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Abstract
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DNA FINGERPRINTING OF LEPTOSPIRA SPP. USING A REPETITIVE
SEQUENCE-BASED POLYMERASE CHAIN REACTION

A DNA fingerprinting technique, repetitive sequence based polymerase chain reaction (rep-PCR), was used

to characterize 20 isolates of both pathogenic and nonpathogenic Leptospira spp. Rep-PCR differentiated 20

Leptospira isolates into 16 rep-PCR patterns with a high index of discrimination (D=0.963). The results of

cluster analysis demonstrated that pathogenic and nonpathogenic Leptospira belonged to separate clusters with at

least 60% similarity. Overall, the results of our studies indicated that rep-PCR is useful for fingerprinting

Leptospira species.  The technique is simple, rapid, inexpensive and may be used for strain tracking in molecular

epidemiological investigations of Leptospirosis outbreaks in the future.
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∫∑§—¥¬àÕ
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°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ‚¥¬«‘∏’ repetitive sequence-based

polymerase chain reaction

°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“®”π«π 20 µ—«Õ¬à“ß®“°‡™◊ÈÕ‡≈ª‚µ ‰ª√“ °≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§·≈–°≈ÿà¡

∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§∑’Ë·¬°‰¥â®“° —µ«å·∑–·≈– ‘Ëß·«¥≈âÕ¡ ‚¥¬«‘∏’ repetitive sequence based polymerase chain reaction (rep-PCR)

æ∫«à“ rep-PCR  “¡“√∂®”·π°‡™◊ÈÕ‰¥â‡ªìπ 16 ·∫∫ (rep-PCR pattern) ·≈–æ∫«à“«‘∏’ rep-PCR ¡’§«“¡ “¡“√∂„π°“√®”·π°

‡™◊ÈÕ Ÿß (D=0.963) º≈°“√»÷°…“‡ª√’¬∫‡∑’¬∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ‚¥¬«‘∏’ cluster analysis æ∫«à“‡™◊ÈÕ‡≈ª‚µ ‰ª√“∑—Èß 2 °≈ÿà¡ Õ¬Ÿà„π

cluster ∑’Ë‡À¡◊Õπ°—πÕ¬à“ßπâÕ¬ 60% ‚¥¬ √ÿª°“√»÷°…“§√—Èßπ’Èæ∫«à“«‘∏’ rep-PCR  “¡“√∂π”¡“„™â„π°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ

¢Õß ‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ´÷Ëß«‘∏’ rep-PCR ‡ªìπ«‘∏’∑’Ëßà“¬ √«¥‡√Á« ª√–À¬—¥ ·≈–Õ“®π”¡“„™â„π°“√À“·À≈àß ∑’Ë¡“¢Õß‡™◊ÈÕ„π°“√»÷°…“

√–∫“¥«‘∑¬“¢Õß‚√§‡≈ª‚µ ‰ª‚√´’ µàÕ‰ª

§” ”§—≠ :  ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ‡™◊ÈÕ‡≈ª‚µ ‰ª√“ repetitive squence-based polymerase chain reaction

µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ (°√¡§«∫§ÿ¡‚√§µ‘¥µàÕ, 1999; °Õß

√–∫“¥«‘∑¬“, 2000) ¥—ßπ—Èπ®÷ßπ—∫‰¥â«à“‚√§‡≈ª‚µ ‰ª‚√ ’́ ‡ªìπ

emerging disease ∑’Ë°”≈—ß‡ªìπªí≠À“ ”§—≠∑“ß¥â“π “∏“√≥ ÿ¢

„π¢≥–π’È°“√»÷°…“√–∫“¥«‘∑¬“¢Õß‚√§‡≈ª‚µ ‰ª‚√´’ 

 “¡“√∂∑”‰¥â‚¥¬°“√µ√«®À“‡™◊ÈÕ‡≈ª‚µ ‰ª√“µ“¡«‘∏’°“√

∑“ß·∫§∑’‡√’¬«‘∑¬“ «‘∏’°“√∑“ß´’√—Ë¡«‘∑¬“ À√◊Õ microscopic

agglutination test (MAT) ·≈–«‘∏’ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√ 

(polymerase Chain Reaction, PCR) ‚¥¬°“√µ√«®À“‡™◊ÈÕ

‡≈ª‚µ ‰ª√“„πµ—«Õ¬à“ß‡≈◊Õ¥ À√◊Õªí  “«–®“°§π·≈– —µ«å

(Merien et al., 1992; Savio et al., 1994; Wagenaar et al.,

1994; Zuerner and Bolin, 1997) πÕ°®“°π’È°“√»÷°…“

√–∫“¥«‘∑¬“¬—ß “¡“√∂∑”‰¥â‚¥¬°“√»÷°…“ ≈—°…≥–∑“ß

æ—π∏ÿ°√√¡ (DNA-based subtyping) À√◊Õ ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ

(DNA fingerprinting) ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ́ ÷Ëß¡’À≈“¬«‘∏’‚¥¬

