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∫∑§—¥¬àÕ

°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡ (genetic polymorphisms) ¢Õß

®’‚π¡¡πÿ…¬å´÷Ëß‡ªìπ‡Õ°≈—°…≥å¢Õß·µà≈–∫ÿ§§≈ ‡™àπ

 π‘ª (single nucleotide polymorphism, SNP) ·≈– ́ ’

‡ÕÁπ«’ (copy number variation, CNV) °—∫°“√æ¬“°√≥å

§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§ §«“¡µâ“π∑“π‚√§ °“√

µÕ∫ πÕßµàÕ¬“  “¡“√∂π”‰ª„™â‡≈◊Õ°™π‘¥·≈–

¢π“¥¬“∑’Ë‡À¡“– ¡ √«¡∑—Èß°“√§âπÀ“·≈–æ—≤π“¬“

¢π“π„À¡à∑’Ë‡À¡“– ¡‡©æ“–°≈ÿà¡ª√–™“°√ °“√

ª√–¬ÿ°µå„™â§«“¡√Ÿâ∑“ß√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å (genetic

epidemiology) °“√«‘®—¬¥â“πæ—π∏ÿ»“ µ√å„πª√–‡∑»

‰∑¬¡’§«“¡®”‡ªìπ„π°“√»÷°…“™π‘¥ §«“¡∂’Ë¢Õß·Õ≈≈’≈

µà“ßÊ ∫π¬’π ‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√

ª√–‡¡‘π¢π“¥µ—«Õ¬à“ß ·≈–À≈’°‡≈’Ë¬ß°“√∑”®’‚π‰∑ªá

„π π‘ª∑’Ë‰¡à¡’§«“¡À≈“°À≈“¬ ß“π«‘®—¬π’È¡’®ÿ¥ª√– ß§å

„π°“√®—¥ √â“ß∞“π¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡„π§π‰∑¬∑—Èß®’‚π¡ ‡æ◊ËÕª√–‚¬™πå„πß“π«‘®—¬

¥â“π¡πÿ…¬æ—π∏ÿ»“ µ√å ·≈–√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å

‚¥¬„™â‡∑§‚π‚≈¬’ Affymetrix SNP genotyping 500K

array ‡æ◊ËÕ√–∫ÿ®’‚π‰∑ªá·≈–§«“¡∂’Ë¢Õß π‘ª·≈– ’́‡ÕÁπ«’

·≈–π”¡“‡ª√’¬∫‡∑’¬∫°—∫∞“π¢âÕ¡Ÿ≈Õâ“ßÕ‘ß “∏“√≥–

Õ◊ËπÊ ‡™àπ NCBI dbSNP, Pan-Asian SNP Database,

International HapMap Project, JSNP ·≈– Database

of Genomic Variant ‚¥¬¢âÕ¡Ÿ≈¢Õß§π‰∑¬·≈–

¢âÕ¡Ÿ≈®“°∞“π¢âÕ¡Ÿ≈ “∏“√≥–‡À≈à“π’È ‰¥â∂Ÿ°®—¥‡°Á∫

„π∞“π¢âÕ¡Ÿ≈´÷Ëß “¡“√∂‡¢â“„™âºà“π∑“ß‡§√◊Õ¢à“¬

Õ‘π‡∑Õ√å‡πÁµ∑’Ë http://www.biotec.or.th/thaisnp2
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Abstract

The determination of association between

single nucleotide polymorphisms (SNPs) and copy

number variations (CNV) and the risks of development

of diseases will be useful in development of

predictive system based on genetic makeup of

individual. Moreover, such polymorphisms can also

be used in refining the efficacy and safety of drugs

which are different amongst people. To identify

genetic risks of common diseases, the information of

linkage disequilibrium patterns in the study population

is needed for estimation of sample sizes and averting

genotyping of non-polymorphic markers in the study

population. This information will particularly be very

important for genotype-phenotype association. This

project aims to determine SNPs and CNVs in Thai

population by using 5th generation Affymetrix SNP

genotyping arrays, each array contains approximately

500,000 known SNP genotyping positions.

Furthermore, this analysis offers genetic comparative

analysis of Thais against other NCBI dbSNP, Pan-

Asian SNP Database, International HapMap Project,

JSNP and Database of Genomic Variant. The

genotypic information is made available for public

access at http://www.biotec.or.th/thaisnp2.

§” ”§—≠:  π‘ª, ´’‡ÕÁπ«’, ‰∑¬, §«“¡À≈“°À≈“¬∑“ß

æ—π∏ÿ°√√¡

Keywords: SNPs, CNV, Thais, genetic polymorphism

∫∑π”

„π¬ÿ§À≈—ß®’‚π¡‘° å§«“¡°â“«Àπâ“„π¥â“πÕ≥Ÿ

æ—π∏ÿ»“ µ√å·≈–‡«™æ—π∏ÿ»“ µ√å ∑’Ë‡ªìπº≈¡“®“°

‚§√ß°“√»÷°…“®’‚π¡¡πÿ…¬å (Human Genome Project)

∑”„Àâ§«“¡√Ÿâ „π¥â“πæ¬“∏‘°”‡π‘¥√–¥—∫‚¡‡≈°ÿ≈

(molecular pathogenesis) §«“¡√Ÿâ‡√◊ËÕß¬’π°àÕ‚√§ ·≈–

¬’π°àÕ§«“¡‡ ’Ë¬ßµàÕ‚√§ (predisposing gene) ¡’¡“°

¢÷Èπ ‡ªìπ∑’Ë§“¥°—π«à“§«“¡√Ÿâ¥—ß°≈à“« ®–‡ªìπª√–‚¬™πå

‚¥¬µ√ßµàÕ°“√√—°…“‚√§„π‡«™ªØ‘∫—µ‘ ·≈–®–π”‰ª Ÿà

°“√æ—≤π“«‘∏’°“√√—°…“‚√§∑’Ë®”‡æ“–  ”À√—∫æ◊Èπ∞“π

∑“ßæ—π∏ÿ°√√¡¢Õß·µà≈–∫ÿ§§≈ (individualized

medicine À√◊Õ personalized medicine) °“√»÷°…“

§«“¡ —¡æ—π∏å¢Õß§«“¡À≈“°À≈“¬¢Õß®’‚π¡¡πÿ…¬å ∑’Ë

‡ªìπ‡Õ°≈—°…≥å¢Õß·µà≈–∫ÿ§§≈°—∫¢∫«π°“√µà“ßÊ

§√Õ∫§≈ÿ¡µ—Èß·µà°“√æ¬“°√≥å§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§

°“√ªÑÕß°—π‚√§ °“√µÕ∫ πÕßµàÕ¬“ °“√‡≈◊Õ°„™â¬“

·≈–¢π“¥¬“∑’Ë‡À¡“– ¡ °“√§âπÀ“¬“„À¡à °“√æ—≤π“¬“

„À¡à ·≈–°“√§âπÀ“¬“¢π“π„À¡à∑’Ë‡À¡“– ¡‡©æ“–°≈ÿà¡

ª√–™“°√ ÷́Ëß ‘Ëß‡À≈à“π’È¡“®“°Õß§å§«“¡√Ÿâæ◊Èπ∞“π«à“

¡πÿ…¬å·µà≈–§π¡’§«“¡·µ°µà“ß¢Õß√À— æ—π∏ÿ°√√¡

„π¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫«‘∂’æ¬“∏‘°”‡π‘¥¢Õß‚√§ ¬’π∑’Ë

