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Abstract

Mycoplasma gallisepticum and Mycoplasma synoviae are commonly recognized as poultry pathogens.

The avian mycoplasmas are associated with respiratory disease and synovitis. Many approaches are used for

the diagnosis of avian mycoplasmosis including molecular detection technique. The M. gallisepticum and

M. synoviae contaminated in allantoic fluid for the production of Newcastle disease live attenuated vaccine were

detected by real-time polymerase chain reaction. The primers specific to 16S ribosomal DNA (16S rDNA) of

M. gallisepticum, M. synoviae were designed for the polymerase chain reaction and performed with Light

Cycler® 480 SYBR Green I Maste, M. hyorhinis was use as a positive control. The result of DNA amount

and detection time as R2 of M. gallisepticum, M. synoviae and M. hyorhinis showed high correlation

score (0.99831, 0.99794 and 0.99563, respectively). The lowest limit of detection for genomic DNA of M. gallisepticum

and M. synoviae were 100 fg/μl and 10 fg/μl, respectively. These designed primers show highly specific,

accuracy and precision and did not interfered by contamination of M. hyorhinis and others such as B. subtilis

subsp. spizizenii, S. aureus, P. aeruginosa, S. enterica subsp. enteridis and S. enterica subsp. typhimurium.

From the result, this real-time polymerase chain reaction (real-time PCR) system could be a method of choice to

detect M. gallisepticum and M. synoviae and then use to monitor and confirm the mycoplasma contamination

in egg allantoic fluid of vaccine production
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°“√μ√«® Õ∫ªØ‘°‘√‘¬“≈Ÿ°‚´à‡Õπ‰´¡å‚æ≈’‡¡Õ‡√ ·∫∫ real-time  ”À√—∫°“√

μ√«®À“‡™◊ÈÕ Mycoplasma gallisepticum ·≈– Mycoplasma synoviae „π

allantoic fluid ∑’Ë„™â‡æ◊ËÕ°“√º≈‘μ«—§´’ππ‘«§“ ‡ ‘́≈‡™◊ÈÕ‡ªìπ  ‡μ√π≈“‚´μâ“
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∫∑§—¥¬àÕ

‡™◊ÈÕ Mycoplasma gallisepticum ·≈– Mycoplasma synoviae ‡ªìπ “‡Àμÿ¢Õß‚√§μ‘¥‡™◊ÈÕ√–∫∫∑“ß‡¥‘πÀ“¬„® ·≈–

‡¬◊ËÕ∫ÿ¿“¬„π¢âÕμàÕÕ—°‡ ∫„π —μ«åªï° °“√μ√«®À“‡™◊ÈÕ∑”‰¥âÀ≈“¬«‘∏’·μ°μà“ß°—π√«¡∂÷ß«‘∏’°“√μ√«®¥â«¬‡∑§π‘§™’«‚¡‡≈°ÿ≈ °“√μ√«®

À“‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae „π allantoic fluid ∑’Ë„™âº≈‘μ«—§´’ππ‘«§“ ‡ ‘́≈‡™◊ÈÕ‡ªìπ‚¥¬«‘∏’ real-time PCR ¥â«¬

™ÿ¥ªØ‘°‘√‘¬“ LightCycler® 480 SYBR Green I Master √à«¡°—∫ primer ∑’Ë®”‡æ“–μàÕ¬’π 16S ribosomal DNA (16S rDNA)

¡’‡™◊ÈÕ Mycoplasma hyorhinis ‡ªìπ‡™◊ÈÕ§«∫§ÿ¡∫«° ®“°°“√∑¥≈Õßæ∫«à“§à“ R
2
 ¢Õß‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈–

M. hyorhinis ‡∑à“°—∫ 0.99831 0.99794 ·≈– 0.99563  “¡“√∂μ√«® genomic DNA ¢Õß‡™◊ÈÕ M. gallisepticum ·≈–

M. hyorhinis ∑’Ë§«“¡‡¢â¡¢âπμË” ÿ¥ 100 fg/μl  à«π M. synoviae  “¡“√∂μ√«®æ∫‰¥â·¡â®–¡’ genomic DNA ‡æ’¬ß 10 fg/μl

·≈– primer ∑’Ë„™â„π°“√∑¥≈Õß¡’§«“¡®”‡æ“–μàÕ‡™◊ÈÕ §«“¡∂Ÿ°μâÕß ·≈–§«“¡‡∑’Ë¬ß Ÿß  “¡“√∂μ√«®æ∫‡™◊ÈÕ M. gallisepticum

·≈– M. synoviae ‰¥â·¡â®–¡’·∫§∑’‡√’¬ B. subtilis subsp. spizizenii, S. aureus, P. aeruginosa, S. enterica subsp. enteridis

·≈– S. enterica subsp. typhimurium À√◊Õ·¡â·μà‡™◊ÈÕ¡—¬‚§æ≈“ ¡“™π‘¥ M. hyorhinis ªπ‡ªóôÕπ√à«¡Õ¬Ÿà¥â«¬ ®“°º≈°“√∑¥≈Õß

· ¥ß«à“°“√μ√«®‚¥¬«‘∏’ real-time PCR ‡ªìπ«‘∏’∑’Ë‡À¡“– ¡μàÕ°“√π”‰ª„™â„π°“√μ√«®À“‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae

‡æ◊ËÕ‡ΩÑ“√–«—ß·≈–μ√«®¬◊π¬—π°“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ„π allantoic fluid „π°√–∫«π°“√º≈‘μ«—§´’π

§” ”§—≠ : Mycoplasma gallisepticum, Mycoplasma synoviae, real-time PCR, allantoic fluid
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∫∑π”

„π°“√º≈‘μ«—§ ’́π∑ÿ°™π‘¥®–μâÕß¡’°“√μ√«®°“√

ªπ‡ªóôÕπ¢Õß‡™◊ÈÕÕ◊Ëπ „π°√–∫«π°“√º≈‘μ«—§ ’́π —μ«åªï° ∑’Ëº≈‘μ

®“°‰¢à‰°àøí°®–μâÕß‰¡à¡’°“√ªπ‡ªóôÕπ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

(mycoplasma) ‚¥¬‡©æ“– Mycoplasma gallisepticum (M.

gallisepticum) ·≈– Mycoplasma synoviae (M. synoviae)

´÷Ëß‡ªìπ “‡Àμÿ¢Õß‚√§μ‘¥‡™◊ÈÕ√–∫∫∑“ß‡¥‘πÀ“¬„® ·≈–‡¬◊ËÕ∫ÿ

¿“¬„π¢âÕμàÕÕ—°‡ ∫„π —μ«åªï°  √â“ß§«“¡‡ ’¬À“¬∑“ß‡»√…∞°‘®

„πÕÿμ “À°√√¡°“√‡≈’È¬ß‰°à ∑”„ÀâπÈ”Àπ—°≈¥ °“√«“ß‰¢à≈¥≈ß

·≈–Õ—μ√“°“√μ“¬¢Õßμ—«ÕàÕπ Ÿß¢÷Èπ À“°¡’°“√μ‘¥‡™◊ÈÕ√à«¡°—∫

‚√§π‘«§“ ‡ ‘́≈ À√◊Õ‚√§À≈Õ¥≈¡Õ—°‡ ∫μ‘¥μàÕ„π‰°à®–

∑”„Àâ§«“¡√ÿπ·√ß¢Õß‚√§¡“°¢÷Èπ ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ “¡“√∂

¡’™’«‘μÕ¬Ÿà¿“¬πÕ° host ‰¥â 1-14 «—π ·æ√à°√–®“¬‚¥¬°“√

μ‘¥μàÕ∑“ßπÈ”‡™◊ÈÕ ·≈–μ‘¥μàÕ‰¥â®“°·¡à‰°à Ÿà‰¢à À√◊Õ·¡â·μà°“√

ªπ‡ªóôÕπ„π«—§´’π∑’Ë‰¡à‰¥âº≈‘μ®“°‰¢àª≈Õ¥‡™◊ÈÕ ‡©æ“–

(specific pathogen free; SPF egg) °“√μ√«®«‘π‘®©—¬∑“ß

ÀâÕßªØ‘∫—μ‘°“√¡’À≈“¬«‘∏’∑’Ë·μ°μà“ß°—π‡™àπ°“√‡æ“–·¬°‡™◊ÈÕ

°“√μ√«®∑“ß™’«‡§¡’ °“√μ√«®∑“ß´’√—¡«‘∑¬“ (Stipkovits and

Kempf 1996)

