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∫∑«‘∑¬“°“√ 
Original Article 

∫∑§—¥¬àÕ 
 °“√»÷°…“π’È¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ∑¥Õ∫§«“¡‡ªìπ

‰ª‰¥â„π°“√„™â¥’‡ÕÁπ‡Õ´÷Ëß∂Ÿ°°—¥®“°√“°øíπ¢Õßøíπ

‡æ’¬ß 1 ´’Ë„π°“√µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑ 

‡∑≈‰≈∑å 3 µ”·Àπàß ‰¥â·°à HUMVWA, HUMD 19S253 

·≈– HUMPENTA E ·≈–∫àß∫Õ°‡æ»‚¥¬»÷°…“¬’πÕ–¡‘

‚≈‡®π‘π (amelogenin) ·≈–‡ª√’¬∫‡∑’¬∫°—∫¥’‡ÕÁπ‡Õ∑’Ë

°—¥®“°‡≈◊Õ¥ „™âµ—«Õ¬à“ßøíπ°√“¡·∑â´’Ë∑’ Ë“¡·≈–

‡≈◊Õ¥∑’Ë‡°Á∫®“°Õ““¡—§√®”π«π∑—Èß‘Èπ 15 √“¬ ®“°

π—Èπµ—«Õ¬à“ßøíπ®–∂Ÿ°·∫àßÕÕ°‡ªìπ 3 °≈ÿà¡ ‚¥¬‡°Á∫‰«â

„π¿“æ·«¥≈âÕ¡µà“ß°—π §◊Õ °≈ÿà¡∑’Ë 1 ∑‘Èßøíπ‰«â∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 40 «—π ®”π«π 5 ´’Ë °≈ÿà¡∑’Ë 2 Ωíß

øíπ‰«â„π¥‘π‡ªìπ‡«≈“ 40 «—π ®”π«π 5 ´’Ë ·≈–°≈ÿà¡∑’Ë 3 

·™àøíπ„ππÈ”∑–‡≈‡ªìπ‡«≈“ 40 «—π ®”π«π 5 ´’Ë À≈—ß

®“°π—Èπ∑”°“√µ—¥øíπ„Àâ‡À≈◊Õ·µà√“°øíπ ·≈–π”‰ª°—¥

¥’‡ÕÁπ‡Õ·≈–‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ¥â«¬ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’

‡¡Õ‡√ º≈°“√∑¥≈Õßæ∫«à““¡“√∂„™â√“°øíπ®“°∑—Èß

“¡°≈ÿà¡∫àß∫Õ°‡æ»¢ÕßÕ““¡—§√‰¥âÕ¬à“ß·¡àπ¬”

·≈–‰¡àæ∫°“√ªπ‡ªóôÕπ¢Õß¥’‡ÕÁπ‡Õ√–À«à“ßµ—«Õ¬à“ß 

πÕ°®“°π—Èπ¥’‡ÕÁπ‡Õ∑’Ë°—¥‰¥â®“°√“°øíπ„π°≈ÿà¡∑’Ë 2 

·≈– 3 ¬—ß·¥ß≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å

Abstract 
 The objective of this study was to test the 

possibility of using DNA isolated from the roots 

of a single tooth for the analyses of 3 DNA 

microsatellite loci, including HUMVWA, 

HUMD19S253, and HUMPENTA E, and gender 

determination from amelogenin locus in com-

parison with the results typed from blood DNA.  

Third molars and blood were collected from 15 

volunteers, and the tooth samples were divided 

into 3 groups according to different conditions. 

Group 1, the teeth were left air-dried for 40 days 

(n = 5), Group 2, the teeth were buried under the 

ground for 40 days (n = 5), and Group 3, the 

teeth were immersed in the sea water for 40 days 

(n = 5). Subsequently, the teeth were cut to 

separate the crowns from the roots. Only the 

roots were subject to further DNA extraction and 

DNA amplification was done by polymerase 

chain reaction. The results showed that the roots 

from all three groups could be used in gender 
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µ”·Àπàß HUMVWA ·≈– HUMD19S253 µ√ß°—∫º≈∑’Ë

µ√«®‰¥â®“°‡≈◊Õ¥¢ÕßÕ““¡—§√§π‡¥’¬«°—π ‚¥¬√ÿª

·≈â«¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ¢Õßøíπ 1 ´’Ë¡’§ÿ≥¿“æ¥’

·≈–“¡“√∂µ√«®À“≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈ 

‰≈∑å‰¥â‡™àπ‡¥’¬«°—∫¥’‡ÕÁπ‡Õ∑’ Ë°—¥‰¥â®“°‡≈◊Õ¥À√◊Õ

‡π◊ÈÕ‡¬◊ËÕà«πÕ◊Ëπ¢Õß√à“ß°“¬ ´÷Ëß∑”„Àâ¡’§«“¡‡ªìπ‰ª‰¥â

„π°“√π”Õß§å§«“¡√Ÿ âπ ’ È‰ªª√–¬ÿ°µå„™ â”À√—∫ß“π

π‘µ‘«‘∑¬“»“µ√å·≈–π‘µ‘∑—πµ«‘∑¬“µàÕ‰ª 

 

§”‰¢√À—: ¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å Õ–¡‘‚≈‡®π‘π 

√“°øíπ ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√ 

verification without any DNA contamination 

between samples.  Moreover, DNA isolated from 

the roots in Groups 2 and 3 showed the identical 

DNA patterns of HUMVWA and HUMD19S253 

loci to those extracted from blood. In conclusion, 

the roots of a single human tooth can be used as 

a source of DNA for microsatellite analyses as 

well as DNA isolated from blood or other tissues.  

Therefore, it is possible to apply this knowledge 

for future works in the areas of forensic science 

and forensic odontology. 

 

Key words: DNA microsatellite, amelogenin, 

tooth root, polymerase chain reaction 

∫∑π” 
 ®“°‡Àµÿ°“√≥å∏√≥’æ‘∫—µ‘·≈–§≈◊Ëπ¬—°…å÷π“¡‘„π 6 

®—ßÀ«—¥¿“§„µâ¢Õßª√–‡∑»‰∑¬ ‡¡◊ËÕ«—π∑’Ë 26 ∏—π«“§¡ 

æ.». 2547 ∑”„Àâ‡°‘¥§«“¡‡’¬À“¬µàÕ∑—Èß™’«‘µ·≈–∑√—æ¬å

‘πÕ¬à“ß¡À“»“≈ πÕ°®“°π’È¬—ß∑”„Àâ‡°‘¥ªí≠À“„π°“√

æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈∑’ Ë‡’¬™’« ‘µ‡ªìπ®”π«π¡“°Ê 

æ√âÕ¡°—π ®÷ß∑”„Àâ»æ‡ªìπ®”π«π¡“°‡πà“≈“¬Õ¬à“ß

√«¥‡√Á«®π‰¡à“¡“√∂æ‘Ÿ®πå‰¥â¥â«¬À≈—°∞“π®“°‡π◊ÈÕ‡¬◊ËÕ

ÕàÕπ¢Õß√à“ß°“¬ ‡™àπ ≈“¬æ‘¡æåπ‘È«¡◊Õ (fingerprints) 

À√◊Õ°“√°—¥¥’‡ÕÁπ‡Õ (DNA) ®“°‡π◊ÈÕ‡¬◊ËÕÕàÕπ ‡™àπ °≈â“¡

‡π◊ÈÕ ‡âπº¡ ‡ªìπµâπ ¥—ßπ—Èπ°“√µ√«®≈—°…≥–¢Õßøíπ·≈–

ª√–«—µ‘∑“ß∑—πµ°√√¡®“°»æ®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ë”§—≠„π

°“√™à«¬æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈‰¥â‚¥¬‡©æ“–»æ™“«µà“ß

™“µ‘´÷ Ëß¡’ª√–«—µ‘∑“ß∑—πµ°√√¡°àÕπ‡’¬™’«‘µ¡“¬◊π¬—π

Õ¬à“ß§√∫¡∫Ÿ√≥å (®“°¢âÕ¡Ÿ≈ ≥ ‡¥◊Õπ‡¡…“¬π  

æ.». 2548 æ∫«à““¡“√∂àß»æ´÷Ëßà«π„À≠à‡ªìπ™“«µà“ß

ª√–‡∑»°≈—∫‚¥¬Õ“»—¬ª√–«—µ‘∑“ß∑—πµ°√√¡‡æ’¬ßÕ¬à“ß

‡¥’¬«‡ªìπ®”π«π√âÕ¬≈– 85 ¢Õß®”π«π»æ∑’Ë∂Ÿ°æ‘Ÿ®πå

·≈–àß°≈—∫(1))  ¢âÕ‰¥â‡ª√’¬∫¢Õß°“√„™â°“√µ√«®≈—°…≥–

øíπ„π∑“ßπ‘µ‘«‘∑¬“»“µ√å §◊Õ øíπ‡ªìπÕ«—¬«–∑’Ë‰¡à§àÕ¬¡’

