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∫∑§«“¡«‘®—¬

§“√‘‚Õ‰∑ªá·≈–™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈¢Õß¡–¢“¡À«“π
(æ◊™ °ÿ≈¡–¢“¡) „π®—ßÀ«—¥‡æ™√∫Ÿ√≥å

 ÿ«π‘¥“ Õ—≠®‘√‡«‚√®πå Õ—®©√‘¬“ √—ß…‘√ÿ®‘* ·≈– ∏«—™ ¥Õπ °ÿ≈

∫∑§—¥¬àÕ

°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õß¡–¢“¡À«“π‡æ™√∫Ÿ√≥å®”π«π 10 æ—π∏ÿå ‚¥¬‡µ√’¬¡µ—«Õ¬à“ß®“°ª≈“¬
√“°∑’Ë‡æ“–¥â«¬‡¡≈Á¥ æ∫«à“¡–¢“¡À«“π∑—ÈßÀ¡¥¡’®”π«π‚§√‚¡‚´¡ 2n = 24 (x = 12) ‚§√‚¡‚´¡¡’
§«“¡¬“«‡©≈’Ë¬µ—Èß·µà 1.955-2.970 ‰¡‚§√‡¡µ√ ·≈–¡’§«“¡·µ°µà“ß¢Õß§“√‘‚Õ‰∑ªá·∫àß‡ªìπ 3 °≈ÿà¡¥—ßπ’È °≈ÿà¡
1 æ∫¡–¢“¡À«“πæ—π∏ÿå»√’™¡¿Ÿ æ—π∏ÿåª√–°“¬∑Õß æ—π∏ÿå ’∑Õß‡∫“ ·≈–æ—π∏ÿåÕ‘π∑º“≈—¡ ¡’§“√‘‚Õ‰∑ªáª√–°Õ∫
¥â«¬ 5m + 6sm + 1st §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ (NF) = 46 ‚¥¬æ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡·∫∫
´—∫‡∑‚≈‡´π∑√‘° °≈ÿà¡ 2 æ∫¡–¢“¡À«“πæ—π∏ÿå¢—πµ’ æ—π∏ÿåΩí°¥“∫ æ—π∏ÿåæ√–‚√®πå æ—π∏ÿåÀ¡◊Ëπ®ß ·≈–æ—π∏ÿå ’∑Õß
¡’§“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 5m + 5sm + 2st §Ÿà NF = 44 ‚¥¬æ—π∏ÿå¢—πµ’ æ—π∏ÿåΩí°¥“∫ æ—π∏ÿåæ√–‚√®πå
·≈–æ—π∏ÿå ’∑Õßæ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡·∫∫ —́∫‡∑‚≈‡´π∑√‘°§Ÿà∑’Ë 1  à«πæ—π∏ÿåÀ¡◊Ëπ®ßæ∫·´∑‡∑≈‰≈∑å∑’Ë
‚§√‚¡‚´¡·∫∫´—∫‡∑‚≈‡´π∑√‘°§Ÿà∑’Ë 2 ·≈–°≈ÿà¡ 3 æ∫‡æ’¬ß 1 æ—π∏ÿå ‰¥â·°à ¡–¢“¡À«“πæ—π∏ÿå· ßÕ“∑‘µ¬å
´÷Ëß¡’§“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 11m + 1sm §Ÿà NF = 48 ·≈–æ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡·∫∫‡¡∑“‡´π
∑√‘°§Ÿà∑’Ë 8 „π°“√»÷°…“§√—Èßπ’Èæ∫‚§√‚¡‚´¡∑’Ë¡’·´∑‡∑≈‰≈∑å¢Õß¡–¢“¡À«“π∑ÿ°æ—π∏ÿå´÷Ëß∂◊Õ‡ªìπ‡§√◊ËÕßÀ¡“¬
‚§√‚¡‚´¡ (chromosome marker) πÕ°®“°π’Èº≈¢Õß phylogenetic tree ∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¥â«¬«‘∏’
parsimony ¢Õß∫√‘‡«≥ ITS æ∫«à“¡–¢“¡À«“π‡æ™√∫Ÿ√≥å∑’Ë»÷°…“¡’§«“¡„°≈â™‘¥∑“ßæ—π∏ÿ°√√¡ Ÿß Õ¬à“ß‰√
°Á¥’º≈¢Õß°“√»÷°…“∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈π’È‰¥â¬◊π¬—π°“√®”·π°¡–¢“¡À«“πæ—π∏ÿå· ßÕ“∑‘µ¬åÕÕ°®“°
æ—π∏ÿåÕ◊ËπÕ¬à“ß™—¥‡®π ´÷Ëß Õ¥§≈âÕß°—∫∑—Èß≈—°…≥–∑“ß —≥∞“π«‘∑¬“·≈–§“√‘‚Õ‰∑ªá

§” ”§—≠: ¡–¢“¡À«“π §“√‘‚Õ‰∑ªá internal transcribed spacer (ITS) °“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß
«‘«—≤π“°“√√–¥—∫‚¡‡≈°ÿ≈

¿“§«‘™“™’««‘∑¬“ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
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Karyotypes and Molecular Biology of Sweet Tamarind
(Tamarindus) in Petchaboon Province

Suwanida Anjirawaroj, Achariya Rangsiruji* and Thawat Donsakul

ABSTRACT

Karyological study of 10 varieties of sweet tamarind (Tamarindus indica) in Petchaboon
province based on chromosome preparation from root tips showed that all varieties possessed
the same diploid chromosome number of 24 (x = 12). The average length of metaphase
chromosomes ranged from 1.955 to 2.970 µm. The karyotypes of all 10 varieties were divided
into 3 groups as follows. Group 1, including Srichomphoo, Prakaithong, Srithongbao and
Intapalum comprised 5m + 6sm + 1st pairs with the arm number (NF) of 46 and a pair of
satellites on subtelocentric chromosomes. Group 2, including Khunti, Fagdab, Praroj, Muenjong
and Srithong possessed 5m + 5sm + 2st pairs, NF = 44. For each variety of Khunti, Fagdab,
Praroj and Srithong, there was a pair of satellites on the first subtelocentric chromosomes.
Muenjong, on the other hand, consisted of a pair of satellites on the second subtelocentric
chromosomes. Group 3 contained only one distinct variety, namely Sangartit whose karyotype
comprised 11m + 1sm pairs, NF = 48 with a pair of satellites on the eighth metacentric
chromosomes. In this study, satellited chromosomes were found in all 10 sweet tamarind
varieties and were regarded as their chromosome markers. A phylogenetic tree based on
parsimony analysis of the ITS region revealed very close genetic relationships among all 10
varieties of the sweet tamarind. Nonetheless, the results of the molecular study confirmed
the distinct position of Sangartit which was well corresponded to both the morphology and
karyotype.