·µà≈–«‘∏’¡’ª√–‚¬™πå„π°“√À“ “¬æ—π∏ÿå¢Õß‡™◊ÈÕ∑’Ë‡ªìπ “‡Àµÿ

„π°“√√–∫“¥¢Õß‚√§ µ—«Õ¬à“ß¢Õß«‘∏’°“√»÷°…“≈“¬æ‘¡æå

¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ‡™àπ«‘∏’ DNA hybridization

(Ramadass et al., 1992), Restriction Fragment Length

Polymorphism (RFLP) (Ellis et al., 1988; Zuerner et al.,

1993), Pulsed-Field Gel Electrophoresis (PFGE) ·≈–

Randomly Amplified Polymorphic DNA (RAPD) (Perolat

et al., 1994; Letocart et al., 1997; Pereira et al., 2000)

∫∑π”

‡™◊ÈÕ‡≈ª‚µ ‰ª√“ (Leptospira spp.) ‡ªìπ‡™◊ÈÕ

 ‰ª‚√¢’∑ (spirochaete) ÷́Ëß‡ªìπ·∫§∑’‡√’¬ ·°√¡≈∫·∫∫

‡§≈◊ËÕπ∑’Ë‰¥â (motile) ·≈–µâÕß°“√ÕÕ°´‘‡®π„π°“√‡®√‘≠‡µ‘∫‚µ

(obligate aerobic) ‡™◊ÈÕπ’È®—¥Õ¬Ÿà„π Genus Leptospira ÷́Ëß

 “¡“√∂·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡„À≠à §◊Õ°≈ÿà¡ ∑’Ë∑”„Àâ‡°‘¥‚√§

(Leptospira interrogans) ·≈–°≈ÿà¡∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§ (Leptospira

biflexa) µ“¡°“√®”·π°‡™◊ÈÕ ‚¥¬«‘∏’∑“ß´’√—Ë¡«‘∑¬“ ‡™◊ÈÕ

‡≈ª‚µ ‰ª√“ “¡“√∂®”·π°ÕÕ°‰¥â¡“°°«à“ 200 serovars

(Paster et al., 1991) ‡™◊ÈÕπ’È “¡“√∂æ∫‰¥â∑—Ë«‰ª„π ‘Ëß·«¥≈âÕ¡

·≈–‡ªìπ “‡Àµÿ∑’Ë∑”„Àâ‡°‘¥‚√§‡≈ª‚µ ‰ª‚√´’  „πª»ÿ —µ«å

 —µ«å‡≈’È¬ß  —µ«åªÉ“ ·≈–§π

‚√§‡≈ª‚µ ‰ª‚√´’ ‡ªìπ‚√§µ‘¥µàÕ®“° —µ«å Ÿà§π∑’Ë

æ∫‰¥â∑—Ë«‚≈° Õ“°“√‚¥¬∑—Ë«‰ª¢ÕßºŸâªÉ«¬ ‚√§‡≈ª‚µ ‰ª‚√ ’́ 

‰¥â·°à Õ“°“√‰¢â‡©’¬∫æ≈—π ª«¥»’√…–·≈–°≈â“¡‡π◊ÈÕÕ¬à“ß√ÿπ·√ß

Àπ“« —Ëπ µ“·¥ß ·≈–Õ“®¡’Õ“°“√‡¬◊ËÕÀÿâ¡ ¡ÕßÕ—°‡ ∫√à«¡¥â«¬

(°√¡§«∫§ÿ¡‚√§µ‘¥µàÕ, 1999) „πª√–‡∑»‰∑¬¡’√“¬ß“π°“√

√–∫“¥¢Õß‚√§‡≈ª‚µ ‰ª‚√´’ ‡æ‘Ë¡¢÷Èπ„π™à«ß 5 ªï∑’Ëºà“π¡“

®“°√“¬ß“π°“√‡ΩÑ“ √–«—ß‚√§¢Õß°√–∑√«ß “∏“√≥ ÿ¢æ∫«à“„π

ªï 2541 ·≈– 2542 ¡’ºŸâªÉ«¬¥â«¬‚√§‡≈ª‚µ ‰ª‚√ ’́  ®”π«π

2,168 √“¬ (‡ ’¬™’«‘µ 102 √“¬) ·≈– 4,680 √“¬ (‡ ’¬™’«‘µ

200 √“¬) µ“¡≈”¥—∫ ‚¥¬√âÕ¬≈– 89.8 ¢ÕßºŸâªÉ«¬Õ¬Ÿà„π¿“§
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πÕ°®“°π’È¬—ß¡’«‘∏’ Repetitive Sequence-based Polymerase

Chain Reaction (rep-PCR) ´÷Ëß‡ªìπ«‘∏’∑’Ëπ”¡“„™â„π°“√»÷°…“

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ„π‡™◊ÈÕ·∫§∑’‡√’¬À≈“¬™π‘¥ (Woods et al.,

1993; Versalovic et al., 1995; Amonsin et al., 1997)

Õ¬à“ß‰√°Áµ“¡ ¬—ß‰¡à¡’√“¬ß“π°“√„™â«‘∏’ rep-PCR „π°“√»÷°…“

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“·µàÕ¬à“ß„¥

°“√»÷°…“«‘®—¬§√—Èßπ’È‡ªìπ°“√π”‡ πÕ¢âÕ¡Ÿ≈„À¡à¥â“π

°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ·≈–§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß

‡™◊ÈÕ‡≈ª‚µ ‰ª√“„πª√–‡∑»‰∑¬ ‡æ◊ËÕª√–‚¬™πå∑“ß¥â“π°“√

»÷°…“ √–∫“¥«‘∑¬“µàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√

‡™◊ÈÕ‡≈ª‚µ ‰ª√“

√“¬≈–‡Õ’¬¥¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“„π°“√«‘®—¬§√—Èßπ’È