 ”π—°‡∑§‚π‚≈¬’™’«¿—≥±å —μ«å ( ∑™.) μ√«®°“√

ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„π«—§´’π‚¥¬„™â°“√μ√«®

‡Õπ‰´¡å∑’Ë ‡°‘¥®“°°“√‡®√‘≠‡μ‘∫‚μ¢Õß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

´÷Ëß‡ªìπ«‘∏’μ√«®ªØ‘°‘√‘¬“∑“ß™’«‡§¡’ (Lonza 2011) ·≈–μ√«®

¬◊π¬—π‡™◊ÈÕ¡—¬‚§æ≈“ ¡“¥â«¬°“√·¬°‡™◊ÈÕ·≈–‡≈’È¬ß„πÕ“À“√

‡≈’È¬ß‡™◊ÈÕ μ“¡«‘∏’¡“μ√∞“π„π°“√μ√«®‡™◊ÈÕ¡—¬‚§æ≈“ ¡“®“°

 ‘Ëß àßμ√«® (OIE 2008) ·μàÕ¬à“ß‰√°Áμ“¡°“√·¬°‡™◊ÈÕμâÕß„™â

‡«≈“π“π∂÷ß 3  —ª¥“Àå ‡π◊ËÕß®“°‡™◊ÈÕ¡’°“√‡®√‘≠‡μ‘∫‚μ™â“·≈–

À“°¡’°“√ªπ‡ªóôÕπ·∫§∑’‡√’¬™π‘¥Õ◊Ëπ√à«¡¥â«¬ ®–‰¡à “¡“√∂

‡æ“–‡™◊ÈÕ¡—¬‚§æ≈“ ¡“‰¥â (Kleven 2008) „π°“√μ√«®

¬◊π¬—π™π‘¥¢Õß‡™◊ÈÕ‚¥¬°“√·¬°‡™◊ÈÕμâÕß‡æ‘Ë¡ª√‘¡“≥‡™◊ÈÕ

¡’™’«‘μ ®÷ß¡’‚Õ°“ ∑’Ë‡™◊ÈÕ®–·æ√à°√–®“¬ Ÿà ¿“æ·«¥≈âÕ¡

ªí®®ÿ∫—π¡’‡∑§π‘§∑“ß™’«‚¡‡≈°ÿ≈∑’Ë‡√’¬°«à“ ªØ‘°‘√‘¬“≈Ÿ°‚´à

‡Õπ‰´¡å‚æ≈’‡¡Õ‡√ ·∫∫ real-time (real-time polymerase

chain reaction; real-time PCR) ‡ªìπ‡∑§π‘§°“√‡æ‘Ë¡ª√‘¡“≥

¥’‡ÕÁπ‡Õ∑”„Àâ∑’Ë “¡“√∂μ√«®·≈–®”·π°‡™◊ÈÕ‚¥¬‰¡à®”‡ªìπ

μâÕß‡æ‘Ë¡ª√‘¡“≥‡™◊ÈÕ¡’™’«‘μ°àÕπ

‡∑§π‘§ real-time PCR æ—≤π“¡“®“°°“√‡æ‘Ë¡ª√‘¡“≥

DNA ¥â«¬ªØ‘°‘√‘¬“≈Ÿ°‚´à‡Õπ‰´¡å‚æ≈’‡¡Õ‡√ ·∫∫¥—Èß‡¥‘¡

(conventional PCR) ·μà “¡“√∂«—¥ª√‘¡“≥ DNA ∑’Ë‡°‘¥¢÷Èπ®√‘ß

≥ ‡«≈“μ—Èß·μàªØ‘°‘√‘¬“‡√‘Ë¡μâπ®π ‘Èπ ÿ¥ ‚¥¬°“√μ√«®«—¥°“√

‡√◊Õß· ß¢Õß Fluorescent reporter ´÷Ëß “¡“√∂·¬°§«“¡

·μ°μà“ß¢Õßª√‘¡“≥ DNA ‰¥â·¡â¡’ª√‘¡“≥ DNA ·μ°μà“ß°—π

‡æ’¬ß 2 ‡∑à“ ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ¡’§«“¡®”‡æ“–·≈–¡’§«“¡·¡àπ¬”

 Ÿß „™â√–¬–‡«≈“ —Èπ ·≈–‰¡à®”‡ªìπμâÕß‡æ‘Ë¡ª√‘¡“≥‡™◊ÈÕ ∑”„Àâ

¡’§«“¡ª≈Õ¥¿—¬·°àºŸâªØ‘∫—μ‘ß“π·≈– ‘Ëß·«¥≈âÕ¡ (°π°«√√≥

·≈–§≥– 2006; «’√–æß»å 2551) „πªí®®ÿ∫—π¡’°“√π”‡∑§π‘§

PCR ( ÿ°—≈¬“≥’ ·≈– ÿ¿“æ√ 2551; Algire et al., 2009;

Garcia et al., 1996; Zhao and Yamamoto 1993) ·≈–

real-time PCR ( ÿ°“π¥“ ·≈–§≥– 2550; Raviv and Kleven

2009) ¡“„™â„π°“√μ√«®À“‡™◊ÈÕ M. gallisepticum ·≈–

M. synoviae ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°“√π”‡∑§π‘§ real-time PCR

¡“„™â„π°“√μ√«®À“‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae

„π allantoic fluid ®–™à«¬„Àâ°“√μ√«®¡’§«“¡∂Ÿ°μâÕß

·¡àπ¬” √«¥‡√Á« ·≈– “¡“√∂∫Õ°™π‘¥¢Õß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

∑’Ëªπ‡ªóôÕπ„π allantoic fluid ‰¥â‚¥¬‰¡àμâÕß‡æ‘Ë¡ª√‘¡“≥

‡™◊ÈÕ ÷́Ëß‡ªìπ°“√≈¥§«“¡ Ÿ≠‡ ’¬°àÕππ”‰ªº≈‘μ‡ªìπ«—§´’π

·≈–¬—ß‡ªìπ°“√≈¥§«“¡‡ ’Ë¬ßμàÕ°“√°√–®“¬‡™◊ÈÕ Ÿà ¿“æ

·«¥≈âÕ¡‰¥âÕ’°∑“ßÀπ÷Ëß¥â«¬

¡—¬‚§æ≈“ ¡“‡ªìπ·∫§∑’‡√’¬∑’Ë‰¡à¡’ºπ—ß‡´≈≈å ∑”„Àâ

¡’√Ÿª√à“ß‰¡à·πàπÕπ ¡’¢π“¥ 0.3 ∂÷ß 0.8 ‰¡§√Õπ ‚§‚≈π’

√Ÿª‰¢à¥“« ®—¥Õ¬Ÿà„π class Mollicutes Order Mycoplasmatales

¡’¬’‚π¡ ¢π“¥ 0.6 -1.35 ≈â“π‡∫  (Mb) ª√–°Õ∫¥â«¬¬’π

ª√–¡“≥ 300 ¬’π æ∫‰¥â∑—Ë«‰ª∑—Èß„π§π  —μ«å ·≈–¥‘π

¡—¬‚§æ≈“ ¡“‡ªìπªí≠À“ ”§—≠„π°“√‡æ“–‡≈’È¬ß‡´≈≈å ·≈–

„π°“√ª»ÿ —μ«å (Willey et al., 2011) °“√»÷°…“§«“¡

À≈“°À≈“¬¢Õß ‘Ëß¡’™’«‘μ™π‘¥μà“ßÊ π‘¬¡»÷°…“®“°¬’π 16S
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ribosomal DNA (16S rDNA) ÷́Ëß‡ªìπ¬’π∑’Ë¡’§«“¡§ßμ—« Ÿß

(Janda and Abbott 2007; Jill and Clarridge 2004; Mangala

et al., 2002) √«¡∑—Èß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“¥â«¬ ( ÿ°—≈¬“≥’ ·≈–

 ÿ¿“æ√ 2551; Garcia et al., 1996; Lauerman et al., 1993;

Liu et al., 2012)

     „π°“√∑¥≈Õßπ’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“°“√„™â«‘∏’ real-

time PCR ‡æ◊ËÕμ√«®À“°“√ªπ‡ªóôÕπ¢Õß‡™◊ÈÕ M. gallisepticum

·≈– M. synoviae „π allantoic fluid ∑’Ë„™â ”À√—∫º≈‘μ

«—§´’ππ‘«§“ ‡´‘≈∑’Ëº≈‘μ‚¥¬  ∑™.