°“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡πà“≈“¬À≈—ß®“°∑’Ë‡’¬™’«‘µ·≈â«

‡™àπ‡¥’¬«°—∫°√–¥Ÿ° ·≈–≈—°…≥–øíπ¢Õß·µà≈–∫ÿ§§≈¡’

§«“¡‡©æ“–‡®“–®ßŸß ‡™àπ ¡’√Õ¬ºÿ øíπ∑’ËÀ“¬‰ª À√◊Õ

«—¥ÿ∑’Ë„™â„π°“√∫Ÿ√≥–øíπ∑’Ë·µ°µà“ß°—π„π·µà≈–∫ÿ§§≈(2,3) 

πÕ°®“°¢âÕ¡Ÿ≈®“°°“√µ√«®øíπ·≈â«¿“æ∂à“¬√—ß’„π™àÕß

ª“°¬—ß“¡“√∂π”¡“„™â‡ª√’¬∫‡∑’¬∫≈—°…≥–”§—≠∑’Ë‰¡à

“¡“√∂µ√«®æ∫‰¥â¥â«¬µ“‡ª≈à“ ‡™àπ °“√Õÿ¥§≈Õß

√“°øíπ æ¬“∏‘¿“æ„π°√–¥Ÿ° ‡ªìπµâπ ´÷Ëß‡ªìπ‡§√◊ËÕß¡◊Õ

”§—≠∑’Ë„™â„π°“√æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈ ”À√—∫¿“æ 

∂à“¬√—ß’„π√–∫∫¥‘®‘µÕ≈ (digital) ¬—ß¡’ª√–‚¬™πåµàÕß“π

æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈‚¥¬“¡“√∂π”¿“æ∂à“¬√—ß’°àÕπ

·≈–À≈—ß‡’¬™’«‘µ¡“´âÕπ∑—∫°—π (superimposition) ´÷Ëß‰¥â

∂Ÿ°π”¡“„™â„πß“πæ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈‡™àπ‡¥’¬«°—π(4) 

·µàÕ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°»æ™“«‡Õ‡™’¬∫“ßª√–‡∑» ‚¥¬

‡©æ“–»æ§π‰∑¬´÷Ëß‰¡à“¡“√∂À“ª√–«—µ‘∑“ß∑—πµ°√√¡

¢ÕßºŸâ‡’¬™’«‘µ°àÕπµ“¬‰¥âÀ√◊Õ‰¥â‰¡à§√∫¡∫Ÿ√≥å ®÷ß∑”„Àâ

‡°‘¥ªí≠À“„π°“√æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈¢÷Èπ ¥—ßπ—Èπ∑“ß

‡≈◊Õ°ÿ¥∑â“¬§◊Õ°“√µ√«®æ‘Ÿ®πå¥’‡ÕÁπ‡Õ∑’Ë°—¥¡“®“°

‡π◊ÈÕ‡¬◊ËÕ·¢Áß ‡™àπ °√–¥Ÿ°·≈–øíπ ´÷ËßπÕ°®“°øíπ®–‡ªìπ

Õ«—¬«–∑’Ë¡’¿“æ§ß∑πµàÕ°“√‡πà“≈“¬·≈â«øíπ¬—ß‡ªìπ

Õ«—¬«–∑’Ë‰¥â√—∫°“√ª°ªÑÕß®“°°“√ªπ‡ªóôÕπ (contami-

nation) ®“°‘Ëß·«¥≈âÕ¡¿“¬πÕ°‡æ√“–ΩíßÕ¬Ÿà„π°√–¥Ÿ°

‡∫â“øíπ (alveolar bone)  

 ‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫¥’«à“≈—°…≥–°“¬«‘¿“§¢Õßøíπ
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‰¡àæ∫‡´≈≈å‚¥¬‡©æ“–π‘«‡§≈’¬ (nucleus) „πà«π∑’Ë‡ªìπ

‡§≈◊Õ∫øíπ (enamel) ·≈–‡π◊ÈÕøíπ (dentin) ·µàæ∫‰¥â„π

‡´≈≈å‡§≈◊Õ∫√“°øíπ (cementocyte) ´÷ËßΩíßÕ¬Ÿà„π‡¡∑√‘°´å 

(matrix) ¢Õß‡§≈◊Õ∫√“°øíπ™π‘¥∑’Ëª√–°Õ∫¥â«¬‡´≈≈å 

(cellular cementum) ´÷Ëß¡’≈—°…≥–·≈–Õß§åª√–°Õ∫¢Õß

“√Õ‘π∑√’¬å (organic) ·≈–“√Õπ‘π∑√’¬å (inorganic) 

§≈â“¬°—∫°√–¥Ÿ°(5) πÕ°®“°π’È¬—ß‡ªìπ°“√¬“°∑’Ë®–∫¥

‡§≈◊Õ∫øíπ´÷Ëß‡ªìπÕ«—¬«–∑’Ë·¢Áß∑’Ëÿ¥„π√à“ß°“¬„Àâ≈–‡Õ’¬¥

‡ªìπºß ®÷ß∑”„Àâ§≥–ºŸâ«‘®—¬π„®∑’Ë®–°—¥¥’‡ÕÁπ‡Õ®“°

√“°øíπ‡∑à“π—Èπ 

 °“√µ√«®¥’‡ÕÁπ‡Õπ—Èπ®”‡ªìπµâÕß¡’«‘∏’∑’Ë“¡“√∂„™â‰¥â

°—∫√“°øíπ¢Õßøíπ‡æ’¬ß´’Ë‡¥’Ë¬«´÷Ëß®–‡ªìπª√–‚¬™πåÕ¬à“ß

¡“° ‡π◊ËÕß®“°‰¡àµâÕß°—ß«≈‡√◊ËÕßµ—«Õ¬à“ß∑’Ë∂Ÿ°àß¡“µ√«®

´÷ËßÕ“®®–¡“®“°À≈“¬§πªπ°—πÕ¬Ÿà ‡¡◊ËÕ§«“¡°â“«Àπâ“

∑“ßÕ≥Ÿ™’««‘∑¬“ (molecular biology) ‡®√‘≠¡“°¢÷Èπ ®÷ß

¡’§«“¡‡ªìπ‰ª‰¥â„π°“√µ√«®¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å 

(microsatellite) ®“°√“°øíπ¢Õßøíπ‡æ’¬ß 1 ´’Ë‡æ◊ËÕ„™â„π

°“√æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈ ‰¡‚§√·´∑‡∑≈‰≈∑å‡ªìπà«π

¢Õß¥’‡ÕÁπ‡Õ¢π“¥—ÈπÊ ª√–¡“≥ 100 ‡∫∫π®’‚π¡ 

(genome) ¡πÿ…¬å ´÷Ëß¡’≈”¥—∫‡∫‡√’¬ß´È”Ê °—π®”π«π

À≈“¬™ÿ¥ ‡™àπ ´È”°—π 4 À√◊Õ 5 ‡∫ (AATG À√◊Õ 

AAAGA) ‡ªìπµâπ ´÷Ëß≈—°…≥–π’È∑”„Àâßà“¬µàÕ°“√‡æ‘Ë¡

®”π«π¥â«¬ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√ (polymerase 

chain reaction) ·≈–¬—ß‡À¡“–”À√—∫¥’‡ÕÁπ‡Õ∑’Ë¡’°“√

‡◊ËÕ¡≈“¬ (degrade) ‰ª∫“ßà«π ‡™àπ ¥’‡ÕÁπ‡Õ∑’Ë°—¥‰¥â

®“°™‘Èπà«πÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ¢Õß»æ ‡ªìπµâπ(6,7) πÕ°®“°π’È

®”π«π™ÿ¥¢Õß‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë·µ°µà“ß°—π¬—ß‡ªìπ

≈—°…≥–‡©æ“–¢Õß·µà≈–∫ÿ§§≈®÷ß‡À¡“–¡”À√—∫

°“√π”‰ªæ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈ 

  „π°“√»÷°…“§√—Èßπ’ È§≥–ºŸâ«‘®—¬¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ

∑¥Õ∫«à““¡“√∂π”¥’‡ÕÁπ‡Õ∑’Ë°—¥‰¥â®“°√“°øíπ¢Õß

øíπ‡æ’¬ß 1 ´’Ë¡“„™â„π°“√µ√«®æ‘Ÿ®πå∫ÿ§§≈‰¥âÀ√◊Õ‰¡à 

‚¥¬®”≈Õß‡Àµÿ°“√≥åµà“ßÊ „Àâ§≈â“¬§≈÷ß°—∫‡Àµÿ°“√≥å÷

π“¡‘ ∑”°“√»÷°…“≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å

∑—ÈßÀ¡¥ 3 ‚≈§— (locus) ´÷ËßÕ¬Ÿà∫π‚§√‚¡‚´¡µà“ßÊ ·≈–

»÷°…“‡æ»¢Õß∫ÿ§§≈‚¥¬»÷°…“µ√ßµ”·Àπàß¬’π (gene) 