°”Àπ¥ªí®®—¬∑“ß‡¿ —™æ≈»“ µ√å ·≈–‡¿ —™®≈π»“ µ√å

∑’Ë·µ°µà“ß°—π °“√∑√“∫∂÷ß§«“¡·µ°µà“ß‡À≈à“π’È‚¥¬

≈–‡Õ’¬¥ ¬àÕ¡π”‰ª Ÿà°“√‡≈◊Õ°„™â¬“µ“¡§«“¡‡À¡“–

 ¡°—∫‚√§ √–¬–·≈–§«“¡√ÿπ·√ß¢Õß‚√§  “‡Àµÿ

¢Õß‚√§ ≈—°…≥–∑“ß™’««‘∑¬“¢ÕßºŸâ∑’Ë®–‰¥â√—∫¬“ ·≈–

¢π“¥¬“∑’Ë‡À¡“– ¡ ‡æ◊ËÕ„Àâ‡°‘¥ª√–‚¬™πå„π°“√

√—°…“ Ÿß ÿ¥ ·≈–≈¥Õ“°“√Õ—π‰¡àæ÷ßª√– ß§å®“°°“√

„™â¬“°—∫ºŸâªÉ«¬ „πªí®®ÿ∫—π°“√»÷°…“∑“ß√–∫“¥«‘∑¬“

æ—π∏ÿ»“ µ√å ‡ªìπ°“√æ‘ Ÿ®πå·π«§‘¥ ∑’Ëº≈¢Õß§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡  —¡æ—π∏å°—∫≈—°…≥–µà“ßÊ ∑“ß

§≈‘π‘° °“√»÷°…“‡°’Ë¬«°—∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡¢Õß¬’π  “¡“√∂·∫àßÕÕ°‡ªìπ 2 ·∫∫ ‰¥â·°à

°“√»÷°…“‡°’Ë¬«°—∫º≈¢Õß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡ µàÕ§«“¡‚πâ¡‡Õ’¬ßµàÕ°“√‡°‘¥‚√§ (disease

susceptibility) ·≈–°“√»÷°…“‡°’Ë¬«°—∫º≈¢Õß§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡ °—∫°“√µÕ∫ πÕßµàÕ¬“ (drug

responsiveness) ‚¥¬§«“¡·µ°µà“ß∑“ßæ—π∏ÿ»“ µ√å

∑—ÈßÀ¡¥ ‡ªìπº≈ª√–°Õ∫¢÷Èπ®“°¬’πÀ≈“¬¬’π À√◊Õ¬’π

°—∫ ‘Ëß·«¥≈âÕ¡ ∑’Ë‡√’¬°«à“ ‚√§æÀÿªí®®—¬

¢âÕ¡Ÿ≈®“°‚§√ß°“√»÷°…“®’‚π¡¡πÿ…¬å π”¡“ Ÿà

‚§√ß°“√§âπÀ“ π‘ª (single nucleotide polymorphism,
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SNP) ¢Õßª√–™“°√‡™◊ÈÕ™“µ‘µà“ßÊ „π‚§√ß°“√

International HapMap Project (HapMap) (International

HapMap Consortium, 2007) ·≈–§«“¡ “¡“√∂„π

°“√∑”®’‚π‰∑ªá π‘ª∑’Ë¡“°¢÷Èπ π”¡“ Ÿà°“√§âπÀ“ ’́‡ÕÁπ«’

(copy number variation, CNV) ∑’Ë‡°‘¥°“√¢“¥À“¬

·≈–·∑√°‡¢â“¢Õß™‘Èπ à«π¥’‡ÕÁπ‡Õ¢π“¥„À≠à ´÷Ëß¡’

°“√»÷°…“∂÷ßº≈¢Õß´’‡ÕÁπ«’¥—ß°≈à“«µàÕ°“√‡°‘¥‚√§ (Bora

et al., 2007; Estivill et al., 2007; Lachman et al.,

2007; Sebat et al., 2007) ·≈–‡ªìπ§«“¡À≈“°À≈“¬

¢—Èπæ◊Èπ∞“π¢Õß¡πÿ…¬å ¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑—Èß Õß

™π‘¥ ‡¡◊ËÕπ”¡“„™â„π°“√»÷°…“ ®–™à«¬‡æ‘Ë¡‚Õ°“ 

·≈–§«“¡√«¥‡√Á« „π°“√∑”§«“¡‡¢â“„®‡°’Ë¬«°—∫§«“¡

 —¡æ—π∏å¢Õß “√æ—π∏ÿ°√√¡ °—∫°√–∫«π°“√

‡ª≈’Ë¬π·ª≈ßµà“ßÊ „π√à“ß°“¬∑’Ë¡’º≈µàÕ°“√‡°‘¥‚√§

·≈–§«“¡√ÿπ·√ß¢Õß‚√§ ÷́Ëß®–π”‰ª Ÿà°“√§âπæ∫¬“

„À¡à ”À√—∫°“√√—°…“‚√§ √«¡∑—Èß°“√«‘π‘®©—¬‡æ◊ËÕ°“√

∑”π“¬‚Õ°“ ∑’Ë®–‡ªìπ‚√§ ∑”„Àâ‡°‘¥°“√«“ß·ºπ

°“√ªÑÕß°—π ·≈–√—°…“‚√§∑’Ë¡’§«“¡∂Ÿ°µâÕß¡“°¢÷Èπ

°“√ª√–¬ÿ°µå„™â§«“¡√Ÿâ∑“ß√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å

„πª√–‡∑»‰∑¬ ¡’§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–µâÕß¡’°“√«‘®—¬

∑“ß¥â“πæ—π∏ÿ»“ µ√å‡°’Ë¬«°—∫™π‘¥ §«“¡∂’Ë¢Õß·Õ≈≈’≈

µà“ßÊ ∫π¬’π„π§π‰∑¬ ®“°º≈ ◊∫‡π◊ËÕß¢Õß

‚§√ß°“√»÷°…“®’‚π¡¡πÿ…¬å ‰¥â¡’°“√®—¥‡°Á∫¢âÕ¡Ÿ≈

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß¡πÿ…¬å„π‚§√ß°“√

NCBI dbSNP ·≈–‰¥â‡√‘Ë¡¡’°“√«‘®—¬∑“ß√–∫“¥«‘∑¬“

æ—π∏ÿ»“ µ√å„π·µà≈–ª√–‡∑» ‰¥â·°à JSNP Project

®“°ª√–‡∑»≠’ËªÿÉπ (Haga et al., 2002; Hirakawa et al.,

2002 ) ·≈– International HapMap Project (International

HapMap Consortium, 2007) ‡ªìπµâπ  à«π„π

ª√–‡∑»‰∑¬‰¥â¡’°“√¥”‡π‘π‚§√ß°“√ Thailand SNP

Discovery Project (ThaiSNP1) ‡¡◊ËÕªï §.». 2004

·≈–‰¥â ‘Èπ ÿ¥≈ß‡¡◊ËÕªï §.». 2006 ‚¥¬‰¥â§âπÀ“ π‘ª∑’Ë

Õ¬Ÿà∫√‘‡«≥ à«π∑’Ë∂Õ¥√À— ¢Õß¬’π®”π«π 194 ¬’π ®“°

°“√À“≈”¥—∫‡∫ ®“°µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ¢Õß§π‰∑¬ 32 §π