Õÿª°√≥å·≈–«‘∏’°“√

Õ“À“√‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬

Õ“À“√‡æ“–‡≈’È¬ß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“™π‘¥ modified

Frey's ª√–°Õ∫¥â«¬ PPLO broth w/o cv (Difco, USA) 14.7

°√—¡ glucose (JDP, UK) 10 °√—¡ 1% phenol red (Sigma,

USA) 2.5 ¡≈. Noble agar (Difco, USA) 1% „ππÈ”°≈—Ëπ

710 ¡≈. ∑”„Àâª√“»®“°‡™◊ÈÕ‚¥¬°“√π÷Ëß¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘

121oC §«“¡¥—π 15 ªÕπ¥å/μ“√“ßπ‘È« π“π 15 π“∑’

¿“¬À≈—ß°“√π÷Ëß¶à“‡™◊ÈÕÕÿàπÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 56oC

°àÕπ‡μ‘¡ 25% yeast extract (Lab M, United Kingdom)

100 ¡≈. Inactivated swine serum (JRS, USA) 150 ¡≈.

1% nicotinamide adenine dinucleotide (NAD (Calbiochem,

Germany)) 10 ¡≈. 1% cysteine hydrochloride (Merck,

Germany) 10 ¡≈. ·≈– 10% thallium acetate (Sigma, USA)

2.5 ¡≈. μ“¡≈”¥—∫ º ¡„Àâ‡¢â“°—π°àÕππ”¡“‡∑≈ß®“π‡æ“–

‡≈’È¬ß¢π“¥ 60 ¡¡. ª√‘¡“μ√ 10 ¡≈./®“π‡æ“–‡≈’È¬ß  ”À√—∫

Õ“À“√‡À≈«‡μ√’¬¡‡À¡◊ÕπÕ“À“√·¢Áß·μà‰¡à„ à Noble agar

·∫àß„ àÀ≈Õ¥‡≈’È¬ß‡™◊ÈÕª√‘¡“μ√ 3 ¡≈./À≈Õ¥ ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘

2-8oC

Õ“À“√‡æ“–‡≈’È¬ß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“™π‘¥ Hayflick

‡μ√’¬¡‡À¡◊ÕπÕ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥ modified Frey's ·μà„π

 Ÿμ√Õ“À“√ª√–°Õ∫¥â«¬ PPLO broth (Difco, USA) 15.8 °√—¡

1% phenol red 1.5 ¡≈. Noble agar 1% „ππÈ”°≈—Ëπ 750 ¡≈.

∑”„Àâª√“»®“°‡™◊ÈÕ‚¥¬°“√π÷Ëß¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 121oC

§«“¡¥—π 15 ªÕπ¥å/μ“√“ßπ‘È« π“π 15 π“∑’ ¿“¬À≈—ß°“√π÷Ëß

¶à“‡™◊ÈÕ ÕÿàπÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 56oC °àÕπ‡μ‘¡ 25%

yeast extract 100 ¡≈. inactivated horse serum (Gibco, USA)

150 ¡≈. 0.2% deoxyribonucleic acid (DNA (Sigma, USA))

12 ¡≈. 200,000 unit Penicillin G (MP Biomedicals, USA)

5 ¡≈. 10% thallium acetate 2.0 ¡≈. ·≈– 10% glucose

100 ¡≈. μ“¡≈”¥—∫ ª√—∫ pH „Àâ‰¥â 7.6-7.8 ¥â«¬ 1N NaOH

(Mallinekrodt, Sweden)

Õ“À“√‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥ tryptose broth (TB)

ª√–°Õ∫¥â«¬ tryptose broth (Difco, USA) 26 °√—¡ ≈–≈“¬

„ππÈ”°≈—Ëπ 1,000 ¡≈. ·∫àß„ àÀ≈Õ¥‡≈’È¬ß‡™◊ÈÕª√‘¡“μ√ 10 ¡≈./

À≈Õ¥ ∑”„Àâª√“»®“°‡™◊ÈÕ‚¥¬°“√π÷Ëß¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘

121oC §«“¡¥—π 15 ªÕπ¥å/μ“√“ßπ‘È« π“π 15 π“∑’

¿“¬À≈—ßπ÷Ëß¶à“‡™◊ÈÕ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 2-8oC

‡™◊ÈÕ·∫§∑’‡√’¬ ·≈–®’‚π¡‘§¥’‡ÕÁπ‡Õ (gDNA) ¡“μ√∞“π

‡™◊ÈÕ¡—¬‚§æ≈“ ¡“¡“μ√∞“π 3 ™π‘¥ ‰¥â·°à M.

gallisepticum (S6) M. synoviae (ATCC 25204) ·≈– M.

hyorhinis (BTS7) ‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“° ∂“∫—π ÿ¢¿“æ

 —μ«å·Ààß™“μ‘ °√¡ª»ÿ —μ«å ‡æ‘Ë¡®”π«π‡™◊ÈÕ¡“μ√∞“π∑—Èß 3

™π‘¥„πÕ“À“√·¢Áß·≈–‡À≈« ‡æ◊ËÕ„™â„π°“√ °—¥®’‚π¡‘§

¥’‡ÕÁπ‡Õ¥â«¬™ÿ¥ °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ (DNeasy® blood &

tissue kit (QIAGEN, USA)) ·≈–‡°Á∫‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ -80oC

‡æ◊ËÕ„™â„π°“√À“§«“¡®”‡æ“– (specificity) §«“¡∂Ÿ°μâÕß

(accuracy) ·≈–§«“¡‡∑’Ë¬ß (precision)

‡™◊ÈÕ·∫§∑’‡√’¬¡“μ√∞“π 5 ™π‘¥ ‰¥â·°à Bacillus subtilis

subsp. spizizenii (B. subtilis subsp. spizizenii ; ATCC

6633) Staphylococcus aureus (S. aureus; ATCC 6538)

Pseudomonas aeruginosa (P. aeruginosa; ATCC 9027)

Salmonella enterica subsp. enteridis (S. enterica subsp.

enteridis; ATCC 13076) ·≈– Salmonella enterica subsp.
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typhimurium (S. enterica subsp. typhimurium; ATCC 14028)

‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°°≈ÿà¡μ√«® Õ∫™’««—μ∂ÿ ”À√—∫

 —μ«å °√¡ª»ÿ —μ«å ‡≈’È¬ß‡æ‘Ë¡®”π«π‡™◊ÈÕ¡“μ√∞“π∑—Èß 5 ™π‘¥

„πÕ“À“√‡À≈«‡æ◊ËÕ„™â∑¥ Õ∫§«“¡®”‡æ“–¢Õß primer μàÕ

‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥μà“ßÊ

®’‚π¡‘§¥’‡ÕÁπ‡Õ¡“μ√∞“π¢Õß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ 3

™π‘¥ ‰¥â·°à M. gallisepticum (NCTC 010115) M. synoviae

(NCTC 10124) ·≈– M. hyorhinis (NCTC 10130) ·μà≈–

™π‘¥¡’§«“¡‡¢â¡¢âπ 0.1 ng/μl  —Ëß ◊́ÈÕ®“°∫√‘…—∑ Minerva

Biolabs GmbH (Minerva Biolabs GmbH, Germany)

ª√–‡∑» Àæ—π∏å “∏“√≥√—∞‡¬Õ√¡π’‡æ◊ËÕ„™â„π°“√ √â“ß

°√“ø¡“μ√∞“π (standard curve) ·≈–À“§à“§«“¡‡¢â¡¢âπμË”

 ÿ¥¢Õß®’‚π¡‘§¥’‡ÕÁπ‡Õ∑’Ë “¡“√∂μ√«®æ∫ (limit of detection;

LOD)

°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬ ·≈–°“√ °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ

‡æ“–‡≈’È¬ß M. gallisepticum ·≈– M. synoviae „π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥ modified Frey's ·≈–‡æ“–‡≈’È¬ß M. hyorhinis

„πÕ“À“√‡æ“–‡≈’È¬ß‡™◊ÈÕ™π‘¥ Hayflick ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37oC

5-10% CO
2
 ‡ªìπ‡«≈“ 7-10 «—π

‡æ“–‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬ B. subtilis subsp. spizizenii,

S. aureus, P. aeruginosa, S. enterica subsp. enteridis ·≈–

S. enterica subsp. typhimurium „πÕ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥ TB

∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37oC ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß

π”‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ ·≈–‡™◊ÈÕ·∫§∑’‡√’¬‰ª °—¥®’‚π

¡‘§¥’ ‡ÕÁπ ‡Õ¥â«¬™ÿ¥ °—¥®’‚π¡‘§¥’ ‡ÕÁπ ‡Õμ“¡«‘∏’∑’Ë ºŸâ º≈‘μ

·π–π” π”®’‚π¡‘§¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â‰ª«—¥À“ª√‘¡“≥¥â«¬

‡§√◊ËÕß«—¥°“√¥Ÿ¥°≈◊π· ß™π‘¥π“‚π (Life Science UV/Vis

Spectrophotometer (Beckman, USA)) ‡æ◊ËÕ„™â„π°“√∑”ªØ‘°‘√‘¬“

real-time PCR μàÕ‰ª

Allantoic fluid

π” allantoic fluid ®“°‰¢à‰°àøí°ª≈Õ¥‡™◊ÈÕ‡©æ“–

Õ“¬ÿ 10 «—π∑’Ë©’¥‡™◊ÈÕ‰«√— π‘«§“ ‡´‘≈‡™◊ÈÕ‡ªìπ  ‡μ√π≈“‚´μâ“

(NDVL) ·≈â«øí°‰¢à∑’ËÕÿ≥À¿Ÿ¡‘ 37oC §«“¡™◊Èπ —¡æ—∑∏å 70%

‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ·™à‰¢à∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß

°àÕπ‡°Á∫ allantoic fluid °“√∑¥≈Õßπ’È„™â allantoic fluid

™ÿ¥°“√º≈‘μ∑’Ë NDL 15/57 „™â„π°“√ √â“ß°√“ø¡“μ√∞“π

§à“§«“¡‡¢â¡¢âπμË” ÿ¥∑’Ë “¡“√∂μ√«®æ∫ §«“¡®”‡æ“– §«“¡

∂Ÿ°μâÕß ·≈–§«“¡‡∑’Ë¬ß ·≈– allantoic fluid ®”π«π 17 ™ÿ¥

°“√º≈‘μ „™â„π°“√∑¥ Õ∫À“‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„π allantoic

fluid ‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°ΩÉ“¬º≈‘μ«—§´’π —μ«åªï° °≈ÿà¡

º≈‘μ™’«¿—≥±å  ”π—°‡∑§‚π‚≈¬’™’«¿—≥±å —μ«å °√¡ª»ÿ —μ«å

°“√ √â“ß°√“ø¡“μ√∞“π (standard curve) ·≈–§«“¡‡¢â¡¢âπ

μË” ÿ¥∑’Ë “¡“√∂μ√«®æ∫ (limit of detection; LOD)

π”®’‚π¡‘§¥’‡ÕÁπ‡Õ¡“μ√∞“π¢Õß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ 3

™π‘¥ (M. gallisepticum, M. synoviae ·≈– M. hyorhinis)

§«“¡‡¢â¡¢âπ 0.1 ng/μl ‰ª‡®◊Õ®“ß„Àâ¡’§«“¡‡¢â¡¢âπ 1-10-8

¥â«¬‡∑§π‘§ 10 fold dilution ‡æ◊ËÕÀ“§à“§«“¡‡¢â¡¢âπμË” ÿ¥

∑’Ë “¡“√∂μ√«®æ∫¥â«¬«‘∏’ real-time PCR ∑”ªØ‘°‘√‘¬“ È́”

®”π«π 3 §√—Èß ‡¡◊ËÕªØ‘°‘√‘¬“¥”‡π‘π‰ª®π§√∫ 45 √Õ∫ ®–‰¥â

§à“ Crossing point (Ct) π”º≈∑’Ë‰¥â¡“À“§à“ Ct ‡©≈’Ë¬ ‡æ◊ËÕ

 √â“ß°√“ø¡“μ√∞“π¢Õß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ

¢Õß®’‚π¡‘§¥’‡ÕÁπ‡Õ∑—Èß “¡™π‘¥·≈–§à“ Ct ‡©≈’Ë¬

ªØ‘°‘√‘¬“ real-time PCR

∑”ªØ‘°‘√‘¬“ real-time PCR ¥â«¬™ÿ¥ªØ‘°‘√‘¬“ LightCycler®

480 SYBR Green I Master (Roche, Germany) „π

ªØ‘°‘√‘¬“ª√‘¡“μ√ 20 μl ª√–°Õ∫¥â«¬ 2x SYBR Green I

master 10 μl forward primer 0.25 μl reverse primer 0.25

μl μ“¡μ“√“ß∑’Ë 1 (OIE 2008) nuclease free H
2
O 7.5 μl

·≈– DNA template 2 μl º ¡·≈–π”‰ª∑”ªØ‘°‘√‘¬“¥â«¬

‡§√◊ËÕß real-time thermocycler (Rotor-GeneTM 6000
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(Corbett Research, Australia)) μ—Èß‚ª√·°√¡°“√∑”ªØ‘°‘√‘¬“

first denaturation ∑’Ë 95oC 10 π“∑’ ·≈–∑”ªØ‘°‘√‘¬“∑’Ë 95oC

20 «‘π“∑’ 60oC 30 «‘π“∑’ 72oC 30 «‘π“∑’ ‡ªìπ®”π«π

45 √Õ∫

°“√‡μ√’¬¡ 1.5% Õ–°“‚√ ‡®≈

™—ËßÕ–°“‚√  (agarose) (SeaKem, USA) 1.5 °√—¡

≈–≈“¬„π∫—ø‡øÕ√å 1X Tris-acetate (1XTAE) ª√‘¡“μ√ 100

¡≈. ∑”„ÀâÕ–°“‚√ ≈–≈“¬‚¥¬·™àø≈“ °å∫√√®ÿÕ–°“‚√ „π

πÈ”‡¥◊Õ¥ π”ÕÕ°¡“«“ß„Àâ‡¬Áπ≈ßÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 60oC

‡μ‘¡ ’¬âÕ¡¥’‡ÕÁπ‡Õ (GelStar (Lonza, USA)) §«“¡‡¢â¡¢âπ 2X

ª√‘¡“μ√ 10 μl º ¡„Àâ‡¢â“°—π ‡∑≈ß„π∂“¥√Õß‡®≈∑’Ë«“ß

∫πæ◊Èπ√“∫ √Õ„Àâ‡®≈·¢Áßμ—«®÷ßπ”‰ª„™âμ√«® Õ∫¥’‡ÕÁπ‡Õ

º≈º≈‘μ

° “√μ√«® Õ∫¥’ ‡ ÕÁ π ‡ Õº≈º≈‘ μ ‚¥¬«‘ ∏’ Õ –° “ ‚ √  ‡ ®≈

Õ‘‡≈§‚μ√‚ø√’´’ 

π”¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë‰¥â®“°ªØ‘°‘√‘¬“ real-time PCR

ª√‘¡“μ√ 2 μl º ¡°—∫ 6X DNA loading dye (Lonza, USA)

ª√‘¡“μ√ 1 μl π”‰ªμ√«® Õ∫¥â«¬«ÿâπÕ–°“‚√ ‡®≈§«“¡

‡¢â¡¢âπ 1.5% „π∫—ø‡øÕ√å 1X Tris-acetate-EDTA (TAE)

buffer ‚¥¬„™â§«“¡μà“ß»—°¬å‰øøÑ“ 100 ‚«≈μå ¥â«¬‡§√◊ËÕß

horizontal gel electropheresis (Mupid-EXu (Advance,

Japan)) ·≈–μ√«®¥Ÿ·∂∫¥’‡ÕÁπ‡Õº≈º≈‘μ¿“¬„μâ· ßÕ—μ√“

‰«‚Õ‡≈μ¥â«¬‡§√◊ËÕß G-box (Syngene, UK) ‡ª√’¬∫‡∑’¬∫°—∫

·∂∫¥’‡ÕÁπ‡Õ¡“μ√∞“π (100 bp DNA Ladder (Lonza,

USA))

°“√∑¥ Õ∫§«“¡®”‡æ“–

°“√À“§à“§«“¡®”‡æ“– (specificity) ‡æ◊ËÕ· ¥ß∂÷ß§«“¡

 “¡“√∂¢Õß primer «à“§«“¡®”‡æ“–μàÕ¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬

∑’ËμâÕß°“√∑¥ Õ∫‡∑à“π—Èπ (Vaerman et al., 2004) À“§«“¡

®”‡æ“–¢Õß primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥

‚¥¬π”‡™◊ÈÕ¡—¬‚§æ≈“ ¡“º ¡„π allantoic fluid ‚¥¬„™â

allantoic fluid 900 μl ·≈–‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ 100 μl „π

À≈Õ¥∑’Ë 1 º ¡‡™◊ÈÕ M. gallisepticum À≈Õ¥∑’Ë 2 º ¡‡™◊ÈÕ

M. synoviae À≈Õ¥∑’Ë 3 º ¡‡™◊ÈÕ M. hyorhinis À≈Õ¥∑’Ë 4

º ¡‡™◊ÈÕ M. gallisepticum + M. synoviae À≈Õ¥∑’Ë 5 º ¡

‡™◊ÈÕ M. gallisepticum + M. hyorhinis À≈Õ¥∑’Ë 6 º ¡‡™◊ÈÕ

M. synoviae + M. hyorhinis ·≈–À≈Õ¥∑’Ë 7 º ¡‡™◊ÈÕ

M. gallisepticum + M. synoviae + M. hyorhinis π”‡™◊ÈÕ∑—Èß

7 À≈Õ¥‰ª °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ «—¥§«“¡‡¢â¡¢âπ ·≈–∑”

°“√‡®◊Õ®“ß®’‚π¡‘§¥’‡ÕÁπ‡Õ„Àâ¡’§«“¡‡¢â¡¢âπ 5 ng/μl ·≈â«

π”‰ªμ√«®À“‡™◊ÈÕ¥â«¬«‘∏’ real-time PCR ‚¥¬„™â primer ∑’Ë

®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥μ“¡μ“√“ß∑’Ë 1

∑”ªØ‘°‘√‘¬“´È”®”π«π 30 √Õ∫ π”§à“∑’Ë‰¥â‰ª§”π«≥À“§«“¡

®”‡æ“–¢Õß primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥

μ“√“ß∑’Ë 1 ≈”¥—∫‡∫ ¢Õß primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ M. gallisepticum (MG) M. synoviae (MS) ·≈– M. hyorhinis (MHr)

Primer Forward primer sequence (5' to 3') Reverse primer sequence (5' to 3')

MG GAGCTAATCTGTAAAGTTGGTC GCTTCCTTGCGGTTAGCAAC

MS GAGAAGCAAAATAGTGATATCA CAGTCGTCTCCGAAGTTAACAA

MHr TGAGTAATAGAAAGGAGCTTCAC CGTCAAGATAAAATCATTTCCTATTCT

∑’Ë¡“: OIE, 2008
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À“§«“¡®”‡æ“–¢Õß primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ

¡—¬‚§æ≈“ ¡“°—∫·∫§∑’‡√’¬™π‘¥μà“ßÊ‚¥¬π”‡™◊ÈÕ·∫§∑’‡√’¬

º ¡„π allantoic fluid „™â allantoic fluid 900 μl ‡™◊ÈÕ·∫§∑’‡√’¬

100 μl ‚¥¬À≈Õ¥∑’Ë 8 º ¡‡™◊ÈÕ M. gallisepticum À≈Õ¥∑’Ë 9

º ¡‡™◊ÈÕ M. synoviae À≈Õ¥∑’Ë 10 º ¡‡™◊ÈÕ M. hyorhinis

À≈Õ¥∑’Ë 11 º ¡‡™◊ÈÕ B. subtilis subsp. spizizenii À≈Õ¥∑’Ë

12 º ¡‡™◊ÈÕ S. aureus À≈Õ¥∑’Ë 13 º ¡‡™◊ÈÕ P. aeruginosa

À≈Õ¥∑’Ë 14 º ¡‡™◊ÈÕ S. enterica subsp. enteridis À≈Õ¥∑’Ë 15

º ¡‡™◊ÈÕ S. enterica subsp. typhimurium π”‡™◊ÈÕ∑—Èß 8 À≈Õ¥

‰ª °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ «—¥§«“¡‡¢â¡¢âπ ·≈–∑”°“√‡®◊Õ®“ß

®’‚π¡‘§¥’‡ÕÁπ‡Õ„Àâ¡’§«“¡‡¢â¡¢âπ 5 ng/μl ·≈â«π”‰ªμ√«®À“

‡™◊ÈÕ¥â«¬«‘∏’ real-time PCR ‚¥¬„™â primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ

¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥μ“¡μ“√“ß∑’Ë 1 ∑”ªØ‘°‘√‘¬“ È́”®”π«π

5 √Õ∫ π”§à“∑’Ë‰¥â‰ª§”π«≥À“ §«“¡®”‡æ“–¢Õß primer ∑’Ë

®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“°—∫·∫§∑’‡√’¬™π‘¥μà“ßÊ

°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß

°“√∑¥ Õ∫À“§«“¡∂Ÿ°μâÕß (accuracy) ‡æ◊ËÕ· ¥ß

§«“¡ “¡“√∂¢Õß primer ∑’Ë “¡“√∂‡¢â“∑”ªØ‘°‘√‘¬“‰¥â∂Ÿ°μâÕß

μàÕ¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬∑’ËμâÕß°“√∑¥ Õ∫ (Vaerman et al.,

2004) À“§à“§«“¡∂Ÿ°μâÕß‚¥¬π”‡™◊ÈÕ¡—¬‚§æ≈“ ¡“º ¡„π

allantoic fluid „™â allantoic fluid 900 μl ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

100 μl ‚¥¬À≈Õ¥∑’Ë 1 º ¡‡™◊ÈÕ M. gallisepticum À≈Õ¥∑’Ë 2

º ¡‡™◊ÈÕ M. synoviae À≈Õ¥∑’Ë 3 º ¡‡™◊ÈÕ M. hyorhinis À≈Õ¥

∑’Ë 4 º ¡‡™◊ÈÕ M. gallisepticum + M. synoviae À≈Õ¥∑’Ë 5

º ¡‡™◊ÈÕ M. gallisepticum + M. hyorhinis À≈Õ¥∑’Ë 6 º ¡

‡™◊ÈÕ M. synoviae + M. hyorhinis ·≈–À≈Õ¥∑’Ë 7 º ¡‡™◊ÈÕ

M. gallisepticum + M. synoviae + M. hyorhinis π”‡™◊ÈÕ∑—Èß 7

À≈Õ¥‰ª °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ «—¥§«“¡‡¢â¡¢âπ ·≈–∑”°“√

‡®◊Õ®“ß®’‚π¡‘§¥’‡ÕÁπ‡Õ„Àâ¡’§«“¡‡¢â¡¢âπ 5 ng/μl ·≈â«π”‰ª

μ√«®À“‡™◊ÈÕ¥â«¬«‘∏’ real-time PCR ‚¥¬„™â primer ∑’Ë®”‡æ“–

μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥μ“¡μ“√“ß∑’Ë 1 ∑”ªØ‘°‘√‘¬“

´È”®”π«π 30 √Õ∫ π”§à“∑’Ë‰¥â‰ª§”π«≥À“§«“¡∂Ÿ°μâÕß¢Õß

primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥

°“√∑¥ Õ∫À“§«“¡‡∑’Ë¬ß

°“√À“§«“¡‡∑’Ë¬ß (precision) ‡æ◊ËÕ· ¥ß§«“¡·¡àπ¬”

∑’Ë‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“´È”Ê„π ¿“«–‡¥’¬«°—π ‚¥¬«‘∏’‡¥’¬«°—π

(Vaerman et al., 2004) À“§à“§«“¡‡∑’Ë¬ß‚¥¬π”®’‚π¡‘§

¥’‡ÕÁπ‡Õ¡“μ√∞“π 3 ™π‘¥ (M. gallisepticum, M. synoviae

·≈– M. hyorhinis) §«“¡‡¢â¡¢âπ 0.1 ng/μl ‰ª‡®◊Õ®“ß„Àâ¡’

§«“¡‡¢â¡¢âπ 1-10-8 ¥â«¬‡∑§π‘§ 10-fold dilution π”‰ª

∑¥ Õ∫¥â«¬ªØ‘°‘√‘¬“ real-time PCR ‡¡◊ËÕªØ‘°‘√‘¬“¥”‡π‘π‰ª

®π§√∫ 45 √Õ∫ ®–‰¥â§à“ Ct ∑”ªØ‘°‘√‘¬“´È”®”π«π 3 §√—Èß

π”§à“ Ct ·μà≈–§«“¡‡¢â¡¢âπ¡“§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï

§«“¡·ª√ª√«π (coefficient of variance; %CoV)

§à“ %CoV §”π«≥‚¥¬„™â Ÿμ√ ¥—ßπ’È

%CoV = §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π (Standard deviation; SD) x 100%

                 §à“‡©≈’Ë¬ (Mean)

°“√∑¥ Õ∫À“‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„π allantoic fluid

‡æ◊ËÕμ√«®À“‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„πμ—«Õ¬à“ß allantoic

fluid π”‡™◊ÈÕ¡—¬‚§æ≈“ ¡“∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ßº ¡„π

allantoic fluid NDL 15/57 „π —¥ à«π allantoic fluid

1,800 μl º ¡°—∫‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ 200 μl „πÀ≈Õ¥∑’Ë 1

º ¡‡™◊ÈÕ M. gallisepticum À≈Õ¥∑’Ë 2 º ¡‡™◊ÈÕ M. synoviae

À≈Õ¥∑’Ë 3 º ¡‡™◊ÈÕ M. hyorhinis ‡ªìπ™ÿ¥§«∫§ÿ¡ À≈Õ¥∑’Ë

4-20 ‡ªìπμ—«Õ¬à“ß„π°“√∑¥ Õ∫„™â allantoic fluid À≈Õ¥

≈– 2,000 μl ·∫àß‡™◊ÈÕ∑—Èß 20 À≈Õ¥ÕÕ°‡ªìπ 2  à«πÊ≈–

1,000 μl  à«π∑’Ë 1 π”‰ª‡æ“–‡≈’È¬ß‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„π

Õ“À“√‡À≈«  à«π∑’Ë 2 π”‰ª °—¥®’‚π¡‘§¥’‡ÕÁπ‡Õ π”®’‚π¡‘§

¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â‰ª«—¥À“ª√‘¡“≥¥’‡ÕÁπ‡Õ ·≈–∑”ªØ‘°‘√‘¬“

real-time PCR ¥â«¬ primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

·μà≈–™π‘¥μ“¡μ“√“ß∑’Ë 1
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º≈°“√∑¥≈Õß

°“√ √â“ß standard curve ·≈– limit of detection (LOD)

‡¡◊ËÕπ”®’‚π¡‘§¥’‡ÕÁπ‡Õ¡“μ√∞“π§«“¡‡¢â¡¢âπ 0.1 ng/μl

¢Õß‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈– M. hyorhinis

®“°∫√‘…—∑ Minerva Biolabs GmbH ‰ª∑”ªØ‘°‘√‘¬“‡æ◊ËÕ √â“ß

standard curve ·≈–„™â‚ª√·°√¡®“°‡§√◊ËÕß real-time PCR

§”π«≥À“§à“§«“¡‡ªìπ‡ âπμ√ß¢Õß°√“ø¡“μ√∞“π (R2) æ∫«à“

R2 ¢Õß‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈– M. hyorhinis

‡ªìπ 0.99831 0.99794 ·≈– 0.99563 μ“¡≈”¥—∫ ·≈–§à“

§«“¡‡¢â¡¢âπμË” ÿ¥∑’Ë “¡“√∂μ√«®æ∫¢Õß‡™◊ÈÕ M. gallisepticum,

M. synoviae ·≈– M. hyorhinis ‡ªìπ 10-3 10-4 ·≈– 10-3

À√◊Õ‡∑’¬∫‡∑à“ 100 10 ·≈– 100 fg/μl μ“¡≈”¥—∫ Õÿ≥À¿Ÿ¡‘

∑’Ë„™â„π°“√·¬° “¬¥’‡ÕÁπ‡Õº≈º≈‘μ (melting temperature)

∑’Ë —ß‡§√“–Àå‰¥â¢Õß‡™◊ÈÕ M. gallisepticum, M. synoviae

·≈– M. hyorhinis ª√–¡“≥ 84.2oC 84.5oC ·≈– 86.8oC

μ“¡≈”¥—∫¥—ß· ¥ßº≈„π√Ÿª∑’Ë 1 ·≈–μ“√“ß∑’Ë 2

° “√μ√«® Õ∫¥’ ‡ ÕÁ π ‡ Õº≈º≈‘ μ ‚¥¬«‘ ∏’ Õ –° “ ‚ √  ‡ ®≈

Õ‘‡≈§‚μ√‚ø√’´’ 

‡¡◊ËÕπ”¥’‡ÕÁπ‡Õº≈º≈‘μ‰ªμ√«® Õ∫‚¥¬«‘∏’Õ–°“‚√ ‡®≈

Õ‘‡≈§‚μ√‚ø√’´’  ‡ª√’¬∫‡∑’¬∫°—∫·∂∫¥’‡ÕÁπ‡Õ¡“μ√∞“π (100

base pair DNA ladder) æ∫«à“·∂∫¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë‰¥â®“°

°“√μ√«®À“‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae ¡’¢π“¥

ª√–¡“≥ 200 §Ÿà‡∫  (bp) ·≈– M. hyorhinis ¡’¢π“¥ª√–¡“≥

300 bp ¥—ß· ¥ßº≈„π√Ÿª∑’Ë 2

°“√∑¥ Õ∫§«“¡®”‡æ“–

‡¡◊ËÕ∑¥ Õ∫§«“¡®”‡æ“– (specificity) ¢Õß primer MG

MS ·≈– MHr ∑’Ë¡’μàÕ‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈–

M. hyorhinis æ∫«à“ primer ∑—Èß 3 ™π‘¥¡’§«“¡®”‡æ“–‡∑à“°—∫

100%  “¡“√∂∑”ªØ‘°‘√‘¬“‰¥â®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

·≈–‰¡à “¡“√∂∑”ªØ‘°‘√‘¬“°—∫·∫§∑’‡√’¬™π‘¥Õ◊Ëπ‰¥â¥—ß· ¥ß

º≈„πμ“√“ß∑’Ë 3

°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß

‡¡◊ËÕ∑¥ Õ∫§«“¡∂Ÿ°μâÕß (accuracy) ¢Õß primer MG

MS ·≈– MHr ∑’Ë¡’μàÕ‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈–

M. hyorhinis æ∫«à“ primer ∑—Èß 3 ™π‘¥¡’§«“¡∂Ÿ°μâÕß‡∑à“°—∫

100%  “¡“√∂∑”ªØ‘°‘√‘¬“‰¥â∂Ÿ°μâÕßμàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“

·μà≈–™π‘¥ ·¡â®–¡’¡—¬‚§æ≈“ ¡“™π‘¥Õ◊Ëπªπ‡ªóôÕπ√à«¡Õ¬Ÿà¥â«¬

¥—ß· ¥ßº≈„πμ“√“ß∑’Ë 4

°“√∑¥ Õ∫À“§«“¡‡∑’Ë¬ß

‡¡◊ËÕπ”®’‚π¡‘§¥’ ‡ÕÁπ‡Õ¡“μ√∞“π 3 ™π‘¥ (M.

gallisepticum, M. synoviae ·≈– M. hyorhinis) ∑’Ë§«“¡

‡¢â¡¢âπμà“ßÊ (1-10-8) ‰ª∑¥ Õ∫À“§«“¡‡∑’Ë¬ß (precision)

‚¥¬∑”ªØ‘°‘√‘¬“´È”®”π«π 3 §√—Èß π”§à“ Ct ∑—Èß 3 §√—Èß¢Õß

·μà≈–§«“¡‡¢â¡¢âπ®’‚π¡‘§¥’‡ÕÁπ‡Õ¡“§”π«≥À“§«“¡‡∑’Ë¬ß

À√◊Õ %CoV æ∫«à“°“√∑¥≈Õß¡’§«“¡·ª√ª√«ππâÕ¬ ¡’§«“¡

‡∑’Ë¬ß Ÿß¥—ß· ¥ßº≈„πμ“√“ß∑’Ë 5

°“√∑¥ Õ∫À“‡™◊ÈÕ¡—¬‚§æ≈“ ¡“„π allantoic fluid

‡¡◊ËÕπ”μ—«Õ¬à“ß allantoic fluid ®”π«π 17 μ—«Õ¬à“ß

¡“∑¥ Õ∫°“√ªπ‡ªóôÕπ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“¥â«¬ªØ‘°‘√‘¬“

real-time PCR ·≈–°“√‡æ“–‡≈’È¬ß¥â«¬Õ“À“√‡≈’È¬ß‡™◊ÈÕ‚¥¬¡’

