantety et al., 1995)

‚¥¬æ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ trinucleotide motifs ·≈–

tetranucleotide motifs ¡’§«“¡‡À¡“– ¡∑’Ë®–„™â

„π°“√»÷°…“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß

¢â“«‚æ¥ „π¢≥–∑’Ë‰æ√‡¡Õ√å∑’Ë‡ªìπ dinucleotide motifs

¡’§«“¡‡À¡“– ¡∑’Ë®–„™â„π°“√»÷°…“§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß¢â“« “≈’¡“°∑’Ë ÿ¥ (Nagaoka

and Ogihara, 1997) ‡¡◊ËÕæ‘®“√≥“∑’Ë´È”¢Õß≈”¥—∫

‡∫ ¢Õß‰æ√‡¡Õ√å KEAN 11 ((GATA)
2
 (GACA)

2
)

∑’Ë¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ GATA ·≈– GACA ´÷Ëß„Àâ

º≈∑’Ë·μ°μà“ß‰ª®“°°“√»÷°…“„π¢â“« (Blair et al.,

1999) ∑’Ëæ∫«à“‰æ√‡¡Õ√å∑’Ë‡ªìπ tetranucleotide motifs

·≈–¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ GATA, AGTG ·≈–

TCTC  “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ‰¥â¡“°∑’Ë ÿ¥

·μà‰æ√‡¡Õ√å∑’Ë¡’´È”¢Õß≈”¥—∫‡∫ ‡ªìπ GATA ·≈–

GACA ‰¡à “¡“√∂ —ß‡§√“–Àå·∂∫¥’‡ÕÁπ‡Õ®“°®’‚π¡

¢Õß¢â“«‰¥â ·≈–¬—ßæ∫Õ’°«à“„π®’‚π¡¢â“«¡’≈”¥—∫‡∫ 

∑’Ë¡’´È”·∫∫ GA ·≈– GT ®”π«π¡“°‚¥¬¡’

Õ—μ√“ à«π‡ªìπ 3 : 1 (Wu and Tanksley, 1993) ·μà

„π®’‚π¡¢Õß·°àπμ–«—π°≈—∫æ∫«à“¡’≈”¥—∫‡∫ ∑’Ë¡’´È”

·∫∫ CA ¡“°°«à“ GA ‰¡àæ∫≈”¥—∫‡∫ ∑’Ë¡’´È”·∫∫

GT πÕ°®“°π’È¬—ßæ∫Õ’°«à“„π°“√»÷°…“§√—Èßπ’È

 “¡“√∂®”·π° “¬æ—π∏ÿå·°àπμ–«—π∑—Èß 13  “¬æ—π∏ÿå

ÕÕ°®“°°—π‰¥â ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“‡∑§π‘§ ISSR ¡’

§«“¡‡À¡“– ¡∑’Ë®–„™â„π°“√»÷°…“§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π ‡¡◊ËÕπ”¡“À“§«“¡

 —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π 13  “¬æ—π∏ÿå

¥â«¬«‘∏’ UPGMA ·≈–π”¡“ √â“ß·ºπ¿“æ· ¥ß

§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß·°àπμ–«—π 13  “¬

æ—π∏ÿå æ∫«à“·°àπμ–«—π “¬æ—π∏ÿå AMES 2729

∂Ÿ°·¬°ÕÕ°¡“®“°°≈ÿà¡Õ◊ËπÕ¬à“ß‡ÀÁπ‰¥â™—¥ ÷́Ëß°Á

 Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈‚§√‚¡‚´¡¢Õß Roger et al.

(1982) ‚¥¬·°àπμ–«—π “¬æ—π∏ÿå AMES 2729 ÷́Ëß

‡ªìπæ—π∏ÿåªÉ“ ∑’Ë¡’‚§√‚¡‚´¡‡ªìπ 2n = 2x = 34 ÷́Ëß

·μ°μà“ß®“° “¬æ—π∏ÿåÕ◊ËπÊ ∑’Ë‡ªìπæ—π∏ÿåª≈Ÿ°∑’Ë¡’

®”π«π‚§√‚¡‚´¡‡ªìπ 2n = 6x = 102 ·≈–

πÕ°®“°π’È “¡“√∂®”·π°°≈ÿà¡∑’Ë¡’º≈º≈‘μ Ÿß ( “¬

æ—π∏ÿå JA 89, HEL 335, KKU Ac 001, JA 102 ·≈–

HEL 66) ·≈–  “¬æ—π∏ÿå∑’Ë¡’º≈º≈‘μμË”∑’Ë ÿ¥ ( “¬æ—π∏ÿå

JA 81) ÕÕ°®“°·°àπμ–«—π°≈ÿà¡∑’Ë‡ªìπæ—π∏ÿåª≈Ÿ°‰¥â

πÕ°®“°π’È¬—ßæ∫Õ’°«à“§à“ S.I. ∑’Ë‰¥â®“°°“√»÷°…“

§√—Èßπ’È (μ“√“ß∑’Ë 3) ¡’§à“Õ¬Ÿà√–À«à“ß 0.431 ∂÷ß 0.929

¡’§à“μË”°«à“§«“¡‡À¡◊Õπ∑“ßæ—π∏ÿ°√√¡¢Õßæ◊™„π °ÿ≈

Helianthus ®”π«π 13 μ—«Õ¬à“ß¢Õß Kohler and

Friect (1999) ®“°°“√„™â‰æ√‡¡Õ√å 20 ™π‘¥∑’Ë„™â

 —ß‡§√“–Àå¥’‡ÕÁπ‡Õ¥â«¬‡∑§π‘§ AP-PCR (Arbitrality

Primer-Polymerase chane reaction) æ∫«à“ §à“
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S.I. ¡’§à“Õ¬Ÿà√–À«à“ß 0.839 ∂÷ß 0.940 Õ“®‡π◊ËÕß¡“

®“°≈Ÿ°º ¡∑’Ë‰¥â¡’§«“¡§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ Ÿß

´÷Ëß·μ°μà“ß®“°μ—«Õ¬à“ß·°àπμ–«—π∑’Ëπ”¡“»÷°…“

„π§√—Èßπ’È Õ’°∑—Èß§«“¡·μ°μà“ß¢Õß‡∫ ∑’Ë‡ªìπ

Õß§åª√–°Õ∫¢Õß‰æ√‡¡Õ√å·≈–®”π«π‰æ√‡¡Õ√å∑’Ë„™â

¡’®”π«ππâÕ¬°«à“„π°“√»÷°…“¢Õß Kohler and Friect

(1999) ¥—ßπ—Èπ„π°“√»÷°…“§√—ÈßμàÕ‰ª®÷ß§«√‡æ‘Ë¡

®”π«π‰æ√‡¡Õ√å∑’Ë„™â„π°“√»÷°…“‡æ‘Ë¡¡“°¢÷Èπ

®“°ß“π«‘®—¬π’ÈÕ“® √ÿª‰¥â«à“‡∑§π‘§ ISSR-PCR

‡ªìπ‡∑§π‘§Àπ÷Ëß∑’Ë¡’§«“¡‡À¡“– ¡„π°“√«‘‡§√“–Àå

®’‚π¡·≈–°“√»÷°…“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¢Õß·°àπμ–«—π„π√–¥—∫Àπ÷Ëß ‚¥¬‰¡à®”‡ªìπμâÕß∑√“∫
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