∑’Ë‰¥â§—¥‡≈◊Õ°µ“¡‡°≥±å°“√√—∫‡¢â“»÷°…“„π‚§√ß°“√

¥—ßµàÕ‰ªπ’È

1. Õ“¬ÿÕ¬Ÿà√–À«à“ß 50-60 ªï

2. §√Õ∫§√—«„π 3 ™—Ë«√ÿàπ ‡ªìπ§π‰∑¬

3. ¡’ ÿ¢¿“æ·¢Áß·√ß ¡∫Ÿ√≥åª√“»®“°

ª√–«—µ‘°“√‡®Á∫ªÉ«¬‡√◊ÈÕ√—ß

‚¥¬¡’¢âÕ¡Ÿ≈ π‘ªÕ◊Ëπ∑’Ë‰¥â®“°‚§√ß°“√«‘®—¬∑’Ë

»÷°…“·∫∫∑—Èß®’‚π¡ Õ“∑‘ ¢âÕ¡Ÿ≈ π‘ª·∫∫·Õ≈≈’‚≈‰∑ªá

(allelotype) ¢ÕßºŸâªÉ«¬‚√§∏“≈— ´’‡¡’¬·≈–¡’¢âÕ¡Ÿ≈

tagSNP ·≈– ·Õ≈’‚≈‰∑ªá„π°≈ÿà¡¬’π∑’Ë‡°’Ë¬«¢âÕß°—∫

°√–∫«π°“√‡ª≈’Ë¬π·ª≈ß¬“ (drug metabolizing

enzyme gene) ®”π«π 228 ¬’π ®“°§«“¡√à«¡¡◊Õ

¢Õß‚§√ß°“√ Thailand Center of Excellence for Life

Science (TCELS) °—∫»Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–

‡∑§‚π‚≈¬’™’«¿“æ·Ààß™“µ‘ ́ ÷Ëß¡’°“√®—¥‡°Á∫ ‰«â∑’Ë http:/

/www4a.biotec.or.th/thaimut Õ¬à“ß‰√°Áµ“¡ ¢âÕ¡Ÿ≈§«“¡

À≈“°À≈“¬‡À≈à“π’È ¬—ß¡’¢âÕ®”°—¥„π°“√π”¡“„™â

ª√–‚¬™πå∑“ß√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å°≈à“«§◊Õ

- ¢âÕ¡Ÿ≈®“°‚§√ß°“√ ThaiSNP1 ¡’¢âÕ¡Ÿ≈∑’Ë

‰¡à§√Õ∫§≈ÿ¡∑—Èß®’‚π¡ ∑”„Àâ¢“¥¢âÕ¡Ÿ≈¢Õß¬’π à«π

„À≠à∑’Ëπ—°«‘®—¬ π„®»÷°…“

- ¢âÕ¡Ÿ≈®“°‚§√ß°“√ ThaiSNP1 ‰¡à

 “¡“√∂π”¡“„™â„π°“√«‘‡§√“–Àå‡™‘ß¡πÿ…¬æ—π∏ÿ»“ µ√å

‡π◊ËÕß®“°¢“¥¢âÕ¡Ÿ≈ π‘ª∑’ËÕ¬ŸàπÕ°¬’π ·≈–√–‡∫’¬∫«‘∏’

∑’Ë„™â„π°“√§âπÀ“ π‘ª‡À≈à“π’È ‰¡à‡Õ◊ÈÕÕ”π«¬„π°“√

‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈®“°ª√–™“°√Õ◊ËπÊ

- ∞“π¢âÕ¡Ÿ≈∑’Ë¡’¢âÕ¡Ÿ≈‡©æ“–·Õ≈≈’‚≈‰∑ªá

(¡’‡æ’¬ß¢âÕ¡Ÿ≈√Ÿª·∫∫/µ”·Àπàß/§«“¡∂’Ë ·µà‰¡à¡’

¢âÕ¡Ÿ≈¢Õß·µà≈–∫ÿ§§≈) ‰¡à “¡“√∂π”¡“«‘‡§√“–Àå

‡™‘ß≈÷°‡æ◊ËÕ„Àâ‰¥â¡“ ÷́Ëß¢âÕ¡Ÿ≈∑ÿµ‘¬¿Ÿ¡‘‰¥â

- ‰¡à¡’¢âÕ¡Ÿ≈¢Õß´’ ‡ÕÁπ«’ „π∞“π¢âÕ¡Ÿ≈

∑—ÈßÀ¡¥„πª√–‡∑»‰∑¬

¥—ßπ—Èπß“π«‘®—¬π’È®÷ßµâÕß°“√®—¥ √â“ß∞“π¢âÕ¡Ÿ≈

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡„π§π‰∑¬ ·∫∫

 π‘ª·≈– ’́‡ÕÁπ«’∑—Èß®’‚π¡ ‡æ◊ËÕª√–‚¬™πå„πß“π«‘®—¬

¥â“π¡πÿ…¬æ—π∏ÿ»“ µ√å ·≈–√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å

‚¥¬„™â‡∑§‚π‚≈¬’ 5th generation Affymetrix SNP

genotyping 500K array
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Õÿª°√≥å·≈–«‘∏’°“√

‡´≈≈åµ—«Õ¬à“ß àßµ√«®·≈–°“√ °—¥¥’‡ÕÁπ‡Õ

‡´≈≈åµ—«Õ¬à“ß àßµ√«® 32 µ—«Õ¬à“ß ‰¥â√—∫

§«“¡Õπÿ‡§√“–Àå®“° ∂“∫—π√“™“πÿ°Ÿ≈ °√¡ ÿ¢¿“æ®‘µ

°“√ °—¥¥’‡ÕÁπ‡Õ¢Õßµ—«Õ¬à“ßµ√«®„™â«‘∏’¡“µ√∞“π

øïπÕ≈§≈Õ‚√øÕ√å¡ µ√«®«—¥§«“¡‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õ

·≈–µ√«® Õ∫§ÿ≥¿“æ¢Õß¥’‡ÕÁπ‡Õ‚¥¬«‘∏’‡®≈Õ‘‡≈Á°

‚∑√‚ø√’´‘ 

°“√À“®’‚π‰∑ªá·µà≈– π‘ª

°“√√–∫ÿµ”·Àπàß·≈–§«“¡∂’Ë (¢âÕ¡Ÿ≈ª∞¡¿Ÿ¡‘)

¢Õß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫ π‘ª „™â

‡∑§‚π‚≈¬’ 5th generation Affymetrix SNPs genotyping

array ´÷Ëß∑ÿ°¢—ÈπµÕπ®–¡’°“√µ√«® Õ∫§ÿ≥¿“æ¢Õß¥’

‡ÕÁπ‡Õ∑’Ë„™â‡ªìπ “√µ—Èßµâπ ‚¥¬«—¥ª√‘¡“≥§«“¡‡¢â¡¢âπ

¢Õß¥’‡ÕÁπ‡ÕÕ’°§√—Èß ®“°π—Èπ®÷ßµ√«® Õ∫§ÿ≥¿“æ

¢Õß¥’‡ÕÁπ‡Õ ¥â«¬«‘∏’‡®≈Õ‘‡≈Á°‚∑√‚ø√’´‘ ∑’Ë§«“¡‡¢â¡

¢âπ‡®≈ 2.0% À≈—ß®“°π—Èπµ—¥¥’‡ÕÁπ‡Õµ—Èßµâπ¥â«¬‡Õπ‰´¡å

µ—¥®”‡æ“– StyI ·≈– NspI ·≈â«µ‘¥©≈“° “√‡√◊Õß· ß

¥â«¬«‘∏’°“√‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ‚¥¬„™â‰æ√‡¡Õ√å·∫∫

universal ·≈â«„™â‡ªìπ‚æ√∫ (probe) „π°“√®—∫ “¬¥’

‡ÕÁπ‡Õ§Ÿà ¡∑’Ë∂Ÿ°µ‘¥Õ¬Ÿà∫π ‰≈¥å·°â« ®“°π—Èπ≈â“ß‚æ√∫

ÕÕ° ·≈–µ√«® Õ∫ —≠≠“≥®“°µ—«Õ¬à“ßµ√«®·µà≈–

µ—«Õ¬à“ß ‡√‘Ë¡®“°°“√°«“¥ —≠≠“≥‡æ◊ËÕÀ“§«“¡‡¢â¡

¢Õß “√‡√◊Õß· ß®“°‚æ√∫ ∑’Ë “¡“√∂®—∫¥’‡ÕÁπ‡Õ‡ªÑ“

À¡“¬‰¥â ÷́Ëß®–∫Õ°∂÷ß π‘ª·µà≈–µ”·Àπàß«à“‡ªìπ

™π‘¥„¥¢Õß·Õ≈≈’≈ ¢—ÈπµÕπ¥—ß°≈à“«„™âÕ—≈°Õ√‘∏÷¡·∫∫

BRLMM-P „π°“√·ª≈ß¢âÕ¡Ÿ≈ —≠≠“≥§«“¡‡¢â¡

 “√‡√◊Õß· ß „Àâ‡ªìπ¢âÕ¡Ÿ≈®’‚π‰∑ªá„π·µà≈– π‘ª „π

√Ÿª·∫∫ CEL ‰ø≈å

º≈°“√∑¥≈Õß

°“√√–∫ÿµ”·Àπàß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫

 π‘ª ·≈– ’́‡ÕÁπ«’

‡π◊ËÕß®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√‡ª√’¬∫‡∑’¬∫§«“¡

À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫ π‘ª¢Õß§π‰∑¬ 32 §π

¡’°“√∫Õ°µ”·Àπàß∫π®’‚π¡¥â«¬¢âÕ¡Ÿ≈≈”¥—∫‡∫ ¢â“ß

‡§’¬ß (flanking sequence) ∑’Ë “¡“√∂‡¢â“§Ÿà°—π‰¥â

µ”·Àπàß∑’Ë∂Ÿ°µâÕß¢Õß π‘ª∂Ÿ°µ√«® Õ∫ ‚¥¬°“√π”

