
Õ≥Ÿ™’««‘∑¬“ ”À√—∫»—≈¬·æ∑¬å
(Molecular Biology for Surgeons)

 ÿ√»—°¥‘Ï   —ß¢∑—μ ≥ Õ¬ÿ∏¬“

52

∫∑π”

°“√§âπæ∫‚§√ß √â“ß¢Õß°√¥π‘«§≈’Õ‘°„πªï§√‘ μ»—°√“™ 1953 ‡ªìπ°“√‡ªî¥

ª√–μŸ„Àâ°—∫™’««‘∑¬“¬ÿ§„À¡à´÷Ëß¡ÿàß»÷°…“ “√æ—π∏ÿ°√√¡„π∞“π–¢Õß “√‡§¡’´÷Ëß‡ªìπ√“°¢Õß

°√–∫«π°“√™’«‘μ °√¥π‘«§≈’Õ‘°°≈à“«§◊Õ deoxyribonucleic acid (DNA) ·≈– ribo-

nucleic acid (RNA) ‡ªìπ°≈ÿà¡ “√‡§¡’́ ÷Ëß∑”ß“π√à«¡°—π„π°“√°”Àπ¥°“√‡μ‘∫‚μ °“√‡®√‘≠

°“√§√Õß∏“μÿ (metabolism) °“√·°à (senescence) °“√‡°‘¥‚√§ ·≈–°“√‡¢â“ Ÿà§«“¡

μ“¬¢Õß‡´≈≈åºà“π°√–∫«π°“√π” —≠≠“≥„π√–¥—∫‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕ

™’««‘∑¬“√–¥—∫‚¡‡≈°ÿ≈À√◊ÕÕ≥Ÿ™’««‘∑¬“‰¥â√—∫°“√ª√–¬ÿ°μå‡¢â“°—∫°“√»÷°…“æ¬“∏‘

°”‡π‘¥·≈–æ¬“∏‘ √’√«‘∑¬“¢Õß‚√§„π∑ÿ°·¢πß∑“ß°“√·æ∑¬å√«¡∑—Èß‚√§„π∑“ß»—≈¬»“ μ√å

μ—«Õ¬à“ß∑’Ë‡ÀÁπ‰¥â™—¥§◊Õ°“√§âπæ∫‡§√◊ËÕßÀ¡“¬∑“ß‚¡‡≈°ÿ≈ (molecular disease marker)

´÷Ëß™à«¬„π°“√«‘π‘®©—¬ æ¬“°√≥å°“√μÕ∫ πÕßμàÕ¬“ (predictive marker) À√◊Õ

æ¬“°√≥å°“√¥”‡π‘π‚√§ (prognostic marker) ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π°≈ÿà¡‡π◊ÈÕßÕ°·≈–¡–‡√Áß

§«“¡√Ÿâ§«“¡‡¢â“„®„πÀ≈—°°“√æ◊Èπ∞“π μ≈Õ¥®π‡∑§π‘§∑“ßÕ≥Ÿ™’««‘∑¬“ ¡—¬„À¡à

πÕ°®“°®–™à«¬„Àâ°“√ ◊ËÕ “√√–À«à“ß»—≈¬·æ∑¬å·≈– ¡“™‘°„π∑’¡√—°…“‡ªìπ‰ªÕ¬à“ß‰√â

√Õ¬μàÕ ¬—ß®–‡ªìπ°“√‡ªî¥∑√√»π–„π°“√¡Õßæ¬“∏‘ ¿“æ„π≈—°…≥–¢Õß°√–∫«π°“√∑’Ë

‡°‘¥μàÕ‡π◊ËÕß®“° ¡¡μ‘∞“π´÷Ëß‡ªìπº≈√«¡¢Õß∑—Èßªí®®—¬∑“ßæ—π∏ÿ°√√¡·≈– ‘Ëß·«¥≈âÕ¡

°“√∂à“¬∑Õ¥æ—π∏ÿ°√√¡

„π¡ÿ¡¡Õß¢ÕßÕ≥Ÿ™’««‘∑¬“ ¡—¬„À¡à ¬’π (gene) ‡ªìπ™ÿ¥¢Õß “√æ—π∏ÿ°√√¡∫π
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DNA ´÷Ëß‡ªìπ·¡à·∫∫¢Õß°“√ √â“ß RNA ·≈–‚ª√μ’π §”®”°—¥§«“¡¥—ß°≈à“«π’Èμà“ß‰ª®“°

∑√√»π–‡¥‘¡¢Õß classical genetic ´÷Ëß¡Õß¬’π‡ªìπÀπà«¬∫π‚§√‚¡‚´¡ ´÷Ëß∑”Àπâ“∑’Ë

°”Àπ¥≈—°…≥– (trait) ´÷Ëß “¡“√∂∂à“¬∑Õ¥®“°æàÕ·¡à‰ª¬—ß≈Ÿ° „πªí®®ÿ∫—π °“√Õà“π

≈”¥—∫¢Õß “√æ—π∏ÿ°√√¡∫π¬’π´÷ËßÀ¡“¬∂÷ß genotype  “¡“√∂°√–∑”‰¥âÕ¬à“ß‡ªìπÕ—μπ—¬

„π∑“ß°≈—∫°—π ≈—°…≥–∑’Ëª√“°Ø°—∫ ‘Ëß¡’™’«‘μ (phenotype) ‡ªìπº≈√«¡¢Õß genotype

·≈–ªí®®—¬∑“ß ‘Ëß·«¥≈âÕ¡ °≈—∫¡’§«“¡À≈“°À≈“¬·≈–À“°μâÕß°“√»÷°…“ ¡—°®”‡ªìπμâÕß

°”Àπ¥‡°≥±å«‘π‘®©—¬‡¢â“®—∫

®’‚π¡¢Õß¡πÿ…¬å¡’≈—°…≥–‡ªìπ diploid ´÷ËßÀ¡“¬∂÷ß¬’π·μà≈–μ—«ª√“°Ø Õß™ÿ¥

À√◊Õ Õß allele ∑’Ëμ”·Àπàß chromosome locus ‡¥’¬«°—π ‚¥¬ allele Àπ÷Ëß√—∫∂à“¬∑Õ¥

¡“®“°æàÕ ·≈–Õ’° allele √—∫∂à“¬∑Õ¥¡“®“°·¡à ‡¡◊ËÕ‡´≈≈å¡’°“√·∫àßμ—«‡æ◊ËÕ°“√‡®√‘≠

‡μ‘∫‚μ´÷Ëß‡ªìπ°“√·∫àß‡´≈≈å·∫∫ mitosis ∑—Èß Õß alleles ®–∂Ÿ°∂à“¬∑Õ¥‰ª¥â«¬°—π ¢≥–

∑’Ë„π°“√·∫àß‡´≈≈å‡æ◊ËÕ √â“ß‡´≈≈å ◊∫æ—π∏ÿå´÷Ëß‡ªìπ°“√·∫àß‡´≈≈å·∫∫ meiosis ·≈–º≈°“√

·∫àß„Àâ‡´≈≈å ◊∫æ—π∏ÿå∑’Ë¡’‚§√‚¡‚´¡™ÿ¥‡¥’¬« (haploid) π—Èπ allele ∑—Èß Õß®–∂Ÿ°·¬°ÕÕ°

μ“√“ß∑’Ë 1 °“√§âπæ∫∑’Ëπ”¡“´÷Ëß§«“¡°â“«Àπâ“Õ¬à“ß°â“«°√–‚¥¥¢ÕßÕ≥Ÿ™’««‘∑¬“

ªï∑’Ë√“¬ß“π (§.».) ºŸâ√“¬ß“π

1953 James Watson ·≈– ‚§√ß √â“ß‡°≈’¬«§Ÿà¢Õß°√¥π‘«§≈‘Õ‘°

Francis Crick1

1952 Salvador Luria2 ‡Õπ‰´¡å restriction endonuclease

1972 David Jackson3 ‡∑§‚π‚≈¬’ recombinant DNA ·≈–

molecular cloning

1986 Kary Mullis4 Polymerase chain reaction

1989 Mario Capecchi5 °“√ √â“ß Gene knockout mouse

1995 Mark Schena6 DNA microarray

1998 Andrew Fire7 °“√≈¥°“√· ¥ßÕÕ°¢Õß¬’π„π√–¥—∫ mRNA

¥â«¬‡∑§π‘§ RNA interference
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®“°°—π ≈—°…≥–°“√ àßºà“π “√æ—π∏ÿ°√√¡®“°æàÕ·¡à Ÿà≈Ÿ°∑’Ë°≈à“«¡“‡ªìπ ‘Ëß∑’Ë‡°‘¥¢÷Èπ°—∫

 “√æ—π∏ÿ°√√¡„ππ‘«‡§≈’¬ ´÷ËßÀ¡“¬∂÷ß autosome ·≈–‚§√‚¡‚´¡‡æ» (sex chromosome)

‡∑à“π—Èπ  à«π°“√∂à“¬∑Õ¥¢Õß “√æ—π∏ÿ°√√¡„π‰¡‚μ§Õπ‡¥√’¬π—Èπ¡πÿ…¬å‰¥â√—∫°“√

∂à“¬∑Õ¥®“°·¡à·μà‡æ’¬ßΩÉ“¬‡¥’¬«

„π∑√√»π–°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·∫∫‡¡π‡¥≈ (Mendelian genetics)

´÷ËßÀπ÷Ëß¬’π°”Àπ¥Àπ÷Ëß phenotype °“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ (mode of inheritance)

‡ªìπ≈—°…≥– dominant ‡¡◊ËÕ phenotype ∑’Ë —¡æ—π∏å°—∫ allele π—Èπ‡°‘¥¢÷Èπ ·¡â¡’‡æ’¬ßÀπ÷Ëß

allele Õ¬Ÿà„π‡´≈≈å„π≈—°…≥– heterozygote „π¢≥–∑’Ë°“√∂à“¬∑Õ¥‡ªìπ≈—°…≥– reces-

sive ‡¡◊ËÕ phenotype π—Èπμ√«®æ∫«à“‡°‘¥¢÷Èπ°ÁμàÕ‡¡◊ËÕ¡’ allele ´÷Ëß°”Àπ¥ phenotype

π—ÈπÕ¬Ÿà„π®’‚π¡ Õß™ÿ¥ °√≥’́ ÷Ëß phenotype ‡ªìπ≈—°…≥–≈Ÿ°º ¡¢Õß∑—Èß Õß alleles ‡√’¬°«à“

semidominant ‚√§À√◊Õ¿“«–„π¡πÿ…¬å´÷Ëß∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡„π·∫∫‡¡π‡¥≈‰¥â√—∫

°“√√«∫√«¡≈ß∑–‡∫’¬π‡≈¢À°À≈—°‰«â„π∞“π¢âÕ¡Ÿ≈ Online Mendelian Inheritance in

Man (OMIM) ´÷Ëß “¡“√∂‡¢â“∂÷ß‰¥â∑’Ë http://www3.ncbi.nlm.nih.gov/Omim

·¡â∑ƒ…Æ’ single-gene traits ¢Õß‡¡π‡¥≈®– “¡“√∂Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ß

genotype ·≈– phenotype (genotype-phenotype relationship) ∫“ßª√–°“√‰¥â

Õ¬à“ß ¡∫Ÿ√≥å Õ¬à“ß‰√°Áμ“¡‚√§À√◊Õ≈—°…≥–´÷Ëß∂Ÿ°°”Àπ¥‚¥¬¬’π‡¥’¬«°≈—∫‡ªìπ‡√◊ËÕß∑’Ë

æ∫‰¥âπâÕ¬ ‡π◊ËÕß®“°‚¥¬∑—Ë«‰ª phenotype ‡ªìπº≈√«¡∑’Ë‡°‘¥®“°°“√· ¥ßÕÕ°¢Õß¬’π

À≈“¬μ—«´÷ËßÕ“®¡’ mode of inheritance ·μ°μà“ß°—π Õ’°∑—Èß¬—ß‰¥â√—∫Õ‘∑∏‘æ≈®“°ªí®®—¬

¢Õß ‘Ëß·«¥≈âÕ¡√à«¡¥â«¬ ·≈–·¡â¬’π„¥¬’πÀπ÷Ëß®–‰¥â√—∫°“√æ‘ Ÿ®πå«à“¡’§«“¡®”‡æ“–μàÕ

phenotype ¢Õß‚√§™—¥‡®π ‚Õ°“ ∑’Ë®–‡°‘¥‚√§‡¡◊ËÕ ‘Ëß¡’™’«‘μ√—∫∂à“¬∑Õ¥ genotype ∑’Ë

®”‡æ“–π—Èπ¬—ßÕ“®‰¡à ¡∫Ÿ√≥å ‡√’¬°°√≥’¥—ß°≈à“««à“ incomplete penetrance πÕ°®“°π’È

genotype ∑’Ë®”‡æ“–μàÕ‚√§∫“ßÕ¬à“ß ¬—ßÕ“®„Àâ phenotype ∑’ËÀ≈“°À≈“¬„πμà“ß∫ÿ§§≈

´÷Ëß¡’æ◊Èπ∞“π∑“ßæ—π∏ÿ°√√¡μà“ß°—π ´÷Ëß‡√’¬°«à“¡’ variable expressivity ‚√§„π¡πÿ…¬å´÷Ëß

‡°‘¥®“°§«“¡º‘¥ª°μ‘„πÀ≈“¬¬’π¡’μ—«Õ¬à“ß‡™àπ Hirschsprungûs disease ¡’°“√

∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß RET protooncogene „π≈—°…≥– autosomal dominant

√à«¡°—∫ incomplete penetrance ·≈–‡™◊ËÕ«à“ªí®®—¬´÷Ëß¡’Õ‘∑∏‘æ≈μàÕ genotype-pheno-

type correlation „π°√≥’π’È‡ªìπ¬’πÕ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß„πæ—≤π“°“√¢Õß‡´≈≈å neural crest8
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‚§√ß √â“ß·≈–°√–∫«π°“√∑”ß“π¢Õß “√æ—π∏ÿ°√√¡

‚§√ß √â“ß¢Õß DNA

DNA ¡’‚§√ß √â“ßæ◊Èπ∞“π‡ªìπ nucleotide ‚¥¬„π·μà≈–‚¡‡≈°ÿ≈¢Õß nucle-

otide ¡’Õß§åª√–°Õ∫ 3 ª√–°“√§◊Õ ‡∫  πÈ”μ“≈‡æπ‚μ  ·≈–À¡ŸàøÕ ‡øμ ‚¥¬‡∫ ·∫àß

‡ªìπ 2 °≈ÿà¡§◊Õ pyrimidines [cytosine (C) ·≈– thymine (T)] ·≈– purines [ad-

enine (A) ·≈– guanine (G)] °“√®—∫°—π¢Õß‡∫ Àπ÷Ëßμ—«‡¢â“°—∫πÈ”μ“≈‡æπ‚μ °àÕ„Àâ

‡°‘¥Àπà«¬¬àÕ¬ ‡√’¬°«à“ nucleoside ·≈–°“√®—∫°—π¢Õß nucleoside °—∫À¡ŸàøÕ ‡øμ 1-

3 μ—«°àÕ„Àâ‡°‘¥‚¡‡≈°ÿ≈¢Õß nucleotide ∑’Ë ¡∫Ÿ√≥å9

 “¬ DNA ∑’Ë‡ªìπ “¬‡¥’Ë¬«‡ªìπ‚æ≈‘‡¡Õ√å∑’Ë‡°‘¥®“°°“√®—∫°—π¢Õß nucleotide ¥â«¬

æ—π∏– covalent phosphodiester √–À«à“ßμ”·Àπàß 5' ¢Õß«ßπÈ”μ“≈‡æπ‚μ ‚¡‡≈°ÿ≈

Àπ÷Ëß°—∫ 3' ¢ÕßÕ’°‚¡‡≈°ÿ≈Àπ÷ËßμàÕ°—π‰ª‡√◊ËÕ¬®π‡ªìπ “¬¢Õß nucleotides ´÷Ëß‚¥¬∑—Ë«‰ª

®–π—∫≈”¥—∫‡∫ ∑“ß 5' ‡ªìπΩíòß upstream ·≈– 3' ‡ªìπΩíòß downstream ·≈–‰≈à‡√’¬ß

≈”¥—∫‡∫ ®“° 5' ‰ª¬—ß 3'  “¬ DNA „π∏√√¡™“μ‘‡ªìπ “¬§Ÿà (double-stranded DNA)

÷́Ëß¡’‡°‘¥®“°°“√‡¢â“§Ÿà°—π„π·π«¢π“π¢Õß DNA  “¬‡¥’Ë¬« Õß “¬ ‚¥¬À“°æ‘®“√≥“ DNA

 “¬À≈—° (sense strand) „π∑‘»∑“ß 5'‰ª¬—ß 3'  “¬´÷Ëß¡“‡¢â“§Ÿà (antisense strand) ¡’

°“√‡√’¬ß≈”¥—∫ DNA „π∑‘»∑“ßμ√ß¢â“¡°≈à“«§◊Õ®“° 3' ‰ª¬—ß 5' DNA  “¬§Ÿà¡’ ¡∫—μ‘

°“√¥Ÿ¥°≈◊π√—ß ’‡Àπ◊Õ¡à«ß‰¥â¥’∑’Ë§«“¡¬“«§≈◊Ëπ 260 π“‚π‡¡μ√10,11 (√Ÿª∑’Ë 1)