Keywords: sweet tamarind, karyotypes, internal transcribed spacer (ITS), molecular phyloge-
netic analysis
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∫∑π”
æ◊™ °ÿ≈¡–¢“¡ (Tamarindus) ®—¥Õ¬Ÿà„π«ß»å Fabaceae Lindley (À√◊Õ Leguminosae Juss.)

§“¥«à“¡’∂‘Ëπ°”‡π‘¥®“°∑“ß‡Õ‡™’¬„µâ·≈–·Õø√‘°“µ–«—πÕÕ° [1] ·≈–¡’‡æ’¬ß 1 ™π‘¥ §◊Õ Tamarindus in-
dica L. „πª√–‡∑»‰∑¬·∫àßÕÕ°‡ªìπ¡–¢“¡À«“π·≈–¡–¢“¡‡ª√’È¬« ´÷Ëß “¡“√∂ª≈Ÿ°‰¥â∑ÿ°¿“§¢Õßª√–‡∑»
∑”„Àâ¡’æ—π∏ÿåµà“ßÊ °√–®“¬Õ¬Ÿà∑—Ë«‰ª ®—ßÀ«—¥‡æ™√∫Ÿ√≥å‡ªìπ∂‘Ëπª≈Ÿ°¡–¢“¡À«“πæ—π∏ÿå¥’ ‚¥¬¡–¢“¡À«“π‡æ™√∫Ÿ√≥å
‰¥â¡’°“√¢÷Èπ∑–‡∫’¬π°—∫°√¡∑√—æ¬å ‘π∑“ßªí≠≠“ °√–∑√«ßæ“≥‘™¬å ∑–‡∫’¬π‡≈¢∑’Ë  ™.48100003 ª√–°“»
µ—Èß·µà«—π∑’Ë 30 °—π¬“¬π 2548 ‚¥¬°“√¢÷Èπ∑–‡∫’¬π¡–¢“¡À«“π‡æ™√∫Ÿ√≥å‰¥âª√–°“»‰«â‡ªìπ ‘π§â“∑’Ë¡’ ‘Ëß∫àß
™’È∑“ß¿Ÿ¡‘»“ µ√å¥—ßπ’È ¡–¢“¡À«“π‡æ™√∫Ÿ√≥åÀ¡“¬∂÷ß ¡–¢“¡À«“πΩí°µ√ß®“°æ—π∏ÿå»√’™¡¿Ÿ æ—π∏ÿå¢—πµ’ æ—π∏ÿå
ª√–°“¬∑Õß æ—π∏ÿåΩ—°¥“∫ æ—π∏ÿåÀ«“π≈àÕπ ·≈–¡–¢“¡À«“πΩí°‚§âß®“°æ—π∏ÿå ’∑Õß æ—π∏ÿå ’∑Õß‡∫“ æ—π∏ÿåπÈ”º÷Èß
æ—π∏ÿåÕ‘π∑º“≈—¡ æ—π∏ÿåÀ¡◊Ëπ®ß ·≈–æ—π∏ÿå· ßÕ“∑‘µ¬å ´÷Ëßª≈Ÿ°„πæ◊Èπ∑’Ë®—ßÀ«—¥‡æ™√∫Ÿ√≥å [2] ¡–¢“¡À«“π
‡æ™√∫Ÿ√≥å¡’§ÿ≥¿“æ¥’ Ωí°„À≠à ‡π◊ÈÕÀπ“·≈–√ ™“µ‘À«“π∑”„Àâ¡’√“§“§àÕπ¢â“ß Ÿß [3]  ”À√—∫¡–¢“¡À«“π∑’Ë
æ∫„πªí®®ÿ∫—ππ’È¡’¡“°°«à“ 20 æ—π∏ÿå ∫“ßæ—π∏ÿåÕ“®¡’≈—°…≥–§≈â“¬§≈÷ß°—π ‡®â“¢Õß «π¡–¢“¡À«“π¡—°µ—Èß™◊ËÕ
¢÷Èπ‡Õß ‚¥¬Õ‘ß®“°·À≈àßª≈Ÿ°À√◊Õ™◊ËÕ¢Õß‡®â“¢Õß «π ¥—ß®–‡ÀÁπ‰¥â®“°°“√ª√–°«¥¡–¢“¡À«“π„π®—ßÀ«—¥µà“ßÊ
„π¿“§µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ´÷Ëßæ∫«à“¡’æ—π∏ÿå„À¡àÊ ‡°‘¥¢÷ÈπÕ¬Ÿà‡ ¡Õ ∑”„Àâ‡°‘¥§«“¡ —∫ πµàÕ∑—Èß‡°…µ√°√
·≈–ºŸâ∫√‘‚¿§ [4]

°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å¢Õßæ◊™®“°°“√·∫àß‡´≈≈å„π√–¬–‡¡∑“‡ø  πÕ°®“°®–∑”„Àâ
∑√“∫®”π«π‚§√‚¡‚´¡∑’Ë™—¥‡®π·≈â« °“√®—¥‡√’¬ß‚§√‚¡‚´¡µ“¡¢π“¥·≈–√Ÿª√à“ß‡ªìπ·ºπ¿“æ§“√‘‚Õ‰∑ªá¬—ß
™à«¬„π°“√®”·π°§«“¡·µ°µà“ß¢Õß™π‘¥·≈–æ—π∏ÿåµà“ßÊ ¢Õßæ◊™‰¥âÕ’°¥â«¬ [5] °“√®”·π°æ◊™™π‘¥‡¥’¬«°—π
·µàµà“ßæ—π∏ÿå‚¥¬Õ“»—¬≈—°…≥–∑“ß —≥∞“π«‘∑¬“‡∫◊ÈÕßµâπÀ√◊Õ°àÕπÕÕ°º≈Õ“®∑”‰¥â¬“° ‡π◊ËÕß®“°¡’≈—°…≥–
‚¥¬∑—Ë«‰ª§≈â“¬§≈÷ß°—π º≈®“°°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å¢Õßæ◊™æ∫«à“ “¡“√∂®”·π°æ—π∏ÿå¢Õßæ◊™
‡»√…∞°‘®‰¥âÀ≈“¬æ—π∏ÿå ‡™àπ ≈‘Èπ®’Ë [6] ≈”‰¬ [7] ·≈–√–°”- ≈– [8] ‡ªìπµâπ πÕ°®“°π’È„π°“√®”·π°æ◊™∑’Ë¡’
§«“¡„°≈â™‘¥°—π¬—ßπ‘¬¡„™â‡∑§π‘§∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈Õ’°¥â«¬ Baldwin [9] ‰¥â√‘‡√‘Ë¡„™â∫√‘‡«≥ internal
transcribed spacer (ITS) ¢Õß nuclear ribosomal DNA „πæ◊™«ß»å Compositae ·≈–æ∫§«“¡·µ°
µà“ß¢Õß≈”¥—∫‡∫ „π«ß»åπ’È¡“°∂÷ß 20% ∫√‘‡«≥ ITS ‡ªìπ spacer ∑’Ë¡’§«“¡º—π·ª√∑“ßæ—π∏ÿ°√√¡§àÕπ¢â“ß Ÿß
¥—ßπ—Èπ®÷ß„Àâº≈¥’„π°“√»÷°…“¥â“π§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·≈–§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õßæ◊™∑—Èß
„π√–¥—∫ °ÿ≈ [10, 11] ™π‘¥·≈–æ—π∏ÿå [12, 13] ‰¥â °“√»÷°…“§√—Èßπ’È´÷Ëß‡πâπ¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å·≈–
™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈¢Õß¡–¢“¡À«“π„π®—ßÀ«—¥‡æ™√∫Ÿ√≥å®÷ß‡ªìπ∞“π¢âÕ¡Ÿ≈∑“ßæ—π∏ÿ°√√¡∑’Ë¡’§«“¡ ”§—≠
¢Õßæ◊™‡»√…∞°‘®„πª√–‡∑»‰∑¬