¢âÕ¡Ÿ≈À¡“¬‡≈¢·≈–≈”¥—∫‡∫ ¢â“ß‡§’¬ß¢Õß π‘ª‰ª

‡ª√’¬∫‡∑’¬∫°—∫∞“π¢âÕ¡Ÿ≈ π‘ª “∏“√≥– dbSNP

·≈–¢âÕ¡Ÿ≈≈”¥—∫‡∫ ®“°∞“π¢âÕ¡Ÿ≈ Refseq ¢âÕ¡Ÿ≈

µ”·Àπàß¢Õß π‘ª∂Ÿ°®—¥‡°Á∫Õ¬Ÿà„π∞“π¢âÕ¡Ÿ≈‚¥¬„™â

‚ª√·°√¡∫√‘À“√®—¥°“√∞“π¢âÕ¡Ÿ≈ MySQL  à«π

°“√√–∫ÿµ”·Àπàß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫´’

‡ÕÁπ«’ „™â§«“¡‡¢â¡¢Õß —≠≠“≥ “√‡√◊Õß· ß¢Õß·µà

≈– π‘ª ¡“√–∫ÿµ”·Àπàß ÷́Ëß “¡“√∂· ¥ß„Àâ‡ÀÁπ

‡ªìπ¢—ÈπµÕπ¡“µ√∞“π¥—ß Figure 1

‡¡◊ËÕ‰¥â¢âÕ¡Ÿ≈§«“¡‡¢â¡· ß„π·µà≈–µ”·Àπàß

¢Õß π‘ª·≈â« °“√À“µ”·Àπàß¢Õß ’́‡ÕÁπ«’π—Èπ®–‡ªìπ

‰ªµ“¡¢âÕ¡Ÿ≈Õâ“ßÕ‘ß¢Õßµ”·Àπàß¢Õß π‘ª∑’ËÕ¬Ÿàµ‘¥°—π

‰ª‡√◊ËÕ¬Ê ∫π‚§√‚¡‚´¡ ‚¥¬¡’¢—ÈπµÕπ §◊Õ °“√

ª√—∫ —≠≠“≥≈«ß∑’Ë‡°‘¥®“°‰Œ∫√‘‰¥ ǻº‘¥¢Õß‚æ√∫

°“√À—°≈∫ —≠≠“≥„Àâ‡ªìπ¡“µ√∞“π (normalization)

·≈–°“√ √ÿª√«¡ —≠≠“≥ (summarization) ¢Õß

µ—«Õ¬à“ßµ√«®∑—ÈßÀ¡¥ À≈—ß®“°π—Èπ®–°«“¥ —≠≠“≥

‰ª∑’≈– π‘ª∫π‚§√‚¡‚´¡ ‡æ◊ËÕÀ“°“√‡æ‘Ë¡¢÷ÈπÀ√◊Õ

≈¥≈ß¢Õßª√‘¡“≥§«“¡‡¢â¡· ß∑’Ë‰ª¥â«¬°—π∫π™ÿ¥

¢Õß π‘ª∑’ËÕ¬Ÿàµ‘¥°—π ®–∑”„Àâ∑√“∫∂÷ßµ”·Àπàß·≈–

ª√‘¡“≥¢Õß´’‡ÕÁπ«’∑—Ë«∑—Èß®’‚π¡ µ”·Àπàß´’‡ÕÁπ«’

∑—ÈßÀ¡¥∑’Ë‰¥â®“° 32 µ—«Õ¬à“ßµ√«® ∂Ÿ°√–∫ÿ‚¥¬„™â

‚ª√·°√¡ Aroma.affymetrix (Bengtsson et al., 2008)

∑’Ë„™âÕ—≈°Õ√‘∏÷¡ circular binary segmentation (CBS)

·≈–‡°Á∫¢âÕ¡Ÿ≈≈ß„π∞“π¢âÕ¡Ÿ≈

 √â“ß∞“π¢âÕ¡Ÿ≈¢Õß§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

·∫∫ π‘ª ·≈–´’‡ÕÁπ«’

°“√®—¥‡°Á∫¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡ ·∫∫ π‘ª·≈–´’‡ÕÁπ«’¢Õß§π‰∑¬ ∑’Ë‰¥â®“°

‚§√ß°“√π’È ‰¥âæ—≤π“µàÕ®“°∞“π¢âÕ¡Ÿ≈ π‘ª¢Õß§π

‰∑¬®“°‚§√ß°“√ ThaiSNP1 ‚¥¬®—¥‡°Á∫¢âÕ¡Ÿ≈¢Õß

 π‘ª∑—ÈßÀ¡¥ ‰¥â·°à ¢âÕ¡Ÿ≈À¡“¬‡≈¢°”°—∫ π‘ª µ”·Àπàß
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¢Õß π‘ª ¢âÕ¡Ÿ≈·Õ≈≈’≈ ¢âÕ¡Ÿ≈®’‚π‰∑ªá §«“¡∂’Ë„π

°“√‡°‘¥ π‘ª ¢âÕ¡Ÿ≈ π‘ª∑’Ë‡°’Ë¬«¢âÕß°—∫¬’π ‚¥¬‰¥â¡’

°“√‡ª√’¬∫‡∑’¬∫°—∫¢âÕ¡Ÿ≈ π‘ª¢Õß‡™◊ÈÕ™“µ‘Õ◊ËπÊ ‰¥â·°à

¢âÕ¡Ÿ≈ π‘ª®“°∞“π¢âÕ¡Ÿ≈ “∏“√≥– §◊Õ dbSNP,

HapMap ·≈– JSNP πÕ°®“°π’È¬—ß‰¥â√«¡¢âÕ¡Ÿ≈ π‘ª

®“°™π‡ºà“µà“ßÊ „π¿Ÿ¡‘¿“§‡Õ‡ ’́¬®“°‚§√ß°“√ Pan-

Asian SNP ¢âÕ¡Ÿ≈ π‘ª¢Õß§π‰∑¬∑’Ë‰¥â®“°‚§√ß°“√

ThaiSNP1 ́ ÷Ëß π‘ª∫“ß à«π‡ªìπ¢âÕ¡Ÿ≈ π‘ª„À¡à ∑’Ë‰¡à¡’

Õ¬Ÿà„π∞“π¢âÕ¡Ÿ≈ “∏“√≥–‡¢â“¡“‰«â¥â«¬ ‡æ◊ËÕ„™â‡ª√’¬∫

‡∑’¬∫·≈–™à«¬„π°“√µ—¥ ‘π„®‡≈◊Õ°‡§√◊ËÕßÀ¡“¬∑“ßæ—π∏ÿ

°√√¡ πÕ°®“°°“√®—¥‡°Á∫¢âÕ¡Ÿ≈ π‘ª·≈â« ¬—ß¡’°“√

ÕÕ°·∫∫µ“√“ß¢âÕ¡Ÿ≈‡æ◊ËÕ®—¥‡°Á∫¢âÕ¡Ÿ≈¢Õß¬’π ‚√§∑’Ë

‡°’Ë¬«¢âÕß°—∫¬’π ‚¥¬Õâ“ßÕ‘ß®“°∞“π¢âÕ¡Ÿ≈ “∏“√≥–

Refseq genome build 36.3 ‡æ◊ËÕª√–‚¬™πå„π°“√

 ◊∫§âπ ¢âÕ¡Ÿ≈ π‘ª·≈–´’‡ÕÁπ«’∑—ÈßÀ¡¥∑’Ë‰¥â ∂Ÿ°®—¥‡°Á∫‰«â

„π√Ÿª·∫∫¢Õßµ“√“ß ‚¥¬ “¡“√∂ √ÿª‰¥â¥—ßπ’È

1. ¢âÕ¡Ÿ≈ π‘ª∑’Ë‰¥â®“°‚§√ß°“√ ThaiSNP2

æ√âÕ¡∑—Èß¢âÕ¡Ÿ≈®’‚π‰∑ªá®”π«π 443,816  π‘ª

2. ¢âÕ¡Ÿ≈ π‘ª®“°‚§√ß°“√ ThaiSNP1 ®”π«π

3,860  π‘ª

3. ¢âÕ¡Ÿ≈ π‘ª®“°‚§√ß°“√ Pan-Asian SNP

®”π«π 56,013  π‘ª ®“° 75 °≈ÿà¡ª√–™“°√ √«¡

∑—Èß ‘Èπ 1,928 §π

4. ¢âÕ¡Ÿ≈ π‘ª®“° dbSNP build 129 ®”π«π

14,735,067  π‘ª

5. ¢âÕ¡Ÿ≈ π‘ª®“° HapMap public release

27 ®”π«π 4,165,577  π‘ª ®“° 11 °≈ÿà¡ª√–™“°√

√«¡∑—Èß ‘Èπ 1,207 §π

6. ¢âÕ¡Ÿ≈ π‘ª®“° JSNP release 35 ®”π«π

184,081  π‘ª

7. ¢âÕ¡Ÿ≈´’‡ÕÁπ«’®“°¢âÕ¡Ÿ≈¢Õß§π‰∑¬ 32 §π

‰¥â®”π«π∑—Èß ‘Èπ 3,230 µ”·Àπàß ‚¥¬‡≈◊Õ°‡©æ“–∑’Ë¡’