‡™◊ÈÕ M. gallisepticum, M. synoviae ·≈– M. hyorhinis ‡ªìπ

™ÿ¥§«∫§ÿ¡ ‰¡àæ∫°“√ªπ‡ªóôÕπ M. gallisepticum, M. synoviae

·≈– M. hyorhinis „π allantoic fluid ∑—Èß 17 μ—«Õ¬à“ß ∑’Ë

º≈‘μ‚¥¬ΩÉ“¬º≈‘μ«—§´’π —μ«åªï°  ”π—°‡∑§‚π‚≈¬’™’«¿—≥±å

 —μ«å °√¡ª»ÿ —μ«å

«‘®“√≥å

     °“√„™â primer ∑’Ë®”‡æ“–μàÕ¬’π 16S rDNA ¢Õß‡™◊ÈÕ M.

gallisepticum, M. synoviae ·≈– M. hyorhinis (OIE 2008)

¡’§«“¡‡À¡“– ¡∑’Ë®–„™â‡ªìπ¬’π ”À√—∫°“√μ√«®À“‡™◊ÈÕ∑—Èß

3 ™π‘¥ „π°“√∑”ªØ‘°‘√‘¬“ PCR ∑ÿ°™π‘¥®”‡ªìπμâÕßμ√«®

¬◊π¬—π¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë —ß‡§√“–Àå‰¥â °“√μ√«® Õ∫¥’‡ÕÁπ‡Õ
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º≈º≈‘μ®“°ªØ‘°‘√‘¬“ real-time PCR „π°“√∑¥≈Õß„™â ’

SYBR green ‡ªìπ “√‡√◊Õß· ß (fluorophore) „π°“√μ√«®

μ‘¥μ“¡°“√‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õº≈º≈‘μ  ’ SYBR green ‡¡◊ËÕ

Õ¬Ÿà„π “√≈–≈“¬®–¡’°“√‡√◊Õß· ß„πª√‘¡“≥μË”Ê ·μà∂â“®—∫

°—∫¥’‡ÕÁπ‡Õ “¬§Ÿà (dsDNA) ·≈–®–§“¬æ≈—ßß“πÕÕ°¡“„π

√Ÿª¢Õß· ßø≈ŸÕÕ‡√ ‡´πμå ‚¥¬ª√‘¡“≥· ßø≈ŸÕÕ‡√ ‡´πμå

®–‡æ‘Ë¡¢÷Èπμ“¡®”π«π¥’‡ÕÁπ‡Õ “¬§Ÿà∑’Ë‡æ‘Ë¡¢÷Èπ ∑”„Àâ “¡“√∂

μ‘¥μ“¡°“√‡°‘¥¥’‡ÕÁπ‡Õº≈º≈‘μ‰¥â∑ÿ°√Õ∫¢ÕßªØ‘°‘√‘¬“ (Õ‚≥∑—¬

2549) ·≈–®“°§ÿ≥ ¡∫—μ‘¢Õß ’ SYBR green ∑”„Àâ “¡“√∂

∑” melting curve analysis ‚¥¬«‘‡§√“–Àå®“°§à“ melting

temperature ´÷Ëß‡ªìπ§à“Õÿ≥À¿Ÿ¡‘∑’Ë∑”„Àâ¥’‡ÕÁπ‡Õ “¬§Ÿà·¬°μ—«

ÕÕ°®“°°—π ‚¥¬¡’ ¿“æ‡ªìπ‡°≈’¬«§Ÿà§√÷ËßÀπ÷Ëß·≈– “¬‡¥’Ë¬«

§√÷ËßÀπ÷Ëß ( ÿ√‘π∑√å 2543) °“√·¬°μ—«¢Õß¥’‡ÕÁπ‡Õ “¬§Ÿà®–

∑”„Àâª√‘¡“≥¢Õß· ßø≈ŸÕÕ‡√ ‡´πμå≈¥≈ßÕ¬à“ß©—∫æ≈—π

∑”„Àâ∑√“∫§à“ melting temperature ¢Õß¥’‡ÕÁπ‡Õ “¬§Ÿàπ—ÈπÊ‰¥â

‚¥¬¥’‡ÕÁπ‡Õ “¬§Ÿà·μà≈–‡ âπ®–¡’§à“ melting temperature ∑’Ë

·μ°μà“ß°—π∑—Èßπ’È¢÷Èπ°—∫¢π“¥ ·≈–≈”¥—∫‡∫ ¢Õß “¬¥’‡ÕÁπ‡Õ

®“°º≈°“√∑¥≈Õßμ“¡μ“√“ß∑’Ë 2 §à“ melting temperature ¢Õß

¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë —ß‡§√“–Àå‰¥â®“°‡™◊ÈÕ M. gallisepticum ·≈–

M. synoviae ¡’§à“„°≈â‡§’¬ß°—π®÷ßπ”¥’‡ÕÁπ‡Õº≈º≈‘μ‰ªμ√«®

 Õ∫¬◊π¬—πÕ’°§√—Èß¥â«¬«‘∏’Õ–°“‚√ ‡®≈Õ‘‡≈§‚μ√‚ø√’´’ 

æ∫«à“¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë —ß‡§√“–Àå‰¥â®“°‡™◊ÈÕ M. gallisepticum

·≈– M. synoviae ¡’¢π“¥·μ°μà“ß°—π ·∂∫¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë

 —ß‡§√“–Àå‰¥â®“°‡™◊ÈÕ M. gallisepticum ¡’¢π“¥‡≈Á°°«à“ 200

bp ·≈–∑’Ë —ß‡§√“–Àå‰¥â®“°‡™◊ÈÕ M. synoviae ¡’¢π“¥„À≠à°«à“

200 bp (√Ÿª∑’Ë 2) ´÷Ëß Õ¥§≈âÕß°—∫¢π“¥¥’‡ÕÁπ‡Õº≈º≈‘μ

μ“¡μ“√“ß∑’Ë 2 · ¥ß«à“¥’‡ÕÁπ‡Õº≈º≈‘μ∑’Ë —ß‡§√“–Àå‰¥â‡ªìπ

¥’‡ÕÁπ‡Õº≈º≈‘μ®“°μ”·Àπàß∫√‘‡«≥ 16S rDNA ¢Õß‡™◊ÈÕ

M. gallisepticum, M. synoviae ·≈– M. hyorhinis πÕ°®“°

π’È„πªØ‘°‘√‘¬“ real-time PCR §«√æ‘®“√≥“§à“ R2 ‡ªìπ§à“

§«“¡‡ªìπ‡ âπμ√ß¢Õß standard curve · ¥ßª√– ‘∑∏‘¿“æ

°“√∑”ªØ‘°‘√‘¬“«à“‡°‘¥¢÷Èπ¥’À√◊Õ‰¡à ®–¡’§à“√–À«à“ß 0-1 (0

À¡“¬∂÷ß‰¡à‡°‘¥ªØ‘°‘√‘¬“ 1 À¡“¬∂÷ßªØ‘°‘√‘¬“‡°‘¥¢÷Èπ¥’) ·≈–

§à“§«“¡‡¢â¡¢âπμË” ÿ¥¢Õß®’‚π¡‘§¥’‡ÕÁπ‡Õ∑’Ë “¡“√∂μ√«®

æ∫‰¥â„πªØ‘°‘√‘¬“ (Vaerman et al., 2004) ®“°º≈°“√

∑¥≈Õßæ∫«à“§à“ R2 ¢Õß®’‚π¡‘§¥’‡ÕÁπ‡Õ¡“μ√∞“π¢Õß‡™◊ÈÕ

¡—¬‚§æ≈“ ¡“∑—Èß 3 ™π‘¥¡’§à“‡¢â“„°≈â 1 · ¥ß«à“ªØ‘°‘√‘¬“

‡°‘¥¢÷Èπ¥’ ™ÿ¥¢âÕ¡Ÿ≈¡’§«“¡πà“‡™◊ËÕ∂◊Õ °“√∑¥≈Õß„™â®’‚π¡‘§

¥’‡ÕÁπ‡Õ‡√‘Ë¡μâπ∑’Ë 0.1 ng/μl À√◊Õ§‘¥‡ªìπª√–¡“≥ 100,000

‡´≈≈å (Zhao and Yamato 1993) ®“°º≈°“√∑¥≈Õßæ∫

 “¡“√∂μ√«®æ∫®’‚π¡‘§¥’‡ÕÁπ‡Õ¢Õß‡™◊ÈÕ M. gallisepticum

·≈– M. hyorhinis ∑’Ë§«“¡‡¢â¡¢âπμË” ÿ¥ 100 fg/μl  à«π

M. synoviae  “¡“√∂μ√«®æ∫‰¥â·¡â®–¡’®’‚π¡‘§¥’‡ÕÁπ‡Õ‡æ’¬ß

10 fg/μl

°“√À“§«“¡®”‡æ“– §«“¡∂Ÿ°μâÕß ·≈–§«“¡‡∑’Ë¬ß

®“°º≈°“√∑¥≈Õßμ“¡μ“√“ß∑’Ë 3 ·≈– 4 ®“°°“√∑”´È”