DNA  “¬§Ÿà¡’‚§√ß √â“ß∫‘¥‡ªìπ‡°≈’¬« (helix) §≈â“¬∫—π‰¥‡«’¬π¢«“´÷Ëß¡’πÈ”μ“≈

‡ªìπ√“«∫—π‰¥ À¡ŸàøÕ ‡øμÕ¬Ÿà¥â“ππÕ°·≈–‡∫ §Ÿà ¡ (complementary base) §≈â“¬

‡ªìπ¢—Èπ∫—π‰¥¥â“π„π °“√®—∫°—π¢Õß DNA ·μà≈– “¬‡°‘¥®“°æ—π∏– hydrogen ∑’Ë‡°‘¥

√–À«à“ß‡∫ §Ÿà ¡‚¥¬ A ®—∫°—∫ T ¥â«¬æ—π∏–§Ÿà ·≈– C ®—∫°—∫ T ¥â«¬æ—π∏– “¡ ·μà≈–

μ”·Àπàß¢Õß‡∫ §Ÿà ¡‡√’¬°«à“ base pairs (bp) ´÷ËßÕ’°π—¬Àπ÷Ëß “¡“√∂„™â‡ªìπÀπà«¬«—¥

¢π“¥¢Õß¬’π ‡™àπ kilobase (kb) À¡“¬∂÷ß 103 ‡∫  À√◊Õ megabase (Mb) À¡“¬∂÷ß 106

‡∫  ·≈–‡π◊ËÕß®“°·μà≈– “¬¢Õß DNA ´÷Ëß‡¢â“§Ÿà°—π‡ªìπ double-stranded DNA «“ßμ—«

„π∑‘»∑“ßμ√ß°—π¢â“¡·≈–¡’°“√‡√’¬ß≈”¥—∫„π≈—°…≥–‡∫ §Ÿà ¡ DNA  “¬Àπ÷Ëß®÷ß‡ªìπ·¡à

·∫∫∑’Ë ¡∫Ÿ√≥å„π°“√ √â“ß DNA  “¬μ√ß¢â“¡„π°√–∫«π°“√®”≈Õß·∫∫ (replication)10,11
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°√–∫«π°“√®”≈Õß·∫∫

°√–∫«π°“√®”≈Õß·∫∫¢Õß DNA ‡√‘Ë¡®“°°“√§≈“¬‡°≈’¬«‚¥¬‡Õπ‰´¡å helicase

‡ªî¥‚Õ°“ „Àâ‡Õπ‰´¡å DNA polymerase ‡¢â“®—∫·≈– √â“ß DNA  “¬„À¡à‚¥¬μàÕ nucle-

otide ≈ß∫π DNA ·¡à·∫∫μ“¡≈”¥—∫‡∫ §Ÿà ¡ °“√ √â“ß DNA  “¬„À¡à‡°‘¥¢÷Èπ„π∑‘»∑“ß

5' ‰ª¬—ß 3' ‚¥¬ DNA ‡ âπ„À¡à “¬Àπ÷Ëß∂Ÿ° √â“ßÕ¬à“ßμàÕ‡π◊ËÕß ‡√’¬°‡ªìπ leading strand

·≈– Õ’°‡ âπÀπ÷Ëß (lagging strand) ∂Ÿ° √â“ß‡ªìπ™à«ß —ÈπÀ≈“¬™‘Èπ (Okazaki fragments)

´÷Ëß®–∂Ÿ°ª√–°Õ∫‡¢â“‡ªìπ “¬‡μÁ¡„π¿“¬À≈—ß¥â«¬‡Õπ‰´¡å DNA ligase (√Ÿª∑’Ë 2) ‡¡◊ËÕ ‘Èπ

 ÿ¥·μà≈–√Õ∫„π°√–∫«π°“√®”≈Õß·∫∫¢Õß DNA º≈≈—æ∏å∑’Ë‰¥â‡ªìπ DNA  “¬§Ÿà Õß™ÿ¥

´÷Ëß·μà≈–™ÿ¥ª√–°Õ∫¥â«¬ DNA ‡ âπ‡°à“Àπ÷Ëß “¬ „π¿“æ√«¡ °“√®”≈Õß·∫∫¢Õß DNA

®÷ß¡’≈—°…≥–‡ªìπ semiconservative ·≈– semidiscontinuous „π‡´≈≈å eukaryote

°√–∫«π°“√¥—ß°≈à“«π’È‰¥â°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß (proof reading) ‚¥¬‡Õπ‰´¡å°≈ÿà¡

DNA polymerase III ·≈– DNA polymerase I

√Ÿª∑’Ë 1 · ¥ß‚§√ß √â“ß¢Õß deoxyribonucleic acid (DNA) ®“°Àπà«¬¬àÕ¬§◊Õ°√¥π‘«§≈‘Õ‘°‰ª

¬—ß‚§√ß √â“ß¢ÕßDNA  “¬§Ÿà´÷Ëß‡ªìπ‚æ≈‘‡¡Õ√å∑’Ë¡’√Ÿª√à“ß∑ÿμ‘¬¿Ÿ¡‘‡ªìπ‡°≈’¬«§Ÿà (double

helix) ‚¥¬ phosphodeoxyribonucleic acid ‡ªìπ√“«∫—π‰¥∑’Ë®—∫°—π¥â«¬æ—π∏–

phosphodiester „π¢≥–∑’Ë‡∫  adenine (A) thymine (T) guanine (G) ·≈– cytosine

(C) ‡ª√’¬∫‡ ¡◊Õπ¢—Èπ∫—π‰¥∑’Ë¬÷¥‡Àπ’Ë¬«°—π¥â«¬æ—π∏–‰Œ‚¥√‡®π
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‚§√ß √â“ß¢Õß RNA ·≈–°“√· ¥ßÕÕ°¢Õß¬’π

RNA ¡’§«“¡·μ°μà“ß®“° DNA  Õßª√–°“√ ª√–°“√·√°§◊Õ™π‘¥¢ÕßπÈ”μ“≈

‡æπ‚μ ´÷Ëß‡ªìπ ribose ·∑π∑’Ë®–‡ªìπ deoxyribose (¢“¥À¡Ÿà -OH ∑’Ëμ”·Àπàß 2') ·≈–

™π‘¥¢Õß‡∫  pyrimidine ´÷Ëß‡ªìπ uracil (U) ·∑π∑’Ë®–‡ªìπ thymine §«“¡·μ°μà“ß

ª√–°“√À≈—ß‡ªìπ ‘Ëß∑’Ë∑”„Àâ RNA ¡’‡ ∂’¬√¿“æπâÕ¬°«à“ DNA Àπâ“∑’ËÀ≈—°¢Õß RNA §◊Õ

‡ªìπºŸâ∂Õ¥√À— ∑“ßæ—π∏ÿ°√√¡®“° DNA ‰ª¬—ß°“√ √â“ß‚ª√μ’π °√–∫«π°“√¥—ß°≈à“«°àÕ

„Àâ‡°‘¥°“√π” “√´÷Ëß∫√√®ÿ‰«â∫π¬’π∫π “¬ DNA ÕÕ°‰ª°”Àπ¥°√–∫«π°“√™’«‘μºà“π

°“√ √â“ß‚ª√μ’π∑’Ë‡ªìπ‚§√ß √â“ß¢Õß√à“ß°“¬ ‡Õπ‰´¡å·≈–ŒÕ√å‚¡π´÷ËßÕ”π«¬„Àâ‡°‘¥ √’√

¿“æ°“√§√Õß∏“μÿμ≈Õ¥®π°“√ ◊ËÕ “√¿“¬„π√à“ß°“¬ ‘Ëß¡’™’«‘μ °“√∂Õ¥√À— ∑“ßæ—π∏ÿ

°√√¡®“° DNA ‰ª¬—ß RNA (transcription) ·≈–°“√ √â“ß‚ª√μ’π‚¥¬„™â RNA ‡ªìπ·¡à

·∫∫ (translation) ®÷ß∂Ÿ°¡Õß„π¿“æ√«¡‡ªìπ ù°“√· ¥ßÕÕ°¢Õß¬’πû (genetic expres-

sion)12

°√–∫«π°“√ transcription ‡√‘Ë¡®“°°“√ √â“ß “¬ messenger RNA (mRNA)

´÷Ëß§≈â“¬°—∫°√–∫«π°“√ √â“ß DNA „π°√–∫«π°“√®”≈Õß·∫∫ ·μà‡°‘¥¢÷Èπ‡©æ“– à«π

¢Õß “√æ—π∏ÿ°√√¡ ÷́Ëß∫√√®ÿ√À—  ”À√—∫°“√ √â“ß‚ª√μ’π™π‘¥∑’Ë®–¡’°“√· ¥ßÕÕ°„π¢≥–π—Èπ

√Ÿª∑’Ë 2 ≈—°…≥–°“√®”≈Õß·∫∫¢Õß DNA ´÷ËßÕ¬Ÿà„π≈—°…≥– semidiscontinucous °≈à“«§◊Õ “¬

Àπ÷Ëß‡ªìπ°“√ √â“ß nucleotide μàÕ‡π◊ËÕß „π¢≥–∑’ËÕ’° “¬Àπ÷Ëß®”≈Õß·∫∫‡ªìπª≈âÕß Lag-

ging strands (Okazakiûs fragments) ·≈â«π”¡“‡™◊ËÕ¡°—π¿“¬À≈—ß¥â«¬ DNA ligase
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≈”¥—∫‡∫ ∫π “¬ mRNA ‡ªìπ‡∫ §Ÿà ¡°—∫·¡à·∫∫∫π DNA „π‡´≈≈å eukaryote ´÷Ëß¡’

ºπ—ßπ‘«‡§≈’¬  °√–∫«π°“√ translation ‡°‘¥¢÷ÈππÕ°π‘«‡§≈’¬  ribosomal (rRNA) „π

¡πÿ…¬å rRNA ´÷Ëß¡’¢π“¥ 60S ·≈– 40S ∑”Àπâ“∑’Ë‡ªìπ ∂“πª√–°Õ∫°“√ (active site)

„π°√–∫«π°“√ translation ‚¥¬°“√‡ªìπ®ÿ¥‡°“–¢Õß‡Õπ‰´¡å∑’Ë‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√‡√‘Ë¡

(initiation) °“√μàÕ “¬ (elongation) ·≈–°“√ ‘Èπ ÿ¥ (termination) °“√ √â“ß ·≈–

‡ªìπ®ÿ¥‡°“–¢Õß transfer RNA (tRNA) ´÷Ëß∑”Àπâ“∑’Ë„π°“√π” amino acid ¡“μàÕ “¬

°—πÕ¬à“ß‡ªìπ≈”¥—∫®”‡æ“–μàÕ≈”¥—∫‡∫ ∫π mRNA ·≈–μàÕæ—π∏– covalent √–À«à“ß amino

acid ®π‡ªìπ “¬ peptide chain §«“¡®”‡æ“–„π°“√«“ß≈”¥—∫ amino acid ·μà≈–μ—«

‡°‘¥®“°°“√√—∫√Ÿâ (recognize) ≈”¥—∫ nucleotide §√—Èß≈– “¡μ—«∫π mRNA ´÷Ëß‡√’¬°«à“

codon  à«π¢Õß mRNA ́ ÷Ëß∂Ÿ°∂Õ¥√À— ‡ªìπ‚ª√μ’π‡√’¬°«à“ exon (expressed sequence)

∂Ÿ°§—Ëπ¥â«¬ à«π ÷́Ëß¡‘‰¥â‡¢â“√À—  ”À√—∫‚ª√μ’π‰«â (non-coding sequence) ‡√’¬°«à“ intron

(intervening sequence) ‚¥¬∫√‘‡«≥ intron ´÷ËßÕ¬Ÿà upstream μàÕ¬’πÕ“®¡’∫∑∫“∑„π

°√–∫«π°“√· ¥ßÕÕ°¢Õß¬’π§◊Õ‡ªìπ∫√‘‡«≥‡¢â“®—∫¢Õß transcription factor À√◊Õ

°≈à“«Õ’°π—¬Àπ÷Ëß‡ªìπ à«π§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π (promoter element) πÕ°®“°

°√–∫«π°“√μ—¥ à«π¢Õß intron ÕÕ°·≈–‡™◊ËÕ¡ exon ‡¢â“¥â«¬°—π°àÕπ°√–∫«π°“√ trans-

lation ́ ÷Ëß‡√’¬°«à“ splicing °√–∫«π°“√¥—¥·ª≈ß RNA (post-transcriptional modifi-

cation) ¬—ßª√–°Õ∫¥â«¬°“√‡μ‘¡ 5ûcap ¥â«¬ methylguanosine ·≈–°“√‡μ‘¡ poly-A-

tail °√–∫«π°“√‡À≈à“π’È àß‡ √‘¡„Àâ‡°‘¥§«“¡‡ ∂’¬√·≈–™à«¬„π°“√π” àß mRNA ÕÕ° Ÿà

cytoplasm11,12 (√Ÿª∑’Ë 3)

‡π◊ËÕß®“°·μà≈– codon ª√–°Õ∫¥â«¬μ—«Õ—°…√ 3 μ—« (triplet) ·≈–·μà≈–μ—«¡’

§«“¡‡ªìπ‰ª‰¥â 4 ·∫∫ √À— ∑“ßæ—π∏ÿ°√√¡ (genetic code) ®÷ß¡’§«“¡‡ªìπ‰ª‰¥â∑—ÈßÀ¡¥

43 À√◊Õ 64 ·∫∫ „π¢≥–∑’Ë amino acid ¡’ 20 ™π‘¥ ·μà≈–™π‘¥®÷ß¡’ genetic code ‰¥â

¡“°°«à“ 1 ·∫∫ °“√‡¢â“®—∫¢Õß tRNA ‡æ◊ËÕ‡μ‘¡ amino acid „Àâ°—∫ “¬‚ª√μ’π‡ªìπ‰ª

μ“¡À≈—°¢Õß‡∫ §Ÿà ¡ ‚¥¬ tRNA ¡’ anticodon triplet ́ ÷Ëß‡¢â“§Ÿà°—∫≈”¥—∫‡∫ ∫π mRNA

°“√ √â“ß “¬ peptide ‡°‘¥„π∑‘»∑“ß®“° 5' ‰ª¬—ß 3' ∫π “¬ mRNA ´÷Ëß‡ªìπ∑‘»∑“ß®“°

amino (N) terminus ‰ª¬—ß carboxy (C) terminus ‚¥¬®ÿ¥‡√‘Ë¡μâπ°“√ translation

¢Õß‚ª√μ’π∑ÿ°§√—Èß§◊Õ AUG ´÷Ëß‡ªìπ√À— ¢Õß methionine ·≈–∂◊Õ‡ªìπ start codon „π
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¢≥–∑’Ë UAA UAG ·≈– UGA ‰¡à‰¥â‡¢â“√À—  ”À√—∫ amino acid ·≈–°àÕ„Àâ‡°‘¥°“√

À¬ÿ¥°“√·ª≈√À—  °≈à“«§◊Õ‡ªìπ stop codon11,12 (μ“√“ß∑’Ë 2)

À≈—ß®“°∑’Ë°“√ √â“ß “¬‚ª√μ’π‡ √Á® ¡∫Ÿ√≥å  “¬‚ª√μ’π®–‡¢â“ Ÿà°√–∫«π°“√ post-

translational modification ‡æ◊ËÕ„Àâ‡ªìπ‚ª√μ’π´÷Ëß “¡“√∂∑”Àπâ“∑’Ë‰¥â ‡™àπ°“√μ—¥∫“ß

 à«πÕÕ° °“√‡°‘¥ hydroxylation ·≈– phosphorylation À√◊Õ°“√‡μ‘¡À¡Ÿà¢â“ß‡§’¬ß (side

chain) ‡™àπ glycosylation ‚ª√μ’π à«πÀπ÷Ëß∂Ÿ°∫’∫Õ—¥·≈– àßÕÕ°πÕ°‡´≈≈åºà“π endo-

plasmic reticulum

°“√§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π

 „π¢≥–∑’Ë·¡à·∫∫¢Õß¬’πª√–¡“≥ 30,000 ¬’π∂Ÿ°‡¢â“√À— ‰«â∫π DNA Õ¬à“ß‡∑à“

‡∑’¬¡°—π °“√· ¥ßÕÕ°¢Õß¬’π·μà≈–¬’π¡’§«“¡·μ°μà“ß°—π‰ª„π·μà≈–™π‘¥¢Õß‡´≈≈å

·μà≈–™à«ß¢Õßæ—≤π“°“√ πÕ°®“°π’È°“√· ¥ßÕÕ°¢Õß¬’π¡’Õ‘∑∏‘æ≈´÷Ëß°—π·≈–°—π„π

≈—°…≥–¢Õß‚§√ß¢à“¬ —≠≠“≥ (signaling system) °√–∫«π°“√À≈—°„π°“√§«∫§ÿ¡

√Ÿª∑’Ë 3 °√–∫«π°“√∂Õ¥√À—  (transcription) ®“° template DNA ‰ª¬—ß mRNA ́ ÷Ëß¡’°√–∫«π°“√

splicing °√–∫«π°“√ 5' capping ·≈– °“√‡μ‘¡ poly A ¥â“π 3' ‡æ◊ËÕ„Àâ‰¥â mRNA ∑’Ë

‡ ∂’¬√·≈–æ√âÕ¡∑’Ë®– àßÕÕ°‰ª¬—ß cytoplasm ‡æ◊ËÕ √â“ß‚ª√μ’π¥â«¬°√–∫«π°“√·ª≈√À— 

(transcription)
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°“√· ¥ßÕÕ°¢Õß¬’π§◊Õ promoter element ´÷ËßÕ¬Ÿà upstream (5') μàÕ start codon