¢π“¥§«“¡¬“«¡“°°«à“ 5,000 ‡∫  ·≈– “¡“√∂π—∫

√«¡‡ªìπ CNV Region ‰¥â∑—ÈßÀ¡¥ 1,889 ∫√‘‡«≥

¢âÕ¡Ÿ≈„π∞“π¢âÕ¡Ÿ≈ ThaiSNP2 ®–ª√–°Õ∫

‰ª¥â«¬ 2  à«π §◊Õ  à«π¢âÕ¡Ÿ≈∑’Ë‡ªìπ√“¬≈–‡Õ’¬¥¢Õß

‚§√‚¡‚´¡ ¬’π ·≈– π‘ª ®–∂Ÿ°‡°Á∫Õ¬Ÿà„π√Ÿª∞“π¢âÕ¡Ÿ≈

 —¡æ—π∏å  ”À√—∫¢âÕ¡Ÿ≈∑’Ëπ”‡ πÕ„π√Ÿª·∫∫¢Õß¿“æ

°√“øøî° ‰¥â„™â∞“π¢âÕ¡Ÿ≈„π√Ÿª¢Õß generic feature

format (GFF) ·≈–· ¥ßº≈‡ªìπ¿“æ°√“øî°¥â«¬

‚ª√·°√¡ GBrowse (Stein et al., 2002) ‚¥¬¢âÕ¡Ÿ≈

GFF ‰¥â¡“®“°‚§√ß°“√∞“π¢âÕ¡Ÿ≈ HapMap ÷́Ëß¡’

¢âÕ¡Ÿ≈®’‚π¡∑’Ëª√–°Õ∫‰ª¥â«¬‚§√‚¡‚´¡ §Õπ∑‘°

(contig) ¬’π dbSNP HapMap ·≈–´’‡ÕÁπ«’ ®“°∞“π

Figure 1 The protocol of CNVs identification from SNP intensity data files (.CEL files).
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¢âÕ¡Ÿ≈ Database of Genomic Variants ‚¥¬·ª≈ß

