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Abstract:
EDTA-anticoagulated blood is usually recommended for use in routine analysis of thalassemia genes.

However, collection of blood from the fetus or newborns is usually done using heparin because of its more
potent anti-coagulant activity. However, since heparin can inhibit Taq polymerase enzyme used in PCR, the use
of heparinized blood for PCR analysis may be affected. ACD, another blood anti-coagulant with a preservative
property may be used as an alternative anti-coagulant. In this study, the effects of EDTA, heparin and ACD
anti-coagulants on PCR analysis of α - thalassemia 1 (SEA deletion) and βE - globin gene were compared.
α - Thalassemia 1 was detected using gap - PCR and βE - globin gene was identified by allele specific PCR
assay. It was found that both EDTA and ACD anti-coagulants had no effect on the efficiency of PCR analysis
of the two thalassemia genes. However, substantial reduction in the efficiency of PCR analysis was observed
with the use of heparin as an anti-coagulant at a concentration over 25 IU/ml. Amplification efficiency was
improved when heparinized blood DNA was diluted prior to PCR analysis. The result from this study should
prove useful for development of a guideline of blood collection for routine PCR analysis of thalassemia.
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∫∑π”
°“√‡°Á∫µ—«Õ¬à “ß‡≈◊Õ¥∑’Ëπ”¡“„™â „πß“πª√–®”«—π

¢ÕßÀπà«¬∫√‘°“√µ√«®«‘π‘®©—¬∑—Ë«‰ªπ‘¬¡„™â “√ EDTA
‡ªìπ “√°—π‡≈◊Õ¥·¢Áß ‡π◊ËÕß®“°¡’√“§“∂Ÿ°·≈–„™â‰¥â„πÀ≈“¬
°“√∑¥ Õ∫∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß‚≈À‘µ«‘∑¬“(1) √«¡∂÷ß
°“√‡®“–‡°Á∫‡≈◊Õ¥‡æ◊ËÕ°“√µ√«®«‘π‘®©—¬‚√§∏“≈— ´’‡¡’¬
µ“¡·ºπß“π°“√§«∫§ÿ¡·≈–ªÑÕß°—π‚√§ ´÷Ëß¥”‡π‘π°“√
Õ¬Ÿà∑—Ë«ª√–‡∑»(2) Õ¬à“ß‰√°Áµ“¡„π°√≥’∑’ËµâÕß‡®“–‡°Á∫‡≈◊Õ¥
®“°∑“√°„π§√√¿åÀ√◊Õ‡≈◊Õ¥‡¥Á° ·æ∑¬å¡—°π‘¬¡„™â “√ heparin
‡ªìπ “√°—π‡≈◊Õ¥·¢Áß·∑π ‡π◊ËÕß®“°‡®“–‡°Á∫‰¥â¬“°°«à“
·≈–‡≈◊Õ¥·¢Áßµ—«‰¥âßà“¬ ®÷ß¡—°‡≈◊Õ°„™â heparin ‡ªìπ “√
°—π‡≈◊Õ¥·¢Áß ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘ªÑÕß°—π°“√·¢Áßµ—«
¢Õß‡≈◊Õ¥¥’°«à“ “√°—π‡≈◊Õ¥·¢Áß™π‘¥Õ◊Ëπ «‘∏’°“√‡°Á∫‡≈◊Õ¥
‚¥¬„™â heparin ‡ªìπ “√°—π‡≈◊Õ¥·¢Áßπ—Èπ ¡—°®–¥Ÿ¥‡§≈◊Õ∫
heparin ‰«â„π°√–∫Õ°©’¥¬“°àÕπ¥Ÿ¥‡≈◊Õ¥‡¢â“‰ªº ¡¿“¬„π
°√–∫Õ° ¡—°µâÕß„™â heparin „πª√‘¡“≥∑’Ë§àÕπ¢â“ß¡“°
‡æ◊ËÕªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥¿“¬„π°√–∫Õ°©’¥¬“
‡π◊ËÕß®“°„π°“√‡®“–‡≈◊Õ¥∑“√°À√◊Õ‡≈◊Õ¥‡¥Á° ¡—°„™â‡«≈“
¡“°°«à“°“√‡®“–‡≈◊Õ¥∫ÿ§§≈∑—Ë«‰ª ‡ªìπº≈„Àâ‡≈◊Õ¥∑’Ë‡®“–
‡°Á∫‰¥â¡’ —¥ à«π¢Õß heparin §àÕπ¢â“ß¡“°·≈–∫àÕ¬§√—Èß
 àßº≈√∫°«π°“√µ√«®¥â«¬«‘∏’ PCR ‡π◊ËÕß®“° heparin
„πª√‘¡“≥ Ÿß “¡“√∂¬—∫¬—ÈßªØ‘°‘√‘¬“ PCR ¢Õß‡Õπ‰´¡å Taq
DNA polymerase ‰¥â ‡ªìπº≈„Àâµ√«®«‘π‘®©—¬º‘¥æ≈“¥‰¥â
Õ¬à“ß‰√°Áµ“¡¡’ªí®®—¬À≈“¬Õ¬à“ß√à«¡¥â«¬ ‡™àπ ™π‘¥¢Õß
‡Õπ‰´¡å Taq DNA polymerase  ®”π«π‡¡Á¥‡≈◊Õ¥¢“«
„π‡≈◊Õ¥ ·≈–§«“¡‡¢â¡¢âπ¢Õß heparin ∑’Ë„™â(3,4) ∑”„Àâ
·µà≈–ÀâÕßªØ‘∫—µ‘°“√‰¡à “¡“√∂°”Àπ¥·π«∑“ß°“√„™â
∑’Ë™—¥‡®π‰¥â  ”À√—∫ ACD ‡ªìπ “√°—π‡≈◊Õ¥·¢ÁßÕ’°™π‘¥Àπ÷Ëß
∑’Ë„™â‡°Á∫‡≈◊Õ¥ ¡’ à«πª√–°Õ∫∑’Ë ”§—≠ §◊Õ trisodium citrate,
citric acid ·≈– dextrose  “¡“√∂„™â‡°Á∫√—°…“ ¿“æ‡≈◊Õ¥
‰«â‰¥âπ“π ´÷ËßÕ“®π”¡“ª√–¬ÿ°µå„™â°—∫ß“π¥â“π°“√µ√«®
«‘π‘®©—¬¬’πÕ—≈ø“∏“≈—  ’́‡¡’¬‰¥â °“√»÷°…“§√—Èßπ’È®÷ßµâÕß°“√
»÷°…“º≈¢Õß “√°—π‡≈◊Õ¥·¢Áß‡À≈à“π’ÈµàÕ°“√µ√«®«‘π‘®©—¬
∏“≈—  ’́‡¡’¬¥â«¬«‘∏’ PCR „πß“πª√–®”«—π