®”π«π 20 µ—«Õ¬à“ß· ¥ß‰«â„πµ“√“ß∑’Ë 1 ‡™◊ÈÕ‡≈ª‚µ ‰ª√“

°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§ (pathogenic Leptospira; L. interrogans)

(n=10) ·¬°‰¥â®“°°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ®“°‰µÀ√◊Õªí  “«–

¢Õß —µ«å·∑– ‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë‰¡à∑”„Àâ ‡°‘¥‚√§ (non-

pathogenic Leptospira; L. biflexa) (n=10) ‰¥â®“°°“√‡æ“–

‡≈’È¬ß‡™◊ÈÕ®“° ‘Ëß·«¥≈âÕ¡ ‡™àπ πÈ” ¥‘π °“√µ√«®æ‘ Ÿ®πå™π‘¥

¢Õß‡™◊ÈÕ∑”‚¥¬°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ„π Feltcher medium (Difco

Laboratories, Detroit, MI) ≥ Õÿ≥À¿Ÿ¡‘ 28-30o´. ‡ªìπ‡«≈“

3 ∂÷ß 13  —ª¥“Àå °“√∑¥ Õ∫°≈ÿà¡¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“∑”

‰¥â‚¥¬°“√∑¥ Õ∫‡™◊ÈÕ∑“ß·∫§∑’‡√’¬«‘∑¬“ ·≈–°“√∑¥ Õ∫

‚¥¬«‘∏’ªØ‘°‘√‘¬“≈Ÿ°‚ à́‚æ≈‘‡¡Õ‡√ 

°“√·¬° °—¥¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“

°“√·¬° °—¥¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“„™â«‘∏’ °—¥

¥’‡ÕÁπ‡Õ¥â«¬«‘∏’ phenol-chloroform (Amonsin et al., 1997)

√“¬≈–‡Õ’¬¥«‘∏’°“√ °—¥¥’‡ÕÁπ‡Õª√–°Õ∫¥â«¬ °“√‡æ“–‡≈’È¬ß

‡™◊ÈÕ·∫§∑’‡√’¬„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ Feltcher medium (Difco

Laboratories, Detroit, MI) ≥ Õÿ≥À¿Ÿ¡‘ 25o´. ‡ªìπ‡«≈“

14-21 «—π ®“°π—Èππ”¡“µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 100o´. π“π 10 π“∑’

‡æ◊ËÕ¶à“‡™◊ÈÕ·∫§∑’‡√’¬ ·≈–ªíòπ‡æ◊ËÕµ°µ–°Õπ∑’Ë§«“¡‡√Á« 15,000

√Õ∫π“π 5 π“∑’ ®“°π—Èπ∑”°“√≈–≈“¬µ–°Õπ¥â«¬ 50xTE

(0.5 M Tris HCl, 50 mM EDTA [pH 8.0]) ª√‘¡“µ√ 600

‰¡‚§√≈‘µ√ ·≈–‡µ‘¡ Lysozyme (0.2 ¡°. µàÕ ¡≈.) ·≈– RNAse

A (0.3 ¡°. µàÕ ¡≈.) ·≈â«·™à∑’ËÕÿ≥À¿Ÿ¡‘ 37o´. π“π 1 ™—Ë«‚¡ß

‡æ◊ËÕ¬àÕ¬ ≈“¬ºπ—ß‡´≈≈å ‡µ‘¡ SDS (0.6% ‚¥¬ª√‘¡“µ√) ·≈â«

·™à∑’ËÕÿ≥À¿Ÿ¡‘ 65o´. π“π 10 π“∑’ ·≈–‡µ‘¡ Proteinase K

(0.6 ¡°. µàÕ ¡≈.) ·≈–·™à “√≈–≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 37o´.

π“π 1 ™.¡. ‡æ◊ËÕ¬àÕ¬ ≈“¬ºπ—ß‡´≈≈å ®“°π—Èπ‡µ‘¡ phenol:

chloroform: isoamyl alcohol (25:24:1) ª√‘¡“µ√ 600

‰¡‚§√≈‘µ√ ‡æ◊ËÕ °—¥‚ª√µ’π ·≈–ªíòπ‡æ◊ËÕ·¬°™—Èπ‚ª√µ’π·≈–

¥’‡ÕÁπ‡Õ §«“¡‡√Á« 15,000 √Õ∫π“π 5 π“∑’ ®“°π—Èπ‡°Á∫

 “√≈–≈“¬™—Èπ∫π (supernatant) ª√‘¡“µ√ 400 ‰¡‚§√≈‘µ√

·≈–‡µ‘¡ 3.0 M ammonium acetate (0.1 ‡∑à“) ·≈– absolute

ethanol (2.5 ‡∑à“) ·≈â«·™à∑’ËÕÿ≥À¿Ÿ¡‘ -20o´. π“π 12 ™.¡.