¢âÕ¡Ÿ≈ π‘ª¢Õß§π‰∑¬∑—Èß®“°‚§√ß°“√ ThaiSNP1 ·≈–

ThaiSNP2 ¢âÕ¡Ÿ≈ JSNP ¢âÕ¡Ÿ≈®“° Pan-Asian SNP

·≈–¢âÕ¡Ÿ≈ CNV Region ¢Õß§π‰∑¬‡æ‘Ë¡‡¢â“¡“ ‡æ◊ËÕ

π”‡ πÕ√à«¡°—∫¢âÕ¡Ÿ≈ GFF ®“° HapMap ∑’Ë¡’Õ¬Ÿà

‚¥¬°“√π”‡ πÕ¢âÕ¡Ÿ≈Õ¬Ÿà„π√Ÿª¢Õß‡«Á∫Õ‘π‡µÕ√å‡ø 

·≈–· ¥ßº≈¢âÕ¡Ÿ≈„π√Ÿª¿“æ°√“øî°¥â«¬ GBrowse ‡æ◊ËÕ

„ÀâºŸâ„™â “¡“√∂‡¢â“∂÷ß·≈– ◊∫§âπ¢âÕ¡Ÿ≈®“°∞“π¢âÕ¡Ÿ≈‰¥â

ßà“¬ ‚¥¬‡¢â“„™âß“πºà“π∑“ß‡«Á∫‰´µå∑’Ë http://

www.biotec.or.th/thaisnp2 ÷́Ëß¡’‡¡πŸ„π°“√‡¢â“„™âß“π

µà“ßÊ ª√–°Õ∫¥â«¬

- ‡¡πŸ Login  ”À√—∫„ÀâºŸâ„™â ¡—§√ ¡“™‘°

À√◊Õ≈ÁÕ°Õ‘π‡¢â“¡“¬—ß√–∫∫ „π°√≥’∑’ËµâÕß°“√‡¢â“∂÷ß

¢âÕ¡Ÿ≈∑’Ë¡’§«“¡ ”§—≠ ‡™àπ °“√‡¢â“∂÷ß¢âÕ¡Ÿ≈®’‚π‰∑ªá

- ‡¡πŸ SNPs Search „™â ”À√—∫§âπÀ“¢âÕ

¡Ÿ≈ π‘ª®“°¬’π µ”·Àπàß∫π‚§√‚¡‚´¡ ‚√§∑’Ë π„®

À√◊Õ§âπÀ“®“° SNP ID

- ‡¡πŸ CNVRs Search „™â ”À√—∫§âπÀ“¢âÕ¡Ÿ≈

CNV Region ∫π‚§√‚¡‚´¡

- ‡¡πŸ Genotype & LD Blocks „™â ”À√—∫

¥÷ß¢âÕ¡Ÿ≈®’‚π‰∑ªá¢Õß 32 §π‰∑¬ „π∫√‘‡«≥∑’Ë π„®

‰¥â·°à ®“°√“¬™◊ËÕ¬’π À√◊Õµ”·Àπàß∫π‚§√‚¡‚´¡

‚¥¬Õ¬Ÿà„π√Ÿª·∫∫‰ø≈å∑’Ë§—Ëπ¥â«¬®ÿ≈¿“§ (CSV) ·≈–

„π√Ÿª·∫∫ HapMap ́ ÷Ëß “¡“√∂π”‰ª§”π«≥À“ LD

Blocks ¥â«¬‚ª√·°√¡ Haploview (Barrett et al.,

2005) ‰¥â

- ‡¡πŸ Local Tools „™â‡æ◊ËÕ‡™◊ËÕ¡µàÕ

‰ª¬—ß‡«Á∫‰´µåµà“ßÊ ∑’Ëæ—≤π“¢÷Èπ¿“¬„π»Ÿπ¬åæ—π∏ÿœ ́ ÷Ëß

‡°’Ë¬«¢âÕß°—∫‚§√ß°“√π’È

- ‡¡πŸ Link-outs „™â‡æ◊ËÕ‡™◊ËÕ¡µàÕ‰ª¬—ß‡«Á∫‰´µå

∑’Ë‡°’Ë¬«¢âÕß¿“¬πÕ° ‡™àπ NCBI, HapMap, JSNP,

Genomic Variants ·≈– GeneCards

„π°“√§âπÀ“¢âÕ¡Ÿ≈ π‘ª ºŸâ„™â “¡“√∂§âπÀ“

®“°¬’π µ”·Àπàß∫π‚§√‚¡‚´¡ ‚√§∑’Ë π„® À√◊Õ®“°

SNP ID ‡¡◊ËÕ ◊∫§âπ‚¥¬„™â™◊ËÕ¬’π √–∫∫®–‡¢â“‰ªµ‘¥µàÕ

°—∫∞“π¢âÕ¡Ÿ≈ ·≈–· ¥ßº≈°“√§âπÀ“ÕÕ°¡“‡ªìπ¢âÕ¡Ÿ≈

¢Õß¬’π ·≈–¢âÕ¡Ÿ≈¢Õß π‘ª∫π¬’π (Figure 2A) ‚¥¬

®–· ¥ß¢âÕ¡Ÿ≈¢Õß π‘ª®“°À≈“¬∞“π¢âÕ¡Ÿ≈ ‡æ◊ËÕ„Àâ

ßà“¬µàÕ°“√‡ª√’¬∫‡∑’¬∫¢ÕßºŸâ„™â ‰¥â¡’°“√„™â√Ÿª°”°—∫ ∑’Ë

· ¥ß∂÷ß·À≈àß∑’Ë¡“¢Õß§«“¡À≈“°À≈“¬„π·µà≈– π‘ª

ºŸâ„™âß“π “¡“√∂‡™◊ËÕ¡µàÕ ‡æ◊ËÕ‰ª¥Ÿ¢âÕ¡Ÿ≈ π‘ª∑—ÈßÀ¡¥∑’Ë

Õ¬Ÿà„π∫√‘‡«≥∑’Ë π„® ·≈–¢âÕ¡Ÿ≈Õ◊ËπÊ ‚¥¬‡≈◊Õ°∑’Ë√Ÿª

·«àπ¢¬“¬∫√‘‡«≥ Graphical View (Figure 2B) „π

°“√¥Ÿ¢âÕ¡Ÿ≈√“¬≈–‡Õ’¬¥¢Õß π‘ª ºŸâ„™âß“π “¡“√∂

‡≈◊Õ°∑’Ë π‘ª∑’ËµâÕß°“√¥Ÿ¢âÕ¡Ÿ≈ ®“°À¡“¬‡≈¢ π‘ª

(Figure 2A) À√◊Õ®“°√Ÿª π‘ª (Figure 2B) √–∫∫

®– ◊∫§âπ¢âÕ¡Ÿ≈µà“ßÊ ¢Õß π‘ª ´÷Ëßª√–°Õ∫‰ª¥â«¬

µ”·Àπàß¢Õß π‘ª„π®’‚π¡ ≈”¥—∫‡∫ ¢â“ß‡§’¬ßµ”·Àπàß

 π‘ª ™◊ËÕ¢Õß π‘ª®“°∞“π¢âÕ¡Ÿ≈µà“ßÊ ∑’Ë¡’µ”·Àπàß

µ√ß°—π §«“¡∂’Ë∑’Ëª√“°Ø„π·µà≈–‡™◊ÈÕ™“µ‘ µ”·Àπàß

¢Õß π‘ª„π¬’π ¢âÕ¡Ÿ≈¬◊π¬—π¢Õß°“√‡ªìπ π‘ª ·≈–

‡™◊ËÕ¡‚¬ßÕÕ°‰ª‡æ◊ËÕ· ¥ßµ”·Àπàß¢Õß π‘ª¥â«¬

GBrowse (Figure 3)

∞“π¢âÕ¡Ÿ≈ ThaiSNP2 ¡’¢âÕ¡Ÿ≈¢Õß π‘ª®“°

À≈“¬∞“π¢âÕ¡Ÿ≈¥—ß∑’Ë‰¥â°≈à“«‰ª·≈â« (Figure 3) ‰¥â·°à

¢âÕ¡Ÿ≈ π‘ª 11 °≈ÿà¡ª√–™“°√®“° HapMap ‰¥â·°à

ASW: African ancestry in Southwest USA, CEU:

Utah residents with Northern and Western European

ancestry from the CEPH collection, CHB: Han

Chinese in Beijing, China, CHD: Chinese in

Metropolitan Denver, Colorado, GIH: Gujarati Indians

in Houston, Texas, JPT: Japanese from Tokyo,

Japan, LWK: Luhya in Webuye, Kenya, MEX:

Mexican ancestry in Los Angeles, California, MKK:

Maasai in Kinyawa, Kenya, TSI: Toscans in Italy

·≈– YRI: Yoruba from Ibadan, Nigeria ¢âÕ¡Ÿ≈

 π‘ª®“° 73 °≈ÿà¡ª√–™“°√„π·∂∫∑«’ª‡Õ‡´’¬∑—ÈßÀ¡¥

´÷Ëß‡ªìπ¢âÕ¡Ÿ≈®“°ß“π«‘®—¬ HUGO Pan-Asian Initiative

Consortium ∑’Ë§≥–ºŸâ«‘®—¬‰¥â¡’ à«π√à«¡«‘®—¬„π°“√

»÷°…“ª√–«—µ‘»“ µ√å§«“¡‡ªìπ¡“¢Õß™“µ‘æ—π∏ÿå„π·∂∫‡Õ

‡´’¬∑—ÈßÀ¡¥ ‚¥¬√«¡¢âÕ¡Ÿ≈µ“¡ª√–‡∑»∑’ËÕ¬Ÿà¢Õß°≈ÿà¡

ª√–™“°√À√◊Õ·À≈àß∑’Ë¡“¢Õß¢âÕ¡Ÿ≈ ®”π«π 11 °≈ÿà¡
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Figure 2 SNP results from the query of the SNP search page. (A) The listing of SNPs in tabular format.

(B) GBrowse interface to display SNP locations on gene and chromosome.

Figure 3 SNP summary results categorized by different populations and database sources.
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‰¥â·°à AX: Populations from Affymetrix, CN: China,

ID: Indonesia, IN: India, JP: Japan, KR: Korea, MY:

Malaysia, PI: Philippines, SG: Singapore, TH: Hill

tribe in Thailand ·≈– TW: Taiwan

 ”À√—∫°“√ ◊∫§âπ¢âÕ¡Ÿ≈´’‡ÕÁπ«’ ºŸâ„™âß“π

 “¡“√∂§âπÀ“¢âÕ¡Ÿ≈®“°‚§√‚¡‚´¡ ÷́Ëßº≈°“√

 ◊∫§âπ®–· ¥ß¢âÕ¡Ÿ≈¢Õß∫√‘‡«≥ ’́‡ÕÁπ«’ (CNV Region,

CNVR) ∑—ÈßÀ¡¥∑’ËÕ¬Ÿà∫π‚§√‚¡‚´¡∑’Ë π„® ́ ÷Ëß CNVRs

∑’Ë· ¥ß®–¡’¢π“¥„À≠à°«à“ 5,000 ‡∫  ‚¥¬· ¥ß®”π«π

¢Õß ’́‡ÕÁπ«’∑—ÈßÀ¡¥∑’Ë‰¥â®“°·µà≈–§π ‡æ◊ËÕ„ÀâºŸâ„™â

 “¡“√∂‡¢â“‰ª¥Ÿ√“¬≈–‡Õ’¬¥¢Õß ’́‡ÕÁπ«’‰¥â (Figure 4A)

´÷Ëß· ¥ß√“¬°“√¢Õß CNVs ∑—ÈßÀ¡¥∑’ËÕ¬Ÿà„π CNVR

‡¥’¬«°—π ‚¥¬· ¥ß™◊ËÕµ—«Õ¬à“ß µ”·Àπàß¢Õß ’́‡ÕÁπ«’

∫π‚§√‚¡‚´¡ ¢π“¥¢Õß´’‡ÕÁπ«’ ®”π«π  π‘ª∑—ÈßÀ¡¥∑’Ë

Õ¬Ÿà„π∫√‘‡«≥ CNVs ™π‘¥¢Õß CNVs ÷́Ëß·∫àß‰¥â¥—ßπ’È

§◊Õ 0: homozygous deletion, 1: hemizygous deletion,

2: normal, 3: single copy gain ·≈– 4-6: multiple

copy gain πÕ°®“°π’ÈºŸâ„™â “¡“√∂‡¢â“‰ª¥Ÿµ”·Àπàß¢Õß

CNVRs ∫π‚§√‚¡‚´¡„π√Ÿª·∫∫¿“æ°√“øî°∫π

GBrowse ‰¥â ‚¥¬‡≈◊Õ°∑’Ë√Ÿª·«àπ¢¬“¬µ√ß∫√‘‡«≥

Graphical View (Figure 4B)

‡¡◊ËÕ¡Õß¿“æ√«¡∑—ÈßÀ¡¥‚¥¬„™â∞“π¢âÕ¡Ÿ≈

ThaiSNP2 ®– “¡“√∂‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡„πÀ≈“¬Ê ¡ÿ¡¡Õß µ—Èß·µà°“√‡ª√’¬∫