Õ–¡‘‚≈‡®π‘π (amelogenin) ´÷Ëßæ∫∫π‚§√‚¡‚´¡‡æ»∑—Èß 

X ·≈– Y º≈®“°°“√»÷°…“æ∫«à““¡“√∂°—¥¥’‡ÕÁπ‡Õ

®“°√“°øíπ¢Õßøíπ‡æ’¬ß 1 ´’Ë·≈–“¡“√∂π”¥’‡ÕÁπ‡Õ∑’Ë

°—¥‰¥â¡“∫àß∫Õ°‡æ»·≈–≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑ 

‡∑≈‰≈∑å¢ÕßÕ““¡—§√·µà≈–§π‰¥âÕ¬à“ß∂Ÿ°µâÕß‡¡◊ ËÕ

‡ª√’¬∫‡∑’¬∫°—∫¥’‡ÕÁπ‡Õ∑’ Ë°—¥‰¥â®“°‡≈◊Õ¥¢ÕßÕ““

¡—§√§π‡¥’¬«°—π  

 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
 1) µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ®“°‡≈◊Õ¥·≈–√“°øíπ  

  ‡°Á∫µ—«Õ¬à“ßøíπ°√“¡·∑â´’Ë∑’Ë“¡´÷Ëß∂Ÿ°∂ÕπÕÕ°¥â«¬

«‘∏’ª°µ‘®“°Õ““¡—§√™“¬·≈–À≠‘ß√«¡ 15 √“¬ ‡ªìπ

‡æ»™“¬ 9 √“¬·≈–À≠‘ß 6 √“¬ Õ“¬ÿ√–À«à“ß 18-25 ªï 

æ√âÕ¡°—∫‡°Á∫‡≈◊Õ¥ª√‘¡“µ√ 100 ‰¡‚§√≈‘µ√®“°∫√‘‡«≥

·º≈∂Õπøíπ‡æ◊ËÕπ”‰ª°—¥¥’‡ÕÁπ‡Õ¥â«¬ °àÕπ‡°Á∫µ—«Õ¬à“ß

‰¥â√—∫Õπÿ≠“µ®“°Õ““¡—§√∑ÿ°√“¬·≈–‰¡à¡’°“√®¥

∫—π∑÷°™◊ËÕ ‡≈¢∑’Ë∫—µ√ºŸâªÉ«¬ ·≈–ª√–«—µ‘ºŸâªÉ«¬‡æ◊ËÕª°ªî¥

¢âÕ¡Ÿ≈¥’‡ÕÁπ‡Õ¢ÕßÕ““¡—§√ ·¬°øíπÕÕ°‡ªìπ 3 °≈ÿà¡ 

§◊Õ °≈ÿà¡·√°®”π«π 5 ´’Ëπ”‰ª‡°Á∫‰«â„π∑’Ë·Àâß ≥ 

Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 40 «—π °≈ÿà¡Õß®”π«π 5 ´’Ëπ”‰ª

Ωíß¥‘π‡ªìπ‡«≈“ 40 «—π °≈ÿà¡“¡®”π«π 5 ´’Ëπ”‰ª·™à„π

πÈ”∑–‡≈‡ªìπ‡«≈“ 40 «—π À≈—ß®“°π—Èππ”øíπ∑—Èß“¡°≈ÿà¡

¡“∑”§«“¡–Õ“¥‡æ◊ËÕ¢®—¥§√“∫‡≈◊Õ¥À√◊Õ‡π◊ÈÕ‡¬◊ËÕ∑’Ëµ‘¥

§â“ß∫πµ—«øíπ µ—¥µ—«øíπÕÕ°®“°√“°øíπµ√ß§Õøíπ„π

·π«¢«“ß‚¥¬„™â·ºàπ§“√å‚∫√—π¥—¡ (carborundum disc) 

√“°øíπ∂Ÿ°π”‰ª™—ËßπÈ”Àπ—°´÷Ëßæ∫«à“¡’πÈ”Àπ—° 400-600 

¡‘≈≈‘°√—¡¢÷Èπ°—∫¢π“¥¢Õßøíπ π”√“°øíπ∑—ÈßÀ¡¥¢Õßøíπ 1 

´’Ë¡“∫¥‚¥¬„™â§√°À‘π·≈–“°„Àâ‡ªìπºß≈–‡Õ’¬¥∑’Ëÿ¥ π”

ºß√“°øíπ∑’Ë∫¥·≈â«´÷Ëß¡’πÈ”Àπ—°‡À≈◊Õª√–¡“≥√âÕ¬≈– 75 

¡“„à„πÀ≈Õ¥∑¥≈Õß¢π“¥‡≈Á°∑’Ë‡ªìπΩ“‡°≈’¬«‡æ◊ËÕ°—¥¥’

‡ÕÁπ‡Õµ“¡«‘∏’∑’ Ëæ—≤π“¢÷Èπ‚¥¬ Steger ·≈– ∏“π‘π∑√å  

¿Ÿàæ—≤πå (¬—ß‰¡à‰¥âµ’æ‘¡æå) ‡µ‘¡ 1 ¡‘≈≈‘≈‘µ√ ¢Õß 0.5 ‚¡≈à“√å 

(molar) ethylenediaminetetraacetic acid (EDTA) 

·≈– 0.25 ‚¡≈à“√å¢ÕßøÕ‡ø∑ (phosphate) ´÷Ëß¡’§à“§«“¡

‡ªìπ°√¥¥à“ß‡∑à“°—∫ 8.0 ·≈â«∑”°“√º¡„Àâ‡¢â“°—π¥â«¬

°“√À¡ÿπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß‡æ◊ËÕ¥÷ß·√à∏“µÿ 

(demineralization) „πà«π¢Õß√“°øíπ·≈–‡§≈◊Õ∫√“° 

øíπÕÕ°‰ª·≈–∑”„Àâ¥’‡ÕÁπ‡Õ∑’Ëµ‘¥Õ¬Ÿà„π‡§≈◊Õ∫√“°øíπ

À≈ÿ¥ÕÕ°¡“ ªíòπ·¬°“√≈–≈“¬ÕÕ°®“°ºß√“°øíπ∑’Ë

§«“¡‡√Á« 13,000 √Õ∫µàÕπ“∑’ π“π 5 π“∑’∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 
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∑”°“√¥Ÿ¥πÈ”à«π„ª√–¡“≥ 500 ‰¡‚§√≈‘µ√„à„πÀ≈Õ¥

∑¥≈Õß„À¡à·≈â«‡µ‘¡ 4 ‚¡≈à“√å¢Õß·Õ¡‚¡‡π’¬¡ Õ–´‘‡µ∑ 

(ammonium acetate) 500 ‰¡‚§√≈‘µ√·≈–‡µ‘¡‰Õ‚´‚æ√

æ“πÕ≈ (isopropanol) 1 ¡‘≈≈‘≈‘µ√∑”°“√‡¢¬à“ ªíòπ·¬°∑’Ë

§«“¡‡√Á« 13,000 √Õ∫µàÕπ“∑’ π“π 15 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß ®–—ß‡°µ‡ÀÁπµ–°Õπ¥’‡ÕÁπ‡Õ (DNA pellet) µ°Õ¬Ÿà∑’Ë

°âπÀ≈Õ¥ ¥Ÿ¥πÈ”à«π„∑‘Èß„Àâ‰¥â¡“°∑’Ëÿ¥ ≈â“ßµ–°Õπ¥’

‡ÕÁπ‡Õ¥â«¬°“√‡µ‘¡ 200 ‰¡‚§√≈‘µ√¢Õß‡Õ∏“πÕ≈§«“¡

‡¢â¡¢âπ√âÕ¬≈– 70 ªíòπ≈â“ßÕ’°§√—Èß∑’Ë§«“¡‡√Á« 13,000 √Õ∫

µàÕπ“∑’ π“π 5 π“∑’ ¥Ÿ¥πÈ”∑‘Èß ·≈â«‡ªî¥Ω“À≈Õ¥∑¥≈Õß

‡æ◊ËÕ∑‘Èß„Àâµ–°Õπ¥’‡ÕÁπ‡Õ·Àâß‡ªìπ‡«≈“ 20 π“∑’ À≈—ß®“°

π—Èπ‡µ‘¡“√≈–≈“¬ TE (Tris pH 8.0 ·≈– 0.5 ¡‘≈≈‘

‚¡≈à“√å EDTA) 30 ‰¡‚§√≈‘µ√µàÕµ—«Õ¬à“ß ·≈â«π”¥’‡ÕÁπ‡Õ

∑’Ë‰¥â‡°Á∫‰«â„πµŸâ‡¬Áπ ‡æ◊ËÕ„™â‡ªìπ¥’‡ÕÁπ‡Õµâπ·∫∫”À√—∫

ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√µàÕ‰ª  à«π°“√°—¥¥’‡ÕÁπ‡Õ

®“°‡≈◊Õ¥¢ÕßÕ““¡—§√„™â«‘∏’¡“µ√∞“π(8)  

 2) ‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‚¥¬ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√ 