 à«π¢Õß intron (√Ÿª∑’Ë 4) ∑’Ë°≈à“«‡ªìπ∫√‘‡«≥‡¢â“®—∫¢Õß RNA polymerase ·≈– tran-

scription factors ‚¥¬ promoter sequence ¡—°¡’™ÿ¥¢Õß≈”¥—∫‡∫  ÷́Ëß‡ªìπ·∫∫·ºπ‡™àπ

TATAAA ´÷ËßÕ¬Ÿà 19-27 bp „π∑“ß upstream μàÕ start codon ‡ªìπμâπ πÕ°®“° pro-

moter ·≈â« ≈”¥—∫‡∫ ´÷Ëß§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π¬—ßª√–°Õ∫¥â«¬ regulatory se-

quence ´÷Ëß‡ªìπ∫√‘‡«≥‡°“–¢Õß regulatory proteins ´÷Ëß∑”Àπâ“∑’Ë§«∫§ÿ¡°“√√«¡°≈ÿà¡

(assembly) ¢Õß transcription factors ∫π promoter ‚¥¬ regulatory protein

‡À≈à“π’È‡ªìπ‰¥â∑—Èß co-activator ´÷Ëß°√–μÿâπ°“√· ¥ßÕÕ°·≈– co-repressor ´÷Ëß¬—∫¬—Èß

°“√· ¥ßÕÕ°¢Õß¬’π

πÕ°®“°°“√°√–μÿâπÀ√◊Õ¬—∫¬—Èß°“√· ¥ßÕÕ°ºà“π transcription factors ·≈–

gene regulatory proteins ·≈â« °“√· ¥ßÕÕ°¢Õß¬’π¬—ß∂Ÿ°§«∫§ÿ¡¥â«¬°√–∫«π°“√

∑“ß epigenetics ‰¥â·°à¿“«– DNA methylation ´÷Ëß‡¡◊ËÕ‡°‘¥°—∫ promoter ®–¬—∫¬—Èß

°“√· ¥ßÕÕ°¢Õß¬’π °√–∫«π°“√ chromatin/histone modification ´÷Ëß àßº≈μàÕ

‚§√ß √â“ß¢Õß chromatin ·≈–°“√‡¢â“®—∫¢Õß‚ª√μ’π´÷Ëß¡’Õ‘∑∏‘æ≈μàÕ à«π§«∫§ÿ¡°“√

μ“√“ß∑’Ë 2 √À— ∫π mRNA ´÷Ëß code  ”À√—∫ amino acid ·μà≈–™π‘¥·≈– —≠≠“≥À¬ÿ¥

Amino acid Triple codon Amino acid Triple codon

Start AUG His CAU CAC
Phe UUU UUC Gln CAA CAG
Leu UUA UUG Asn AAU AAC

CUU CUC CUA CUG Lys AAA AAG
Ile AUU AUC AUA Asp GAU GAC
Met AUG Glu GAA GAG
Val GUU GUC GUA GUG Cys UGU UGC
Ser UCU UCC UCA UCG Trp UGG

AGU AGC Arg CGA CGC CGA CGG
Pro CCU CCC CCA CCG AGA AGG
Thr ACU ACC ACA ACG Gly GGU GGC GGA GGG
Ala GCU GCC GCA GCG Stop UAA UAG UGA
Tyr UAU UAC
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· ¥ßÕÕ°10-12

 “√æ—π∏ÿ°√√¡¢Õß‰¡‚μ§Õπ‡¥√’¬ (mitochondrial genome)

‰¡‚μ§Õπ‡¥√’¬‡ªìπ organelle ∑”Àπâ“∑’Ë √â“ßæ≈—ßß“π„π‡´≈≈å —μ«å °“√¡’Õ¬Ÿà¢Õß

‰¡‚μ§Õπ‡¥√’¬¡’≈—°…≥–§≈â“¬‡ªìπª√ ‘μ´÷ËßÕ‘ßÕ“»—¬„π cytoplasm ·≈–¡’™ÿ¥ “√æ—π∏ÿ

°√√¡¢Õßμπ‡Õß ®’‚π¡¢Õß‰¡‚μ§Õπ‡¥√’¬„π¡πÿ…¬å¡’√Ÿª√à“ß°≈¡·≈–¡’§«“¡¬“« 16.5 kb

¿“¬„π∫√√®ÿ¬’π´÷Ëß®”‡ªìπ ”À√—∫°“√ √â“ß rRNA tRNA ·≈–‚ª√μ’π´÷Ëß‡°’Ë¬«¢âÕß°—∫ªØ‘°‘√‘¬“

oxidative phosphorylation °“√®”≈Õß·∫∫¢Õß®’‚π¡¢Õß‰¡‚μ§Õπ‡¥√’¬‡ªìπÕ‘ √–

®“°®’‚π¡À≈—°„ππ‘«‡§≈’¬  ‚√§„π¡πÿ…¬å´÷Ëß¡’æ¬“∏‘°”‡π‘¥®“°°“√°≈“¬æ—π∏ÿå∫π‰¡‚μ

§Õπ‡¥√’¬¡—°‡°’Ë¬«¢âÕß°—∫§«“¡æ‘°“√¢Õß√–∫∫ª√– “∑·≈–°≈â“¡‡π◊ÈÕ πÕ°®“°π’È

‡π◊ËÕß®“°‰¡‚μ§Õπ‡¥√’¬∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡ºà“π∑“ß·¡à‡∑à“π—Èπ °“√»÷°…“®’‚π¡¢Õß

‰¡‚μ§Õπ‡¥√’¬®÷ß‡ªìπª√–‚¬™πå„π°“√»÷°…“∑“ß¡πÿ…¬«‘∑¬“μ≈Õ¥®π°“√√–∫ÿ§«“¡

 —¡æ—π∏å√–À«à“ß·¡à·≈–≈Ÿ°

‡∑§π‘§„π°“√»÷°…“∑“ßÕ≥Ÿ™’««‘∑¬“
°“√∂Õ¥√À— ∑“ßæ—π∏ÿ°√√¡®“° DNA ‰ª¬—ß mRNA ·≈–°“√·ª≈√À— ‡ªìπ‚ª√μ’π

√Ÿª∑’Ë 4  à«π§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π∑“ß¥â“π upstream (5') ´÷Ëßª√–°Õ∫¥â«¬ promot-

ers ´÷Ëß‡ªìπ∑’Ë‡°“–¢Õß transcription factors ·≈– regulatory elements ´÷Ëß‡ªìπ∑’Ë‡°“–

¢Õß regulatory proteins



Õ≥Ÿ™’««‘∑¬“ ”À√—∫»—≈¬·æ∑¬å62

´÷Ëß‡ªìπ·°àπ∏√√¡ (central dogma) ¢ÕßÕ≥Ÿæ—π∏ÿ»“ μ√å¡’«‘«—≤π“°“√¢Õß‡∑§π‘§°“√

»÷°…“‡ªìπ≈”¥—∫ °“√»÷°…“æ—π∏ÿ»“ μ√å‡√‘Ë¡μ—Èß·μà√–¥—∫‚§√‚¡‚´¡¡“®π°√–∑—Ëß “¡“√∂

»÷°…“≈”¥—∫‡∫ ∫π DNA ¢Õß¬’π∑’Ë π„® »÷°…“°“√· ¥ßÕÕ°„π√–¥—∫ºà“π°“√μ√«®«—¥

ª√‘¡“≥ mRNA ·≈–ª√‘¡“≥‚ª√μ’π¢Õß¬’π∑’Ë π„® °√–∑—Ëß»÷°…“Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’π

‚¥¬√–ß—∫°“√· ¥ßÕÕ°„π·∫∫®”≈Õß√–¥—∫‡´≈≈åÀ√◊Õ —μ«å∑¥≈Õß ‡∑§π‘§„πªí®®ÿ∫—π

¢¬“¬∞“π°“√»÷°…“„π∑“ß°«â“ß®“°°“√»÷°…“∑’≈–¬’π (single gene approach) ‰ª Ÿà

°“√»÷°…“∑—Èß®’‚π¡ (whole genome approach)

°“√»÷°…“æ—π∏ÿ»“ μ√å√–¥—∫‚§√‚¡‚´¡

‚§√‚¡‚´¡¢Õß¡πÿ…¬åª√–°Õ∫¥â«¬ autosome 22 §Ÿà ́ ÷Ëß‡√’¬ß≈”¥—∫®“°„À≠à∑’Ë ÿ¥

(§Ÿà∑’Ë 1) ®π‡≈Á°∑’Ë ÿ¥ (§Ÿà∑’Ë 22) ·≈–‚§√‚¡‚´¡‡æ» 1 §Ÿà °“√»÷°…“≈—°…≥–¢Õß‚§√‚¡‚´¡

¿“¬„μâ°≈âÕß®ÿ≈∑√√»πå°√–∑”‚¥¬°“√À¬ÿ¥°“√·∫àß‡´≈≈å‰«â„π√–¬– metaphase ·≈–®—¥

‡√’¬ß‚§√‚¡‚´¡μ“¡¢π“¥‡æ◊ËÕ»÷°…“√Ÿª√à“ß·≈–μ”·Àπàß¢Õß centromere ‡√’¬°°“√»÷°…“

≈—°…≥–π’È«à“ G-band karyotyping (√Ÿª∑’Ë 5) §«“¡º‘¥ª°μ‘´÷Ëß “¡“√∂μ√«® Õ∫‰¥â®“°

°“√»÷°…“ karyotyping ®–μâÕß¡’¢π“¥„À≠à‡æ’¬ßæÕ μ—«Õ¬à“ß‡™àπ ‚§√‚¡‚´¡´âÕπ (du-

plication)  à«π¢Õß‚§√‚¡‚´¡¢“¥À“¬ (deletion) À√◊Õ°“√ ≈—∫¢“ ÷́Ëß¡’¢π“¥μ—Èß·μà 4 Mb

¢÷Èπ‰ª12 μ≈Õ¥®π¿“«– trisomy À√◊Õ°“√‡°‘¥«ß·À«π (ring chromosome) ‡ªìπμâπ

‡π◊ËÕß¥â«¬‚§√‚¡‚´¡¡’ª≈“¬μàÕ®“° centromere 2 ¥â“π´÷Ëß¡’§«“¡¬“«‰¡à‡∑à“°—π °“√√–∫ÿ

μ”·Àπàßæ¬“∏‘ ¿“æ∫π‚§√‚¡‚´¡®÷ßÕ“®√–∫ÿ‡ªìπ ·¢π¬“« (q) À√◊Õ ·¢π —Èπ (p) ·≈–

Õ“®√–∫ÿ√–¬–®“° centromere μàÕ‰ªÕ’°μ—«Õ¬à“ß‡™àπ 11p13 À¡“¬∂÷ß·∂∫ (band) ∑’Ë 13

∫π·¢π —Èπ¢Õß‚§√‚¡‚´¡∑’Ë 11 ‡ªìπμ”·Àπàß¢Õß¬’π´÷Ëßæ∫°“√‡ª≈’Ë¬π·ª≈ß‰¥â∫àÕ¬„πºŸâ

ªÉ«¬¡–‡√Áß nephroblastoma (Wilmsû tumor)

°“√»÷°…“æ¬“∏‘ ¿“æ„π à«π¢Õß‚§√‚¡‚´¡´÷Ëß¡’§«“¡≈–‡Õ’¬¥¬‘Ëß¢÷ÈπÕ“®°√–∑”

‰¥â‚¥¬°“√„™â probe ‡¢â“∑”ªØ‘°‘√‘¬“ in-situ hybridization ‚¥¬ probe ¥—ß°≈à“«‡ªìπ

 “¬ nucleotide ´÷Ëß¡’≈”¥—∫‡∫ §Ÿà ¡®”‡æ“–μàÕ¬’πÀ√◊Õ à«π¢Õß‚§√‚¡‚´¡∑’Ë π„®·≈–

μ‘¥©≈“°¥â«¬ “√‡√◊Õß· ß (√Ÿª∑’Ë 6) μ—«Õ¬à“ß‡™àπ°“√»÷°…“ amplification ¢Õß¬’π HER2/

Neu „π¡–‡√Áß‡μâ“π¡ ¥â«¬‡∑§π‘§ fluorescent in-situ hybridization (HER2-FISH)
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„™âÀ≈—°°“√¥—ß°≈à“«π’È °“√»÷°…“„™â probe ´÷Ëß®”‡æ“–μàÕ∫√‘‡«≥ 17q12 ´÷Ëß‡ªìπμ”·Àπàß

¢Õß¬’π HER2 √à«¡°—∫ probe ´÷Ëß®”‡æ“–μàÕ∫√‘‡«≥ centromere ¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 17

·≈–μ‘¥ ’ fluorescence μà“ß‰ª®“° probe ¢Õß HER2 °“√Õà“π ¿“«– amplification

„™âÕ—μ√“ à«π¢Õß®”π«π®ÿ¥ ’ fluorescence ¢Õß HER2-probe μàÕ®”π«π®ÿ¥ ’ fluores-

cence ¢Õß centromere ¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 17 ·≈–‚¥¬∑—Ë«‰ªÕà“πº≈∫«° (¡’ amplifi-

cation) ‡¡◊ËÕÕ—μ√“ à«π¥—ß°≈à“«¡“°°«à“À√◊Õ‡∑à“°—∫ 2.0 ‚¥¬∑—Ë«‰ª amplification ´÷Ëß

À¡“¬∂÷ß®”π«π template ∑’Ë¡“°¢÷Èπ àßº≈„Àâ°“√· ¥ßÕÕ°¢Õß¬’π¡“°¢÷Èπ (°“√

· ¥ßÕÕ°∑’Ë Ÿß¢÷Èπ‰¡à®”‡ªìπ®–μâÕß¡“®“° amplification ‡ ¡Õ‰ª ‡π◊ËÕß®“°¡’ªí®®—¬

§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’πª√–°“√Õ◊Ëπ¥—ßÕ∏‘∫“¬¢â“ßμâπ) °“√»÷°…“ MYCN amplifi-

cation „π¡–‡√Áß neuroblastoma „π‡¥Á°„™âÀ≈—°°“√‡¥’¬«°—ππ’È À“°¡’§«“¡·μ°μà“ß„π

°“√·ª≈º≈´÷Ëß∂◊Õπ—¬ ”§—≠∑“ß§≈‘π‘°‡¡◊ËÕ¡’®”π«π copy number ¢Õß MYCN μ—Èß·μà

10 copies ¢÷Èπ‰ª

°“√»÷°…“„π√–¥—∫Õ≥Ÿæ—π∏ÿ»“ μ√å

√Ÿª∑’Ë 5 ¿“æ∂à“¬‚§√‚¡‚´¡ 46 XY ´÷Ëß‰¥â®“°°“√®—¥‡√’¬ß‚¥¬«‘∏’ G-band karyotyping  —ß‡°μ

°“√®—¥‡√’¬ß‚§√‚¡‚´¡∑’Ë‡ªìπ autosome ®“°¬“«¡“À“ —Èπ·≈–·¬° sex chromosome

ÕÕ°μà“ßÀ“°
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°“√»÷°…“®’‚π¡¡πÿ…¬å„π√–¥—∫Õ≥Ÿæ—π∏ÿ»“ μ√å¡Õß “√æ—π∏ÿ°√√¡„π√Ÿª¢Õß‚æ≈‘

‡¡Õ√å¢Õß°√¥π‘«§≈‘Õ‘°‚¥¬°â“«¢â“¡¿“æ¢Õß‚§√‚¡‚´¡≈ß‰ª¬—ß≈”¥—∫‡∫  ´÷Ëß®’‚π¡¡πŸ…¬å

ª√–°Õ∫¥â«¬≈”¥—∫‡∫ √“« 3,000,000,000 bps ·≈–¡ÿàß»÷°…“ à«π∑’Ë‡¢â“√À—  ”À√—∫°“√

 √â“ß‚ª√μ’π °≈à“«§◊Õ¬’π´÷Ëß®’‚π¡¡πÿ…¬å¡’Õ¬Ÿàª√–¡“≥ 30,000 ¬’π ‡ªìπ ”§—≠  “√æ—π∏ÿ

°√√¡ “¡“√∂∂Ÿ° °—¥®“°‡´≈≈å´÷Ëß¡’π‘«‡§≈’¬  ‡™àπ‡¡◊ËÕ °—¥®“°‡≈◊Õ¥  “√æ—π∏ÿ°√√¡®–

‰¥â®“°‡¡Á¥‡≈◊Õ¥¢“«‡ªìπÀ≈—°

°“√»÷°…“Õ≥Ÿæ—π∏ÿ»“ μ√å„π√–¬–‡√‘Ë¡μâπÕ“»—¬‡∑§‚π‚≈¬’¢Õß restriction endo-

nuclease ‡ªìπÀ≈—° ‡Õπ‰´¡å°≈ÿà¡π’È recognize ·≈–μ—¥ “¬ double-stranded DNA

Õ¬à“ß®”‡æ“–μàÕ≈”¥—∫‡∫  ‡™àπ‡Õπ‰´¡å ECO RI μ—¥ DNA ´÷Ëß¡’≈”¥—∫‡∫  G/AATTC

À≈—ß®“°®’‚π¡∂Ÿ°μ—¥‡ªìπ™‘Èπ¬àÕ¬ °“√»÷°…“μàÕ‰ª “¡“√∂°√–∑”‰¥â‚¥¬¡’μ—«Õ¬à“ß‡™àπ°“√

∂à“¬Ω“°‡¢â“ Ÿàæ≈“ ¡‘¥¢Õß·∫§∑’‡√’¬‡æ◊ËÕμ√«® Õ∫·≈–‡æ‘Ë¡®”π«π (molecular cloning)

°“√∑” nucleotide separation ‚¥¬„™â π“¡‰øøÑ“ (electrophoresis)13

√Ÿª∑’Ë 6 °“√»÷°…“ copy number variation ¢Õß®’π∑’Ë π„®¥â«¬‡∑§π‘§ fluorescence in situ

hybridization «ß ’øÑ“ („π√Ÿª ’) ‡ªìπ¢Õ∫‡¢μ¢Õßπ‘«‡§≈’¬ ´÷Ëß¬âÕ¡¥â«¬ 4,6-diamidino-