‡æ◊ËÕµ°µ–°Õπ¥’‡ÕÁπ‡Õ ®“°π—Èππ” “√≈–≈“¬¡“ªíòπ∑’Ë§«“¡‡√Á«

15,000 √Õ∫ 15 π“∑’ ‡æ◊ËÕ‡°Á∫µ–°Õπ¥’‡ÕÁπ‡Õ (pellet) ·≈–

‡µ‘¡ 70% ethanol ª√‘¡“µ√ 1000 ‰¡‚§√≈‘µ√ ·≈–ªíòπ∑’Ë§«“¡

‡√Á« 15,000 √Õ∫ 15 π“∑’ ‡æ◊ËÕ≈â“ß·≈–‡°Á∫µ–°Õπ¥’‡ÕÁπ‡Õ

®“°π—Èπ‡µ‘¡ 1xTE (10 mM Tris HCl, 1 mM EDTA [pH

8.0]) ª√‘¡“µ√ 50-100 ‰¡‚§√≈‘µ√ ‡æ◊ËÕ≈–≈“¬¥’‡ÕÁπ‡Õ ·≈–

‡°Á∫ “√≈–≈“¬¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰«â∑’ËÕŸ≥À¿Ÿ¡‘ -20o´. À“§«“¡‡¢â¡¢âπ

¢Õß¥’‡ÕÁπ‡Õ ‚¥¬‡§√◊ËÕß spectrophotometer ∑’Ë√–¥—∫ 260/280

λ (Shimadzu Corporation, Kyoto, Japan)

°“√À“≈“¬æ‘¡æå¥’ ‡ÕÁπ ‡Õ¢Õß‡™◊È Õ ‡≈ª‚µ ‰ª√“‚¥¬«‘∏’

repetitive sequence based-polymerase chain reaction

(rep-PCR)

«‘∏’°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“‚¥¬

«‘∏’ rep-PCR ª√–°Õ∫¥â«¬ primer 1 §Ÿà§◊Õ ERIC IR -5'-

ATGTAAGCTCCTGGGGATTCAC (22 ≈”¥—∫‡∫ ) ·≈–

ERIC II- 5'- AAGTAAGTGACT GGGGTGAGCG (22

≈”¥—∫‡∫ ) °“√∑”ªØ‘°‘√‘¬“≈Ÿ°‚´à ‚æ≈‘‡¡Õ‡√ ‚¥¬«‘∏’ rep-PCR

®–„™â “√‡§¡’„πª√‘¡“µ√ 25 ‰¡‚§√≈‘µ√ ́ ÷Ëßª√–°Õ∫¥â«¬ 1 x

PCR buffer II (Fermentas, Hanover, MD), 1 mol of each

primer (ERIC IR ·≈– ERIC II) (Genset Biotech, Pte Ltd,

Singapore), 200 µm of dNTP (dATP, dTTP, dCTP, dGTP)

(Fermentas), 3.5 mM of MgCl
2
 (Fermentas)  ·≈– 2.5 U of

Amplitaq DNA polymerase (Fermentas) „π·µà≈–°“√∑”

ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√ ®–„™â¥’‡ÕÁπ‡Õª√–¡“≥ 100 ng

À≈—ß®“°º ¡ “√‡§¡’®–∑”ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√ ‚¥¬„™â

Thermal cycler (Hybaid limited, Ashford, Middlesex, UK)

¥â«¬°“√µ—Èß PCR condition ¥—ßπ’È initial denaturation ∑’Ë 94o´.

π“π 5 π“∑’ µ“¡¥â«¬ 35 √Õ∫¢Õß denaturation ∑’Ë 94o´.

π“π 30 «‘π“∑’ annealing ∑’Ë 45o´. π“π 3 π“∑’ extension ∑’Ë

72o´. π“π 2 π“∑’ ®“°π—Èπµ“¡¥â«¬ final extension ∑’Ë  72o´.

π“π 7 π“∑’ À≈—ß®“°∑”ªØ‘°‘√‘¬“·≈â« π” PCR product ¡“
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°“√§”π«≥§«“¡ “¡“√∂„π°“√®”·π°¢Õß«‘∏’ rep-PCR

(Discrimination index)

§«“¡ “¡“√∂„π°“√®”·π° (Discrimination index)

¢Õß«‘∏’°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ  “¡“√∂§”π«≥‰¥â®“° Ÿµ√

(Hunter and Gaston, 1988)

N  §◊Õ ®”π«π‡™◊ÈÕ∑—ÈßÀ¡¥∑’Ë∑¥ Õ∫ (total number of

strains) s §◊Õ ®”π«π·∫∫ (pattern) ∑’Ë®”·π°‰¥â (total

number of types) ·≈– n
j
 §◊Õ ®”π«π‡™◊ÈÕ„π·µà≈–·∫∫

(number of strains in the jth type) §à“§«“¡ “¡“√∂„π°“√

®”·π°¡’§à“µ—Èß·µà 0 ∂÷ß 1.0 À“°«‘∏’„¥ ¡’§à“§«“¡ “¡“√∂„π

°“√®”·π°‡∑à“°—∫ 1.0 ∂◊Õ«à“«‘∏’π—ÈπÊ ¡’§«“¡ “¡“√∂„π°“√

®”·π°™π‘¥¢Õß‡™◊ÈÕ Ÿß À√◊Õ‡∑à“°—∫ 100 ‡ªÕ√å‡´πµå

º≈

®“°°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ‚¥¬

«‘∏’ rep-PCR æ∫«à“«‘∏’ rep-PCR  “¡“√∂„™â„π°“√À“≈“¬æ‘¡æå

¥’ ‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ·≈–„Àâº≈¢Õß≈“¬æ‘¡æå

¥’‡ÕÁπ‡Õ ∑’ËÀ≈“°À≈“¬ (polymorphism) ®”π«π band ‚¥¬‡©≈’Ë¬

¢Õß≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ§◊Õ 9.6 bands (6-15) ¢π“¥¢Õß band