‡∑’¬∫„π·ßà¢Õß§«“¡∂’Ë ¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬™π‘¥Õ◊ËπÊ

√«¡∂÷ß§«“¡À≈“°À≈“¬∑’Ë®”‡æ“–„π·µà≈–ª√–™“°√ ∑’Ë

 “¡“√∂π”¡“‡ª√’¬∫‡∑’¬∫°—π„πß“π«‘®—¬∑“ßæ—π∏ÿ

»“ µ√åÕ◊ËπÊ  ”À√—∫°“√„™â‡∑§‚π‚≈¬’¢Õß GBrowse

π—Èπ ‡ªìπ°“√≈¥‡«≈“„π°“√∑’Ë®–π”‡Õ“¢âÕ¡Ÿ≈„πÀ≈“¬Ê

¡‘µ‘‡¢â“¡“´âÕπ∑—∫ ‡æ◊ËÕ„ÀâºŸâ„™â‰¥â‡ÀÁπ¿“æ¡“°¢÷Èπ ´÷Ëß

∑”„ÀâºŸâ„™â‡¢â“„®√Ÿª·∫∫‡©æ“–∫“ßÕ¬à“ß À√◊Õ∑’ËºŸâ„™â

‰¡à‡§¬‰¥â‡ÀÁπ¡ÿ¡¡Õß·∫∫π’È„π°“√‡¢â“‰ª∑’Ë·À≈àßÕ◊ËπÊ ∑’Ë

„Àâ∫√‘°“√¢âÕ¡Ÿ≈„π≈—°…≥–‡¥’¬«°—ππ’È ÷́Ëß∞“π¢âÕ¡Ÿ≈

ThaiSNP2 ‡ªìπ∞“π¢âÕ¡Ÿ≈∑’Ë¡’§«“¡§√∫∂â«π¡“°∑’Ë ÿ¥

¢Õß¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡„π

ª√–‡∑»‰∑¬

‡µ√’¬¡¢âÕ¡Ÿ≈ª∞¡¿Ÿ¡‘ ”À√—∫°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑ÿµ‘¬¿Ÿ¡‘

„π¢—ÈπµÕπ°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑ÿµ‘¬¿Ÿ¡‘„π√–¥—∫

∑’Ë Ÿß¢÷Èπ ‡™àπ °“√§”π«≥§«“¡∂’Ë¢Õß·Õ≈≈’≈·≈–

Figure 4 CNV Region. (A) Exhibition of all CNVs that belong to the specific CNVR. (B) Using GBrowse

to display CNVRs and other related information.
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®’‚π‰∑ªá Hardy-Weinberg equilibrium heterozygosity

·≈– functional SNP prediction ºŸâ„™â “¡“√∂∑’Ë®–

°”Àπ¥ªí®®—¬∑’ËµâÕß°“√»÷°…“‰¥â ‡™àπ ®”π«π°≈ÿà¡

¢Õßª√–™“°√∑’ËµâÕß°“√»÷°…“  π‘ª∑’ËµâÕß°“√„π

µ”·Àπàß∫π¬’π À√◊Õ∫π®’‚π¡ Õπ÷Ëß‡π◊ËÕß®“°¢âÕ¡Ÿ≈

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡„π∞“π¢âÕ¡Ÿ≈

ThaiSNP2 ¡’‡ªìπ®”π«π¡“° °“√®—¥‡µ√’¬¡¢âÕ¡Ÿ≈∑’ËºŸâ

„™âµâÕß°“√®–®—¥∑”·∫∫µ“¡∑’ËºŸâ„™â√âÕß¢Õ (on-demand)

‚¥¬ºŸâ„™â “¡“√∂‡≈◊Õ°∑’Ë‡¡πŸ Genotype & LD block

‚¥¬¢âÕ¡Ÿ≈ à«ππ’ÈºŸâ„™â®–µâÕß≈ÁÕ°Õ‘π‡¢â“¡“„π√–∫∫

‡¡◊ËÕºŸâ„™â„ à¢âÕ¡Ÿ≈∑’Ë π„® ‡™àπ √“¬™◊ËÕ¬’π À√◊Õ à«π

¢Õß‚§√‚¡‚´¡∑’Ë π„® √–∫∫®–§âπÀ“ π‘ª∑—ÈßÀ¡¥

∑’ËÕ¬Ÿà„π∫√‘‡«≥∑’ËºŸâ„™âµâÕß°“√ ·≈–· ¥ß¢âÕ¡Ÿ≈¢Õß π‘ª

‡∫◊ÈÕßµâπ ‡æ◊ËÕ„ÀâºŸâ„™â‡≈◊Õ° π‘ª∑’ËµâÕß°“√Õ’°§√—Èß ‡¡◊ËÕºŸâ

„™â°¥ªÿÉ¡ Export √–∫∫®– √â“ß‰ø≈å¢âÕ¡Ÿ≈®’‚π‰∑ªá

„π√Ÿª¢Õß‰ø≈å∑’Ë§—Ëπ¥â«¬®ÿ≈¿“§ (CSV)

 à«π°“√§”π«≥À“™ÿ¥¢Õß·Õ≈≈’≈∑’ËÕ¬Ÿà‡√’¬ß

µ‘¥°—π‡ªìπ™ÿ¥À√◊Õ∑’Ë‡√’¬°«à“·Œ‚æ≈‰∑ªá (haplotype) ∑’Ë

¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√‡°‘¥‚√§ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‚√§∑’Ë