2-phenylindole (DAPI) „π¿“«–ª°μ‘ ®”π«π®ÿ¥ª√“°Ø¢Õß¬’π∑’Ë»÷°…“ ( ’·¥ß„π√Ÿª

 ’) ‡∑’¬∫°—∫®ÿ¥ª√“°Ø¢Õß centromere ( ’‡¢’¬«) ®–¡’Õ—μ√“ à«π‰¡à‡°‘π 2.0 Õ—μ√“

 à«π∑’Ë¡“°· ¥ß∂÷ß¿“«– amplification §◊Õ¡’®”π«π DNA copy number ¡“°°«à“ª°μ‘

·≈–Õ“®‡ªìπ‡Àμÿ¢Õß°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë¡“°¢÷Èπ
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°“√∑” nucleotide separation ¥â«¬ π“¡‰øøÑ“Õ“»—¬ ¡∫—μ‘ª√–®ÿ≈∫¢Õß°√¥

π‘«§≈‘Õ‘° ·≈–Õ“»—¬§«“¡·μ°μà“ß„π¢π“¥¢Õß “¬ nucleotide À≈—ß®“°∂Ÿ°μ—¥¥â«¬™ÿ¥

‡Õπ‰´¡å restriction endonuclease „π°“√∑” electrophpresis °√¥π‘«§≈‘Õ‘°®–∂Ÿ°

∑”„Àâ«‘Ëß®“°¢—È«≈∫‰ª¬—ß¢—È«∫«°ºà“πμ—«°≈“ß ÷́Ëß‡ªìπ«ÿâπ (gel) ́ ÷Ëß‚¥¬∑—Ë«‰ªπ‘¬¡„™â«ÿâπ “À√à“¬

(agarose gel) ´÷Ëß¡’§«“¡ “¡“√∂„π°“√·¬° nucleotide ¢π“¥μ—Èß·μà 100 bps ∂÷ß 25

kb °“√·¬° nucleotide ´÷Ëß¡’§«“¡·μ°μà“ß¢Õß¢π“¥πâÕ¬°«à“π—ÈπÕ“®„™â«ÿâπ™π‘¥ poly-

acrylamide

 “√æ—π∏ÿ°√√¡‰¡à¡’ ’„π¬à“π∑’Ë‡ÀÁπ‰¥â¥â«¬μ“‡ª≈à“ °“√μ√«® Õ∫·∂∫ “√æ—π∏ÿ

°√√¡∫π«ÿâπÀ≈—ß°“√·¬°¥â«¬°√–· ‰øøÑ“°√–∑”‰¥â‚¥¬°“√¬âÕ¡¥â«¬ ethidium bromide

´÷Ëß®–∑”„Àâ·∂∫ DNA §“¬· ß fluorescence ‡¡◊ËÕ°√–∑∫√—ß ’‡Àπ◊Õ¡à«ß À√◊Õ¬âÕ¡μ√«®

¥â«¬ silver nitrate ´÷Ëßπ‘¬¡„™â°—∫·∂∫ “√æ—π∏ÿ°√√¡∑’Ë¡’¢π“¥‡≈Á°∫π«ÿâπ acrylamide

πÕ°®“°°“√μ√«® Õ∫¥â«¬°“√¬âÕ¡ “√‡§¡’´÷Ëß·ª≈º≈‰¥â‡æ’¬ß°“√¡’°√¥π‘«§≈‘Õ‘°Õ¬Ÿà∫π

«ÿâπ·≈–∑√“∫¢π“¥¢Õß™‘Èπ nucleotide π—Èπ °“√¡’Õ¬Ÿà¢Õß “√æ—π∏ÿ°√√¡´÷Ëß¡’≈”¥—∫°√¥

π‘«§≈‘Õ‘°®”‡æ“–°√–∑”‰¥â‚¥¬„™â probe ́ ÷Ëß¡’ complementary nucleotide ‚¥¬ probe

Õ“®μ‘¥©≈“°¥â«¬ “√‡√◊Õß· ß¥—ß°√≥’¢Õß FISH Õ“® √â“ß„Àâ§“¬ “√°—¡¡—πμ√—ß ’ (radio-

active) ‚¥¬μ‘¥©≈“° “√°—¡¡—πμ√—ß ’∫π‚§√ß √â“ßÕ–μÕ¡¢Õß∏“μÿ∫π probe ‡™àπ 32P 3H

À√◊Õ 35S ‡ªìπμâπ °“√„™â probe ‡æ◊ËÕ»÷°…“ “√æ—π∏ÿ°√√¡∑’Ë π„® “¡“√∂°√–∑”∫πμ—«Õ¬à“ß

‡π◊ÈÕ‡¬◊ËÕ‚¥¬μ√ß (in-situ hybridization) À√◊Õ°√–∑”À≈—ß®“° °—¥ “√æ—π∏ÿ°√√¡ μ—¥¥â«¬

restriction enzymes ·¬°¢π“¥¥â«¬°√–· ‰øøÑ“ ·≈–∂à“¬‚Õπ‰ª¬—ß·ºàπ nitrocellu-

lose À√◊Õ nylon membrane °àÕπ ª√–°“√À≈—ß‡ªìπ‡∑§π‘§´÷Ëß‡√’¬° Southern blotting

μ“¡™◊ËÕ¢ÕßÕ“®“√¬å Edwin Southern11

°“√»÷°…“°“√· ¥ßÕÕ°„π√–¥—∫ mRNA °√–∑”‚¥¬„™âÀ≈—°°“√‡¥’¬«°—ππ’È μà“ß

μ√ß∑’Ë°√¥π‘«§≈‘Õ‘°´÷Ëß·¬°¢π“¥·≈–∂à“¬‚Õπ‰ª¬—ß·ºàπ nitrocellulose ‡ªìπ mRNA

 à«π°“√»÷°…“°“√· ¥ßÕÕ°„π√–¥—∫‚ª√μ’π´÷Ëß‡√’¬°«à“ Western blotting ‡ªìπ°“√·¬°

¢π“¥‚ª√μ’π‚¥¬„™â°√–· ‰øøÑ“∫π«ÿâπ ∂à“¬‚Õπ‚ª√μ’π‰ª¬—ß·ºàπ membrane ·≈–∑”

ªØ‘°‘√‘¬“¥â«¬ antibody ∑’Ë®”‡æ“–μàÕ‚ª√μ’ππ—Èπ ´÷Ëß∑”ªØ‘°‘√‘¬“°—∫‚ª√μ’π‡ªÑ“À¡“¬„π

≈—°…≥–ªØ‘°‘√‘¬“√–À«à“ß antigen-antibody ¡‘„™à°“√®—∫°—π¢Õß‡∫ §Ÿà ¡
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°“√‡æ‘Ë¡ª√‘¡“≥ à«π¢Õß “√æ—π∏ÿ°√√¡ ÷́Ëß π„®»÷°…“

°“√‡æ‘Ë¡ª√‘¡“≥ à«π¢Õß “√æ—π∏ÿ°√√¡´÷Ëß π„®»÷°…“‡ªìπß“πμâππÈ”´÷Ëß¡’§«“¡

®”‡ªìπ ”À√—∫°“√»÷°…“∑“ßÕ≥Ÿ™’««‘∑¬“‡°◊Õ∫∑—ÈßÀ¡¥ ¢—ÈπμÕπ„π à«ππ’È¡’«—μ∂ÿª√– ß§å∑’Ë

®–‡æ‘Ë¡ª√‘¡“≥ “¬°√¥π‘«§≈‘Õ‘°´÷Ëß∫√√®ÿ¬’π∑’Ë°”≈—ß π„®»÷°…“À√◊Õ à«π¢Õß¬’π¥—ß°≈à“«

„Àâ¡’ª√‘¡“≥¡“°æÕ∑’Ë®–∂Ÿ°«‘‡§√“–ÀåμàÕ À√◊Õπ”‰ª∂à“¬Ω“°‡¢â“ Ÿà‡´≈≈å‡ªÑ“À¡“¬‡æ◊ËÕ¥Ÿ

Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’ππ—Èπ À√◊Õπ”‰ª∂à“¬Ω“°„Àâ®ÿ≈™’æ´÷Ëß “¡“√∂ √â“ß‚ª√μ’π∑’Ë‡°‘¥®“°

¬’ππ—Èπ‡æ◊ËÕπ”‚ª√μ’π¡“„™â ‡ªìπμâπ °“√¢¬“¬ à«π¢Õß “√æ—π∏ÿ°√√¡°√–∑”‰¥â Õß«‘∏’À≈—°

§◊Õ cell-based amplification ‚¥¬„™â·∫§∑’‡√’¬·≈–°√–∑”„πÀ≈Õ¥∑¥≈Õß‚¥¬«‘∏’ poly-

merase chain reaction (PCR)

Cell-based nucleic acid amplification

‡ªìπ°“√Ω“° (insert)  à«π¢Õß°√¥π‘«§≈‘Õ‘°∑’Ë π„® ́ ÷ËßÕ“®‰¥â¡“®“°°“√μ—¥¥â«¬

restriction enzyme À√◊Õ‰¥â¡“®“°°“√∑” PCR ‡¢â“ Ÿà‡«§‡μÕ√å¢Õß·∫§∑’‡√’¬ (bacterial

plasmid vector) ‚¥¬æ≈“ ¡‘¥‡ªìπ “√æ—π∏ÿ°√√¡πÕ°®’‚π¡ (extragenomic DNA)

¢Õß·∫§∑’‡√’¬´÷Ëß¡’√Ÿª√à“ß°≈¡ (circular DNA)  “¡“√∂∂Ÿ°∂à“¬Ω“° (transformed) ‡¢â“

 Ÿà‡´≈≈å¢Õß·∫§∑’‡√’¬‰¥â ‰¡à‡¢â“‰ª√«¡μ—«°—∫ genomic DNA ¢Õß‡®â“∫â“π·≈– “¡“√∂

®”≈Õß·∫∫μπ‡Õß·≈–‡æ‘Ë¡®”π«πμ“¡°“√‡æ‘Ë¡®”π«π¢Õß·∫§∑’‡√’¬‰¥â ¥â«¬À≈—°°“√¥—ß°≈à“«

 à«π¢Õß·∫§∑’‡√’¬∑’Ë∂Ÿ°Ω“°°Á®–‡æ‘Ë¡®”π«πμ“¡°“√·∫àßμ—«Õ¬à“ß√«¥‡√Á«¢Õß·∫§∑’‡√’¬

‡∑§π‘§∑’Ë°≈à“«π’È‡ªìπ°â“«°√–‚¥¥∑’Ë ”§—≠¢Õß‡∑§‚π‚≈¬’™’«¿“æ·≈–‡ªìπ∑’Ë√Ÿâ®—°°—π„π™◊ËÕ re-

combinant DNA technology „π√–¬–∂—¥¡“æ≈“ ¡‘¥∂Ÿ°æ—≤π“„Àâ¡’ à«πª√–°Õ∫

¢Õß¬’πμâ“π¬“ªØ‘™’«π–‡æ◊ËÕ„Àâ “¡“√∂§—¥‡≈◊Õ°„Àâ‡©æ“–·∫§∑’‡√’¬´÷Ëß¡’æ≈“ ¡‘¥„π‡´≈≈å

‡∑à“π—Èπ∑’Ë®–‡®√‘≠μàÕ„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’¬“ªØ‘™’«π– ‡´≈≈å‡®â“∫â“π´÷Ëßπ”¡“„™â„π

°√–∫«π°“√π’È¡’§ÿ≥ ¡∫—μ‘„π°“√ “¡“√∂√—∫ recombinant plasmid ®“°¿“¬πÕ°ºà“π

°√–∫«π°“√ transformation ‰¥â¥’ ‡√’¬°«à“ competent cell ·≈–μ—«Õ¬à“ß∑’Ë„™â°—π¡“°

∑’Ë ÿ¥§◊Õ Escherichia coli

¥â«¬ ¡∫—μ‘¢Õß·∫§∑’‡√’¬´÷Ëß„π·μà≈–‡´≈≈å®–¡’æ≈“ ¡‘¥‡æ’¬ß·∫∫‡¥’¬«‡∑à“π—Èπ

∑”„Àâ°“√ clone ¬’πÕ“®‡√‘Ë¡®“°°“√μ—¥∑—Èß®’‚π¡¥â«¬ restriction enzymes ®“°π—ÈπºŸ°
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™‘Èπ‡≈Á°™‘ÈππâÕ¬∑’Ë∂Ÿ°μ—¥·≈â«‡¢â“°—∫ plasmid vectors ·≈– transform ‡¢â“ Ÿà·∫§∑’‡√’¬

ª√‘¡“≥¡“°æ√âÕ¡°—π ®“°π—Èπ·¬°·∫§∑’‡√’¬‡ªìπ‚§‚≈π’‡¥’Ë¬«´÷Ëß·μà≈–‚§‚≈π’¡’™π‘¥¢Õß

™‘Èπ¬’π‡æ’¬ß·∫∫‡¥’¬« «‘∏’°“√π’È®–∑”„Àâ‰¥â ùÀâÕß ¡ÿ¥ DNAû (DNA library) ´÷Ëß “¡“√∂

‡≈◊Õ°¬’π∑’ËμâÕß°“√»÷°…“μàÕ¡“¢¬“¬‰¥â‚¥¬°“√§—¥°√Õß‚§‚≈π’∑’Ë¡’ à«π¢Õß¬’π∑’ËμâÕß°“√

·≈–π”¡“‡≈’È¬ß„Àâ‡®√‘≠μàÕ ·≈–À“°μâÕß°“√ √â“ßÀâÕß ¡ÿ¥∑’Ë¡’‡©æ“– à«π¢Õß DNA ́ ÷Ëß‡ªìπ

coding region °Á°√–∑”‰¥â‚¥¬‡ª≈’Ë¬π mRNA „Àâ°≈—∫‡ªìπ DNA ‚¥¬„™â‡Õπ‰´¡å re-

verse transcriptase °àÕπ DNA ∑’Ë‰¥â®“°°“√¬âÕπ°√–∫«π°“√¥—ß°≈à“«‡√’¬°«à“ cDNA

·≈–‡√’¬°ÀâÕß ¡ÿ¥„π≈—°…≥–À≈—ßπ’È«à“ cDNA library

‡π◊ËÕß®“°‡ªìπ«‘∏’∑’Ë¡’§«“¡¬ÿàß¬“°¡“°°«à“·≈–„™â‡«≈“π“π°«à“‡¡◊ËÕ‡∑’¬∫°—∫

°√–∫«π°“√¢¬“¬ à«π¢Õß “√æ—π∏ÿ°√√¡„πÀ≈Õ¥∑¥≈Õß °“√¢¬“¬ à«π¢Õß “√æ—π∏ÿ

°√√¡¥â«¬«‘∏’ cell-based amplificationπ’È‡À¡“–°—∫™‘Èπ DNA ́ ÷Ëß¡’¢π“¥„À≠à‡™àπ cDNA

¢Õß∑—Èß¬’π´÷Ëß¡’¢π“¥√“« 1-3 kb À√◊Õ‡≈◊Õ°„π°√≥’´÷Ëß‰¡à∑√“∫≈”¥—∫‡∫ ¢Õß¬’π∑’ËμâÕß°“√

»÷°…“™—¥‡®π

°“√¢¬“¬ à«π¢Õß “√æ—π∏ÿ°√√¡„πÀ≈Õ¥∑¥≈Õß (In-vitro amplification)

‡ªìπ°“√ª√–°Õ∫ “¬ DNA ¢÷Èπ∫π·¡à·∫∫„πÀ≈Õ¥∑¥≈Õß‚¥¬„™âªØ‘°‘√‘¬“∑“ß‡§¡’

π‘¬¡„™â°—∫°“√¢¬“¬ à«π¢Õß “√æ—π∏ÿ°√√¡¢π“¥ —Èπ°«à“ 1 kb ªØ‘°‘√‘¬“°√–∑”„πÀ≈Õ¥

∑¥≈Õß¢π“¥ 20-100 ‰¡‚§√≈‘μ√·≈–¡’Õß§åª√–°Õ∫ 5 ª√–°“√

1) DNA ·¡à·∫∫ Õ“®‡ªìπ genomic DNA ´÷Ëß °—¥‰¥â®“°‡π◊ÈÕ‡¬◊ËÕ ‘Ëß¡’™’«‘μ

plasmid À√◊Õ cDNA ´÷Ëß √â“ß¡“®“° RNA Õ’°∑’

2) nucleotide ‡ âπ‡¥’Ë¬«¢π“¥ —Èπ (19-25 nt) ´÷Ëß∑√“∫≈”¥—∫‡∫  ‡√’¬°«à“

primer „™â‡ªìπ®ÿ¥‡√‘Ë¡μâπ·≈–®ÿ¥ ‘Èπ ÿ¥°“√ —ß‡§√“–Àå nucleotide  “¬„À¡à ¥—ßπ—Èπ„π

·μà≈–ªØ‘°‘√‘¬“®–¡’ primer 2 ‡ âπ ‡ âπ∑’ËÕ¬Ÿà∑“ßΩíòß 5' ‡√’¬°«à“ Forward (upstream)

primer Õ’°‡ âπ∑’ËÕ¬Ÿà∑“ß 3' ‡√’¬°«à“ Reverse (downstream) primer Õÿ≥À¿Ÿ¡‘´÷Ëß prim-

ers ‡¢â“ √â“ßæ—π∏–„π≈—°…≥–‡∫ §Ÿà ¡°—∫ DNA ·¡à·∫∫‡√’¬°«à“ annealing tempera-

ture ¡’§«“¡ ”§—≠μàÕ°“√ÕÕ°·∫∫ªØ‘°‘√‘¬“

3) Nucleotide ‚¡‡≈°ÿ≈‡¥’Ë¬« (dNTP) ́ ÷Ëß‡ªìπÀπà«¬ nucleotide ∑—Èß 4 ·∫∫
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‰¥â·°à dATP dGTP dTTP ·≈– dCTP