„π≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¡’µ—Èß·µà 50 bp ∂÷ß 1300 bp √Ÿª∑’Ë 1

· ¥ßº≈¢Õß≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë

∑”„Àâ‡°‘¥‚√§ ‚¥¬„™â 100 bp marker ‡ªìπ¢π“¥ ¥’‡ÕÁπ‡Õ

¡“µ√∞“π (molecular weight standard) √Ÿª∑’Ë 2 · ¥ßº≈

¢Õß≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë‰¡à∑”„Àâ‡°‘¥

‚√§ ÷́Ëß®–‡ÀÁπ‰¥â«à“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“

„π°≈ÿà¡∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§¡’≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’ËÀ≈“°À≈“¬

°«à“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ¢Õß‡™◊ÈÕ„π°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§

º≈°“√À“§«“¡ —¡æ—π∏å¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“®”π«π

20 µ—«Õ¬à“ßæ∫«à“«‘∏’ rep-PCR  “¡“√∂®”·π°‡™◊ÈÕ‰¥â 16 ·∫∫

(rep-PCR pattern) ·≈– “¡“√∂· ¥ßº≈°“√»÷°…“„π√Ÿª¢Õß

‚§√ß √â“ß§«“¡ —¡æ—π∏å (dendrogram) (√Ÿª∑’Ë 3) ®“°

‚§√ß √â“ß§«“¡ —¡æ—π∏å≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ∂Ÿ°π”‡ πÕÕ¬Ÿà„π

·π«µ—Èß¥â“π¢«“ ·≈–‚§√ß √â“ß§«“¡ —¡æ—π∏å´÷Ëß®–· ¥ß§«“¡

 —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ„π√Ÿª¢Õß percentage

similarity Õ¬Ÿà„π·π«µ—Èß¥â“π´â“¬ ´÷Ëß®–‡ÀÁπ‰¥â«à“ ‡™◊ÈÕ

‡≈ª‚µ ‰ª√“∑’Ë¡’≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ‡À¡◊Õπ°—π®–Õ¬Ÿà„π rep-PCR

µ√«® Õ∫„π 2.0% agarose gel electrophoresis (FMC

Bioproducts, rockland, ME) ·≈–∫—π∑÷°¿“æ‚¥¬ gel

documentation system (Vilbur Lourmat, La Vallee Cedes,

France)

°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡ (genetic relatedness)

¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ‚¥¬«‘∏’ cluster analysis

º≈¢ÕßªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√  rep-PCR ‡¡◊ËÕπ”¡“

µ√«® Õ∫„π 2.0% agarose gel electrophoresis ®–‰¥â

banding pattern À√◊Õ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“

®“°π—Èππ” banding pattern ¢Õß‡™◊ÈÕ·µà≈–™π‘¥¡“‡ª√’¬∫‡∑’¬∫

≈—°…≥–∑“ßæ—π∏ÿ°√√¡¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å Molecular

Analyst Finger-printing Plus (Bio-Rad, Hercules, CA) ‚¥¬

«‘∏’ cluster analysis

Cluster analysis ‰¥â®“°°“√§”π«≥§à“ percentage of

similarity „π·µà≈–§Ÿà¢Õß≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ‚¥¬¬÷¥À≈—°°“√

‡ª√’¬∫‡∑’¬∫¢π“¥¢Õß band °“√§”π«≥§à“ percentage of

similarity „π°“√«‘®—¬§√—Èßπ’È„™â Dice coefficient (SD) ‚¥¬

 “¡“√∂§”π«≥‰¥â®“° Ÿµ√ (Dice, 1945; Sneath and Sokol,

1973)

   2nAB
SD  =

  nA + nB

nAB §◊Õ ®”π«π band ∑’Ëæ∫„π A ·≈– B (number of bands

common for A and B) nA §◊Õ ®”π«π band ∑’Ë æ∫„π A

(total number of bands in fingerprint A) ·≈– nB §◊Õ ®”π«π

band ∑’Ëæ∫„π B (the total number of bands in fingerprint B)

§à“ S
D
 ¡’§à“µ—Èß·µà 0 ∂÷ß 1.00 §à“ 0 À¡“¬∂÷ß total dissimilarity

between the fingerprints ·≈–§à“ 1.00 À¡“¬∂÷ß complete

identity between the fingerprints

À≈—ß®“°§”π«≥§à“ percentage of similarity ·≈â«

cluster analysis √–À«à“ß‡™◊ÈÕ  “¡“√∂∑”‰¥â‚¥¬„™â«‘∏’ unweighted

pair-group arithmetic average clustering (UPGMA) (Sneath

and Sokol, 1973) ®“°π—Èπ “¡“√∂π”‡ πÕ§«“¡ —¡æ—π∏å

∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ„π√Ÿª¢Õß‚§√ß √â“ß§«“¡ —¡æ—π∏å

(dendrogram)