«‘∏’°“√∑¥≈Õß
°“√‡°Á∫√«∫√«¡µ—«Õ¬à“ß ·≈–°“√µ√«® Õ∫≈—°…≥–ª√–®”æ—π∏ÿå¢Õß¡–¢“¡À«“π

‡°Á∫√«∫√«¡„∫·≈–º≈¢Õß¡–¢“¡À«“π 10 æ—π∏ÿå ∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘® ‰¥â·°à æ—π∏ÿå
»√’™¡¿Ÿ æ—π∏ÿå¢—πµ’ æ—π∏ÿåª√–°“¬∑Õß æ—π∏ÿåΩí°¥“∫ æ—π∏ÿåæ√–‚√®πå æ—π∏ÿå ’∑Õß æ—π∏ÿå ’∑Õß‡∫“ æ—π∏ÿåÕ‘π∑º“≈—¡
æ—π∏ÿåÀ¡◊Ëπ®ß ·≈–æ—π∏ÿå· ßÕ“∑‘µ¬å ®“° «π¡–¢“¡À«“π„π®—ßÀ«—¥‡æ™√∫Ÿ√≥å ‚¥¬µ√«® Õ∫≈—°…≥–ª√–®”
æ—π∏ÿåµ“¡·À≈àßÕâ“ßÕ‘ß∑’Ëπà“‡™◊ËÕ∂◊Õ [14-16] ·≈–∂à“¬√Ÿª‡°Á∫‰«â
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°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å
°“√‡µ√’¬¡‚§√‚¡‚´¡®“°ª≈“¬√“°

°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå ¥—¥·ª≈ß®“°«‘∏’¢Õß∏«—™ [17] ·≈–Õ—®©√‘¬“
·≈–§≥– [8] ‚¥¬‡æ“–‡¡≈Á¥·≈–µ—¥ª≈“¬√“°„Àâ¡’§«“¡¬“«ª√–¡“≥ 0.5-1.0 ‡´πµ‘‡¡µ√ „π™à«ß‡«≈“
9.30-10.00 π“Ãî°“ ·™àµ—«Õ¬à“ß√“°„π “√≈–≈“¬ paradichlorobenzene ·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4 ÌC
‡æ◊ËÕ„Àâ°“√·∫àß‡´≈≈åÀ¬ÿ¥Õ¬Ÿà„π√–¬–‡¡∑“‡ø  ®“°π—Èπ√—°…“ ¿“æ‡´≈≈å„ππÈ”¬“ Carnoyûs fluid (absolute
ethanol: glacial acetic acid = 3:1) ‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4 ÌC π”µ—«Õ¬à“ß√“°∑’Ë‰¥â·™à„π “√≈–≈“¬ 1 N
HCl ‡ªìπ‡«≈“ 45 π“∑’ ≈â“ß¥â«¬πÈ”°≈—Ëπ ·≈–·™àµ—«Õ¬à“ß√“°„ππÈ”¬“ Carnoyûs fluid ®“°π—Èππ”¡“ —∫
¥â«¬¡’¥ºà“µ—¥„Àâ≈–‡Õ’¬¥ ·≈â«π”„ à„πÀ≈Õ¥∑¥≈Õß ‡µ‘¡πÈ”¬“ Carnoyûs fluid π”‡¢â“‡§√◊ËÕßªíòπ‡À«’Ë¬ß
‚¥¬„™â§«“¡‡√Á«ª√–¡“≥ 130 Óg ‡ªìπ‡«≈“ 10 π“∑’ ¥Ÿ¥µ–°Õπ∑’Ë°âπÀ≈Õ¥À¬¥≈ß∫π ‰≈¥å ∑‘Èß‰«â„Àâ·Àâß
·≈â«¬âÕ¡¥â«¬ ’¬âÕ¡°‘¡´“ª√–¡“≥ 1-2 ™—Ë«‚¡ß µ√«®º≈¥â«¬°≈âÕß®ÿ≈∑√√»πå ∫—π∑÷°¿“æ‡´≈≈åª≈“¬√“°
∑’Ë¡’‚§√‚¡‚´¡·ºà°√–®“¬¥’¥â«¬øî≈å¡¢“«¥” ‚¥¬„Àâ‰¥â‚§√‚¡‚´¡®“°°≈ÿà¡µ—«Õ¬à“ß‡´≈≈å‰¡àπâÕ¬°«à“æ—π∏ÿå≈–
50 ‡´≈≈å

°“√«‘‡§√“–Àå‚§√‚¡‚´¡·≈–°“√®—¥§“√‘‚Õ‰∑ªá
π—∫®”π«π‚§√‚¡‚´¡®“°¿“æ∑’Ë≈â“ßÕ—¥¢¬“¬ 4 Ó 6 π‘È« ‚¥¬„Àâ§«“¡∂’Ë¢Õß®”π«π‚§√‚¡‚´¡∑’Ë

π—∫‰¥â Ÿß ÿ¥ (mode) ¢Õßæ◊™·µà≈–æ—π∏ÿå‡ªìπ®”π«π‚§√‚¡‚´¡·∫∫¥‘æ≈Õ¬¥å (2n) ¢Õßæ◊™æ—π∏ÿåπ—Èπ „π°“√
®—¥§“√‘‚Õ‰∑ªá ‡≈◊Õ°‡´≈≈å®”π«π 5 ‡´≈≈å «—¥§«“¡¬“«·¢π‚§√‚¡‚´¡®“°µ”·Àπàß‡´π‚∑√‡¡’¬√å‰ª¬—ßª≈“¬
·¢π∑—Èß Õß¢â“ß¢Õß‚§√‚¡‚´¡ §«“¡¬“«∑—Èß·¢πÀ√◊Õ§«“¡¬“« —¡∫Ÿ√≥å‰¥â®“°º≈∫«°¢Õß·¢π¢â“ß¬“«·≈–
·¢π¢â“ß —Èπ §”π«≥Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ ‡æ◊ËÕ®”·π°™π‘¥¢Õß‚§√‚¡‚´¡µ“¡«‘∏’¢Õß Levan
·≈–§≥– [18] (µ“√“ß∑’Ë 1) ®—∫§Ÿà‚§√‚¡‚´¡‚¥¬Õ“»—¬Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ

µ“√“ß∑’Ë 1 °“√®”·π°™π‘¥¢Õß‚§√‚¡‚´¡µ“¡«‘∏’¢Õß Levan ·≈–§≥–

Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ ™π‘¥¢Õß‚§√‚¡‚´¡  —≠≈—°…≥å

1.0-1.7 ‡¡∑“‡´π∑√‘° (metacentric) m
1.7-3.0 —́∫‡¡∑“‡´π∑√‘° (submetacentric) sm
3.0-7.0 —́∫‡∑‚≈‡´π∑√‘° (subtelocentric) st
7.0-∞ Õ–‚§√‡´π∑√‘° (acrocentric) À√◊Õ t

‡∑‚≈‡´π∑√‘° (telocentric)

°“√À“®”π«π·¢π‚§√‚¡‚´¡ À√◊Õ arm number (NF) µ“¡«‘∏’¢Õß Arai [19]
m, sm (‚§√‚¡‚´¡∑’Ë¡’ 2 ·¢π) = ®”π«π§Ÿà¢Õß‚§√‚¡‚´¡ Ó 4
st, t (‚§√‚¡‚´¡∑’Ë¡’ 1 ·¢π) = ®”π«π§Ÿà¢Õß‚§√‚¡‚´¡ Ó 2
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°“√À“§«“¡¬“« —¡æ—∑∏å À√◊Õ Relative length (RL) µ“¡«‘∏’¢Õß∏«—™ [17]

RL =
§«“¡¬“« —¡∫Ÿ√≥å¢Õß‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ Ó 100

º≈∫«°¢Õß§Ÿà‚§√‚¡‚´¡À√◊Õ‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ·∫∫·Œæ≈Õ¬¥å

°“√À“¢π“¥¢Õß‚§√‚¡‚´¡µ“¡«‘∏’¢Õß Ullerich [20]  “¡“√∂·∫àß‚§√‚¡‚´¡‡ªìπ 2 ¢π“¥ §◊Õ
‚§√‚¡‚´¡¢π“¥„À≠à ‰¥â·°à ‚§√‚¡‚´¡∑’Ë¡’§«“¡¬“«‡°‘π§√÷ËßÀπ÷Ëß¢Õß§à“‡©≈’Ë¬§«“¡¬“«‚§√‚¡‚´¡∑ÿ°§Ÿà√«¡°—π
·≈–‚§√‚¡‚´¡∑’Ë¡’¢π“¥‡≈Á° ‰¥â·°à ‚§√‚¡‚´¡∑’Ë¡’§«“¡¬“«πâÕ¬°«à“§√÷ËßÀπ÷Ëß¢Õß§à“‡©≈’Ë¬§«“¡¬“«
‚§√‚¡‚´¡∑ÿ°§Ÿà√«¡°—π

°“√ √â“ßÕ‘¥‘‚Õ·°√¡ “¡“√∂π”§à“‡©≈’Ë¬∑’Ë‰¥â®“°°“√§”π«≥Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π
 —Èπ¡“„™â ‚¥¬‡√’¬ß≈”¥—∫®“°§Ÿà‚§√‚¡‚´¡∑’Ë¬“«∑’Ë ÿ¥‰ªÀ“§Ÿà‚§√‚¡‚´¡∑’Ë —Èπ∑’Ë ÿ¥ „Àâ·¢π —ÈπÕ¬Ÿà¥â“π∫π·≈–
·¢π¬“«Õ¬Ÿà¥â“π≈à“ß ‚¥¬„™âÕ—µ√“ à«π§«“¡¬“« 1 ‡´πµ‘‡¡µ√µàÕ§«“¡¬“«‚§√‚¡‚´¡ 1 ‰¡‚§√‡¡µ√ „Àâ·°π
πÕπÀ√◊Õ·°π X ‡ªìπ§Ÿà‚§√‚¡‚´¡ (chromosome pairs) ·°πµ—ÈßÀ√◊Õ·°π Y ‡ªìπ§«“¡¬“«‚§√‚¡‚´¡
(chromosome length)

°“√»÷°…“¥â“π™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈
°“√ °—¥ genomic DNA

 °—¥ DNA ®“°„∫¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå ‚¥¬¥—¥·ª≈ß®“°«‘∏’¢Õß Doyle ·≈– Doyle [21]
´÷Ëß‡√‘Ë¡®“°°“√∑”§«“¡ –Õ“¥µ—«Õ¬à“ßæ◊™¥â«¬‡Õ∑“πÕ≈ 70% µ—¥µ—«Õ¬à“ßæ◊™„Àâ¡’¢π“¥‡≈Á°ª√–¡“≥ 1
µ“√“ß‡´πµ‘‡¡µ√ „ à„π microcentrifuge tube ·≈â«‡µ‘¡‰π‚µ√‡®π‡À≈« ∫¥„Àâ≈–‡Õ’¬¥‚¥¬‡√Á« ®“°π—Èπ
‡µ‘¡ CTAB buffer 1 ¡‘≈≈‘≈‘µ√ ∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 60 ÌC ‡ªìπ‡«≈“ 30 π“∑’ ‡µ‘¡ RNase A 2 ‰¡‚§√≈‘µ√
µ“¡¥â«¬ çweté chloroform (chloroform: isoamyl alcohol = 24: 1) 200 ‰¡‚§√≈‘µ√ π”‰ªªíòπ‡À«’Ë¬ß
¥Ÿ¥¢Õß‡À≈«„ ¥â“π∫π„ à microcentrifuge tube Õ—π„À¡à  °—¥Õ’°§√—Èß¥â«¬ çweté chloroform ‡µ‘¡
isopropanol 600 ‰¡‚§√≈‘µ√ º ¡„Àâ‡¢â“°—π‡∫“Ê ∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 15 π“∑’ π”‰ªªíòπ‡À«’Ë¬ß ¥Ÿ¥ à«π∑’Ë
‡ªìπ¢Õß‡À≈«¥â“π∫π∑‘Èß ‡µ‘¡ wash buffer (76% ethanol ·≈– 10 mM ammonium acetate) 1 ¡‘≈≈‘≈‘µ√
∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 15 π“∑’ π”‰ªªíòπ‡À«’Ë¬ß ¥Ÿ¥ à«π∑’Ë‡ªìπ¢Õß‡À≈«¥â“π∫π∑‘Èß ·≈â«π” microcentrifuge
tube ‰ª‰«â„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 45 ÌC ‡ªìπ‡«≈“ 5-10 π“∑’ ‡æ◊ËÕ„Àâ DNA pellet ·Àâß ≈–≈“¬ pellet ∑’Ë‰¥â„π
nuclease-free water 50 ‰¡‚§√≈‘µ√ ‡°Á∫ DNA ∑’Ë °—¥‰¥â‰«â∑’ËÕÿ≥À¿Ÿ¡‘ -20 ÌC „π°“√ªíòπ‡À«’Ë¬ß·µà≈–
§√—Èß„™â§«“¡‡√Á« 13,800 Óg ‡ªìπ‡«≈“ 2 π“∑’