4) Buffer √«¡∑—Èß‡°≈◊Õ·¡°π’‡´’¬¡´÷Ëß®”‡ªìπμàÕ°“√‡¢â“ √â“ßæ—π∏–√–À«à“ß

primers ·≈– DNA ·¡à·∫∫

5) DNA polymerase ´÷Ëß∑π§«“¡√âÕπ polymerase enzyme ´÷Ëß„™â„π

ªØ‘°‘√‘¬“ PCR ‰¥â¡“®“°®ÿ≈™’æ´÷Ëß‡®√‘≠„πÕÿ≥À¿Ÿ¡‘ Ÿß (thermophilic organism) ‡™àπ

Taq polymerase ‰¥â¡“®“° Thermus aquaticus Õ—π‡ªìπ·∫§∑’‡√’¬´÷Ëß‡®√‘≠„π∫àÕπÈ”

æÿ√âÕπ

‡Àμÿ́ ÷ËßªØ‘°‘√‘¬“®”‡ªìπμâÕß„™â‡Õπ‰´¡å∑πÕÿ≥À¿Ÿ¡‘§◊Õ„π·μà≈–√Õ∫ªØ‘°‘√‘¬“¢Õß°“√

®”≈Õß·∫∫„πÀ≈Õ¥∑¥≈Õß‡√‘Ë¡®“°°“√„™âÕÿ≥À¿Ÿ¡‘ Ÿß (95oC) ‡æ◊ËÕ§≈’Ë “¬„Àâ DNA  “¬§Ÿà

§≈’Ë “¬§≈“¬‡°≈’¬« (denaturation) ·≈–‡ªî¥‚Õ°“ „Àâ polymerase ‡¢â“®—∫ (anneal)

‡¡◊ËÕ≈¥Õÿ≥À¿Ÿ¡‘≈ß¡“®π∂÷ß annealing temperature ·≈– √â“ß DNA  “¬„À¡à´÷Ëß¡’

≈”¥—∫‡∫ √–À«à“ß upstream ·≈– downstream primers ºà“π°√–∫«π°“√ polymer-

ization ‡¡◊ËÕ¢¬—∫Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫‰ª∑’Ë 70-72oC (extension)12-14 (√Ÿª∑’Ë 7)

„π∑“ß∑ƒ…Æ’ ·μà≈–√Õ∫¢ÕßªØ‘°‘√‘¬“®–°àÕ„Àâ à«π∑’ËμâÕß°“√¢¬“¬ª√‘¡“≥°≈“¬‡ªìπ

√Ÿª∑’Ë 7 ‰¥Õ–·°√¡· ¥ß°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘„π·μà≈–¢—ÈπμÕπ¢ÕßªØ‘°‘√‘¬“ poly-

merase chain reaction ‡¡◊ËÕ®∫·μà≈–√Õ∫ªØ‘°‘√‘¬“ ª√‘¡“≥ “√æ—π∏ÿ°√√¡„π à«π∑’Ë

 π„®®–∂Ÿ°¢¬“¬‡ªìπ Õß‡∑à“¢Õßμâπ·∫∫
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2 ‡∑à“¢Õßª√‘¡“≥μ—Èßμâπ ·≈–‡¡◊ËÕªØ‘°‘√‘¬“ºà“π‰ª n √Õ∫ ª√‘¡“≥º≈‘μ¿—≥±å∑’Ë‰¥â®“°

ªØ‘°‘√‘¬“®–‰¥â 2n copies ·≈–‚¥¬∑—Ë«‰ªªØ‘°‘√‘¬“ PCR ‡æ◊ËÕ¢¬“¬ “√æ—π∏ÿ°√√¡®–∑” 30-

40 √Õ∫´÷Ëß®–∑”„Àâ‰¥â à«π´÷ËßμâÕß°“√¢¬“¬ª√‘¡“≥°≈“¬‡ªìπ 230 À√◊Õ 1, 073. 741, 824

copies ´÷Ëß„™â‡«≈“∫π‡§√◊ËÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (thermal cycler) „π‡«≈“‡æ’¬ß 2-3 ™—Ë«‚¡ß

°“√μ√«® Õ∫º≈°“√¢¬“¬ “√æ—π∏ÿ°√√¡‚¥¬∑—Ë«‰ª°√–∑”‚¥¬°“√∑” agarose gel elec-

trophoresis ·≈–¬âÕ¡¥Ÿ·∂∫ DNA ´÷Ëß‰¥â®“°ªØ‘°‘√‘¬“ ‡∑§‚π‚≈¬’„πªí®®ÿ∫—π™à«¬„Àâ

 “¡“√∂μ√«®®—∫ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ∑—π∑’„π∑ÿ°√Õ∫∑’ËªØ‘°‘√‘¬“‡°‘¥¢÷Èπ‚¥¬„™â probe ´÷Ëß

· ¥ß —≠≠“≥‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“„π¢—ÈπμÕπ extension ‡√’¬°«à“ real-time PCR

¢âÕ®”°—¥¢ÕßªØ‘°‘√‘¬“ PCR §◊Õ‡π◊ËÕß®“°ªØ‘°‘√‘¬“¡’§«“¡‰« Ÿß °≈à“«§◊Õ·¡à·∫∫

ª√‘¡“≥πâÕ¬°Á “¡“√∂∂Ÿ°¢¬“¬„Àâ¡’ª√‘¡“≥¡“°·≈–À“°°“√®—∫¢Õß primers °—∫·¡à·∫∫

‡ªìπ‰ªÕ¬à“ß‰¡à®”‡æ“–°Á®–‡°‘¥ non-specific amplification ´÷ËßÀ¡“¬∂÷ßº≈∫«°≈«ß

πÕ°®“°π’È°“√®”≈Õß·∫∫‚¥¬„™â Taq polymerase ‰¡à¡’√–∫∫μ√«® Õ∫§«“¡∂Ÿ°μâÕß

·≈–¡’‚Õ°“ ∑’Ë®–‡°‘¥§«“¡º‘¥æ≈“¥¢÷Èπμ—Èß·μàÀπ÷Ëß nucleotide „π 106 - 104 Àπà«¬¬àÕ¬

´÷Ëß‡√’¬ßμàÕ “¬ ‡∑§‚π‚≈¬’¢Õß PCR √–¬–∂—¥¡“®÷ß¡ÿàßæ—≤π“ polymerase ´÷Ëß≈¥‚Õ°“ 

°“√ anneal ∑’Ë‰¡à®”‡æ“–‡™àπ„™â polymerase ´÷Ëß®–‡√‘Ë¡∑”ß“π°ÁμàÕ‡¡◊ËÕ∂Ÿ°°√–μÿâπ¥â«¬

Õÿ≥À¿Ÿ¡‘ Ÿß„π√–¬–‡«≈“Àπ÷Ëß°àÕπ (hot-start polymerase) À√◊Õæ—≤π“ polymerase ́ ÷Ëß¡’

proof reading activity ‡™àπ∑’Ë‰¥â®“° Thermococcus litoralis À√◊Õ Pyrococcus

furiosus ‡ªìπμâπ

°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß„π≈”¥—∫‡∫ ·≈–°“√· ¥ßÕÕ°¢Õß¬’π

°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß„π≈”¥—∫‡∫ ∫π “√æ—π∏ÿ°√√¡‡√‘Ë¡μâπ®“°°“√¢¬“¬ à«π

¢Õß “√æ—π∏ÿ°√√¡¥â«¬ PCR μ“¡¥â«¬°“√«‘‡§√“–Àå à«π∑’Ë‰¥â®“°ªØ‘°‘√‘¬“ (PCR product)

´÷Ëß„π ¡—¬Àπ÷ËßÕ“®„™â«‘∏’°“√μ—¥ PCR product ¥â«¬ restriction endonuclease ‡√’¬°«à“

restriction fragment length polymorphisms (RFLP) ¢âÕ®”°—¥¢Õß«‘∏’°“√π’È§◊Õ „™â

»÷°…“‰¥â‡©æ“– mutation ∑’Ë∑√“∫·≈â«·≈–μ”·Àπàß¢Õß mutation ®–μâÕßÕ¬Ÿà∫π∫√‘‡«≥

recognition ¢Õß‡Õπ‰´¡å ®÷ß®–„Àâ§«“¡·μ°μà“ß∑’Ëμ√«® Õ∫‰¥â Õ’°«‘∏’°“√Àπ÷Ëß§◊Õ single-

stranded conformation polymorphism (SSCP) Õ“»—¬ ¡∫—μ‘∑“ßª√–®ÿ¢Õß single-
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stranded DNA ∑’Ë®–‡ª≈’Ë¬π·ª≈ß‰ª‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π≈”¥—∫‡∫  ¡’¢âÕ®”°—¥¥â“π§«“¡‰«

·≈–‰¡à “¡“√∂∫Õ°√“¬≈–‡Õ’¬¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß nucleotide ‰¥â «‘∏’°“√´÷Ëßπ‘¬¡„™â

„π°“√»÷°…“≈”¥—∫‡∫ „πªí®®ÿ∫—π§◊Õ direct DNA sequencing (Sangerûs sequenc-

ing) ‚¥¬„™â capillary electrophoresis À≈—°°“√§◊ÕÀ≈—ß®“°∑’Ë‰¥â PCR product ¢Õß

∫√‘‡«≥∑’ËμâÕß°“√»÷°…“·≈â« „™â PCR product π—Èπ‡ªìπ·¡à·∫∫¢Õß sequencing PCR

´÷Ëß„ à dideoxynucleotide (ddNTP) ≈ß„πªØ‘°‘√‘¬“ ddNTP ¡’ ¡∫—μ‘ Õßª√–°“√∑’Ë

·μ°μà“ß®“° dNTP ´÷Ëß„™â„π PCR ª°μ‘ ª√–°“√·√°§◊ÕÀ≈—ß®“°∑’Ë∂Ÿ°μàÕ‡¢â“‰ª„π “¬π‘

«§≈‘‚Õ‰∑¥å®–∑”„Àâ°“√μàÕ “¬‡ âππ—Èπ ‘Èπ ÿ¥≈ß∑—π∑’ ª√–°“√∑’Ë Õß§◊Õ nucleotide ∑—Èß 4

·∫∫∂Ÿ°μ‘¥©≈“°¥â«¬ “√‡√◊Õß· ¥ßμà“ß ’ „π∑“ß∑ƒ…Æ’ ‡¡◊ËÕ ‘Èπ ÿ¥ªØ‘°‘√‘¬“ sequencing

PCR ®÷ß‰¥âº≈‘μ¿—≥±å´÷Ëß¡’¢π“¥μ—Èß·μà 1 ‡∫ ‰ª®π°√–∑—Ëß¢π“¥‡μÁ¡§«“¡¬“«¢Õß PCR

product ́ ÷Ëß∂Ÿ°„™â‡ªìπ·¡à·∫∫ ‡¡◊ËÕ∂Ÿ°π”‰ª·¬°¥â«¬°√–· ‰øøÑ“∫π‡§√◊ËÕß capillary elec-

trophoresis ´÷Ëß„™â laser capture μ√«®®—∫§«“¡¬“«·≈– ’¢Õß “√‡√◊Õß· ß ®–∑”„Àâ

‰¥â¢âÕ¡Ÿ≈°“√‡√’¬ß≈”¥—∫‡∫ ∫π à«π¢Õß “√æ—π∏ÿ°√√¡‰¥â ¢âÕ®”°—¥¢Õß direct sequenc-

ing §◊Õ°“√Õà“π·≈–·ª≈º≈®–∑”‰¥â°ÁμàÕ‡¡◊ËÕ PCR product ∑’Ë„™â‡ªìπ·¡à·∫∫¢Õß sequenc-

ing PCR ®–μâÕßª√“»®“° non-specific amplification ́ ÷Ëß®–∑”„Àâ‡°‘¥ electrophero-

grams ´âÕπ·≈–Õà“π·¬°≈”¥—∫‡∫ ª°μ‘·≈–æ¬“∏‘ ¿“æ‰¥â¬“° (√Ÿª∑’Ë 8)

πÕ°®“°°“√‡ª≈’Ë¬π·ª≈ß∑“ß‚§√ß √â“ß °“√‡ª≈’Ë¬π·ª≈ß„π°“√· ¥ßÕÕ°¢Õß

¬’π¬—ß¡’§«“¡ —¡æ—π∏åμàÕæ¬“∏‘°”‡π‘¥·≈–°“√¥”‡π‘π‚√§„π¡πÿ…¬åÕ¬à“ß°«â“ß¢«“ß

μ—«Õ¬à“ß°“√»÷°…“°“√· ¥ßÕÕ°¢Õß¬’π´÷Ëß»—≈¬·æ∑¬å√Ÿâ®—°¥’§◊Õ°“√»÷°…“°“√· ¥ßÕÕ°

¢Õß‚ª√μ’π¥â«¬«‘∏’ immunohistochemistry «‘∏’°“√¥—ß°≈à“«‡ªìπ°“√»÷°…“ª√‘¡“≥

‚ª√μ’π∑’Ë®”‡æ“–„π‡π◊ÈÕ‡¬◊ËÕ‚¥¬„™â antibody ‡¢â“∑”ªØ‘°‘√‘¬“ °“√»÷°…“°“√· ¥ßÕÕ°„π√–¥—∫

mRNA πÕ°®“°®–°√–∑”‰¥â‚¥¬„™â hybridization probe °≈à“«§◊Õ Northern blot-

ting ¬—ßÕ“®»÷°…“¥â«¬«‘∏’ reverse transcription PCR (RT-PCR) ´÷Ëß¡’À≈—°°“√§◊Õ„™â

‡Õπ‰´¡å reverse transcriptase  √â“ß cDNA ‚¥¬„™â RNA ‡ªìπ·¡à·∫∫ ·≈–‡¡◊ËÕ

ºπ«°‡∑§‚π‚≈¬’¢Õß real-time PCR ‡¢â“°—∫ RT-PCR ®–∑”„Àâ‰¥â°“√»÷°…“°“√

· ¥ßÕÕ°„π√–¥—∫ mRNA ∑’Ë¡’§«“¡‡ªìπª√π—¬¡“°¢÷Èπ·≈–‡√’¬°‡∑§π‘§ª√–°“√À≈—ßπ’È«à“

quantitative RT-PCR11
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æ¬“∏‘ ¿“æ„π√–¥—∫Õ≥Ÿæ—π∏ÿ»“ μ√å

§«“¡·μ°μà“ß„π¢π“¥·≈–≈”¥—∫°√¥π‘«§≈‘Õ‘°∫π “√æ—π∏ÿ°√√¡°”Àπ¥§«“¡ ‡ªìπ

ªí®‡®°¢Õß ‘Ëß¡’™’«‘μμ—Èß·μà√–¥—∫Õ“≥“®—°√ (kingdom) ®π°√–∑—Ëß√–¥—∫§«“¡·μ°μà“ß

√–À«à“ß∫ÿ§§≈ ·≈–‡¡◊ËÕ§«“¡‡¢â“„®„π√À— ∑’Ë∂Ÿ°∫√√®ÿ∫π “√æ—π∏ÿ°√√¡°√–®à“ß¡“°¢÷Èπ

§«“¡‡¢â“„®„π™–μ“°√√¡∑“ß ÿ¢¿“æ¢Õß·μà≈–∫ÿ§§≈°Á®–‡ªìπ‰ª‰¥â¡“°¢÷Èπ §«“¡

‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ∫π “√æ—π∏ÿ°√√¡´÷ËßÕ“®°àÕ‚√§‡ªìπ‰ª‰¥âμ—Èß·μà°“√‡ª≈’Ë¬π·ª≈ß

¢π“¥„À≠à√–¥—∫‚§√‚¡‚´¡‰ª®π°√–∑—Ëß°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡∫ ‡æ’¬ßμ—«‡¥’¬« (single-base

alteration) °“√‡ª≈’Ë¬π·ª≈ß´÷Ëßæ∫‰¥âπâÕ¬„πÀ¡Ÿàª√–™“°√·≈–°àÕ‚√§À√◊Õ°≈ÿà¡Õ“°“√∑“ß

æ—π∏ÿ°√√¡‚¥¬∑—Ë«‰ª∂◊Õ‡ªìπ°“√°≈“¬æ—π∏ÿå (mutation) °“√°≈“¬æ—π∏ÿå∫π coding se-

quence Õ“®°àÕ„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßμ—«Õ¬à“ß‡™àπ ∑”„Àâ™π‘¥¢Õß amino acid

√Ÿª∑’Ë 8 Electropherogram ∑’Ë‰¥â®“° Sangerûs sequencing √à«¡°—∫ capillary electrophoresis