D = 1-               Σn
j
(n

j
-1)

j=1

s1

N(N-1)
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pattern ‡¥’¬«°—π ·≈–‡™◊ÈÕ∑’Ë¡’≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ„°≈â‡§’¬ß°—π®–Õ¬Ÿà

°≈ÿà¡(cluster) ‡¥’¬«°—π º≈°“√»÷°…“æ∫«à“ 100% (10/10)

¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§®–Õ¬Ÿà „π°≈ÿà¡ A

(cluster A) ́ ÷Ëßª√–°Õ∫¥â«¬ 6 rep-PCR patterns (pattern 11-

16)  à«π 60% (6/10) ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë‰¡à∑”„Àâ

‡°‘¥‚√§®–Õ¬Ÿà„π°≈ÿà¡ B (6 rep-PCR patterns; pattern 1-6)

·≈– 40% (4/10) ®–Õ¬Ÿà„π°≈ÿà¡ C (4 rep-PCR patterns;

pattern 7-10) ®–‡ÀÁπ‰¥â«à“‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥

‚√§ ·≈–°≈ÿà¡∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§ ¡’≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕÀ√◊Õ

≈—°…≥–∑“ßæ—π∏ÿ°√√√¡∑’Ë·¬°®“°°—π ‚¥¬∂Ÿ°®—¥Õ¬Ÿà„π°≈ÿà¡∑’Ë¡’

§«“¡‡À¡◊Õπ°—πÕ¬à“ßπâÕ¬ 60% πÕ°®“°π’È°“√®—¥°≈ÿà¡¢Õß

‡™◊ÈÕ‡≈ª‚µ ‰ª√“ Õ“® “¡“√∂π”‡ πÕ‰¥â„π√Ÿª¢Õß matrix

¢Õß percentage of similarity (√Ÿª∑’Ë 4) º≈°“√»÷°…“

§√—Èßπ’È®–æ∫«à“ ‡™◊ÈÕ‡≈ª‚µ ‰ª√“∂Ÿ°®—¥„ÀâÕ¬Ÿà„π°≈ÿà¡∑’Ë·µ°µà“ß

°—πÕ¬à“ß™—¥‡®π¥—ß· ¥ß„π√Ÿª∑’Ë 4

§«“¡ “¡“√∂„π°“√®”·π° (discrimination index)

¢Õß«‘∏’ rep-PCR „π°“√»÷°…“«‘®—¬ §√—Èßπ’È ‰¥â®“°°“√§”π«≥

®“° Ÿµ√ ´÷Ëßº≈°“√»÷°…“æ∫«à“«‘∏’ rep-PCR ¡’§«“¡ “¡“√∂

„π°“√®”·π°‡∑à“°—∫ 0.963 À√◊Õ 96.3% · ¥ß«à“«‘∏’

rep-PCR ‚¥¬°“√„™â primer ERIC IR ·≈–ERIC II ¡’§«“¡

 “¡“√∂„π°“√®”·π°‡™◊ÈÕ‡≈ª‚µ ‰ª√“ Ÿß ·≈– “¡“√∂π”¡“

„™â„π°“√»÷°…“≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“

‰¥â‡ªìπÕ¬à“ß¥’

«‘®“√≥å

«‘∏’°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ (DNA finger-printing)

‡ªìπ«‘∏’Àπ÷Ëß∑’Ë„™â„π°“√»÷°…“ ‡ª√’¬∫‡∑’¬∫≈—°…≥–∑“ßæ—π∏ÿ-

°√√¡¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ „π°“√«‘®—¬§√—Èßπ’È‰¥â„™â«‘∏’ rep-PCR

„π°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ ®“°°“√

 ◊∫§âπ‡Õ° “√Õâ“ßÕ‘ß„πªí®®ÿ∫—πæ∫«à“ ¬—ß‰¡à¡’√“¬ß“π°“√„™â«‘∏’

rep-PCR „π°“√À“»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“

·µàÕ¬à“ß„¥ (Levett, 2001) ÷́Ëß«‘∏’ rep-PCR π’È¡’ª√–‚¬™πå

„π¥â“π°“√»÷°…“√–∫“¥«‘∑¬“√–¥—∫‚¡‡≈°ÿ≈ (molecular

epidemiology) ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥µà“ßÊ ‡™àπ ‡™◊ÈÕ·∫§∑’‡√’¬

∑’Ë¡’§«“¡ ”§—≠„π¥â“π°“√·æ∑¬å ‡™àπ Vancomycin resistant

Enterococcus faecium (Dunne and Wang, 1997) À√◊Õ

Methicillin resistant Staphylococcus aureus (Depano et al.,

2000) ·≈–‡™◊ÈÕ∑’Ë¡’§«“¡ ”§—≠µàÕÕÿµ “À°√√¡°“√º≈‘µ —µ«å

·≈–º≈‘µ¿—≥±å®“° —µ«å ‡™àπ avian Escherichia coli (Moura

et al., 2001) À√◊Õ Salmonella enterica (Johnson et al., 2001)

°“√«‘®—¬§√—Èßπ’Èæ∫«à“°“√„™â«‘∏’ rep-PCR ¥â«¬ primer

ERIC IR ·≈– ERIC II ‡æ◊ËÕ»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ

‡≈ª‚µ ‰ª√“„Àâº≈‡ªìπ∑’Ëπà“æÕ„® (√Ÿª∑’Ë 1 ·≈– 2) º≈¢Õß

≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“¡’§«“¡À≈“°À≈“¬

(high polymorphism) ´÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π°“√»÷°…“≈“¬

æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“‚¥¬«‘∏’ PCR restriction

endonuclease analysis (Brown and Levett, 1997) ‡¡◊ËÕ§”π«≥

À“§à“§«“¡ “¡“√∂„π°“√®”·π° (discrimination index)

æ∫«à“«‘∏’ rep-PCR ¡’§à“§«“¡ “¡“√∂„π°“√®”·π°∑’Ë Ÿß

(0.963) ÷́Ëß‚¥¬ª°µ‘§à“§«“¡ “¡“√∂„π°“√®”·π°¢Õß«‘∏’

°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ À“°¡’§à“¡“°°«à“ 0.80 ∂◊Õ«à“‡ªìπ

∑’Ë¬Õ¡√—∫‰¥â (Swanminathan and Matar, 1993) ¥—ßπ—Èπ«‘∏’

rep-PCR ®÷ß‡À¡“– ¡∑’Ë®–π”¡“„™â„π°“√»÷°…“≈“¬æ‘¡æå

¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“‰¥â

º≈°“√»÷°…“§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ

‡≈ª‚µ ‰ª√“®”π«π 20 µ—«Õ¬à“ß ‚¥¬«‘∏’ cluster analysis æ∫

«à“‡™◊ÈÕ‡≈ª‚µ ‰ª√“∑—Èß 2 °≈ÿà¡·¬°®“°°—πÕ¬à“ß‡¥àπ™—¥ (Õ¬à“ß

πâÕ¬ 60% similarity) (√Ÿª∑’Ë 3 ·≈– 4) ́ ÷Ëß®–‡ÀÁπ‰¥â«à“º≈¢Õß

°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Perolat

et al., 1994 ∑’Ë«à“‡™◊ÈÕ‡≈ª‚µ ‰ª√“∑—Èß 2 °≈ÿà¡ “¡“√∂·¬°®“°

°—π ‰¥âÕ¬à“ß™—¥‡®π‚¥¬«‘∏’ Map Restriction Site Polymorphism

(MRSP) πÕ°®“°π’È¬—ßÕ“®°≈à“«‰¥â«à“«‘∏’ rep-PCR Õ“®π”¡“

™à«¬„π°“√µ√«®æ‘ Ÿ®πå‡™◊ÈÕ ®”·π°°≈ÿà¡¢Õß‡™◊ÈÕ ·≈–· ¥ß

≈—°…≥–∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ‰¥â„π¢≥–‡¥’¬«°—π

¢âÕ‰¥â‡ª√’¬∫¢Õß«‘∏’ rep-PCR §◊Õ «‘∏’π’È‡ªìπ«‘∏’∑’Ë„™â

‡∑§π‘§ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√  ª√–°Õ∫¥â«¬ primers ∑’Ë

®”‡æ“–µàÕ repetitive sequence ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∑”„Àâ

 “¡“√∂À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ∑’Ë‡ªìπ≈—°…≥–‡©æ“–¢Õß‡™◊ÈÕ·µà

≈–™π‘¥À√◊Õ “¬æ—π∏ÿå‰¥â ¢≥–‡¥’¬«°—π°“√„™â primer ∑’Ë¡’§«“¡

®”‡æ“–∑”„Àâº≈°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¡’§«“¡§ßµ—« (reproduc-

ibility) ‚¥¬‡©æ“–‡¡◊ËÕ‡∑’¬∫°—∫ «‘∏’ RAPD ´÷Ëß„™â primer ∑’Ë

‰¡à®”‡æ“– ·≈– PCR condition ∑’Ë annealing temperature µË”

(low stringency) (Corney et al., 1993) πÕ°®“°π’È«‘∏’

rep-PCR ¬—ß∂◊Õ«à“‡ªìπ«‘∏’∑’Ëßà“¬ ·≈–√«¥‡√Á« (rapid DNA

fingerprinting)

Õ¬à“ß‰√°Áµ“¡°“√«‘‡§√“–Àå≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß«‘∏’

rep-PCR √«¡∂÷ß«‘∏’°“√À“≈“¬æ‘¡æå¥’‡ÕÁπ‡ÕÕ◊ËπÊ ‡™àπ PFGE,

RFLP, RAPD ¡’§«“¡®”‡ªìπµâÕß„™â‚ª√·°√¡§Õ¡æ‘«‡µÕ√å„π

°“√‡ª√’¬∫‡∑’¬∫º≈¢Õß≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ °“√‡ª√’¬∫‡∑’¬∫º≈

Õ“®∑”‰¥â‚¥¬°“√‡ª√’¬∫‡∑’¬∫‚¥¬ºŸâ«‘®—¬ (visual analysis) ´÷Ëß
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µ“√“ß∑’Ë 1  ‡™◊ÈÕ‡≈ª‚µ ‰ª√“®”π«π 20 µ—«Õ¬à“ß ∑’Ë„™â„π°“√»÷°…“

Isolate Source Culture
a

PCR
b

rep-PCR patternc

a Culture: º≈°“√µ√«®æ‘ Ÿ®πå‡™◊ÈÕ‚¥¬«‘∏’∑“ß·∫§∑’‡√’¬«‘∑¬“
b PCR: º≈°“√µ√«®æ‘ Ÿ®πå‡™◊ÈÕ‚¥¬«‘∏’ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈‘‡¡Õ‡√  ∑’Ë®”‡æ“–µàÕ 16S rRNA gene
c rep-PCR pattern: ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ‚¥¬«‘∏’ rep-PCR
d NP: Non-pathogenic Leptospira spp.
e P : Pathogenic Leptospira spp.