°“√∑” PCR ·≈–°“√À“≈”¥—∫‡∫  ”À√—∫∫√‘‡«≥ ITS
‡æ‘Ë¡ª√‘¡“≥ DNA ¥â«¬‡∑§π‘§ PCR ∑’Ë∫√‘‡«≥ ITS ‚¥¬„™â§Ÿà¢Õß primer ITS5 ·≈– ITS8

[22] ´÷Ëß¡’≈”¥—∫‡∫ ¥—ßπ’È
ITS5 (forward primer): 5′-GGA AGG AGA AGT CGT AAC AAG G-3′
ITS8 (reverse primer): 5′-CAC GCT TCT CCA GAC TAC A-3′
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‚¥¬ à«πª√–°Õ∫¢Õß PCR reaction ¡’¥—ßπ’È

 à«πª√–°Õ∫ ª√‘¡“µ√ (‰¡‚§√≈‘µ√)
Nuclease-free water 8.75
5X Q-solution 5.0
MgCl2 (25 mM) 2.0
10X buffer 2.5
dNTPs (10 mM) 0.5
Forward primer (10 µM) 2.5
Reverse primer (10 µM) 2.5
DNA template 1.0
Taq DNA polymerase (5 U/µl) 0.25

√«¡ 25.0

º ¡ à«πª√–°Õ∫¢Õß PCR reaction ·≈â«π”‡¢â“‡§√◊ËÕß thermal cycler (MJ Research Inc.)
‚¥¬„™â‚ª√·°√¡ ÷́Ëß¡’¢—ÈπµÕπ¥—ßπ’È

Denaturing 94 ÌC 1 π“∑’
Annealing 53 ÌC 2 π“∑’ 30 √Õ∫
Extension 72 ÌC 1.5 π“∑’
Final extension 72 ÌC 1 π“∑’
µ√«® Õ∫¢π“¥¢Õß PCR product ‚¥¬«‘∏’ gel electrophoresis ·≈–∑” PCR product „Àâ

∫√‘ ÿ∑∏‘Ï‚¥¬„™â QIAquick PCR purification kit (QIAGEN) ‡æ◊ËÕπ”‰ªÀ“≈”¥—∫‡∫  ‚¥¬ àßµ—«Õ¬à“ß‰ª
∑’Ë∫√‘…—∑ Macrogen ª√–‡∑»‡°“À≈’„µâ

°“√‡∑’¬∫‡§’¬ß≈”¥—∫‡∫  (sequence alignment)
‡∑’¬∫‡§’¬ß≈”¥—∫‡∫ ∫√‘‡«≥ ITS ¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå∑’Ë»÷°…“„π§√—Èßπ’È ·≈–æ◊™∑’Ë„™â

Õâ“ßÕ‘ßÀ√◊Õ outgroup species ´÷Ëß‰¥â≈”¥—∫‡∫ ∫√‘‡«≥ ITS ®“° GenBank database §◊Õ Gymnocladus
chinensis (GenBank accession number AF510034) ·≈– Bauhinia corymbosa (GenBank acces-
sion number AF286357) ‡ªìπæ◊™„π«ß»å Fabaceae ‡™àπ‡¥’¬«°—∫æ◊™ °ÿ≈¡–¢“¡ ‡∑’¬∫‡§’¬ß≈”¥—∫‡∫ 
¢Õßæ◊™∑—ÈßÀ¡¥‚¥¬„™â‚ª√·°√¡ Clustal X [23]

°“√«‘‡§√“–Àå√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡·≈–°“√ √â“ß phylogenetic tree
„™â‚ª√·°√¡ PAUP* version 4.0b [24] ‡æ◊ËÕ«‘‡§√“–Àå pairwise distance ´÷Ëß· ¥ß√–¬–

Àà“ß∑“ßæ—π∏ÿ°√√¡¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå·≈– outgroup species ·≈– √â“ß phylogenetic tree
‚¥¬«‘∏’°“√ parsimony ∑’Ë· ¥ß§«“¡ —¡æ—π∏å‡™‘ß«‘«—≤π“°“√¢Õßæ◊™∑’Ë»÷°…“ æ√âÕ¡∑—Èß«‘‡§√“–Àå§à“∑“ß ∂‘µ‘
(bootstrap value) ‡æ◊ËÕ· ¥ß§«“¡¡—Ëπ§ß¢Õß°“√®—¥®”·π°°≈ÿà¡µ—«Õ¬à“ß„π·µà≈–°‘Ëß (branch) ¢Õß
phylogenetic tree

}
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º≈°“√∑¥≈Õß
°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å

°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å¢Õß¡–¢“¡À«“πæ—π∏ÿå»√’™¡¿Ÿ æ—π∏ÿå¢—πµ’ æ—π∏ÿåª√–°“¬∑Õß
æ—π∏ÿåΩí°¥“∫ æ—π∏ÿåæ√–‚√®πå æ—π∏ÿåÀ¡◊Ëπ®ß æ—π∏ÿå ’∑Õß æ—π∏ÿå ’∑Õß‡∫“ æ—π∏ÿåÕ‘π∑º“≈—¡ ·≈–æ—π∏ÿå· ßÕ“∑‘µ¬å
‚¥¬»÷°…“§“√‘‚Õ‰∑ªá®“°√“°∑’Ë‡æ“–¥â«¬‡¡≈Á¥‰¥âº≈¥—ß· ¥ß„πµ“√“ß∑’Ë 2 ·≈–√Ÿª∑’Ë 1-4

µ“√“ß∑’Ë 2 §à“§«“¡∂’Ë Ÿß ÿ¥¢Õß‡´≈≈å ®”π«π·¢π‚§√‚¡‚´¡ §«“¡¬“« —¡æ—∑∏å ¢π“¥‚§√‚¡‚´¡ ·≈–
µ”·Àπàß‚§√‚¡‚´¡∑’Ëæ∫·´∑‡∑≈‰≈∑å¢Õß¡–¢“¡À«“π 10 æ—π∏ÿå