¡’≈—°…≥–‡ªìπ multifactorial disease ‡™àπ ‚√§

À≈Õ¥‡≈◊Õ¥À—«„® ‚√§‡∫“À«“π ‚√§§«“¡®”‡ ◊ËÕ¡

‚√§´÷¡‡»√â“·≈–‚√§¡–‡√Áß ‡ªìπµâπ ´÷Ëß√Ÿª·∫∫·Œ‚æ≈

‰∑ªá ®–‡ªìπ‡§√◊ËÕßÀ¡“¬∑“ßæ—π∏ÿ°√√¡‚¥¬ÕâÕ¡ ‡æ◊ËÕ

π”‰ª Ÿà§«“¡‡¢â“„®°≈‰°°“√· ¥ßÕÕ°¢Õß¬’π∑’Ë·∑â®√‘ß

µàÕ‰ª √Ÿª·∫∫µà“ßÊ ¢Õß·Õ≈≈’≈∑’Ë®– àßºà“π Ÿà≈Ÿ°

À≈“π‡ªìπ block ‡¥’¬«°—π®–µâÕß¡’≈—°…≥–‡ªìπ çlinkage

disequilibrium-LDé °≈à“«§◊Õ block ¢Õß·Õ≈≈’≈¥—ß

°≈à“«®–‰¡à∂Ÿ°·¬°ÕÕ°®“°°—π‚¥¬°√–∫«π°“√√’§Õ¡

∫‘‡π™—π„π™à«ß‰¡‚Õ´‘  ®“°§«“¡ ”§—≠¢Õß·Œ‚æ≈

‰∑ªá ®÷ß¡’°≈ÿà¡Õß§å°√™◊ËÕ«à“ HapMap ∑’Ë√«∫√«¡‡Õ“

√Ÿª·∫∫·Œ‚æ≈‰∑ªá ®“°°≈ÿà¡ª√–™“°√∑’Ë¡’§«“¡

À≈“°À≈“¬∑“ß‡™◊ÈÕ™“µ‘ ‡æ◊ËÕ„™â∑”π“¬°“√‡°‘¥‚√§

°“√µÕ∫ πÕßµàÕ°“√√—°…“ ÷́Ëß„π™à«ß·√°‡ªìπ§«“¡

√à«¡¡◊Õ√–À«à“ßª√–‡∑» ≠’ËªÿÉπ  À√“™Õ“≥“®—°√

·§π“¥“ ®’π ‰π®’‡√’¬ ·≈– À√—∞Õ‡¡√‘°“ (3 °≈ÿà¡‡™◊ÈÕ

™“µ‘ African, Asian ·≈– European) ·≈–„π√–¬–∑’Ë

 Õß¢Õß°“√‡°Á∫√«∫√«¡ HapMap ‰¥â‡°Á∫°≈ÿà¡

ª√–™“°√¡“°¢÷Èπ ´÷Ëß¢âÕ¡Ÿ≈¢Õß HapMap ‰¥â∂Ÿ°¥÷ß

¡“‡°Á∫∑’Ë∞“π¢âÕ¡Ÿ≈‰«â∑—ÈßÀ¡¥ ‡æ◊ËÕ§«“¡ –¥«° √«¥‡√Á«

„π°“√∑’ËºŸâ„™â®–‡¢â“¡“„π∞“π¢âÕ¡Ÿ≈‡æ’¬ß·Ààß‡¥’¬«∑’Ë

‡µ√’¬¡¢âÕ¡Ÿ≈‰«âÕ¬à“ß§√∫∂â«π ´÷ËßºŸâ„™â “¡“√∂¥÷ß

¢âÕ¡Ÿ≈®’‚π‰∑ªá‰ª«‘‡§√“–Àå√Ÿª·∫∫ LD ¢âÕ¡Ÿ≈

haplotype phasing ¢âÕ¡Ÿ≈ LD block partitioning ·≈–

htSNP ‰¥â ‚¥¬°“√„™â‡§√◊ËÕß¡◊Õ∑’Ë¡’™◊ËÕ«à“ Haploview

‚¥¬ “¡“√∂§”π«≥®“°¢âÕ¡Ÿ≈®’‚π‰∑ªá„π√Ÿª·∫∫¢Õß

hapmap ‡¡◊ËÕºŸâ„™â°¥ªÿÉ¡ Export for Haploview πÕ°

‡Àπ◊Õ®“°π’È∞“π¢âÕ¡Ÿ≈ ThaiSNP2 ¬—ß‰¥â¡’°“√µ‘¥µ—Èß

‚ª√·°√¡ Haploview ‡æ◊ËÕ§”π«≥ LD block ‚¥¬

Õ—µ‚π¡—µ‘ ‡¡◊ËÕºŸâ„™â°¥ªÿÉ¡ ThaiSNP2 LD block ®–

· ¥ßº≈°“√§”π«≥ Haplotype block ·≈–¿“æ LD

Plot (Figure 5)

«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õß

∞“π¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

ThaiSNP2 ‡ªìπ°“√®—¥‡°Á∫·≈–√«∫√«¡¢âÕ¡Ÿ≈§«“¡

À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡æ◊Èπ∞“π ∑’Ë¡’ª√–‚¬™πå„π

·ßà¢Õß°“√«‘®—¬µàÕ¬Õ¥„πß“π«‘®—¬∑“ß¥â“πæ—π∏ÿ»“ µ√å

·≈–π”‡ πÕ à«π¢Õß¢âÕ¡Ÿ≈„π√Ÿª·∫∫¢Õß¿“æ°√“øî°

∑“ß§≥–ºŸâ«‘®—¬‰¥â‡≈◊Õ°„™â∞“π¢âÕ¡Ÿ≈„π√Ÿª¢Õß GFF

´÷Ëß‡ªìπ√Ÿª·∫∫°“√®—¥‡°Á∫¢âÕ¡Ÿ≈®’‚π¡ „ÀâÕ¬Ÿà„π√Ÿª

·∫∫¡“µ√∞“π‡¥’¬«°—π  ”À√—∫°“√· ¥ßº≈‡ªìπ¿“æ

°√“øî°¥â«¬‚ª√·°√¡ GBrowse ß“π«‘®—¬π’È√«∫√«¡

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡·∫∫ π‘ª ·≈–´’‡ÕÁπ

«’‰«â‡ªìπ®”π«π¡“° ¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡∑’Ë¡’°“√√–∫ÿÕ¬Ÿà„π∞“π¢âÕ¡Ÿ≈π’È ‰¥â∑”Õ¬à“ß‡ªìπ

¡“µ√∞“π¡“°∑’Ë ÿ¥ ‡æ◊ËÕ§«“¡∂Ÿ°µâÕß¢Õß¢âÕ¡Ÿ≈ ‚¥¬

‡≈◊Õ°„™âÕ—≈°Õ√‘∏÷¡¡“µ√∞“π „π°“√√–∫ÿµ”·Àπàß

¢Õß¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß∑—Èß

 Õß·∫∫ §◊Õ π‘ª·≈–´’‡ÕÁπ«’ ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥®–· ¥ß

„π√Ÿª¢Õß°“√‡ª√’¬∫‡∑’¬∫„π·µà≈–‡™◊ÈÕ™“µ‘ ®÷ß∑”„ÀâºŸâ

„™â “¡“√∂„™âß“π‰¥âÕ¬à“ß –¥«° ·≈–∑”„Àâ‡ÀÁπ¡ÿ¡

¡Õß∑’Ë‰¡à‡§¬‡ÀÁπ¡“°àÕπ„π°“√‡ª√’¬∫‡∑’¬∫§«“¡
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À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡„π√–¥—∫®’‚π¡ ®–‡ÀÁπ‰¥â

«à“‚§√ß°“√π’È‰¥â‡°Á∫√«∫√«¡§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ

°√√¡∑’Ë¡’¡“°∑’Ë ÿ¥„π§π‰∑¬ ·≈–®—¥‡°Á∫‡æ◊ËÕ„Àâ¡’°“√

 ◊∫§âπ «‘‡§√“–Àå ‡ª√’¬∫‡∑’¬∫ °“√„™âª√–‚¬™πå®“°

∞“π¢âÕ¡Ÿ≈ ThaiSNP2 π—Èπ¡’¡“°¡“¬ ‡™àπ ‡ªìπ¢âÕ¡Ÿ≈

æ◊Èπ∞“π∑’Ë ”§—≠·≈–®”‡ªìπ „π°“√«‘®—¬µàÕ¬Õ¥∑“ß

√–∫“¥«‘∑¬“æ—π∏ÿ»“ µ√å ∑’Ë™à«¬∑”„Àâ‡°‘¥§«“¡‡¢â“„®

°√–∫«π°“√µà“ßÊ §√Õ∫§≈ÿ¡µ—Èß·µà°“√æ¬“°√≥å

§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥‚√§ µ—«Õ¬à“ß¢Õß°“√„™âª√–‚¬™πå

®“°¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë®—¥‡°Á∫Õ¬Ÿà„π∞“π¢âÕ¡Ÿ≈ ThaiSNP2

‰¥â·°à

- °“√»÷°…“∑“ßæ—π∏ÿ°√√¡·∫∫¬’π‡¥’Ë¬«

(monogenic disease) ∑’ËµâÕß°“√„™â‡§√◊ËÕßÀ¡“¬∑“ßæ—π∏ÿ

°√√¡„π°“√µ‘¥µ“¡„π linkage study π—Èπ ºŸâ«‘®—¬ “¡“√∂

‡¢â“¡“‡≈◊Õ°‡§√◊ËÕßÀ¡“¬∑“ßæ—π∏ÿ°√√¡ ∑’Ë¡’§«“¡
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‡ªìπ‡æ’¬ß§«“¡À≈“°À≈“¬∑“æ—π∏ÿ°√√¡™π‘¥´’‡ÕÁπ«’

À√◊Õ«à“‡ªìπ§«“¡º‘¥ª°µ‘∑’Ë‡ªìπ “‡Àµÿ¢Õß°“√‡°‘¥‚√§

„π§√Õ∫§√—«∑’Ë»÷°…“‰¥â

- °“√„™â¢âÕ¡Ÿ≈¢Õß´’‡ÕÁπ«’ „π°“√«‘®—¬‡¿ —™

æ—π∏ÿ»“ µ√å‡°’Ë¬«°—∫°“√µÕ∫ πÕßµàÕ¬“ ÷́Ëß¡’§«“¡
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ª√–™“°√„π·µà≈–°≈ÿà¡ª√–™“°√ ‡ªìπ°“√»÷°…“

§«“¡·µ°µà“ß¢Õß§«“¡∂’Ë¢Õß·Õ≈≈’≈„π·µà≈–ª√–™“°√

‡π◊ËÕß®“°°≈‰°¢Õß«‘«—≤π“°“√

®–‡ÀÁπ‰¥â«à“ ¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë‰¥â¡“®“°ß“π

Figure 5 The result of haplotype blocks and LD plot of 32 Thais.
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