≈”¥—∫‡∫ ∑’Ë‰¥â¡“®“°°“√Õà“π —≠≠“≥ fluorescence ®“° nucleotide μ—« ÿ¥∑â“¬

(ddNTP) ∫π “¬´÷Ëß°”Àπ¥„Àâ¡’ ’∑’Ëμà“ß°—π ddNTP ‡À≈à“π’È‰¡à¡’ nucleotide ¡“μàÕ “¬

∑“ß 3' ‰¥âÕ’° ¥—ßπ—Èπ§«“¡¬“«¢Õß “¬°√–∑—Ëß∂÷ß®ÿ¥ ‘Èπ ÿ¥®÷ß‡ªìπμ—«∫Õ°μ”·Àπàß¢Õß

ddNTP ∫π‡ âπ´÷Ëß‡ªìπ·¡à·∫∫ ≈Ÿ°»√™’Èμ—«Õ¬à“ß®ÿ¥´÷Ëß¡’°“√°≈“¬æ—π∏ÿå£π‘¥ point mu-

tation  —ß‡°μ genotype ∑’Ë‡ªìπ heterozygous §◊Õ¡’ nucleotide 2 ·∫∫ [Guanine/

Adenine] ∫πμ”·Àπàß‡¥’¬«°—π
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‡ª≈’Ë¬π·ª≈ß‡√’¬°«à“ missense mutation ∑”„Àâ‡°‘¥ —≠≠“≥À¬ÿ¥ ‡√’¬°«à“ non-sense

mutation ·≈–‡π◊ËÕß®“° amino acid ·μà≈–™π‘¥∂Ÿ°‡¢â“√À— ∫π codon ‰¥â¡“°°«à“

·∫∫‡¥’¬« ®÷ß¡’°√≥’´÷Ëß°“√‡ª≈’Ë¬π·ª≈ß„π™π‘¥¢Õß‡∫ ‰¡à∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß™π‘¥

¢Õß amino acid ´÷Ëß‡√’¬°«à“ silence mutation °“√·∫àß mutation Õ“®·∫àß∑“ß

°“¬¿“æ‡ªìπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß nucleotide (substitution) °“√¢“¥À“¬¢Õß≈”¥—∫‡∫ 

(deletion) °“√‡æ‘Ë¡¢÷Èπ¢Õß≈”¥—∫‡∫  (insertion) ·≈– Õßª√–°“√À≈—ß‡¡◊ËÕ‡°‘¥¢÷Èπ°—∫

nucleotide πâÕ¬°«à“ 3 μ—«∫π coding sequence °Á®–°àÕ„Àâ‡°‘¥§«“¡§≈“¥‡§≈◊ËÕπ

¢Õß°√Õ∫°“√∂Õ¥√À— ∑’Ë∂—¥®“°®ÿ¥¢Õß°“√°≈“¬æ—π∏ÿå∑—ÈßÀ¡¥ (frame-shift mutation)

°“√°≈“¬æ—π∏ÿå¢Õß “√æ—π∏ÿ°√√¡‡æ’¬ßμ”·Àπàß‡¥’¬«π”‰ª Ÿà°“√‡ªìπ‚√§‰¥âºà“π°“√

‡ª≈’Ë¬π·ª≈ß¢Õß™π‘¥ amino acid ∫π‚ª√μ’π μ—«Õ¬à“ß‡™àπ°“√°≈“¬æ—π∏ÿå¢Õß¬’π

leutinizing hormone receptor (LHR) ‡æ’¬ßμ”·Àπàß‡¥’¬« àßº≈„Àâμ—«√—∫ŒÕ√å‚¡π

leutinizing ∫πº‘«‡´≈≈åÕ—≥±–∑”ß“π¡“°¢÷Èπ·≈–°àÕ„Àâ‡°‘¥°“√‡®√‘≠Õ¬à“ßº‘¥ª°μ‘®π

‡ªìπ‡π◊ÈÕßÕ°14

°“√°≈“¬æ—π∏ÿå´÷Ëß°àÕ„Àâ‡°‘¥‚√§À√◊Õ°≈ÿà¡Õ“°“√∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡‡ªìπ°“√

°≈“¬æ—π∏ÿå´÷Ëß‡°‘¥°—∫‡´≈≈å√à“ß°“¬∑ÿ°‡´≈≈å¢ÕßºŸâ´÷Ëß√—∫∂à“¬∑Õ¥ genotype π—Èπ ‡√’¬°«à“

germline mutation ‡™àπ°“√°≈“¬æ—π∏ÿå¢Õß¬’π„π°≈ÿà¡ mismatched repair gene „π

ºŸâªÉ«¬ hereditary non-polyposis colonic cancer °“√μ√«®°“√°≈“¬æ—π∏ÿå™π‘¥

germline „™â‡´≈≈å√à“ß°“¬ à«π„¥°Á‰¥â·≈–π‘¬¡μ√«®®“° DNA ∑’Ë‰¥â®“°‡≈◊Õ¥ °“√°≈“¬

æ—π∏ÿåÕ’°√Ÿª·∫∫Àπ÷Ëß‡°‘¥¢÷Èπ‡©æ“–‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’æ¬“∏‘ ¿“æ‡™àπ°“√°≈“¬æ—π∏ÿå¢Õß¬’π K-Ras

„π¡–‡√Áß≈”‰ â„À≠à·≈–‰ âμ√ß ‡°‘¥¢÷Èπ‡©æ“–‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß‡∑à“π—Èπ·≈–‡√’¬°«à“ somatic

mutation16 °“√μ√«®°“√°≈“¬æ—π∏ÿå´÷Ëß‡ªìπ somatic mutation „™â‡π◊ÈÕ‡¬◊ËÕ´÷Ëß¡’æ¬“∏‘

 ¿“æ‡∑à“π—Èπ °“√°≈“¬æ—π∏ÿå™π‘¥ germline „πºŸâªÉ«¬ à«π„À≠à‰¥â√—∫∂à“¬∑Õ¥¡“®“°∫‘¥“

·≈–/À√◊Õ¡“√¥“  à«ππâÕ¬‡°‘¥¢÷Èπ‡Õß„π√–¥—∫‡´≈≈å ◊∫æ—π∏ÿåÀ√◊Õ zygote ‡√’¬°«à“ de novo

mutation °“√°≈“¬æ—π∏ÿåª√–‡¿∑π’È¡’‚Õ°“ ∑’Ë®–∂à“¬∑Õ¥μàÕ‰ª¬—ß√ÿàπ≈Ÿ°À≈“π‰¥â‡ ¡Õ

 à«π°“√°≈“¬æ—π∏ÿå™π‘¥ somatic ‡°‘¥¢÷Èπ‡©æ“–‡π◊ÈÕ‡¬◊ËÕ Õ“® —¡æ—π∏å°—∫§«“¡√ÿπ·√ß¢Õß

‚√§ ·μà‰¡à‡°’Ë¬«¢âÕß°—∫°“√∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

°“√‡ª≈’Ë¬π·ª≈ß„π “√æ—π∏ÿ°√√¡´÷Ëßæ∫‡°‘¥¢÷Èπ¡“°°«à“√âÕ¬≈– 1 ¢Õßª√–™“°√
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∑—Ë«‰ª Õ“®∂◊Õ‡ªìπ genetic polymorphisms À√◊Õ§«“¡·ª√º—π (variation) „π “√

æ—π∏ÿ°√√¡ §«“¡·ª√º—π‡À≈à“π’È à«πÀπ÷Ëß‡ªìπ§«“¡·μ°μà“ß∫π nucleotide ‡¥’¬«´÷Ëß‡√’¬°«à“

single nucleotide polymorphism (SNP) ´÷Ëßπ‘¬¡Õà“π‡≈’¬π‡ ’¬ß°—π«à“ ù π‘ªû

ª√–¡“≥°—π«à“∫π®’‚π¡¢Õß¡πÿ…¬å¡’ SNP Àπ÷Ëßμ—«„π∑ÿ° 300 bp ‚¥¬ SNP ‡À≈à“π’È à«π

Àπ÷Ëß‡°‘¥∫π non-coding region (intron)  à«πÀπ÷Ëß‡°‘¥¢÷Èπ∫π coding sequence ·μà

‰¡à∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß amino acid ‡√’¬°«à“ synonymous SNP ·≈– à«π

Àπ÷Ëß∑”„Àâ‡°‘¥°“√º—π·ª√¢Õß amino acid √à«¡¥â«¬ ‡√’¬°«à“ non-synonymous SNP

SNP  à«π„À≠à‡ªìπ°“√º—π·ª√„π≈—°…≥–§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ¡‘‰¥â

¡’°”Àπ¥ phenotype À√◊Õ°àÕ‚√§‚¥¬μ√ß Õ¬à“ß‰√°Áμ“¡ SNP  à«πÀπ÷Ëß‰¥â√—∫°“√

«‘‡§√“–Àå∑“ß ∂‘μ‘·≈â«æ∫«à“¡’§«“¡ —¡æ—π∏å (association) °—∫§«“¡πà“®–‡ªìπ„π°“√‡°‘¥

‚√§ (likelihood of disease) ·≈–·¡â SNP  à«π„À≠à®–‰¡à°àÕ„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

¢Õß‚ª√μ’π §«“¡ —¡æ—π∏å°—∫‚√§¥—ß°≈à“« à«πÀπ÷ËßÕ∏‘∫“¬®“°°“√∑’Ë SNP Õ“®¡’Õ‘∑∏‘æ≈

μàÕ°“√· ¥ßÕÕ°¢Õß¬’π‡¡◊ËÕÕ¬Ÿà„πμ”·Àπàß„°≈â promoter À√◊Õ¡’Õ‘∑∏‘æ≈μàÕ‡ ∂’¬√¿“æ¢Õß

mRNA °àÕπ∑’Ë®–∂Ÿ°∂Õ¥√À— ‰ª¬—ß‚ª√μ’π ‡∑§‚π‚≈¬’ microarray „πªí®®ÿ∫—π™à«¬„Àâ

 “¡“√∂»÷°…“ SNP æ√âÕ¡°—∫∑—Èß®’‚π¡·≈–«‘‡§√“–ÀåÀ“¬’π´÷Ëßπà“®–¡’ association °—∫

‚√§∑’Ë π„®‡√’¬°«à“‡∑§π‘§ genome wide association study (GWAS)17

°“√»÷°…“Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’π

·¡â„πªí®®ÿ∫—π≈”¥—∫‡∫ ∫π¬’π√“« 30,000 ¬’π„π¡πÿ…¬å®–‡ªìπ∑’Ë∑√“∫®π‡°◊Õ∫

 ¡∫Ÿ√≥å·≈â« Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’π¬—ß‡ªìπæ◊Èπ∑’Ë´÷ËßμâÕß°“√°“√»÷°…“«‘®—¬μàÕ‰ªÕ’°

‡∑§π‘§°“√»÷°…“°“√∑”ß“π¢Õß¬’π„π‡´≈≈å —μ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡Õ“»—¬·∫∫®”≈Õß„π —μ«å

∑¥≈Õß·≈–„π‡´≈≈å‡æ“–‡≈’È¬ß‡ªìπÀ≈—°

°“√»÷°…“°“√∑”ß“π¢Õß¬’π‚¥¬„™â‡´≈≈å‡æ“–‡≈’È¬ß‡ªìπ·∫∫®”≈Õß

‡´≈≈å‡æ“–‡≈’È¬ß (cultured cell) ‡ªìπ‡´≈≈å´÷ËßÕ“®‰¥â®“°®“°‡π◊ÈÕ‡¬◊ËÕª°μ‘À√◊Õ

‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß·≈–π”¡“‡≈’È¬ß„ππÈ”‡≈’È¬ß‡™◊ÈÕ´÷Ëßª√—∫ ¿“æ„ÀâÕ”π«¬„Àâ‡°‘¥°“√‡®√‘≠‡μ‘∫‚μ

¢Õß‡´≈≈å‰ª®π°√–∑—Ëß»÷°…“«‘®—¬ ¢âÕ®”°—¥∑’Ë ”§—≠¢Õß‡´≈≈å‡æ“–‡≈’È¬ß§◊Õ°√–∫«π°“√™√“
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¢Õß‡´≈≈å (senescence) ´÷Ëß‡°‘¥®“°°“√ —Èπ≈ß¢Õß telomere ‡¡◊ËÕ‡´≈≈å·∫àßμ—«∑”„Àâ

‡´≈≈å‰¡à “¡“√∂·∫àßμ—«μàÕ‰ªÕ’°‡¡◊ËÕ‡≈’È¬ß‰ª√–¬–Àπ÷Ëß ®÷ßμâÕß¡’°“√¥—¥·ª≈ß “√æ—π∏ÿ

°√√¡‡æ◊ËÕ„Àâ°“√¡’‡®√‘≠‡μ‘∫‚μμàÕ‰ª‰¥âπ“πæÕ ‡´≈≈å´÷Ëß “¡“√∂‡≈’È¬ßμàÕ‰ª®π°√–∑—Ëß¡’

°“√‡®√‘≠‡μ‘∫‚μÕ¬à“ß‰¡à®”°—¥ ∑—Èß “¡“√∂∂Ÿ°·™à·¢Áß·≈–≈–≈“¬ÕÕ°¡“‡≈’È¬ßμàÕ‰ª‰¥âÕ’°

‡√’¬°«à“‡ªìπ cell line

°“√»÷°…“°“√∑”ß“π¢Õß¬’π„π‡´≈≈å‡æ“–‡≈’È¬ß°√–∑”‰¥â Õß∑“ß ∑“ßÀπ÷Ëß§◊Õ

∑”„Àâ°“√· ¥ßÕÕ°¢Õß¬’π¡“°¢÷Èπ·≈–¥Ÿº≈∑’Ë‡°‘¥¢÷Èπ Õ’°∑“ß§◊Õ¥Ÿº≈®“°°“√· ¥ßÕÕ°∑’Ë

≈¥≈ß ‚¥¬°“√∑”„Àâ‡°‘¥°“√· ¥ßÕÕ°¢Õß¬’π‡æ‘Ë¡¢÷Èπ°√–∑”‚¥¬∂à“¬Ω“°™‘Èπ¬’π‡¢â“°—∫ ex-

pression vector ´÷Ëß‡ªìπæ≈“ ¡‘¥ª√–¥‘…∞å (artificial plasmid DNA) ∑’ËÕÕ°·∫∫„Àâ

Õ”π«¬°“√· ¥ßÕÕ° ÷́Ëß¬’π∑’Ë∂à“¬Ω“°‡¢â“‰ª‡¡◊ËÕ‡¢â“‰ªÕ¬Ÿà„π‡´≈≈å‚¥¬°“√„ à transcription

promoter À√◊Õ enhancer ‡™àπ transcription unit ´÷Ëß‰¥â®“° simian virus (SV40)

‡¢â“‰ª‡ªìπÕß§åª√–°Õ∫¢Õßæ≈“ ¡‘¥ πÕ°®“°π’Èæ≈“ ¡‘¥®–¡’Õß§åª√–°Õ∫¢Õß¬’πμâ“π¬“

ªØ‘™’«π–‡æ◊ËÕÕ”π«¬„Àâ “¡“√∂§—¥·¬°‡´≈≈ǻ ÷Ëß√—∫æ≈“ ¡‘¥‡¢â“‰ª·≈–¡’°“√· ¥ßÕÕ°¢Õß¬’π

(√Ÿª∑’Ë 9)

°“√≈¥°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë π„®°√–∑”‰¥â‚¥¬„™â‡∑§π‘§ RNA interference

(RNAi) «‘∏’°“√¥—ß°≈à“«≈¥°“√· ¥ßÕÕ°‡™àπ„™â double-stranded RNA ¢π“¥ —Èπ (21-

23 bp) ‡√’¬°«à“ short interfering RNA (siRNA) ‡¡◊ËÕ‡¢â“ Ÿà‡´≈≈å‡æ“–‡≈’È¬ß siRNA ®–

∂Ÿ°§≈“¬‡°≈’¬«‡ªìπ single-stranded RNA ·≈–‡¢â“®—∫°—∫ mRNA ‡ªÑ“À¡“¬„π cyto-

plasm ´÷Ëß¡’‡∫ §Ÿà ¡ °“√®—∫√–À«à“ß siRNA ·≈– mRNA ‡ªÑ“À¡“¬∑”„Àâ‡°‘¥ RNA-

induced silencing complex (RISC) ´÷Ëß‡ªìπ°“√™’È‡ªÑ“„Àâ‡°‘¥°“√∑”≈“¬ mRNA π—Èπ

‚¥¬ RNAase °àÕπ∑’Ë®–‡°‘¥°“√ √â“ß‚ª√μ’π °“√¬—∫¬—Èß°“√· ¥ßÕÕ°‚¥¬ siRNA ®÷ß

‡ªìπ‰ª„π≈—°…≥– post-transcriptional inhibition12

°√–∫«π°“√π” expression plasmid À√◊Õ siRNA ‡¢â“ Ÿà‡´≈≈å°√–∑”ºà“π

°√–∫«π°“√ nucleotide transfection ´÷Ëß¡’À≈—°°“√§◊Õ°“√„™âμ—«æ“ (vehicle) ´÷Ëß¡’

ª√–®ÿ∫«°·≈–¡’¢π“¥‡≈Á°‡™àπÕπÿ¿“§‰¢¡—π¢π“¥‡≈Á° (liposome) ‡ªìπμ—«‡™◊ËÕ¡ nucleotide

´÷Ëß¡’ª√–®ÿ≈∫‡¢â“°—∫º‘«‡´≈≈å‡ªÑ“À¡“¬‡æ◊ËÕ„Àâ‡°‘¥ endocytosis π”‡Õ“ nucleotide ‡¢â“ Ÿà

cytoplasm ·≈–‡¡◊ËÕ‡¢â“ Ÿà‡´≈≈å·≈â« ®–μâÕß¡’°√–∫«π°“√·¬° nucleotide π—ÈπÕÕ°®“°
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μ—«æ“‡æ◊ËÕ„Àâ “¡“√∂ÕÕ°ƒ∑∏‘Ï∑“ß™’«¿“æ‡™àπ· ¥ßÕÕ°´÷Ëß¬’π∑’Ë∂à“¬Ω“°‰«â„π°√≥’¢Õß