«—µ∂ÿª√– ß§å
»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õß “√°—π‡≈◊Õ¥·¢Áß 3 ™π‘¥

§◊Õ EDTA, heparin ·≈– ACD µàÕ°“√µ√«®«‘‡§√“–Àå¬’π

∏“≈— ´’‡¡’¬∑’Ëæ∫∫àÕ¬„π§π‰∑¬¥â«¬«‘∏’ PCR „πß“πª√–®”«—π
‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈ª√–°Õ∫°“√°”Àπ¥·π«∑“ß°“√‡®“–‡°Á∫
µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë‡À¡“– ¡„πß“πª√–®”«—πµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
‡®“–‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥®”π«π 6 ¡‘≈≈‘≈‘µ√®“°Õ“ “ ¡—§√

∑’Ë∑√“∫«à“‡ªìπæ“À– Hb E √à«¡°—∫ α - thalassemia 1 (SEA
deletion) ·∫àß„ àÀ≈Õ¥∑’Ë¡’ “√°—π‡≈◊Õ¥·¢Áß™π‘¥µà“ßÊ
ª√–°Õ∫¥â«¬ heparin §«“¡‡¢â¡¢âπ 5, 25, 50, 100 IU/ml,
EDTA 25 mg/ml  ·≈– ACD 150 µl / ml  À≈Õ¥≈–
1 ¡‘≈≈‘≈‘µ√ ‰¥âµ—«Õ¬à“ß‡≈◊Õ¥∑—Èß ‘Èπ®”π«π 6 µ—«Õ¬à“ß
π”‰ª‡µ√’¬¡ DNA ‚¥¬«‘∏’¡“µ√∞“π‚¥¬„™â°“√ °—¥¥â«¬
phenol chloroform ≈–≈“¬ DNA ∑’Ë ‰¥â¥â«¬πÈ”°≈—Ëπ
ª√‘¡“µ√‡∑à“°—π π”¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰ªµ√«®«‘‡§√“–Àå¬’π∏“≈— ´’‡¡’¬
2 ™π‘¥ §◊Õ α - thalassemia 1 ™π‘¥ SEA deletion µ√«®
‚¥¬„™â‡∑§π‘§ gap - PCR (5) ·≈–¬’π βE - globin µ√«®
¥â«¬«‘∏’ allele specific PCR (6) ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ
°“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ∑’Ë‰¥â√–À«à“ß°“√„™â “√°—π‡≈◊Õ¥·¢Áß
·µà≈–™π‘¥