¡–¢“¡À«“π §«“¡∂’Ë ®”π«π·¢π §«“¡¬“« ‚§√‚¡‚´¡ ‚§√‚¡‚´¡ µ”·Àπàß‚§√‚¡‚´¡
 Ÿß ÿ¥ ‚§√‚¡‚´¡  —¡æ—∑∏å ¢π“¥„À≠à ¢π“¥‡≈Á° ∑’Ëæ∫·´∑‡∑≈‰≈∑å

¢Õß‡´≈≈å (NF) (RL%)
(%) æ‘ —¬ ®”π«π (§Ÿà) ®”π«π (§Ÿà)

æ—π∏ÿå»√’™¡¿Ÿ 91.25 46 6.584-11.997 4 8 st
æ—π∏ÿå¢—πµ’ 84.95 44 6.745-11.096 6 6 st1
æ—π∏ÿåª√–°“¬∑Õß 75.55 46 6.499-11.799 6 6 st
æ—π∏ÿåΩí°¥“∫ 92.30 44 6.246-11.513 5 7 st1
æ—π∏ÿåæ√–‚√®πå 70.21 44 5.998-11.860 5 7 st1
æ—π∏ÿåÀ¡◊Ëπ®ß 85.55 44 6.504-11.677 5 7 st2
æ—π∏ÿå ’∑Õß 89.69 44 6.333-10.928 5 7 st1
æ—π∏ÿå ’∑Õß‡∫“ 92.55 46 6.083-11.577 5 7 st
æ—π∏ÿåÕ‘π∑º“≈—¡ 78.41 46 6.546-11.021 6 6 st
æ—π∏ÿå· ßÕ“∑‘µ¬å 86.87 48 5.949-11.066 6 6 m8

À¡“¬‡Àµÿ: st = —́∫‡∑‚≈‡´π∑√‘° st1 = —́∫‡∑‚≈‡´π∑√‘°§Ÿà∑’Ë 1
st2 = ´—∫‡∑‚≈‡´π∑√‘°§Ÿà∑’Ë 2 m8 = ‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 8
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√Ÿª∑’Ë 1 ≈—°…≥–º≈ ‡π◊ÈÕ ·≈–‡¡≈Á¥¢Õß¡–¢“¡À«“πª√–‡¿∑Ωí°µ√ß ¿“æ∂à“¬‡´≈≈å„π√–¬–‡¡∑“‡ø 
(2n = 24) ·≈–§“√‘‚Õ‰∑ªá ≈Ÿ°»√™’È· ¥ß·´∑‡∑≈‰≈∑å
m = ‡¡∑“‡´π∑√‘° sm = —́∫‡¡∑“‡´π∑√‘° st = ´—∫‡∑‚≈‡´π∑√‘°

(A) æ—π∏ÿå»√’™¡¿Ÿ

(B) æ—π∏ÿå¢—πµ’ 

(C) æ—π∏ÿåª√–°“¬∑Õß 

(D) æ—π∏ÿåΩí°¥“∫ 

(E) æ—π∏ÿåæ√–‚√®πå 



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 24 ©∫—∫∑’Ë 1 (2551) 191

√Ÿª∑’Ë 2 ≈—°…≥–º≈ ‡π◊ÈÕ ·≈–‡¡≈Á¥¢Õß¡–¢“¡À«“πª√–‡¿∑Ωí°‚§âß ¿“æ∂à“¬‡´≈≈å„π√–¬–‡¡∑“‡ø 
(2n = 24) ·≈–§“√‘‚Õ‰∑ªá ≈Ÿ°»√™’È· ¥ß·´∑‡∑≈‰≈∑å
m = ‡¡∑“‡´π∑√‘° sm = —́∫‡¡∑“‡´π∑√‘° st = ´—∫‡∑‚≈‡´π∑√‘°

 

 

 

(A) æ—π∏ÿåÀ¡◊Ëπ®ß

(B) æ—π∏ÿå ’∑Õß 

(C) æ—π∏ÿå ’∑Õß‡∫“ 

(D) æ—π∏ÿåÕ‘π∑º“≈—¡ 

(E) æ—π∏ÿå· ßÕ“∑‘µ¬å 
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√Ÿª∑’Ë 3 Õ‘¥‘‚Õ·°√¡¢Õß¡–¢“¡À«“πª√–‡¿∑Ωí°µ√ß ®ÿ¥°≈¡ ’¥”· ¥ß·´∑‡∑≈‰≈∑å
m = ‡¡∑“‡´π∑√‘° sm = —́∫‡¡∑“‡´π∑√‘° st = ´—∫‡∑‚≈‡´π∑√‘°

(A) æ—π∏ÿå»√’™¡¿Ÿ (B) æ—π∏ÿå¢—πµ’

(C) æ—π∏ÿåª√–°“¬∑Õß (D) æ—π∏ÿåΩí°¥“∫

(E) æ—π∏ÿåæ√–‚√®πå
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√Ÿª∑’Ë 4 Õ‘¥‘‚Õ·°√¡¢Õß¡–¢“¡À«“πª√–‡¿∑Ωí°‚§âß ®ÿ¥°≈¡ ’¥”· ¥ß·´∑‡∑≈‰≈∑å
m = ‡¡∑“‡´π∑√‘° sm = —́∫‡¡∑“‡´π∑√‘° st = ´—∫‡∑‚≈‡´π∑√‘°

(A) æ—π∏ÿåÀ¡◊Ëπ®ß (B) æ—π∏ÿå ’∑Õß

(C) æ—π∏ÿå ’∑Õß‡∫“ (D) æ—π∏ÿåÕ‘π∑º“≈—¡

(E) æ—π∏ÿå· ßÕ“∑‘µ¬å
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°“√»÷°…“¥â“π™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈
°“√»÷°…“≈”¥—∫‡∫ ∫√‘‡«≥ ITS ¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå æ∫«à“¡’§«“¡¬“«µ—Èß·µà 726-727