 π”¥’‡ÕÁπ‡Õ∑’Ë°—¥‰¥â®“°√“°øíπ·≈–‡≈◊Õ¥ ª√‘¡“µ√ 

1.5 ‰¡‚§√≈‘µ√¡“‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å

∫π‚≈§— HUMVWA, HUMD19S253, HUMPENTA E 

·≈–¬’πÕ–¡‘‚≈‡®π‘π „π“√≈–≈“¬ª√‘¡“µ√ÿ¥∑â“¬ 15 

‰¡‚§√≈‘µ√„πÀ≈Õ¥∑¥≈Õß∑’Ë¡’ºπ—ß¥â“π¢â“ßÀ≈Õ¥∫“ß 

(thin-walled tube) ‚¥¬„™â§Ÿà‰æ√‡¡Õ√å (primer) ®”‡æ“–µàÕ 

1 ‚≈§—§«“¡‡¢â¡¢âπ 0.1 ¡‘≈≈‘‚¡≈à“√å (≈”¥—∫π‘«§≈‘‚Õ‰∑¥å

∂Ÿ°·¥ß„πµ“√“ß∑’Ë 1) „π“√≈–≈“¬π’È¬—ßª√–°Õ∫¥â«¬

“√‡§¡’Õ◊ËπÊ ¥—ßπ’È 10X Taq buffer (Invitrogen) 1.5 

‰¡‚§√≈‘µ√ 1 mM dNTPs mix (Invitrogen) 1.5 

‰¡‚§√≈‘µ√ ‡ÕÁπ‰´¡å Taq DNA polymerase (Invitro-

gen) §«“¡‡¢â¡¢âπ 0.25 ¬Ÿπ‘µ (unit) µàÕ‰¡‚§√≈‘µ√ 1.5 

‰¡‚§√≈‘µ√ ·≈–πÈ”°≈—Ëπ À≈—ß®“°π—Èππ”À≈Õ¥∑¥≈Õß„à

‡¢â“‡§√◊ËÕß thermal cycler (Master-cycler Gradient, 

Eppendorf™) ‚¥¬„™âÕÿ≥À¿Ÿ¡‘µà“ßÊ °—π 3 Õÿ≥À¿Ÿ¡‘

‰¥â·°à Õÿ≥À¿Ÿ¡‘∑’Ë 94 Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 1 π“∑’ 

Õÿ≥À¿Ÿ¡‘∑’Ë 58 Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 1 π“∑’ ·≈–

Õÿ≥À¿Ÿ¡‘∑’Ë 72 Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 1 π“∑’ „™â®”π«π

√Õ∫„π°“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ 32 √Õ∫ À≈—ß®“°π—Èπ·™à

“√≈–≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 72 Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 7 π“∑’ 

”À√—∫‚≈§— HUMPENTA E ‡√‘Ë¡„à‡ÕÁπ‰´¡å Taq DNA 

polymerase ‡¡◊ËÕ“√≈–≈“¬¡’Õÿ≥À¿Ÿ¡‘∂÷ß 94 Õß»“

‡´≈‡´’¬  

 3) µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ¥â«¬°“√‡§≈◊ ËÕπŸ à¢ — È«‰øøÑ“ 

(electrophoresis) 

 π”º≈‘µ¿—≥±å®“°ªØ‘°‘√‘¬“¢â“ßµâπª√–¡“≥ 10 

‰¡‚§√≈‘µ√¡“µ√«®«‘‡§√“–Àå¥’‡ÕÁπ‡Õ„π«ÿâπæÕ≈’Õ–§√‘≈“

‰¡¥å (polyacrylamide gel) „π·π«µ—Èß (vertical) §«“¡

‡¢â¡¢âπ√âÕ¬≈– 8.5 ‚¥¬‡ªìπ cross linker √âÕ¬≈– 4.8 ¢Õß

Õ–§√‘≈“‰¡¥å (acrylamide) ∑—ÈßÀ¡¥ µ“¡«‘∏’¢Õß 

Sajantila ·≈–§≥– (1994)(9) ‚¥¬„™â™ÿ¥°“√‡§≈◊ËÕπŸà¢—È«

‰øøÑ“™π‘¥ BioRad ProteanIIxi Cell® ·≈–„™â

“√≈–≈“¬ Tris boric acid EDTA (TBE) ‡ªìπµ—«π”

°√–·‰øøÑ“ ®à“¬°√–·‰øøÑ“∑’Ë§«“¡µà“ß»—°¬å 85 ‚«≈∑å 

(volt) π“π 16.5 ™—Ë«‚¡ß®π’¬âÕ¡ (dye) «‘ËßÀ≈ÿ¥ÕÕ°‰ª

®“°«ÿâπ À≈—ß®“°π—Èπ®÷ß∑”°“√¬âÕ¡„Àâ‡ÀÁπ·∂∫¥’‡ÕÁπ‡Õ

¥â«¬‡°≈◊Õ‡ß‘π (silver staining) µ“¡«‘∏’¢Õß Budowle 

·≈–§≥– (1991)(10) ®πª√“°Ø·∂∫¥’‡ÕÁπ‡Õ’¥”„Àâ‡ÀÁπ¢÷Èπ

∫π«ÿâπ 

 

º≈°“√»÷°…“ 
 °“√„™â¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ¢Õßøíπ 1 ´’Ë 

´÷Ëß∂Ÿ°‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß „π°“√∫àß∫Õ°‡æ» 

 ‡æ◊ ËÕµ√«®Õ∫¥Ÿ«à““¡“√∂„™â¥’‡ÕÁπ‡Õ∑’ Ë°—¥®“°

√“°øíπ¢Õßøíπ‡æ’¬ß 1 ´’Ë„π°“√∫àß∫Õ°‡æ»‰¥âÀ√◊Õ‰¡à ‚¥¬

„π√–¬–·√°∑”°“√»÷°…“„πøíπ∑’Ë∂Ÿ°‡°Á∫‰«â„Àâ‡πà“≈“¬„π

∑’Ë·Àâß ≥ Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“π“π 40 «—π ®“°º≈°“√

∑¥≈Õßæ∫«à““¡“√∂√–∫ÿ‡æ»®“°√“°øíπ‰¥âÕ¬à“ß∂Ÿ°µâÕß

∑—Èß 5 √“° (root #1-#5 „π√Ÿª∑’Ë 1) ‚¥¬„™â¬’πÕ–¡‘‚≈‡®π‘π

‡ªìπµ—«∫àß∫Õ° °≈à“«§◊Õ∂â“¡’º≈‘µ¿—≥±å‡°‘¥¢÷Èπ 1 ·∂∫®–

‡ªìπ‡æ»À≠‘ß (XX) ´÷ Ëß¡“®“°¬’πÕ–¡‘‚≈‡®π‘π∑’ËÕ¬Ÿà∫π

‚§√‚¡‚´¡ X (Õ““¡—§√§π∑’Ë 1, 3 ·≈– 5 „π√Ÿª∑’Ë 1) 

·µà∂â“¡’º≈‘µ¿—≥±å∑’Ë‡°‘¥¢÷Èπ 2 ·∂∫ ®–‡ªìπ‡æ»™“¬ (XY) 

´÷Ëß¡“®“°¬’πÕ–¡‘‚≈‡®π‘π∑’ËÕ¬Ÿà∫π∑—Èß‚§√‚¡‚´¡ X ·≈– Y

´÷Ëß¡’¢π“¥·µ°µà“ß°—π 6 ‡∫ (base) ‚¥¬¥’‡ÕÁπ‡Õà«ππ’È

∫π‚§√‚¡‚´¡ Y ®–¬“«°«à“ (Õ““¡—§√§π∑’Ë 2 ·≈– 4 

„π√Ÿª∑’Ë 1) ´÷Ëßº≈°“√∑¥≈Õß∑’Ë‰¥â®“°¬’πÕ–¡‘‚≈‡®π‘ππ’È

µ√ß°—∫‡æ»¢ÕßÕ““¡—§√∑—Èß 5 §π∑’Ë‰¥â∑”°“√∫—π∑÷°

°àÕπ≈à«ßÀπâ“ ®“°º≈°“√∑¥≈Õß¥—ß°≈à“«‰¥â™’È„Àâ‡ÀÁπ∂÷ß
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§«“¡‡ªìπ‰ª‰¥â„π°“√„™â¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ¢Õß

øíπ‡æ’¬ß 1 ´’Ë„π°“√µ√«®æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈ πÕ° 

®“°π’ È¬ —ß„™â¥’‡ÕÁπ‡Õ∑’ Ë°—¥®“°√“°øíππ’ È„π°“√µ√«®

≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´≈‡∑≈‰≈∑å∫π‚≈§— HUM 

PENTA E (PENTA E) ®“°º≈°“√∑¥≈Õß„π√Ÿª∑’Ë 1 æ∫

«à“≈—°…≥–¥’‡ÕÁπ‡Õ¥—ß°≈à“«π’È¢Õß√“°øíπ∑—Èß 5 ´’Ë´÷ Ëß¡“

®“°Õ““¡—§√∑—Èß 5 §π·µ°µà“ß°—πÕ¬à“ß‘Èπ‡™‘ß (—ß‡°µ

«à“·∂∫¥’‡ÕÁπ‡Õ®“°Õ““¡—§√∑—Èß 5 §π‰¡à¡’≈—°…≥–∑’Ë

‡À¡◊Õπ°—π) ®÷ß√ÿª‰¥â«à“‰¡à‡°‘¥°“√ªπ‡ªóôÕπ¢÷Èπ√–À«à“ß

µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ¢ÕßÕ““¡—§√∑—Èß 5 

§π„π∑ÿ°¢—ÈπµÕπ¢Õß¢∫«π°“√µ√«®Õ∫ ∑”„Àâ§≥–ºŸâ

«‘®—¬‡°‘¥§«“¡‡™◊ËÕ¡—Ëπ„πº≈°“√µ√«®Õ∫¡“°¬‘Ëß¢÷Èπ ´÷Ëß

®–π”‰ªŸà°“√‡ª√’¬∫‡∑’¬∫°—∫º≈µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ

‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë‰¥â®“°µ—«Õ¬à“ß‡≈◊Õ¥À—«¢âÕµàÕ‰ª 

 

 °“√µ√«®Õ∫‡æ»‚¥¬„™â¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°

√“°øíπ´÷Ëß∂Ÿ°π”‰ªΩíß¥‘πÀ√◊Õ·™à„ππÈ”∑–‡≈  

 §≥–ºŸâ«‘®—¬‰¥â∑”°“√∑¥≈Õß„π¢—ÈπµàÕ‰ª‚¥¬„™âøíπ 

10 ´’Ë (#6-#15) ·¬°ÕÕ°‡ªìππ”‰ªΩíß¥‘π‡ªìπ‡«≈“ 40 «—π

®”π«π 5 ´’Ë (#6-#10) À√◊Õπ”‰ª·™àπÈ”∑–‡≈‡ªìπ√–¬–‡«≈“ 

40 «—π®”π«π 5 ´’Ë (#11-#15) À≈—ß®“°π—Èπ‰¥â¥”‡π‘π°“√¢—Èπ

µÕπ°—¥¥’‡ÕÁπ‡Õ®“°√“°øíπ ·≈–ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’

‡¡Õ‡√¥—ß∑’Ë°≈à“«¢â“ßµâπ ®“°°“√∑¥≈Õßæ∫«à““¡“√∂

„™âµ”·Àπàß¬’πÕ–¡‘‚≈‡®π‘π„π°“√∫àß∫Õ°‡æ»®“°¥’‡ÕÁπ‡Õ

∑’Ë°—¥®“°√“°øíπ¢Õßøíπ‡æ’¬ß 1 ´’Ë‰¥âÕ¬à“ß∂Ÿ°µâÕß °≈à“«

§◊Õæ∫«à“Õ““¡—§√§π∑’Ë 8, 10 ·≈– 15 ‡ªìπ‡æ»À≠‘ß

‡π◊ËÕß®“°¡’·∂∫∑’Ë‡°‘¥¢÷Èπ‡æ’¬ß 1 ·∂∫ (√Ÿª∑’Ë 2) „π¢≥–∑’Ë

Õ““¡—§√§π∑’Ë 6, 7, 9, 11, 12, 13 ·≈– 14 ‡ªìπ‡æ»

™“¬‡π◊ËÕß®“°¡’·∂∫∑’Ë‡°‘¥¢÷Èπ 2 ·∂∫ (√Ÿª∑’Ë 2) ´÷Ëß¢âÕ¡Ÿ≈

∑—ÈßÀ¡¥π’Èµ√ß°—∫‡æ»¢ÕßÕ““¡—§√∑’Ë‰¥â∂Ÿ°®¥∫—π∑÷°‰«â

°àÕπ≈à«ßÀπâ“ ·¥ß„Àâ‡ÀÁπ«à“¬—ß“¡“√∂°—¥¥’‡ÕÁπ‡Õ∑’Ë¬—ß

¡’§ÿ≥¿“æ¥’·≈–π”¡“„™â„π°“√µ√«®‡æ»¢Õß∫ÿ§§≈‰¥â

Õ¬à“ß·¡àπ¬” ∂÷ß·¡â«à“øíππ—Èπ®–∂Ÿ°Ωíß„π‘Ëß·«¥≈âÕ¡∑’Ë

°ª√° À√◊Õ∂Ÿ°·™à„ππÈ”∑–‡≈´÷Ëß§«“¡‡§Á¡¢ÕßπÈ”∑–‡≈

“¡“√∂™–≈â“ß§√“∫‡≈◊Õ¥·≈–‡π◊ÈÕ‡¬◊ËÕ∑’Ëµ‘¥Õ¬Ÿà„π‚æ√ßøíπ

À√◊Õ∫π√“°øíπ®πÀ¡¥ ∑“ß§≥–ºŸâ«‘®—¬‰¥â—ß‡°µ«à“‰¡àæ∫

‡π◊ÈÕ‡¬◊ËÕÀ√◊Õ§√“∫‡≈◊Õ¥À≈ß‡À≈◊ÕÕ¬Ÿà‡≈¬„π‚æ√ßøíπÀ√◊Õ

∫πµ—«√“°øíπ∑’Ë∂Ÿ°·™à„ππÈ”∑–‡≈ ·≈–¬—ßæ‘Ÿ®πå„Àâ‡ÀÁπ«à“¥’

‡ÕÁπ‡Õ∑’ Ë°—¥®“°√“°øíππ— Èπ¡“®“°¥’‡ÕÁπ‡Õ¢Õß‡´≈≈å

‡§≈◊Õ∫√“°øíπ∑’ËΩíßµ—« (trapped) Õ¬Ÿà„π‡¡∑√‘°´å¢Õß

‡§≈◊Õ∫√“°øíπ´÷Ëß‰¡à∂Ÿ°™–≈â“ßÕÕ°¡“„ππÈ”∑–‡≈ 

 

 °“√‡ª√’¬∫‡∑’¬∫≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑ 

‡∑≈‰≈∑å®“°¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ·≈–‡≈◊Õ¥ 

 À≈—ß®“°π—Èπ∑“ß§≥–ºŸâ«‘®—¬‰¥â¥”‡π‘π°“√«‘‡§√“–Àå

‡ª√’¬∫‡∑’¬∫≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å∑—Èß 2 

‚≈§— ‰¥â·°à HUMVWA ·≈– HUMD19S253 ´÷Ëß∂◊Õ«à“

‡ªìπ‚≈§—∑’Ëßà“¬·≈–¬“°∑’Ëÿ¥µ“¡≈”¥—∫„π°“√«‘‡§√“–Àå

≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å´÷Ëß¡’®”π«π∑—Èß‘Èπ 18 

‚≈§—∑’Ë„™â„π¿“§«‘™“π‘µ‘‡«™»“µ√å §≥–·æ∑¬»“µ√å 

¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ®“°°“√∑¥≈Õßæ∫«à“ ≈—°…≥–¥’

‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å∫π‚≈§— HUMVWA ∑’Ë‰¥â®“°¥’

‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ (·∑π¥â«¬µ—«Õ—°…√ R ’¥”) ·≈–

‡≈◊Õ¥ (·∑π¥â«¬µ—«Õ—°…√ B ’·¥ß) ®“°∑—Èß 2 °≈ÿà¡ (§◊Õ

°≈ÿà¡∑’Ë 2 [#6-#10] ·≈–°≈ÿà¡∑’Ë 3 [#11-#15]) ¡’≈—°…≥–¥’

‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë‡À¡◊Õπ°—π„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ

∑’Ë‰¥â®“°√“°øíπ·≈–‡≈◊Õ¥¢ÕßÕ““¡—§√§πÊ ‡¥’¬«°—π 

(√Ÿª∑’Ë 3) —ß‡°µ«à“„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ

¢ÕßÕ““¡—§√§π∑’Ë 10 (R10) ‰¡àæ∫·∂∫¥’‡ÕÁπ‡Õ‡°‘¥¢÷Èπ

∫π«ÿâπ ·µà‡¡◊ËÕ§≥–ºŸâ«‘®—¬‰¥â∑”°“√∑¥≈Õß„À¡à‚¥¬‡æ‘Ë¡

®”π«π√Õ∫¢ÕßªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√‡ªìπ 35 √Õ∫ °Á

“¡“√∂µ√«®æ∫·∂∫¥’‡ÕÁπ‡Õ∫π«ÿâπ´÷Ëßµ√ß°—∫·∂∫¥’‡ÕÁπ

‡Õ∑’Ë°—¥‰¥â®“°‡≈◊Õ¥¢ÕßÕ““¡—§√§π∑’Ë 10 ‡™àπ

‡¥’¬«°—π (‰¡à‰¥â·¥ßº≈°“√∑¥≈Õß)  

   À≈—ß®“°π—Èπ§≥–ºŸâ«‘®—¬‰¥â∑”°“√«‘‡§√“–Àå≈—°…≥–¥’

‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å∫π‚≈§— HUMD19S253 ‚¥¬

„™â¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°√“°øíπ (·∑π¥â«¬µ—«Õ—°…√ R ’¥”) 

·≈–‡≈◊Õ¥ (·∑π¥â«¬µ—«Õ—°…√ B ’·¥ß) ®“°∑—Èß 2 °≈ÿà¡ 

(§◊Õ°≈ÿà¡∑’Ë 2 [#6-#10] ·≈–°≈ÿà¡∑’Ë 3 [#11-#15]) ®“°º≈

°“√∑¥≈Õßæ∫«à“¡’≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å

∫π‚≈§—¥—ß°≈à“«‡À¡◊Õπ°—π®“°µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë°—¥‰¥â

®“°√“°øíπ·≈–‡≈◊Õ¥¢ÕßÕ““¡—§√§πÊ ‡¥’¬«°—π (√Ÿª∑’Ë 

4) ®“°º≈°“√∑¥≈Õß„π√Ÿª∑’Ë 3 ·≈– 4 ‡ªìπ‡§√◊ËÕß¬◊π¬—π

«à““¡“√∂„™â√“°øíπ¢Õßøíπ‡æ’¬ß 1 ´’Ë„π°“√µ√«®

«‘‡§√“–ÀåÀ“≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å‡æ◊ËÕπ”‰ª

„™â„π°“√æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈‰¥âÕ¬à“ß∂Ÿ°µâÕß 
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 —ß‡°µ‰¥â«à“·∂∫¢Õß¥’‡ÕÁπ‡Õ∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“

≈Ÿ°‚´àæÕ≈’‡¡Õ‡√∫π‚≈§— HUMPENTA E, HUMVWA 

·≈– HUMD19S253 („π√Ÿª∑’Ë 1, 3 ·≈– 4) ¡’‰¥â 2 

≈—°…≥– §◊Õ µ—«Õ¬à“ß∑’Ë¡’·∂∫¥’‡ÕÁπ‡Õ¢÷Èπ 1 ·∂∫ (‡™àπ 

®“°µ—«Õ¬à“ß∑’Ë 7 ·≈– 8 „π√Ÿª∑’Ë 3) À¡“¬∂÷ß 2 Õ—≈≈’≈∑’Ë‰¥â

®“°æàÕ·≈–·¡àÕ¬à“ß≈–Õ—≈≈’≈π—Èπ¡’®”π«π™ÿ¥‰¡‚§√·´∑

‡∑≈‰≈∑å∑’Ë‡∑à“°—π®÷ß∑”„Àâª√“°Ø‡ªìπ·∂∫‡æ’¬ß 1 ·∂∫ „π

¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë¡’·∂∫¥’‡ÕÁπ‡Õ¢÷Èπ 2 ·∂∫ (‡™àπ ®“°

µ—«Õ¬à“ß∑’Ë 6, 9, 10, 11, 12, 13, 14 ·≈– 15 „π√Ÿª∑’Ë 3) 

À¡“¬∂÷ß 2 Õ—≈≈’≈∑’Ë‰¥â®“°æàÕ·≈–·¡à¡’®”π«π™ÿ¥‰¡‚§√

·´∑‡∑≈‰≈∑å∑’Ë·µ°µà“ß°—π 

 

√Ÿª∑’Ë 1 °“√µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§·´∑‡∑≈‰≈∑å∫π‚≈§— HUMPENTA E (PENTA E) ·≈–∫àß∫Õ°‡æ»®“°√“°øíπ°≈ÿà¡
∑’Ë 1 “¡“√∂∫àß∫Õ°‡æ»¢ÕßÕ““¡—§√®“°√“°øíπ¢Õßøíπ∑—Èß 5 ´’Ë‚¥¬„™â¬’πÕ–¡‘‚≈‡®π‘π æ∫«à“Õ““¡—§√§π∑’Ë 2 
·≈– 4 ‡ªìπºŸâ™“¬ (XY) „π¢≥–∑’ËÕ““¡—§√§π∑’Ë 1, 3 ·≈– 5 ‡ªìπºŸâÀ≠‘ß (XX) æ∫«à“≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑ 
‡∑≈‰≈∑å‚≈§— PENTA E ·µ°µà“ß°—π„π·µà≈–µ—«Õ¬à“ß ·¥ß«à“‰¡à‡°‘¥°“√ªπ‡ªóôÕπ¢Õß¥’‡ÕÁπ‡Õ√–À«à“ßµ—«Õ¬à“ß +ve 
À¡“¬∂÷ß ¥’‡ÕÁπ‡Õ§«∫§ÿ¡∑’Ë„Àâº≈∫«°µ√ß‚≈§— PENTA E ®“°µ—«Õ¬à“ß‡≈◊Õ¥¢ÕßÕ““¡—§√‡æ»™“¬´÷Ëß‰¡à‡°’Ë¬«¢âÕß
°—∫‚§√ß°“√«‘®—¬π’È W À¡“¬∂÷ß„àπÈ”·∑π¥’‡ÕÁπ‡Õ„πªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√‡æ◊ËÕ‡ªìπµ—«§«∫§ÿ¡∑’Ë„Àâº≈≈∫ 

Figure 1 Microsatellite DNA typing on the HUMPENTA E locus and gender verification from human 

tooth roots in Group 1. Using the amelogenin gene, the gender of 5 volunteers could be 

identified from the roots of five teeth, i.e. the volunteers #2 and #4 were male (XY), while the 

volunteers #1, #3, and #5 were female (XX). There was no DNA contamination between 

samples from different volunteers as different patterns were detected. +ve means a positive 

DNA control for a PENTA E locus isolated from the blood sample of a male volunteer, not 

involved with this project.  W means addition of water instead of DNA in the polymerase chain 

reaction as a negative control.  

∫∑«‘®“√≥å 
     º≈°“√»÷°…“®“°‚§√ß°“√«‘®—¬π’È·¥ß„Àâ‡ÀÁπ∂÷ß

§«“¡”§—≠¢Õßøíπ‚¥¬‡©æ“–√“°øíπ´÷Ëß“¡“√∂π”¡“

„™â°—¥¥’‡ÕÁπ‡Õ‡æ◊ËÕπ”‰ªµ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑

‡∑≈‰≈∑å·≈–°“√∫àß∫Õ°‡æ»‰¥â ´÷Ëß‡ªìπ°“√¬È”„Àâ‡ÀÁπ∂÷ß

§«“¡”§—≠¢Õß∫∑∫“∑∑—πµ·æ∑¬å·≈–°“√«‘®—¬∑“ß

“¢“∑—πµ·æ∑¬»“µ√å´÷ Ëß¡’µàÕ«ß°“√«‘∑¬“»“µ√å

ÿ¢¿“æ‰¥â‡ªìπÕ¬à“ß¥’ ¥—ßπ—Èπ∫∑∫“∑¢Õß∑—πµ·æ∑¬å‰∑¬

µàÕ‡Àµÿ°“√≥åÕÿ∫—µ‘¿—¬À¡Ÿà„πÕπ“§µ ®÷ß¡’¡“°‰ª°«à“°“√

„Àâ¢ âÕ¡Ÿ≈∑“ß¥â“π∑—πµ°√√¡°àÕπ°“√‡’¬™’« ‘µ¢ÕßºŸ â

Ÿ≠À“¬ (antemortem data) ·≈–°“√µ√«®‡°Á∫¢âÕ¡Ÿ≈

∑“ß∑—πµ°√√¡¢ÕßºŸâ‡’¬™’«‘µ (postmortem data) ·µà¬—ß
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√Ÿª∑’Ë 2  °“√∫àß∫Õ°‡æ»¢ÕßÕ““¡—§√‚¥¬„™â¬’πÕ–¡‘‚≈‡®π‘π®“°√“°øíπ„π°≈ÿà¡∑’Ë 2 ·≈– 3 æ∫«à“Õ““¡—§√§π∑’Ë 8, 10 ·≈– 

15 ‡ªìπºŸâÀ≠‘ß „π¢≥–∑’ËÕ““¡—§√§π∑’Ë 6, 7, 9, 11, 12, 13 ·≈– 14 ‡ªìπºŸâ™“¬ control XX ·≈– control XY 

À¡“¬∂÷ß¥’‡ÕÁπ‡Õ∑’Ë„™â‡ªìπµ—«§«∫§ÿ¡´÷Ëß°—¥¡“®“°‡≈◊Õ¥¢ÕßÕ““¡—§√‡æ»À≠‘ß·≈–™“¬ µ“¡≈”¥—∫ 
Figure 2 Gender verification using amelogenin gene of tooth roots in the Groups 2 and 3. It was found 

that the gender of volunteers #8, #10, and #15 was female, whereas that of volunteers #6, #7, 

#9, #11, #12, #13, and #14 was male.  Control XX and control XY mean control DNA that was 

isolated from female and male volunteers’  blood sample, respectively. 