º≈°“√»÷°…“·≈–«‘®“√≥åº≈°“√»÷°…“
√Ÿª∑’Ë 1 · ¥ßº≈°“√µ√«®À“¬’π α - thalassemia 1

(SEA deletion) ¥â«¬«‘∏’ gap - PCR „πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ
∑’Ë‡µ√’¬¡‰¥â®“°‡≈◊Õ¥Õ“ “ ¡—§√∑’Ë„™â “√°—π‡≈◊Õ¥·¢Áß 3 ™π‘¥
§◊Õ EDTA, ACD ·≈– heparin ∑’Ë§«“¡‡¢â¡¢âπ 5, 25, 50
·≈– 100 IU/ml „π√–∫∫ gap - PCR ∑’Ë„™âπ’È §πª°µ‘
®–„Àâ™‘Èπ à«π¥’‡ÕÁπ‡Õ‡æ’¬ß 1 ™‘Èπ¢π“¥ 314 bp  à«πºŸâ∑’Ë
‡ªìπæ“À– α - thalassemia 1 (SEA deletion) ®–æ∫™‘Èπ
 à«π¢π“¥ 660 bp ‡æ‘Ë¡Õ’° 1 ™‘Èπ´÷Ëß‡ªìπ™‘Èπ à«π∑’Ë®”‡æ“–
µàÕ¬’π α - thalassemia 1 ™π‘¥ SEA deletion ∑’Ëæ∫
‰¥â∫àÕ¬„π§π‰∑¬ æ∫«à“ “¡“√∂„Àâ°“√«‘π‘®©—¬æ“À–
α - thalassemia 1 ‰¥â„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â
∑—Èß 6 µ—«Õ¬à“ß ‚¥¬µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â®“°‡≈◊Õ¥
∑’Ë„™â EDTA ·≈– ACD ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß¡’ª√– ‘∑∏‘¿“æ
„π°“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ¥’¡“°‰¡à·µ°µà“ß°—π  à«π¥’‡ÕÁπ‡Õ
∑’Ë‡µ√’¬¡‰¥â®“° heparinized blood ¡’ª√– ‘∑∏‘¿“æ„π°“√
‡æ‘Ë¡®”π«πµË”°«à“Õ¬à“ß‡ÀÁπ‰¥â™—¥
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√Ÿª∑’Ë 1 º≈°“√µ√«®À“¬’π α - thalassemia 1 ¥â«¬«‘∏’ gap - PCR  (-) ·≈– (+)  §◊Õ Control DNA   1; EDTA  2: ACD
3: heparin (5 IU)  4: heparin (25 IU)  5: heparin 50 IU  6: heparin (100 IU)

√Ÿª∑’Ë 2  · ¥ßº≈°“√µ√«®À“¬’π βE - globin  ¥â«¬«‘∏’
allele specific - PCR „πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â®“°
‡≈◊Õ¥Õ“ “ ¡—§√∑’Ë„™â “√°—π‡≈◊Õ¥·¢Áß 3 ™π‘¥ §◊Õ EDTA,
ACD ·≈– heparin ∑’Ë§«“¡‡¢â¡¢âπ 5, 25, 50 ·≈– 100
IU/ml „π√–∫∫∑’Ë„™âπ’È ™‘Èπ à«π∑’Ë®”‡æ“–µàÕ¬’π βE - globin
¡’¢π“¥ª√–¡“≥ 400 bp æ∫«à“ “¡“√∂„Àâ°“√«‘π‘®©—¬
æ“À– Hb E ‰¥â„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â∑—Èß 6 µ—«Õ¬à“ß

‚¥¬µ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â®“°‡≈◊Õ¥∑’Ë „™â EDTA
·≈– ACD ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß¡’ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡
®”π«π¥’‡ÕÁπ‡Õ‰¥â¥’‰¡à·µ°µà“ß°—π  à«π¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡
‰¥â®“° heparinized blood ¡’ª√– ‘∑∏‘¿“æ„π°“√
‡æ‘Ë¡®”π«πµË”°«à“Õ¬à“ß‡ÀÁπ‰¥â™—¥‡™àπ‡¥’¬«°—∫∑’Ëæ∫„π°“√
µ√«®«‘π‘®©—¬ α -thalassemia 1 ¢â“ßµâπ