æ≈“ ¡‘¥À√◊Õ‡¢â“¬—∫¬—Èß mRNA ‡ªÑ“À¡“¬„π°√≥’¢Õß siRNA ‚¥¬∑—Ë«‰ª nucleotide ́ ÷Ëß∂Ÿ°

transfected ‡¢â“ Ÿà‡´≈≈å®–∂Ÿ°°”®—¥ÕÕ°®“°‡´≈≈å„π‡«≈“‰¡àπ“π π—ËπÀ¡“¬∂÷ß∑—Èß°“√§ß

Õ¬Ÿà¢Õß “√æ—π∏ÿ°√√¡®“°¿“¬πÕ°μ≈Õ¥®πº≈∑“ß™’«¿“æ∑’Ë‡°’Ë¬«¢âÕß‡ªìπ‡√◊ËÕß™—Ë«§√“«

(transient transfection) °“√∑”„Àâ “√æ—π∏ÿ°√√¡´÷Ëß„ à‡¢â“‰ªÕ¬Ÿàπ“π¢÷ÈπÀ√◊Õ·¡â°√–∑—Ëß

·∑√°μ—«‡¢â“‡ªìπ à«πÀπ÷Ëß¢Õß “√æ—π∏ÿ°√√¡¢Õß‡´≈≈å‡®â“∫â“π∑”‰¥â‚¥¬°“√°¥¥—π„Àâ‡°‘¥

°“√§—¥‡≈◊Õ°„Àâ‡©æ“–‡´≈≈å∑’Ë∂Ÿ° transfected ¥â«¬ “√æ—π∏ÿ°√√¡π—Èπ·≈–¬—ß· ¥ßÕÕ°

´÷Ëß “√æ—π∏ÿ°√√¡¥—ß°≈à“«¿“¬„π‡´≈≈å‡∑à“π—Èπ∑’ËÕ¬Ÿà‰¥â ´÷Ëß°√–∑”‚¥¬„™â¬“ªØ‘™’«π–™π‘¥´÷Ëß

æ≈“ ¡‘¥∑’Ë„ à‡¢â“‰ª∫√√®ÿ¬’πμâ“π¬“Õ¬Ÿà‡ªìπμâπ «‘∏’°“√¥—ß°≈à“«‡√’¬°«à“ stable transfec-

tion ·≈–‡´≈≈å‚§≈π∑’Ë·¬°‰¥â®“°°“√§—¥‡≈◊Õ°·∫∫π’È®–· ¥ßÕÕ° ÷́Ëß¬’π∑’Ë»÷°…“Õ¬à“ß∂“«√

‡√’¬°«à“ stable cell clone

πÕ°®“°°“√„™âæ“À–∑’Ë‡ªìπÕπÿ¿“§ª√–®ÿ≈∫ °“√π”¬’π®“°¿“¬πÕ°‡¢â“ Ÿà‡´≈≈å

√Ÿª∑’Ë 9 Expression vector ™π‘¥ pEFFP-N1 ‡ªìπ artificial plasmid DNA ´÷Ëß∂Ÿ°ÕÕ°·∫∫„Àâ¡’

promoter ™π‘¥ SV40 ¡’¬’πμâ“π¬“ Kanamycin ·≈– Neomycin ¡’®ÿ¥μ—¥¢Õß restriction

enzyme À≈“¬™π‘¥ MCS §◊Õ∫√‘‡«≥´÷Ëß “¡“√∂∂à“¬Ω“°¬’π∑’Ë π„®‡¢â“‰ª (multi-cloning

site) ·≈–πÕ°®“°π’È‰¥â„ à sequence ¢Õß green fluorescence protein ‰«â„π«ß

æ≈“ ¡‘¥¥â«¬ ‡¡◊ËÕæ≈“ ¡‘¥∂Ÿ° transfect ‡¢â“ Ÿà‡´≈≈å¡’°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë∂à“¬Ω“°

‡¢â“‰ª°Á®–¡’°“√· ¥ßÕÕ°¢Õß‚ª√μ’π‡√◊Õß· ß™π‘¥π’È ∑”„Àâμ√«® Õ∫‰¥â¿“¬„μâ°≈âÕß

®ÿ≈∑√√»πå™π‘¥ø≈ŸÕÕ‡√ ‡´π å¥—ß¿“æ¥â“π¢«“ (‡´≈≈å HEK293 °”≈—ß¢¬“¬ 40X)
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Õ“®°√–∑”‰¥â‚¥¬©’¥‡¢â“ Ÿà‡´≈≈å (microinjection) ‚¥¬μ√ß´÷Ëß‡À¡“–°—∫‡´≈≈å¢π“¥„À≠à

‡™àπ‡´≈≈å‰¢à °“√„™â°√–· ‰øøÑ“‡ªî¥ºπ—ß‡´≈≈å (electroporation) À√◊Õ°“√„™â‰«√— À√◊Õ

 à«π¢Õß‰«√— π” àß ‡ªìπμâπ «‘∏’°“√‡À≈à“π’È¡’ª√– ‘∑∏‘¿“æ„π°“√π” àß¬’π·≈–¡’§«“¡‡ªìπ

æ‘…μàÕ‡´≈≈åμà“ß°—π °“√π” àß “√æ—π∏ÿ°√√¡‡¢â“ Ÿà‡π◊ÈÕ‡¬◊ËÕ ‘Ëß¡’™’«‘μ (in-vivo transfection)

¡’¢âÕ®”°—¥∑’Ë ”§—≠§◊Õ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬·≈–§«“¡®”‡æ“–„π°“√¡ÿàß‡ªÑ“μàÕ

Õ«—¬«–‡ªÑ“À¡“¬

°“√»÷°…“Àπâ“∑’Ë°“√∑”ß“π¢Õß¬’π‚¥¬„™â —μ«å∑¥≈Õß

°“√„™â —μ«å¥—¥·ª≈ß∑“ßæ—π∏ÿ°√√¡‡ªìπ·∫∫®”≈Õß´÷Ëßπ‘¬¡„™â„π°“√»÷°…“Àπâ“∑’Ë¢Õß

¬’π ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√ √â“ß·∫∫®”≈Õß¢Õß‚√§À√◊Õ°≈ÿà¡Õ“°“√∑’Ë∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡

 —μ«å∑¥≈Õß∑’Ëπ‘¬¡„™â¡’μ—«Õ¬à“ß‡™àπÀπŸ mouse ·¡≈ßÀ«’Ë ¢÷Èπ°—∫«—μ∂ÿª√– ß§å¢Õß°“√»÷°…“

°“√¥—¥·ª≈ß∑“ßæ—π∏ÿ°√√¡„π —μ«åª√–°Õ∫¥â«¬ Õßª√–‡¿∑„À≠à§◊Õ transgenic animal

·≈– genetic knockout animal

Transgenic animal À¡“¬∂÷ß —μ«å´÷Ëß‡æ‘Ë¡ à«π¢Õß¬’π∑’ËÕÕ°∂Ÿ°·∫∫„Àâ‡ªìπ‰ª

μ“¡μâÕß°“√‡¢â“‰ª„π “√æ—π∏ÿ°√√¡Õ“®°√–∑”‚¥¬©’¥ “√æ—π∏ÿ°√√¡‡¢â“‰ª‚¥¬μ√ß„π pro-

nucleus (pronuclear microinjection) „π√–¬– zygote  “√æ—π∏ÿ°√√¡∑’Ë„ à‡¢â“‰ª®–

·∑√°‡¢â“‰ª‡ªìπ à«πÀπ÷Ëß¢Õß‡´≈≈åμ—«ÕàÕπ·≈–‡®√‘≠‡ªìπ transgenic animal  “√

æ—π∏ÿ°√√¡´÷Ëß‡æ‘Ë¡‡¢â“‰ª¡’‚Õ°“ ∂à“¬∑Õ¥‰ª¬—ß√ÿàπ≈Ÿ°À≈“πºà“π‡´≈≈å ◊∫æ—π∏ÿå Õ’°«‘∏’°“√

‡√‘Ë¡®“°°“√π” expression vector ´÷Ëß¡’ genotype ∑’Ë°”Àπ¥‡¢â“ Ÿà embryonic stem

cell „π√–¬– blastocysts ·≈–∂à“¬Ω“°§◊π‡¢â“ Ÿàμ—«ÕàÕπ μ—«ÕàÕπ´÷Ëß‡®√‘≠μàÕ‰ª°Á®–Õ¬Ÿà„π

≈—°…≥– chimera °≈à“«§◊Õ¡’∑—Èß‡´≈≈å∑’Ëª°μ‘·≈–‡´≈≈å´÷Ëß¡’ genotype ´÷Ëß°”Àπ¥„π

√à“ß°“¬μ≈Õ¥®π‡´≈≈å ◊∫æ—π∏ÿå ≈—°…≥– genotype ¥—ß°≈à“«¡’‚Õ°“ ∑’Ë®–∂à“¬∑Õ¥‰ª¬—ß

≈Ÿ°À≈“πºà“π°“√ √â“ß‡´≈≈å ◊∫æ—π∏ÿå  —μ«å∑¥≈Õß∑’Ë‡ªìπ≈Ÿ°º ¡®–‰¥â√—∫°“√º ¡®π

°√–∑—Ëß‰¥â≈Ÿ°À≈“π´÷Ëß¡’ genotype ∑’ËμâÕß°“√»÷°…“  «‘∏’°“√ª√–°“√À≈—ßπ’ÈÕ“®‡√’¬°«à“

ùknock-inû

Genetic knockout animal À¡“¬∂÷ß —μ«å´÷Ëß∂Ÿ°ÕÕ°·∫∫∑“ßæ—π∏ÿ°√√¡„Àâ

¢“¥¬’π´÷Ëß π„®»÷°…“‚¥¬π” à«π¢Õß “√æ—π∏ÿ°√√¡´÷Ëßμ—¥ à«π¢Õß¬’π¥—ß°≈à“«‡¢â“º ¡„Àâ‡°‘¥
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homozygous recombination °—∫ “√æ—π∏ÿ°√√¡¢Õß‡´≈≈å„π√–¬– embryonic stem

cell ®“°π—Èπ®÷ß∂à“¬§◊π„Àâμ—«ÕàÕπ°√–∑—Ëß‡°‘¥ male chimera ·≈–º ¡®π‰¥â√ÿàπ≈Ÿ°À≈“π

´÷Ëß‡ªìπ homozygous null (-/-) º≈ß“π‡√◊ËÕß genetic knock-out mouse ‡ªìπß“π´÷Ëß

∑”„Àâ Mario Capecchi π—°Õ≥Ÿ™’««‘∑¬“‰¥â√—∫√“ß«—≈‚π‡∫≈ “¢“ Physiology or Medi-

cine „πªï §.». 2007 (√Ÿª∑’Ë 10)

√Ÿª∑’Ë 10 °“√ â“ß genetic knockout mouse ‚¥¬°“√„ à à«π¢Õß®’π´÷Ëß·∑π®’π∑’Ë π„®¥â«¬®’πμâ“π

¬“·≈–∑”„Àâ‡°‘¥ recombinant °—∫ host genome „π embryonic stem cell ´÷Ëß·¬°

ÕÕ°¡“®“°μ—«ÕàÕπ√–¬– blastocyst ¢ÕßÀπŸ∑¥≈Õß À≈—ß®“°∑’Ë select ‡´≈≈å∑’Ë¡’ ge-

netic recombination ¥â«¬¬“ªØ‘™’«π–·≈–„ à‡´≈≈å°≈—∫‡¢â“ Ÿàμ—«ÕàÕπ¢ÕßÀπŸ ÀπŸ∑’Ë‚μ

¡“®“° blastocyst ®–¡’ “√æ—π∏ÿ°√√¡ Õß™ÿ¥ °≈à“«§◊Õ‡ªìπ chimera ®“°π—Èπ embry-

onic stem cell ÷́Ëß¡’ deleted genotype  à«πÀπ÷Ëß®–æ—≤π“‡ªìπ‡´≈≈å ◊∫æ—π∏ÿå·≈–„Àâ

≈Ÿ°À≈“π∑’Ë¡’ heterozygous  ”À√—∫ null genotype °√–∑—Ëß‡¡◊ËÕº ¡æ—π∏ÿãμàÕ‰ª°Á®–‰¥â

homozygous null (-/-) „π∑’Ë ÿ¥
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«‘∂’ —≠≠“≥ (signaling pathways)

°“√∑”ß“π¢Õß‚¡‡≈°ÿ≈„π√–¥—∫‡´≈≈å‡ªìπ interaction √–À«à“ß™ÿ¥¢Õß‚ª√μ’π´÷Ëß

∑”Àπâ“∑’Ëμà“ß°—π μ—«Õ¬à“ß‡™àπ«‘∂’ —≠≠“≥´÷Ëßπ” —≠≠“≥°“√°√–μÿâπ®“°¿“¬πÕ°‡´≈≈å

‡¢â“‰ª Ÿà°“√°√–μÿâπ°“√· ¥ßÕÕ°¢Õß¬’π¡’‚ª√μ’π‡¢â“¡“‡°’Ë¬«¢âÕßμ—Èß·μàμ—«√—∫∫πº‘«‡´≈≈å

(membrane receptor) ´÷Ëß àß —≠≠“≥μàÕ‰ª¬—ß‚¡‡≈°ÿ≈°≈“ß¿“¬„π‡´≈≈å´÷Ëß‡ªìπ™ÿ¥¢Õß

‚ª√μ’π (signaling protein) À√◊Õ‚¡‡≈°ÿ≈°≈“ßÕ¬à“ßÕ◊Ëπ receptor ∫πº‘«‡´≈≈å¡’ 3 ™π‘¥

À≈—°‰¥â·°à

- Ion-channel-linked receptor ‡ªìπ primitive receptor ´÷Ëß∑”ß“πºà“π

°“√§«∫§ÿ¡°“√ºà“π‡¢â“ÕÕ°∫πº‘«‡´≈≈å (membrane permeability) μ—«Õ¬à“ß¢Õßμ—«√—∫

°≈ÿà¡π’È‰¥â·°àμ—«√—∫∫πª≈“¬ª√– “∑

- G-protein linked receptor „™â‚ª√μ’πμ—«°≈“ß§◊Õ√–∫∫¢Õß G-protein

„π°“√ àß —≠≠“≥ ‡¢â“ Ÿà‡´≈≈å‚¥¬°“√§«∫§ÿ¡ª√‘¡“≥¢Õß second messenger §◊Õ cy-

clic AMP À√◊Õ Ca++ «‘∂’ —≠≠“≥‡À≈à“π’È‡°’Ë¬«¢âÕß°—∫°“√‡®√‘≠‡μ‘∫‚μ °“√∑”ß“π¢Õß

ŒÕ√å‚¡π®“°μàÕ¡‰√â∑àÕ ·≈–°“√π” àß —≠≠“≥ª√– “∑‡¢â“ Ÿà√à“ß°“¬‡™àπ —≠≠“≥®“°°“√

¡Õß‡ÀÁπ °“√‰¥â°≈‘Ëπ

- Enzyme-linked receptor „™â√–∫∫°“√ àß —≠≠“≥ºà“π°“√°√–μÿâπ‡ªìπ

∑Õ¥®“°‚ª√μ’πμ—«√—∫∫πº‘«‡´≈≈å‰ª¬—ß‚ª√μ’π´÷Ëß§«∫§ÿ¡°“√· ¥ßÕÕ°¢Õß¬’π„ππ‘«‡§≈’¬ 

°“√ àßºà“π°“√°√–μÿâπ¡—°°√–∑”‚¥¬ªØ‘°‘√‘¬“ phosphorylation «‘∂’ —≠≠“≥‡À≈à“π’È¡’

tyrosine-kinase receptor ‡ªìπ°≈ÿà¡À≈—°·≈–¡—°‡°’Ë¬«¢âÕß°—∫°“√π” —≠≠“≥°“√·∫àß‡´≈≈å

°“√ differentiation μ≈Õ¥®π°“√Õ¬Ÿà√Õ¥¢Õß‡´≈≈å ®÷ß‡ªìπ‡ªÑ“À≈—°¢Õß°“√√—°…“„π°≈ÿà¡

targeted therapy

πÕ°®“°°“√ àß —≠≠“≥μàÕ°—π ‚ª√μ’π„π‡´≈≈å¬—ßÕ“®∑”Àπâ“∑’Ë§«∫§ÿ¡°“√∑”

Àπâ“∑’Ë´÷Ëß°—π·≈–°—π„π≈—°…≥–°“√°àÕ„Àâ‡°‘¥°“√∑”≈“¬ ‡™àπ‚ª√μ’π APC „π«‘∂’ —≠≠“≥

Wnt ∑”Àπâ“∑’Ë§«∫§ÿ¡„Àâ‡°‘¥°“√∑”≈“¬¢Õß‚ª√μ’π transcription factor §◊Õ beta-

catenin ‡¡◊ËÕ¡’°“√°≈“¬æ—π∏ÿå∫π¬’π APC ‡™àπ∑’Ëæ∫„π¡–‡√Áß≈”‰ â„À≠à·≈–∑”„Àâ‚ª√μ’π

º‘¥ª°μ‘‰ª ‚ª√μ’π beta-catenin ®÷ß —Ëß ¡¿“¬„π‡´≈≈å·≈–°àÕ„Àâ‡°‘¥°“√·∫àßμ—«∑’Ëº‘¥ª°μ‘19
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Human genome project (HGP)20

HGP ‡ªìπ‚§√ß°“√√–À«à“ß™“μ‘́ ÷Ëß‡√‘Ë¡°àÕ√à“ß¢÷Èπ„πª√–‡∑» À√—∞Õ‡¡√‘°“„πªï§.».