√Ÿª∑’Ë 3  °“√µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§·´∑‡∑≈‰≈∑å∫π‚≈§— HUMVWA ®“°¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°‡≈◊Õ¥ (µ—«Õ—°…√ B ’·¥ß) 

·≈– √“°øíπ (µ—«Õ—°…√ R ’¥”) ∑—Èß°≈ÿà¡∑’Ë 2 ·≈– 3 (#6-#15) æ∫«à“„πÕ““¡—§√§π‡¥’¬«°—π ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’Ë°—¥

®“°‡≈◊Õ¥·≈–√“°øíπ‡À¡◊Õπ°—π ·¥ß„Àâ‡ÀÁπ«à““¡“√∂π”√“°øíπ¢Õßøíπ 1 ´’Ë¡“„™âæ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈ Ladder 

À¡“¬∂÷ß Õ—≈≈’≈¡“µ√∞“π (allelic ladder) ∑’Ë®—¥∑”¢÷Èπ‡Õß„πÀâÕßªØ‘∫—µ‘°“√‚¥¬π”Õ—≈≈’≈∑’Ë∑√“∫™π‘¥·≈â«À≈“¬Õ—π¡“ 

°—¥·≈â«π”¡“√«¡°—π„™â‡ªìπ¥’‡ÕÁπ‡Õ·¡à·∫∫”À√—∫°“√‡æ‘Ë¡®”π«π¥â«¬ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈’‡¡Õ‡√ 
Figure 3 Microsatellite DNA typing on the HUMVWA locus from DNA isolated from blood (B, red color) 

and tooth roots (R, black color) in the Groups 2 and 3 (#6-#15). It was demonstrated that the 

fingerprints of DNA isolated from blood and tooth roots were identical in the same volunteer, 

indicating that DNA isolated from the roots of one tooth can be used in personal identification.  

A ladder means an allelic ladder that was prepared in our laboratory by combining different 

known alleles, which were used as a DNA template in the polymerase chain reaction. 
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√Ÿª∑’Ë 4  °“√µ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§·´∑‡∑≈‰≈∑å∫π‚≈§— HUMD19S253 ®“°¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°‡≈◊Õ¥ (µ—«Õ—°…√ B ’

·¥ß) ·≈– √“°øíπ (µ—«Õ—°…√ R ’¥”) ∑—Èß°≈ÿà¡∑’Ë 2 ·≈– 3 (#6-#15) æ∫«à“„πÕ““¡—§√§π‡¥’¬«°—π ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ

∑’Ë°—¥®“°‡≈◊Õ¥·≈–√“°øíπ‡À¡◊Õπ°—π  
Figure 4 Microsatellite DNA typing on the HUMD19S253 locus from DNA isolated from blood (B, red 

color) and tooth roots (R, black color) in the Groups 2 and 3 (#6-#15). It was demonstrated 

that the fingerprints of DNA isolated from blood and tooth roots were identical in the same 

volunteer.  

√«¡‰ª∂÷ß§«“¡™à«¬‡À≈◊Õ„π¥â“π‡∑§π‘§°“√°—¥¥’‡ÕÁπ‡Õ

®“°√“°øíπ´÷Ëß“¡“√∂π”‰ª„™â„π°“√æ‘Ÿ®πå‡Õ°≈—°…≥å

∫ÿ§§≈ πÕ°®“°π’ÈÕß§å§«“¡√Ÿâ„À¡à∑’Ë‰¥â®“°‚§√ß°“√«‘®—¬π’È

¬—ß“¡“√∂π”‰ªµàÕ¬Õ¥‡æ◊ËÕ„™â»÷°…“¥’‡ÕÁπ‡Õ®“°‰¡‚µ

§Õπ‡¥√’¬ (mitochondria) ¢Õßøíπ¡πÿ…¬å‚∫√“≥„π°“√

»÷°…“‡™‘ß¡“πÿ…¬«‘∑¬“‰¥â¥â«¬ „π‡´≈≈å√à“ß°“¬¡πÿ…¬å

“¡“√∂æ∫¥’‡ÕÁπ‡Õ‰¥â 2 ∫√‘‡«≥ §◊Õ∑’Ëπ‘«‡§≈’¬·≈–‰¡‚µ

§Õπ‡¥√’¬ ´÷Ëß¡’®”π«π‰¡‚µ§Õπ‡¥√’¬‡ªìπ®”π«π¡“°°«à“

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫π‘«‡§≈’¬´÷Ëß¡’Õ¬Ÿà‡æ’¬ß 1 π‘«‡§≈’¬ 

¥—ßπ—Èπ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â„π°“√°—¥¥’‡ÕÁπ‡Õ®“°‰¡‚µ

§Õπ‡¥√’¬®“°´“°‚§√ß°√–¥Ÿ°·≈–øíπ¢Õß¡πÿ…¬å‚∫√“≥

´÷Ëß¡’Õ“¬ÿ‡°à“·°àπ—∫æ—πªï §«“¡√Ÿâ∑’Ë‰¥â®“°°“√µ√«®¥’‡ÕÁπ‡Õ

¢Õß´“°‚§√ß°√–¥Ÿ°·≈–øíπ®–‡ªìπª√–‚¬™πåµàÕ°“√

»÷°…“∂÷ß«‘«—≤π“°“√¢Õß¡πÿ…¬å ·∑â∑’Ë®√‘ß·≈â«‰¥â¡’°“√

»÷°…“ª√–‡¿∑π’È„πµà“ßª√–‡∑»(11)  ·µà¬—ß¡’°“√»÷°…“∂÷ß

™“µ‘æ—π∏ÿå¢Õß∫√√æ∫ÿ√ÿ…À√◊Õ¡πÿ…¬å‚∫√“≥¥â«¬°“√»÷°…“

®“°¥’‡ÕÁπ‡Õ∑’Ë°—¥®“°°√–¥Ÿ°À√◊Õøíπ®”π«π‰¡à¡“°π—°

„πª√–‡∑»‰∑¬ 

     «‘∏’°“√∑’Ë„™â°—¥¥’‡ÕÁπ‡Õ®“°√“°øíπ´÷Ëßæ—≤π“¡“®“°

¡“™‘°„π§≥–ºŸâ«‘®—¬¡’§«“¡·µ°µà“ß®“° Sweet ·≈– 

Hildebrand (1998)(12) ‰¥â·°à °“√„™â‡©æ“–√“°øíπ·∑π∑’Ë

®–‡ªìπøíπ∑—Èß´’Ë °“√„™â§√°À‘π·≈–“°„π°“√∫¥√“°øíπ

·∑π∑’Ë®–‡ªìπ‡§√◊ËÕß∫¥°√–¥Ÿ° (bone mill) ‡æ√“–«à“°“√

∫¥√“°øíπ¥â«¬§√°À‘π·≈–“°∑”‰¥âßà“¬°«à“°“√∫¥øíπ

∑—Èß´’Ë´÷ Ëßª√–°Õ∫¥â«¬‡§≈◊Õ∫øíπ ·≈–πÕ°®“°π’È¬—ß‰¡à

®”‡ªìπµâÕß„™â‰π‚µ√‡®π‡À≈« (liquid nitrogen) ´÷Ëß™à«¬

∑”„Àâøíπ‡ª√“–·≈–ßà“¬µàÕ°“√∫¥ ∑”„Àâ«‘∏’π’È“¡“√∂°—¥

¥’‡ÕÁπ‡Õ®“°√“°øíπ‰¥â¥â«¬√“§“∑’Ë∂Ÿ°°«à“ ‡§√◊ËÕß¡◊Õ·≈–

“√‡§¡’∑’Ë„™â°Á‰¡à¬ÿàß¬“°‡∑à“À√◊Õ‡ªìπæ‘…πâÕ¬°«à“«‘∏’¢Õß 

Sweet ·≈– Hildebrand ·µà„Àâº≈¥’‡™àπ‡¥’¬«°—π ¥—ßπ—Èπ

∑“ß§≥–ºŸâ«‘®—¬¢Õ‡πÕ«‘∏’°“√°—¥¥’‡ÕÁπ‡Õ®“°√“°øíπ∑’Ë

∂Ÿ°æ—≤π“¢÷Èπ¡“π’È‡ªìπ∑“ß‡≈◊Õ°„À¡àÕ’°∑“ßÀπ÷Ëß”À√—∫

°“√°—¥¥’‡ÕÁπ‡Õ®“°‡π◊ÈÕ‡¬◊ËÕ·¢Áß ‡™àπ øíπ 

  ”À√—∫°“√»÷°…“µàÕ‰ª„πÕπ“§µ ‡π◊ËÕß®“°‚§√ß 

°“√«‘®—¬π’È‡ªìπ°“√»÷°…“‡∫◊ÈÕßµâπ‡æ◊ËÕ∑¥Õ∫§«“¡‡ªìπ‰ª

‰¥â„π°“√°—¥¥’‡ÕÁπ‡Õ∑’ Ë°—¥®“°√“°øíπ·≈–π”¡“„™â
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‡ª√’¬∫‡∑’¬∫°—∫≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å°—∫¥’