§Ÿà‡∫  ‡¡◊ËÕπ”¡“‡∑’¬∫‡§’¬ß≈”¥—∫‡∫ æ√âÕ¡°—∫ outgroup species æ∫«à“¡’§«“¡¬“«‡∑à“°—∫ 747 §Ÿà‡∫ 
∫√‘‡«≥ ITS ¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿåπ’È¡’ GC content 57.36-57.91% ·≈–¡’√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡
0-1.376% (µ“√“ß∑’Ë 3) ®“°¢âÕ¡Ÿ≈√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡ ∂â“‡ª√’¬∫‡∑’¬∫√–À«à“ß ‘Ëß¡’™’«‘µ„π°≈ÿà¡
(ingroup) §◊Õ ‡©æ“–¡–¢“¡À«“π 10 æ—π∏ÿå∑’Ë»÷°…“ æ∫«à“¡–¢“¡À«“π 7 æ—π∏ÿå ‰¥â·°à æ—π∏ÿåæ√–‚√®πå
æ—π∏ÿåÀ¡◊Ëπ®ß æ—π∏ÿåª√–°“¬∑Õß æ—π∏ÿåÕ‘π∑º“≈—¡ æ—π∏ÿå¢—πµ’ æ—π∏ÿå»√’™¡¿Ÿ ·≈–æ—π∏ÿå ’∑Õß‡∫“‰¡àæ∫§«“¡
·µ°µà“ß∑“ßæ—π∏ÿ°√√¡ æ—π∏ÿå ’∑Õß ·≈–æ—π∏ÿåΩí°¥“∫¡’√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡®“°¡–¢“¡À«“π∑—Èß 7 æ—π∏ÿå∑’Ë
°≈à“«¡“‡∑à“°—π §◊Õ 0.138% æ—π∏ÿå· ßÕ“∑‘µ¬å¡’√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡®“°¡–¢“¡À«“π∑—Èß 7 æ—π∏ÿå Ÿß∂÷ß
1.238% ·≈–Àà“ß®“°æ—π∏ÿå ’∑Õß Ÿß ÿ¥∂÷ß 1.376%

µ“√“ß∑’Ë 3 Pairwise distance · ¥ß√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡¢Õß¡–¢“¡À«“π 10 æ—π∏ÿå ·≈– outgroup
species

æ◊™∑’Ë»÷°…“ 1 2 3 4 5 6 7 8 9 10 11 12

1 æ—π∏ÿåæ√–‚√®πå -
2 æ—π∏ÿåÀ¡◊Ëπ®ß 0.00000 -
3 æ—π∏ÿåª√–°“¬∑Õß 0.00000 0.00000 -
4 æ—π∏ÿåÕ‘π∑º“≈—¡ 0.00000 0.00000 0.00000 -
5 æ—π∏ÿå¢—πµ’ 0.00000 0.00000 0.00000 0.00000 -
6 æ—π∏ÿå»√’™¡¿Ÿ 0.00000 0.00000 0.00000 0.00000 0.00000 -
7 æ—π∏ÿå ’∑Õß‡∫“ 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 -
8 æ—π∏ÿå ’∑Õß 0.00138 0.00138 0.00138 0.00138 0.00138 0.00138 0.00138 -
9 æ—π∏ÿåΩí°¥“∫ 0.00138 0.00138 0.00138 0.00138 0.00138 0.00138 0.00138 0.00275 -

10 æ—π∏ÿå· ßÕ“∑‘µ¬å 0.01238 0.01238 0.01238 0.01238 0.01238 0.01238 0.01238 0.01376 0.01100 -
11 G. chinensis 0.23547 0.23547 0.23547 0.23547 0.23547 0.23547 0.23547 0.23554 0.23550 0.23089 -
12 B. corymbosa 0.34163 0.34163 0.34163 0.34163 0.34163 0.34163 0.34163 0.34142 0.34163 0.33691 0.31260 -

º≈¢Õß phylogenetic tree ∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¥â«¬«‘∏’ parsimony ¢Õß∫√‘‡«≥ ITS (√Ÿª∑’Ë 5)
æ∫«à“ ¡–¢“¡À«“π 8 æ—π∏ÿå ‰¥â·°à æ—π∏ÿåæ√–‚√®πå æ—π∏ÿåÀ¡◊Ëπ®ß æ—π∏ÿåª√–°“¬∑Õß æ—π∏ÿåÕ‘π∑º“≈—¡ æ—π∏ÿå¢—πµ’
æ—π∏ÿå»√’™¡¿Ÿ æ—π∏ÿå ’∑Õß‡∫“ ·≈–æ—π∏ÿå ’∑Õß®—¥Õ¬Ÿà„π°≈ÿà¡∑’Ë¡’§«“¡ —¡æ—π∏å„°≈â™‘¥°—π¡“° (bootstrap value
(BS) = 64%) ‚¥¬¡’æ—π∏ÿåΩí°¥“∫®—¥‡ªìπ sister group ¢Õß¡–¢“¡À«“π∑—Èß 8 æ—π∏ÿå∑’Ë°≈à“«¡“ (BS = 99%)
 à«πæ—π∏ÿå· ßÕ“∑‘µ¬å¡’§«“¡ —¡æ—π∏å„°≈â™‘¥°—∫¡–¢“¡À«“π∑’Ë»÷°…“∑—ÈßÀ¡¥πâÕ¬∑’Ë ÿ¥
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√Ÿª∑’Ë 5 Phylogenetic tree (treelength 309 steps) ¢Õß¡–¢“¡À«“π 10 æ—π∏ÿå ·≈– outgroup species
(Gymnocladus chinensis ·≈– Bauhinia corymbosa) ∑’Ë‰¥â®“°°“√«‘‡§√“–Àå≈”¥—∫‡∫ ∫√‘‡«≥
ITS ‚¥¬«‘∏’ parsimony (branch-and-bound search) µ—«‡≈¢∑’ËÕ¬Ÿà¥â“π∫π¢Õß°‘Ëß (branch) · ¥ß
§«“¡¬“«°‘Ëß (branch length) ·≈–µ—«‡≈¢∑’ËÕ¬Ÿà„π«ß‡≈Á∫· ¥ß bootstrap value (%) ®“° 1,000 ´È”

 √ÿª·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
°“√«‘®—¬π’Èπ—∫‡ªìπ√“¬ß“π‡°’Ë¬«°—∫°“√»÷°…“§“√‘‚Õ‰∑ªá·≈–™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈¢Õß¡–¢“¡