1984-1986 ´÷Ëß¡’«“√–À≈—° Õßª√–°“√ ª√–°“√·√°§◊Õ°“√ √â“ß≈”¥—∫‡∫ Õâ“ßÕ‘ß (refer-

ence sequence)  ”À√—∫®’‚π¡¢Õß¡πÿ…¬å‚¥¬¡ÿàßÀ«—ß«à“®–°àÕ„Àâ‡°‘¥§ÿ≥Ÿª°“√Õ¬à“ß°«â“ß

¢«“ß„πß“π«‘®—¬∑“ß™’«‡«™»“ μ√å ª√–°“√∑’Ë Õß§◊Õ°“√ √â“ß§«“¡√à«¡¡◊Õ√–¥—∫π“π“™“μ‘

°“√‡√‘Ë¡μâπ‚§√ß°“√„πª√–‡∑» À√—∞Õ‡¡√‘°“‡°‘¥¢÷Èπ‚¥¬§«“¡√à«¡¡◊Õ√–À«à“ß 2  ∂“∫—π

À≈—°§◊Õ°√–∑√«ßæ≈—ßß“π (Department of Energy) ·≈– ∂“∫—π ÿ¢¿“æ·Ààß™“μ‘ (Na-

tional Institute of Health) „π√–¬–μàÕ¡“‚§√ß°“√‰¥â√—∫§«“¡√à«¡¡◊Õ®“° ∂“∫—π∑—Èß

¿“§√—∞·≈–‡Õ°™π„πª√–‡∑»Õ—ß°ƒ… Ω√—Ëß‡»   À¿“æ¬ÿ‚√ª ≠’ËªÿÉπ ‡¬Õ√¡—π·≈–¬’π ‚§√ß°“√

HGP „™â‡«≈“ª√–¡“≥Àπ÷Ëß∑»«√√…„π°“√»÷°…“´÷Ëß‰¡à‡æ’¬ß √â“ß·ºπ∑’Ë∑“ß°“¬¿“æ´÷Ëß

‡™◊ËÕ¡‚¬ß°—∫Àπâ“∑’Ë°“√∑”ß“π´÷Ëß„°≈â‡§’¬ß ¡∫Ÿ√≥å¢Õß®’‚π¡¡πÿ…¬å ¬—ß∑”ß“π§Ÿà¢π“π‰ª∫π

®’‚π¡¢ÕßÀπŸ·≈– ‘Ëß¡’™’«‘μ™π‘¥Õ◊Ëπ°“√»÷°…“‡ªìπ‰ª„π≈—°…≥– large scale sequencing

‚¥¬„™â library ´÷Ëß‰¥â®“°°“√‡™◊ËÕ¡™‘Èπ¬àÕ¬¢Õß “√æ—π∏ÿ°√√¡‡¢â“ Ÿà bacterial artificial

chromosome (BAC) μ“¡¥â«¬°“√®—¥°“√¢âÕ¡Ÿ≈‚¥¬μ—¥ à«π‡À≈◊ËÕ¡´âÕπÕÕ°·≈– se-

quence ´È”∫π whole genome ‡æ◊ËÕ‡μ‘¡™àÕß«à“ß

√à“ß (draft) ´÷Ëß§√Õ∫§≈ÿ¡¡“°°«à“√âÕ¬≈– 90 ¢Õß≈”¥—∫‡∫ ∫π®’‚π¡¡πÿ…¬å

‡ √Á® ‘Èπ„πªï§.». 2001 ·≈–ª√–°Õ∫¥â«¬¢âÕ¡Ÿ≈∑’Ë ”§—≠§◊Õ genomic DNA sequence,

cDNA sequence, single nucleotide polymorphisms (SNP) ‡ªìπμâπ ¢âÕ¡Ÿ≈¥—ß

°≈à“«‡ªìπæ◊Èπ∞“π¢Õß°“√»÷°…“∑“ßæ—π∏ÿ°√√¡„π≈—°…≥– high-throughput genetic

analysis „π√–¬–∂—¥¡“

‡∑§‚π‚≈¬’ high-throughput genetic analysis

°“√»÷°…“Õ≥Ÿ™’««‘∑¬“„πªí®®ÿ∫—π°”≈—ßÕ¬Ÿà„π√–¬–‡ª≈’Ë¬πºà“π®“°°“√»÷°…“∑’≈–

¬’πÀ√◊Õ°≈ÿà¡¬’π®”π«π®”°—¥‡ªìπ°“√»÷°…“´÷Ëß„Àâ¢π“¥º≈°“√»÷°…“Õ¬à“ß°«â“ß¢«“ß„π

§√“«‡¥’¬« °“√»÷°…“´÷Ëß‡ªìπ high-throughput analysis ¡’μ—«Õ¬à“ß‡™àπ°“√À“≈”¥—∫

‡∫ ∑—Èß®’‚π¡¢Õßªí®‡®°∫ÿ§§≈ (whole genome sequencing) ‚¥¬‡∑§π‘§ next gen-

eration sequencing21 °“√ ”√«®°“√· ¥ßÕÕ°¢Õß¬’π‡ª√’¬∫‡∑’¬∫·≈–°“√»÷°…“ SNP
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μ≈Õ¥®’‚π¡‚¥¬«‘∏’ microarray ‡∑§‚π‚≈¬’‡À≈à“π’È®–π”‰ª Ÿà°“√·æ∑¬å„π≈—°…≥– person-

alized medicine

°“√»÷°…“ expression microarray ‡ªìπ°“√»÷°…“‡ª√’¬∫‡∑’¬∫°“√· ¥ßÕÕ°

¢Õß¬’π„π√–¥—∫ mRNA „πμ—«Õ¬à“ß 2 ™ÿ¥ ‚¥¬ reverse transcribe ‡ªìπ cDNA ·≈–

μ‘¥©≈“°¥â«¬ ’∑’Ëμà“ß°—π π‘¬¡„™â ’‡¢’¬«·≈–·¥ß ®“°π—Èππ” cDNA ‡¢â“∑”ªØ‘°‘√‘¬“ hybrid-

ization °—∫ oligonucleotide probes ´÷Ëßμ√÷ß‰«â∫π ‰≈¥å¡“°°«à“À¡◊Ëπ®ÿ¥ ‚¥¬·μà≈–

®ÿ¥Õ“®À¡“¬∂÷ß·μà≈–¬’π∑’Ë»÷°…“ ´÷Ëß®–∑”„Àâ»÷°…“°“√· ¥ßÕÕ°‰¥â¡“°°«à“ 3-4 À¡◊Ëπ¬’π

æ√âÕ¡°—π ‚¥¬‡¡◊ËÕ®ÿ¥„¥®ÿ¥Àπ÷Ëß· ¥ßº≈‡ªìπ ’‡À≈◊Õß À¡“¬∂÷ß°“√· ¥ßÕÕ°„π√–¥—∫

mRNA ¢Õß∑—Èß Õßμ—«Õ¬à“ß‡∑à“°—π  ’∑’Ë§àÕπ‰ª„π∑“ß‡¢’¬«À√◊Õ·¥ß∫π®ÿ¥„¥· ¥ß∂÷ß°“√

· ¥ßÕÕ°¢Õß¬’ππ—Èπ∑’Ë¡“°°«à“„πμ—«Õ¬à“ß„¥μ—«Õ¬à“ßÀπ÷Ëß22 (√Ÿª∑’Ë 11)

„π∑“ß°“√»÷°…“«‘®—¬ °“√»÷°…“„π≈—°…≥– high-throughput ‡ªìπ§≈â“¬°“√§—¥

√Ÿª∑’Ë 11 À≈—°°“√¢Õß expression microarray study ́ ÷Ëß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√· ¥ßÕÕ°

‡ª√’¬∫‡∑’¬∫√–À«à“ßμ—«Õ¬à“ß∑’Ë π„® („π∑’Ëπ’È§◊Õ tumor) ‡∑’¬∫°—∫μ—«Õ¬à“ß§«∫§ÿ¡

‡™àπ‡π◊ÈÕ‡¬◊ËÕª°μ‘¢ÕßÕ«—¬«–‡¥’¬«°—π
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°√Õß (screening study) ‡æ◊ËÕ„Àâ‡ÀÁπ·π«‚πâ¡§«“¡ —¡æ—π∏å√–À«à“ß¬’πÀ√◊Õ SNP °—∫

°“√‡°‘¥‚√§ ¢âÕ¡Ÿ≈ ÷́Ëß‰¥â√—∫®“°°“√™’Èπ”®“° microarray ®”‡ªìπμâÕß‰¥â√—∫°“√»÷°…“¬◊π¬—π

(verification study) ‚¥¬«‘∏’°“√¥—Èß‡¥‘¡ ‡™àπ ‡¡◊ËÕ‰¥â°≈ÿà¡¬’π´÷Ëßπà“®–¡’°“√· ¥ßÕÕ°¡“°

¢÷Èπ„π‡π◊ÈÕ‡¬◊ËÕ¡–‡√Áß™π‘¥Àπ÷Ëß‡∑’¬∫°—∫‡π◊ÈÕ‡¬◊ËÕª°μ‘ π—°«‘®—¬®–»÷°…“¬◊π¬—π¥â«¬«‘∏’ qRT-PCR

„π≈—°…≥– single gene approach Õ’°§√—Èß À√◊Õ‡¡◊ËÕ§âπæ∫ SNP ´÷Ëßπà“®–¡’ genetic

association °—∫‚√§ π—°«‘®—¬®–»÷°…“¬◊π¬—π‚¥¬»÷°…“ genotype ‡©æ“–°≈ÿà¡ SNPs

„π¬’ππ—Èπ„π°≈ÿà¡ª√–™“°√®”‡æ“–‡™◊ÈÕ™“μ‘„π≈—°…≥– case-control μàÕ‰ª

μ“√“ß∑’Ë 3 μ—«Õ¬à“ß°“√ª√–¬ÿ°μå‡∑§π‘§∑“ßÕ≥Ÿ™’««‘∑¬“°—∫°“√¥Ÿ·≈ºŸâªÉ«¬∑“ß»—≈¬»“ μ√å

°≈ÿà¡°“√ª√–¬ÿ°μå„£â μ—«Õ¬à“ß°“√ª√–¬ÿ°μå„™â

°“√«‘π‘®©—¬ - °“√μ√«®°“√· ¥ßÕÕ°¢Õß¬’πÀ√◊Õ°“√°≈“¬æ—π∏ÿå®”‡æ“– (mo-

lecular signature)‡æ◊ËÕ«‘π‘®©—¬ undifferentiated tumor

- °“√«‘π‘®©—¬ topical pancreatitis ¥â«¬°“√μ√«®À“°“√°≈“¬

æ—π∏ÿå¢Õß¬’π SPINK1

- °“√√–∫ÿºŸâ‰¥â√—∫∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡¢Õß‚√§ familial

adenomatous polyposis coli ¥â«¬°“√μ√«®À“°“√°≈“¬æ—π∏ÿå

¢Õß¬’π APC

°“√®—¥°≈ÿà¡°“√«‘π‘®©—¬ - °“√μ√«®À“ micrometastasis À√◊Õ circulating tumor cells

¥â«¬‡∑§π‘§ quantitative reverse transcription PCR (qRT-PCR)

°“√æ¬“°√≥å‚√§ - °“√„™â gene array „π°“√æ¬“°√≥å°“√°≈—∫‡ªìπ´È”„πºŸâªÉ«¬

¡–‡√Áß‡μâ“π¡ ¡–‡√Áß≈”‰ â„À≠à·≈–‰ âμ√ß√–¬–·√°

°“√æ¬“°√≥å°“√μÕ∫ - °“√μ√«®À“°“√°≈“¬æ—π∏ÿå¢Õß®’π K-Ras °àÕπ„Àâ°“√√—°…“

 πÕßμàÕ¬“ ¥â«¬ cetuximab „π¡–‡√Áß≈”‰ â„À≠à·≈–‰ âμ√ß

- °“√μ√«®°“√°≈“¬æ—π∏ÿå¢Õß¬’π c-Kit ‡æ◊ËÕ∑”π“¬°“√μÕ∫ π

ÕßμàÕ¬“ imatinib

°“√μ‘¥μ“¡°“√√—°…“ - °“√μ‘¥μ“¡ minimal residual disease „π¡–‡√Áß‚¥¬„™â‡∑§π‘§

qRT-PCR
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æ—π∏ÿ°√√¡∫”∫—¥ (gene therapy)
æ—π∏ÿ°√√¡∫”∫—¥¡’§«“¡À¡“¬„π∑“ß°«â“ß§◊Õ°“√¥—¥·ª≈ß “√æ—π∏ÿ°√√¡„π

‡´≈≈å¢ÕßºŸâªÉ«¬‡æ◊ËÕ„Àâ‡°‘¥º≈„π∑“ß°“√√—°…“ ‡™àπ°“√π” àß¬’π‡¢â“ Ÿà‡´≈≈å °“√„™â antisense

oligonucleotide ‡¢â“®—∫·≈–∑”≈“¬‡´≈≈å´÷Ëß¡’§«“¡º‘¥ª°μ‘∑“ßæ—π∏ÿ°√√¡ °“√«‘®—¬∑“ß

æ—π∏ÿ°√√¡∫”∫—¥´÷Ëß‡ªìπ∑’Ë°≈à“«∂÷ß¡“°∑’Ë ÿ¥‡ªìπ°“√„ à¬’π cystic fibrosis ‡¢â“ Ÿà‡´≈≈åªÕ¥

‚¥¬„™â adenovirus ‡ªìπμ—«æ“ cystic fibrosis ‡ªìπ‚√§´÷Ëß∑√“∫æ¬“∏‘°”‡π‘¥„π√–¥—∫

‚¡‡≈°ÿ≈™—¥∂÷ß√–¥—∫μ”·Àπàß¢Õß°“√°≈“¬æ—π∏ÿå ∫π¬’π´÷Ëß°”Àπ¥‚ª√μ’π cystic fibrosis

transmembrane regulator (CFTR) °“√√—°…“¡ÿàßπ”™‘Èπ¬’π´÷Ëß‡ªìπ wildtype ‡¢â“ Ÿà

‡´≈≈åªÕ¥‚¥¬¡ÿàßÀ«—ß„Àâ¡’°“√· ¥ßÕÕ°·≈– √â“ß‚ª√μ’π™π‘¥π’È¡“°¢÷Èπ23,24

¢âÕ®”°—¥ ”§—≠¢Õßæ—π∏ÿ°√√¡∫”∫—¥„πªí®®ÿ∫—πÕ¬Ÿàμ√ß∑’Ë¬—ß¢“¥√–∫∫π” àß¬’π

À√◊Õ “√æ—π∏ÿ°√√¡‰ª¬—ß‡π◊ÈÕ‡¬◊ËÕ‡ªÑ“À¡“¬Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–¡’§«“¡®”‡æ“–

æ—π∏ÿ»“ μ√å°—∫»—≈¬·æ∑¬å

§«“¡°â“«Àπâ“‡∑§‚π‚≈¬’°“√»÷°…“æ—π∏ÿ»“ μ√å®–∑”„Àâ°“√μ√«®À“¢âÕ¡Ÿ≈∫π “√

æ—π∏ÿ°√√¡¢Õß¡πÿ…¬å„π∞“π–ªí®‡®°∫ÿ§§≈¡‘„™à‡√◊ËÕß‰°≈μ—«Õ’°μàÕ‰ª„π‡«≈“Õ—π„°≈â ¢âÕ¡Ÿ≈

¥—ß°≈à“«®–¡’º≈°√–∑∫Õ¬à“ß°«â“ß¢«“ß„π°“√∑”π“¬§«“¡‡ ’Ë¬ß¢Õß‚√§ °“√®—¥°≈ÿà¡¢Õß‚√§

μ≈Õ¥®π∑”π“¬º≈°“√√—°…“ ·≈–‡≈◊Õ°«‘∏’√—°…“ ·≈–ªÑÕß°—π‚√§ μ—«Õ¬à“ß∑’Ë∑”„Àâ‡ÀÁπ

¿“æ¥—ß°≈à“«‡™àπ°“√μ—¥≈”‰ â„À≠à„πºŸấ ÷Ëß¡’°“√°≈“¬æ—π∏ÿå¢Õß¬’π APC25 °“√‡ΩÑ“√–«—ß¡–‡√Áß

‡μâ“π¡Õ¬à“ß‡¢â¡¢âπ„πºŸâªÉ«¬´÷Ëß¡’°“√°≈“¬æ—π∏ÿå¢Õß¬’π BRCA À√◊Õ°“√μ√«®°“√

· ¥ßÕÕ°¢Õß¬’π 16 ¬’π´÷Ëß‰¥â√—∫°“√æ—≤π“‡ªìπ™ÿ¥μ√«® Oncotype DX ‡æ◊ËÕ‡≈◊Õ°„Àâ

¬“‡§¡’∫”∫—¥„π°≈ÿà¡ºŸâªÉ«¬¡–‡√Áß‡μâ“π¡´÷Ëß‰¡àæ∫°“√°√–®“¬‰ª¬—ßμàÕ¡πÈ”‡À≈◊Õß26,27

»—≈¬·æ∑¬å„π∞“π–ºŸâ¥Ÿ·≈‚√§´÷Ëß‡°’Ë¬«¢âÕß°—∫æ—π∏ÿ°√√¡®÷ß‡≈’Ë¬ß‰¡à‰¥â∑’Ë®–μâÕß√—∫√Ÿâ·≈–

‡¢â“„®‡√◊ËÕß√“«¢ÕßÀπà«¬æ◊Èπ∞“π¢Õß™’«‘μ´÷Ëß¡’¢π“¥‡≈Á°·μà¡’§«“¡À¡“¬Õ¬à“ß¡À“»“≈¥—ß°≈à“«

(μ“√“ß∑’Ë 3)
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