‡ÕÁπ‡Õ∑’Ë°—¥®“°‡≈◊Õ¥ ‚¥¬§≥–ºŸâ«‘®—¬‡≈◊Õ°„™â 3 ‚≈§— 

‰¥â·°à HUMPENTA E, HUMVWA ·≈– HUMD19S253 

‡ªìπµ—«·∑π¢Õß‚≈§—∑—ÈßÀ¡¥ 18 ‚≈§—∑’Ë„™â„π°“√µ√«®

æ‘Ÿ®πå‡Õ°≈—°…≥å∫ÿ§§≈„π¿“§«‘™“π‘µ‘‡«™»“µ√å §≥–

·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à (¥â«¬‡Àµÿº≈∑“ß

¥â“π‡∑§π‘§) ÷́Ëß·∑â∑’Ë®√‘ß·≈â«„π°“√µ√«®æ‘Ÿ®πå‡Õ°≈—°…≥å 

∫ÿ§§≈®“°µ—«Õ¬à“ßµà“ßÊ ®”‡ªìπµâÕßµ√«®„Àâ∂Ÿ°µâÕß

Õ¬à“ßπâÕ¬ 16 ‚≈§— ¥—ßπ—Èπ∑“ß§≥–ºŸâ«‘®—¬®÷ß®–‰¥âπ”¥’

‡ÕÁπ‡Õ∑’Ë‡À≈◊Õ‰ªµ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑å

∫π‚≈§—∑’Ë¬—ß‰¡à‰¥âµ√«® πÕ°®“°π’È∑“ß§≥–ºŸâ«‘®—¬¡’

‚§√ß°“√∑’Ë®–»÷°…“∂÷ß¿“«–µà“ßÊ ‚¥¬®”≈Õß¡“®“°

‡Àµÿ°“√≥åÕÿ∫—µ‘¿—¬∑’ËÕ“®®–‡°‘¥¢÷Èπ‰¥â ‡™àπ ‡§√◊ËÕß∫‘πµ°

·≈–‡°‘¥‰ø‰À¡â∑”„ÀâºŸâ‚¥¬“√‡’¬™’«‘µ‡ªìπ®”π«π¡“°

·≈–»æ∂Ÿ°‡º“∑”≈“¬®π‰¡à“¡“√∂æ‘Ÿ®πå‡Õ°≈—°…≥å

∫ÿ§§≈‰¥â¥â«¬«‘∏’Õ◊ ËπÊ ‚¥¬®–π”øíπ∑’Ë∂Ÿ°∂ÕπÕÕ°®“°

Õ““¡—§√‰ª‡º“∑’Ë‡µ“‡º“Õÿ≥À¿Ÿ¡‘µà“ßÊ °—π ·≈–µ√«®

Õ∫¥Ÿ«à“¬—ß“¡“√∂∑’Ë®–°—¥¥’‡ÕÁπ‡Õ®“°√“°øíππ—Èπ·≈–

π”‰ªµ√«®≈—°…≥–¥’‡ÕÁπ‡Õ‰¡‚§√·´∑‡∑≈‰≈∑åÀ√◊Õ∫àß

∫Õ°‡æ»‰¥âÀ√◊Õ‰¡à ·≈–®–æ—≤π“«‘∏’µ√«®¥’‡ÕÁπ‡Õ∑’Ë°—¥

µ“√“ß∑’Ë 1 ·¥ß≈”¥—∫π‘«§≈‘‚Õ‰∑¥å (nucleotide sequence) 

¢Õß‰æ√‡¡Õ√å‚≈§—µà“ßÊ (ÕÕ°·∫∫‡Õß) 

™◊ËÕ‚≈§—/¬’π ≈”¥—∫π‘«§≈‘‚Õ‰∑¥å 
D19S253 (forward) 5ʹ-AGA TCA TAG ACA GAC 

AGA CGG ACT-3ʹ 

D19S253 (reverse) 5ʹ-TGT GGC TCC TCC TGG 

GAA AT-3ʹ 

VWA (forward) 5ʹ-GGA CAG ATG ATA AAT 

ACA TAG GAT GGA TGG-3ʹ 

VWA (reverse) 5ʹ-CCC TAG TGG ATG ATA 

AGA ATA ATC-3ʹ 

PENTA E  

(forward) 

5ʹ-GAG ATC ACG CCA TTG 

CAC TCC AGC C-3ʹ 

PENTA E (reverse) 5ʹ-CTT ATT TGG GTT ATT 

AAT TGA GAA AAC TCC-3ʹ 

Amelogenin  

(forward) 

5ʹ-CCC TGG GCT CTG TAA 

AGA ATA GTG-3ʹ 

Amelogenin  

(reverse) 

5ʹ-CCA TCA GAG CTT AAA 

CTG GGA AGC-3ʹ  

®“°√“°øíπ‚¥¬µ√«®‚≈§—µà“ßÊ À≈“¬Ê ‚≈§—æ√âÕ¡°—π

¥â«¬«‘∏’ multiplex PCR ‚¥¬„™â‚≈§—¡“µ√∞“π·≈–„™â§Ÿà

‰æ√‡¡Õ√å∑’Ëµ‘¥©≈“° (labeled) ¥â«¬“√‡√◊Õß·ßø≈ŸÕÕ

‡√‡´π∑å (fluorescent) ·≈–π”‰ª·ª≈º≈¥â«¬‡§√◊ËÕß 

automated sequencer(13) ‡æ◊ËÕ∑”„Àâ°“√«‘‡§√“–Àåº≈·≈–

°“√æ‘Ÿ®π å ‡Õ°≈ —°…≥å∫ ÿ§§≈‡ª ìπ∑ ’ Ëπ à“‡™ ◊ ËÕ∂ ◊Õµ“¡

¡“µ√∞“π“°≈µàÕ‰ª 

 ‚¥¬√ÿª∑“ß§≥–ºŸ â« ‘®—¬‰¥â·¥ß„Àâ‡ÀÁπ∂÷ß§«“¡

”§—≠¢Õß√“°øíπ®“°øíπ‡æ’¬ß 1 ’́Ë„π°“√æ‘Ÿ®πå‡Õ°≈—°…≥å 

∫ÿ§§≈ ÷́Ëß„πÕπ“§µ¡’§«“¡‡ªìπ‰ª‰¥âŸß∑’Ë®–π”‰ªª√–¬ÿ°µå 

„™â„πß“ππ‘µ‘«‘∑¬“»“µ√å·≈–π‘µ‘∑—πµ«‘∑¬“ „π°“√æ‘Ÿ®πå 

‡Õ°≈—°…≥å∫ÿ§§≈ºŸâŸ≠À“¬ ·≈–¬—ßÕ“®π”Õß§å§«“¡√Ÿâ∑’Ë

‰¥â®“°‚§√ß°“√«‘®—¬π’ È‰ª™à«¬æ—≤π“§«“¡√Ÿ â∑“ß¥â“π

¡“πÿ…¬«‘∑¬“„Àâ‡æ‘Ë¡¡“°¢÷Èπ‚¥¬„™âæ◊Èπ∞“π§«“¡√Ÿâ∑“ß

¥â“π«‘∑¬“»“µ√å‡¢â“¡“™à«¬  

 

°‘µµ‘°√√¡ª√–°“» 
 §≥–ºŸ â« ‘® —¬¢Õ¢Õ∫§ÿ≥”π—°ß“πÀ≈—°ª√–° —π

ÿ¢¿“æ·Ààß™“µ‘·≈–∑—πµ·æ∑¬¿“∑’Ëπ—∫πÿπ‡ß‘π∑ÿπ

«‘®—¬∑—ÈßÀ¡¥„π‚§√ß°“√π’È πÕ°®“°π—Èπ¢Õ¢Õ∫§ÿ≥‡®â“

Àπâ“∑’Ë∑ÿ°∑à“π„π§≈‘π‘°¿“§«‘™“»—≈¬»“µ√å™àÕßª“°´÷Ëß

™à«¬‡°Á∫√«∫√«¡µ—«Õ¬à“ß ·≈–¢Õ¢Õ∫§ÿ≥ §ÿ≥ÿ∑—»πå   

»√’¥«ß·°â« π—°«‘∑¬“»“µ√å ·≈–§ÿ≥«‘±Ÿ√¬å  ∑–ÿ¬– π—°

‡∑§π‘§°“√·æ∑¬å„πÀâÕßªØ‘∫—µ‘°“√π‘µ‘æ—π∏ÿ°√√¡»“µ√å 

¿“§«‘™“π‘µ‘‡«™»“µ√å §≥–·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬

‡™’¬ß„À¡à ´÷Ëß‰¥â™à«¬‡À≈◊Õß“π∑“ßÀâÕßªØ‘∫—µ‘°“√ ·≈–

µâÕß¢Õ¢Õ∫§ÿ≥Õ““¡—§√„π‚§√ß°“√«‘®—¬π’È∑ÿ°∑à“π∑’Ë„Àâ

§«“¡√à«¡¡◊Õ‡ªìπÕ¬à“ß¥’ 
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