√Ÿª∑’Ë 2 º≈°“√µ√«®À“¬’π βE - globin ¥â«¬«‘∏’ allele specific PCR  (-) ·≈– (+)  §◊Õ Control DNA  1; EDTA
2: ACD  3: heparin (5 IU)  4: heparin (25 IU)  5: heparin 50 IU  6: heparin (100 IU)
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¢âÕ¡Ÿ≈®“°°“√»÷°…“„π¬’π∏“≈— ´’‡¡’¬∑—Èß Õß¬’π¬◊π¬—π
‰¥â«à“ “√°—π‡≈◊Õ¥·¢Áß heparin ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß
∑’Ë “¡“√∂√∫°«π°“√µ√«®«‘‡§√“–Àå¬’π∏“≈— ´’‡¡’¬‚¥¬«‘∏’
gap - PCR  ”À√—∫ α - thalassemia 1 ·≈–«‘∏’ allele
specific PCR  ”À√—∫¬’π Hb E ‰¥â‚¥¬‡©æ“–‡¡◊ËÕ„™â
„πª√‘¡“≥¡“° ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ≈¥
≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥ ´÷ËßÕ“® àßº≈„Àâ«‘π‘®©—¬‚√§º‘¥æ≈“¥‰¥â
 Õ¥§≈âÕß°—∫√“¬ß“π°“√»÷°…“∑’Ëºà“π¡“(3, 4) ‚¥¬‡©æ“–
À“°‡ªìπµ—«Õ¬à“ß‡≈◊Õ¥∑“√°„π§√√¿å∑’Ë àßµ√«®«‘π‘®©—¬
°àÕπ§≈Õ¥(7) ´÷ËßµâÕß°“√º≈°“√µ√«®∑’Ë¡’§«“¡∂Ÿ°µâÕß
·¡àπ¬” Ÿß À“° “¡“√∂‡≈’Ë¬ß°“√„™â heparin ‡ªìπ “√
°—π‡≈◊Õ¥·¢Áß·≈–‡≈◊Õ°„™â EDTA À√◊Õ ACD ·∑π‰¥â

®–∑”„Àâ°“√µ√«®«‘π‘®©—¬¥â«¬«‘∏’ PCR ¡’§«“¡∂Ÿ°µâÕß
·¡àπ¬”·≈–πà“‡™◊ËÕ∂◊Õ¡“°¢÷Èπ  Õ¬à“ß‰√°Áµ“¡À“°‰¡à “¡“√∂
À≈’°‡≈’Ë¬ß°“√„™â heparin ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß‰¥â
Õ“®·°âªí≠À“ª√– ‘∑∏‘¿“æ„π°“√‡æ‘Ë¡®”π«π¥’‡ÕÁπ‡Õ
‚¥¬«‘∏’ PCR ¥â«¬°“√π”¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â‰ª‡®◊Õ®“ß
¥â«¬πÈ”°≈—Ëπ‡ ’¬°àÕπ‡æ◊ËÕ≈¥ª√‘¡“≥ heparin ∑’ËÕ“®µ°§â“ß
„πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â °àÕπ∑’Ë®–π”‰ª∑”°“√µ√«®
¥â«¬«‘∏’ PCR µàÕ‰ª æ∫«à“«‘∏’°“√ßà“¬Êπ’È “¡“√∂≈¥ªí≠À“
°“√√∫°«π¢Õß heparin µàÕ°“√∑” PCR ‰¥â¡“°·≈–
™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√∑” PCR ‰¥â ∑”„Àâ‰¥â·∂∫¢Õß
¥’‡ÕÁπ‡Õ∑’Ë¡’§«“¡‡¢â¡¢Õß·∂∫™—¥‡®π¢÷Èπ ¥—ß· ¥ß„π √Ÿª∑’Ë 3

√Ÿª∑’Ë 3 º≈°“√µ√«®À“¬’π α - thalassemia 1 „πµ—«Õ¬à“ß¥’‡ÕÁπ‡Õ∑’Ë‡µ√’¬¡‰¥â®“° heparinized blood (25 IU) ‚¥¬π”¡“
‡®◊Õ®“ß°àÕπ∑” PCR æ∫«à“ “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√∑” PCR ‰¥â  (-) ·≈– (+)  §◊Õ Control DNA
1: undiluted DNA    2: ‡®◊Õ®“ß 2 / 3     3: ‡®◊Õ®“ß 1 / 2    4: ‡®◊Õ®“ß 1 / 3

°‘µµ‘°√√¡ª√–°“»
°“√»÷°…“§√—È ßπ’È ‰¥â √—∫°“√ π—∫ πÿπ∫“ß à«π®“°

∑ÿπ»Ÿπ¬å«‘®—¬‡©æ“–∑“ß¡À“«‘∑¬“≈—¬¢Õπ·°àπ ·≈–

∑ÿ π ‚§√ ß° “ √æ—≤π“°≈ÿà ¡ «‘ ®— ¬ „π ∂“∫— πÕÿ ¥¡»÷ °… “
(CHE-RG-51)  ”π—°ß“π§≥–°√√¡°“√°“√Õÿ¥¡»÷°…“
( °Õ.) °√–∑√«ß»÷°…“∏‘°“√
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