34  ‘Ëß·«¥≈âÕ¡ NPd NP 1

5  ‘Ëß·«¥≈âÕ¡ NP NP 2

10  ‘Ëß·«¥≈âÕ¡ NP NP 3

11  ‘Ëß·«¥≈âÕ¡ NP NP 4

1  ‘Ëß·«¥≈âÕ¡ NP NP 5

2  ‘Ëß·«¥≈âÕ¡ NP NP 6

4  ‘Ëß·«¥≈âÕ¡ NP NP 7

19  ‘Ëß·«¥≈âÕ¡ NP NP 8

37  ‘Ëß·«¥≈âÕ¡ NP NP 9

23  ‘Ëß·«¥≈âÕ¡ NP NP 10

237  —µ«å·∑– Pe P 11

238  —µ«å·∑– P P 11

286  —µ«å·∑– P P 12

246  —µ«å·∑– P P 13

217  —µ«å·∑– P P 14

218  —µ«å·∑– P P 14

245  —µ«å·∑– P P 14

255  —µ«å·∑– P P 14

229  —µ«å·∑– P P 15

289  —µ«å·∑– P P 16

 “¡“√∂∑”‰¥â„π°√≥’∑’Ë®”π«πµ—«Õ¬à“ßπâÕ¬ À“°®”π«π

µ—«Õ¬à“ß„π°“√»÷°…“¡“° ®”‡ªìπµâÕß„™â‚ª√·°√¡§Õ¡æ‘«‡µÕ√å

¡“™à«¬„π°“√‡ª√’¬∫‡∑’¬∫≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ‡æ◊ËÕ≈¥§«“¡º‘¥

æ≈“¥„π°“√·ª≈º≈√–À«à“ß‡®≈ (gel to gel variation) ´÷Ëß®–

„Àâº≈∑’Ë·πàπÕπ ·≈– “¡“√∂· ¥ßº≈„π√Ÿª¢Õß‚§√ß √â“ß

§«“¡ —¡æ—π∏å´÷Ëßßà“¬µàÕ°“√·ª≈º≈ ·≈–‡¢â“„®„π§«“¡

 —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ß‡™◊ÈÕ

°“√»÷°…“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ§√—Èßπ’È‰¡à‰¥âπ”¡“„™â„π°“√

®”·π°‡™◊ÈÕ„π√–¥—∫´’‚√«“√å Õ¬à“ß‰√°Áµ“¡ª√–‚¬™πå¢Õß«‘∏’

rep-PCR „πÕπ“§µ §◊Õ°“√π”«‘∏’ rep-PCR ¡“„™â„π°“√

®”·π°™π‘¥¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“ „π√–¥—∫´’‚√«“√å ´÷Ëß§“¥«à“

 “¡“√∂°√–∑”‰¥â‡π◊ËÕß®“°«‘∏’ rep-PCR ¡’§«“¡ “¡“√∂„π

°“√®”·π° Ÿß (0.936) ª√–°Õ∫°—∫À“°¡’°“√∑¥ Õ∫«‘∏’

rep-PCR °—∫‡™◊ÈÕ´’‚√«“√åµà“ßÊ µàÕ®”π«πµ—«Õ¬à“ß∑’Ë¡“°æÕ

®– “¡“√∂ √â“ß∞“π¢âÕ¡Ÿ≈≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ (fingerprint

database) ¢Õß‡™◊ÈÕ·µà≈–´’‚√«“√å ‡æ◊ËÕ„™â„π°“√‡ª√’¬∫‡∑’¬∫µàÕ

‰ª
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√Ÿª∑’Ë 2  ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë‰¡à∑”„Àâ‡°‘¥‚√§ ‚¥¬«‘∏’ rep-PCR

√Ÿª∑’Ë 1  ≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§ ‚¥¬«‘∏’ rep-PCR
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√Ÿª∑’Ë 3  ‚§√ß √â“ß§«“¡ —¡æ—π∏å·≈–≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“®”π«π 20 µ—«Õ¬à“ß

‚¥¬ √ÿª§≥–ºŸâ«‘®—¬ “¡“√∂À“≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ¢Õß

‡™◊ÈÕ‡≈ª‚µ ‰ª√“‚¥¬«‘∏’ rep-PCR ·≈–æ∫«à“«‘∏’ rep-PCR ¡’

§«“¡ “¡“√∂„π°“√®”·π° Ÿß πÕ°®“°π’Èº≈¢Õß°“√À“§«“¡

 —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ‡≈ª‚µ ‰ª√“®”π«π 20 µ—«Õ¬à“ß

æ∫«à“‡™◊ÈÕ‡≈ª‚µ ‰ª√“°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥‚√§ ·≈–°≈ÿà¡∑’Ë‰¡à

∑”„Àâ‡°‘¥‚√§ ¡’≈—°…≥–∑“ßæ—π∏ÿ°√√¡∑’Ë‡À¡◊Õπ°—πÕ¬à“ßπâÕ¬

√âÕ¬≈– 60%
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