À«“π„πª√–‡∑»‰∑¬‡ªìπ§√—Èß·√° ‚¥¬º≈®“°°“√»÷°…“§“√‘‚Õ‰∑ªáæ∫«à“¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå¡’®”π«π
‚§√‚¡‚´¡‡∑à“°—π §◊Õ 2n = 24 À√◊Õ¡’‚§√‚¡‚´¡æ◊Èπ∞“π x = 12 ¡–¢“¡À«“πæ—π∏ÿå»√’™¡¿Ÿ æ—π∏ÿåª√–°“¬∑Õß
æ—π∏ÿå ’∑Õß‡∫“ ·≈–æ—π∏ÿåÕ‘π∑º“≈—¡ ¡’§“√‘‚Õ‰∑ªá‡À¡◊Õπ°—π §◊Õ 5m + 6sm + 1st §Ÿà ¡’®”π«π·¢π
‚§√‚¡‚´¡‡∑à“°—∫ 46 ·≈–æ∫·´∑‡∑≈‰≈∑å∑’Ëª≈“¬·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡·∫∫´—∫‡∑‚≈‡´π∑√‘° ´÷Ëßº≈
∑’Ë ‰¥âπ’È‰¡à Õ¥§≈âÕß°—∫°“√®—¥°≈ÿà¡¡–¢“¡À«“πª√–‡¿∑Ωí°µ√ß·≈–Ωí°‚§âßµ“¡≈—°…≥–∑“ß —≥∞“π«‘∑¬“
 à«π¡–¢“¡À«“πæ—π∏ÿå¢—πµ’ æ—π∏ÿåΩí°¥“∫ æ—π∏ÿåæ√–‚√®πå æ—π∏ÿåÀ¡◊Ëπ®ß ·≈–æ—π∏ÿå ’∑Õß ¡’§“√‘‚Õ‰∑ªá‡À¡◊Õπ
°—π§◊Õ 5m + 5sm + 2st §Ÿà ¡’®”π«π·¢π‚§√‚¡‚´¡‡∑à“°—∫ 44 ·µàæ∫·´∑‡∑≈‰≈∑å∑’Ëµ”·Àπàß‚§√‚¡‚´¡
µà“ß°—π ‚¥¬¡–¢“¡À«“πª√–‡¿∑Ωí°µ√ß 3 æ—π∏ÿå ‰¥â·°à æ—π∏ÿå¢—πµ’ æ—π∏ÿåΩí°¥“∫ ·≈–æ—π∏ÿåæ√–‚√®πå ·≈–
¡–¢“¡À«“πª√–‡¿∑Ωí°‚§âß 1 æ—π∏ÿå §◊Õ æ—π∏ÿå ’∑Õß æ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡·∫∫ —́∫‡∑‚≈‡´π∑√‘°
§Ÿà∑’Ë 1 ·µàæ—π∏ÿåÀ¡◊Ëπ®ß´÷Ëß®—¥‡ªìπ¡–¢“¡À«“πª√–‡¿∑Ωí°‚§âßæ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡·∫∫´—∫‡∑‚≈‡´π∑√‘°
§Ÿà∑’Ë 2 ¥—ßπ—Èπ®÷ß‰¡à Õ¥§≈âÕß°—∫°“√®—¥°≈ÿà¡¡–¢“¡À«“πµ“¡≈—°…≥–∑“ß —≥∞“π«‘∑¬“‡™àπ°—π  à«π¡–¢“¡
À«“πæ—π∏ÿå· ßÕ“∑‘µ¬å¡’§“√‘‚Õ‰∑ªá 11m + 1sm §Ÿà ¡’®”π«π·¢π‚§√‚¡‚´¡‡∑à“°—∫ 48 ·≈–æ∫·´∑‡∑≈‰≈∑å
∑’Ë‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 8 ´÷Ëß·µ°µà“ß®“°æ—π∏ÿåÕ◊ËπÊ ·≈–À“°æ‘®“√≥“√à«¡°—∫≈—°…≥–∑“ß —≥∞“π
«‘∑¬“æ∫«à“‡ªìπ¡–¢“¡À«“π∑’Ë¡’Ωí°¢π“¥„À≠à·≈–¡’§«“¡¬“«¡“°®÷ß·µ°µà“ß®“°¡–¢“¡À«“πæ—π∏ÿåÕ◊ËπÊ
Õ¬à“ß‡ÀÁπ‰¥â™—¥ πÕ°®“°π’È°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õß¡–¢“¡À«“π∑—Èß 10 æ—π∏ÿå æ∫≈—°…≥–∑’Ë ”§—≠ §◊Õ
·´∑‡∑≈‰≈∑å ´÷Ëß¡—°„™â‡ªìπ‡§√◊ËÕßÀ¡“¬„π°“√®—∫§Ÿà‚§√‚¡‚´¡¥â«¬
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º≈¢Õß°“√»÷°…“∑“ß™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈· ¥ß«à“¡–¢“¡À«“π∑’Ë»÷°…“¡’§«“¡„°≈â™‘¥°—π¡“°
·≈–‰¥â¬◊π¬—π°“√®”·π°¡–¢“¡À«“πæ—π∏ÿå· ßÕ“∑‘µ¬åÕÕ°®“°æ—π∏ÿåÕ◊ËπÕ¬à“ß™—¥‡®π ´÷Ëß Õ¥§≈âÕß°—∫∑—Èß
≈—°…≥–∑“ß —≥∞“π«‘∑¬“·≈–§“√‘‚Õ‰∑ªá ‡ªìπ∑’Ëπà“ —ß‡°µ«à“¡–¢“¡À«“πæ—π∏ÿå ’∑Õß·≈–æ—π∏ÿå ’∑Õß‡∫“∂÷ß·¡â
®–¡’≈—°…≥–∑“ß —≥∞“π§≈â“¬§≈÷ß°—π¡“° ·µà¡’§“√‘‚Õ‰∑ªá∑’Ë·µ°µà“ß°—π ·≈–¡’√–¬–Àà“ß∑“ßæ—π∏ÿ°√√¡∑’Ë Ÿß
°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¡–¢“¡À«“πæ—π∏ÿåÕ◊ËπÊ À≈“¬æ—π∏ÿå ¥—ßπ—ÈπÀ“°æ‘®“√≥“∂÷ß°“√·∫àßª√–‡¿∑¡–¢“¡
À«“πÕÕ°‡ªìπΩí°µ√ß·≈–Ωí°‚§âß µ≈Õ¥®π°“√√–∫ÿæ—π∏ÿå¡–¢“¡À«“π∑’Ëæ∫„πªí®®ÿ∫—π ¬àÕ¡· ¥ß„Àâ‡ÀÁπ
«à“°“√∑’Ë¡–¢“¡À«“π®–¡’Ωí°ª√–‡¿∑„¥π—Èπ ¡‘‰¥â∫àß∫Õ°«à“¡’≈—°…≥–∑“ßæ—π∏ÿ°√√¡·µ°µà“ß°—π·≈–™◊ËÕæ—π∏ÿå∑’Ë
√–∫ÿπ—Èπ‰¡à‡°’Ë¬«¢âÕß°—∫§«“¡„°≈â™‘¥À√◊Õ·µ°µà“ß∑“ßæ—π∏ÿ°√√¡¢Õß¡–¢“¡À«“π

°‘µµ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ à«πÀπ÷Ëß®“°∑ÿπÕÿ¥Àπÿπ°“√∑”ª√‘≠≠“π‘æπ∏å ”À√—∫π‘ ‘µ√–¥—∫

∫—≥±‘µ»÷°…“ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ª√–®”ªïæ.». 2550 §≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥
‡ªìπÕ¬à“ß Ÿß¡“ ≥ ∑’Ëπ’È
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