À≈“¬Ê§√—Èß æ∫«à“ primer  “¡“√∂∑”ªØ‘°‘√‘¬“‰¥â·∫∫®”‡æ“–

·≈–∂Ÿ°μâÕß 100% μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“·μà≈–™π‘¥ ·¡â®–

¡’‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ ·≈–·∫§∑’‡√’¬™π‘¥Õ◊Ëπªπ‡ªóôÕπÕ¬Ÿà · ¥ß

«à“ primer ∑’Ë„™â„π°“√∑¥≈Õß “¡“√∂„™â„π°“√μ√«®À“‡™◊ÈÕ

M. gallisepticum ·≈– M. synoviae ·¡â®–¡’°“√ªπ‡ªóôÕπ‡™◊ÈÕ

·∫§∑’‡√’¬ B. subtilis subsp. spizizenii, S. aureus, P. aeruginosa,

S. enterica subsp. enteridis ·≈– S. enterica subsp. typhimurium

À√◊Õ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“™π‘¥ M. hyorhinis √à«¡Õ¬Ÿà¥â«¬ °“√

∑¥ Õ∫§«“¡‡∑’Ë¬ß¢ÕßªØ‘°‘√‘¬“æ‘®“√≥“®“°§à“ %CoV ‡ªìπ

§à“· ¥ß§«“¡·ª√ª√«π¢Õß™ÿ¥¢âÕ¡Ÿ≈´÷Ëß·ª√º°º—π°—∫

§à“§«“¡‡∑’Ë¬ß ®“°º≈°“√∑¥≈Õßμ“¡μ“√“ß∑’Ë 5 §à“ % CoV ¢Õß

·μà≈–§«“¡‡¢â¡¢âπ¡’§à“πâÕ¬· ¥ß«à“°“√∑”ªØ‘°‘√‘¬“·μà≈–§√—Èß

¡’§«“¡·ª√ª√«ππâÕ¬ ¡’§«“¡‡∑’Ë¬ß Ÿß

°“√μ√«®°“√ªπ‡ªóôÕπ‡™◊ÈÕ M. gallisepticum ·≈– M.

synoviae „π allantoic fluid ‚¥¬ªØ‘°‘√‘¬“ real-time PCR ‡ª√’¬∫

‡∑’¬∫°—∫«‘∏’°“√μ√«®‡¥‘¡§◊Õ°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ‰¡àæ∫°“√

ªπ‡ªóôÕπ‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae „π allantoic

fluid ∑—Èß 17 μ—«Õ¬à“ß∑’Ë„™â„π°“√º≈‘μ«—§´’π ”À√—∫ —μ«åªï°
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(a) M. gallisepticum

(b) M. synoviae

(c) M. hyorhinis

1     10-1    10-2    10-3

1     10-1   10-2    10-3     10-4

R2 = 0.99831

R2 = 0.99794

R2 = 0.99563

1     10-1    10-2    10-3

√Ÿª∑’Ë 1 °√“ø°“√‡æ‘Ë¡ª√‘¡“≥ DNA ·≈–°√“ø¡“μ√∞“π§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß¥’‡ÕÁπ‡Õ º≈º≈‘μ ·≈–§à“ Ct ‡©≈’Ë¬

(a) M. gallisepticum (b) M. synoviae ·≈– (c) M. hyorhinis
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√Ÿª∑’Ë 2 °“√μ√«® Õ∫¥’‡ÕÁπ‡Õº≈º≈‘μ‚¥¬«‘∏’Õ–°“‚√ ‡®≈Õ‘‡≈§‚μ√‚ø√’́ ’  ¢Õß‡™◊ÈÕ M. gallisepticum (lane 1) M. synoviae  (lane

2) M. hyorhinis (lane 3) B. subtilis subsp. spizizenii (lane 4) S. enterica subsp. enteridis (lane 5) S. aureus (lane 6)

P. aeruginosa (lane 7) S. enteric subsp. typhimurium (lane 8) ·≈–·∂∫¥’‡ÕÁπ‡Õ¡“μ√∞“π 100 bp DNA ladder

(lane M)

M 1 2 3 4 5 6 7 8 M

400 bp
300 bp
200 bp

100 bp

400 bp
300 bp
200 bp

100 bp

μ“√“ß∑’Ë 2 §à“§«“¡‡ªìπ‡ âπμ√ß¢Õß°√“ø¡“μ√∞“π (R2) ·≈–§«“¡‡¢â¡¢âπμË” ÿ¥ (LOD) ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√·¬° “¬¥’‡ÕÁπ‡Õ

(melting temperature) ¢Õß M. gallisepticum, M. synoviae ·≈– M. hyorhinis ∑’Ë “¡“√∂μ√«®æ∫

Primer amplicon R
2

LOD melting

size (bp) (fg/μl) temperature (
o
C)

M. gallisepticum 185* 0.99831 100 84.2

M. synoviae 207** 0.99794 10 84.5

M. hyorhinis 294** 0.99563 100 86.8

*∑’Ë¡“: OIE, 2008
**∑’Ë¡“: æ—™√’ ∑Õß§”§Ÿ≥,  ∂“∫—π ÿ¢¿“æ —μ«å·Ààß™“μ‘ °√¡ª»ÿ —μ«å (¢âÕ¡Ÿ≈¬—ß‰¡àμ’æ‘¡æå)
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μ“√“ß∑’Ë 4 º≈°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß primer ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ (®”π«πμ—«Õ¬à“ß∑’Ë„Àâº≈∫«°/®”π«πμ—«Õ¬à“ß

∑—ÈßÀ¡¥)

Primer

MG MS MHr

M. gallisepticum (30/30) (0/30) (0/30)

M. synoviae (0/30) (30/30) (0/30)

M. hyorhinis (0/30) (0/30) (30/30)

M. gallisepticum + M. synoviae (30/30) (30/30) (0/30)

M. gallisepticum + M. hyorhinis (30/30) (0/30) (30/30)

M. synoviae + M. hyorhinis (0/30) (30/30) (30/30)

M. gallisepticum + M. synoviae + M. hyorhinis (30/30) (30/30) (30/30)

μ“√“ß∑’Ë 3 º≈°“√∑¥ Õ∫§«“¡®”‡æ“–¢Õß primer μàÕ‡™◊ÈÕ¡—¬‚§æ≈“ ¡“ ·≈–‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥μà“ßÊ (®”π«πμ—«Õ¬à“ß∑’Ë„Àâº≈∫«°/

®”π«πμ—«Õ¬à“ß∑—ÈßÀ¡¥)

Pathogens
Primer

MG MS MHr

M. gallisepticum (30/30) (0/30) (0/30)

M. synoviae (0/30) (30/30) (0/30)

M. hyorhinis (0/30) (0/30) (30/30)

M. gallisepticum + M. synoviae (30/30) (30/30) (0/30)

M. gallisepticum + M. hyorhinis (30/30) (0/30) (30/30)

M. synoviae + M. hyorhinis (0/30) (30/30) (30/30)

M. gallisepticum + M. synoviae + M. hyorhinis (30/30) (30/30) (30/30)

B. subtilis subsp. Spizizenii (0/30) (0/30) (0/30)

S. aureus (0/30) (0/30) (0/30)

P. aeruginosa (0/30) (0/30) (0/30)

S. enterica subsp. enteridis (0/30) (0/30) (0/30)

S. enterica subsp. typhimurium (0/30) (0/30) (0/30)

Mycoplasma
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 √ÿª

°“√μ√«®À“‡™◊ÈÕ M. gallisepticum ·≈– M. synoviae

¥â«¬ªØ‘°‘√‘¬“≈Ÿ°‚´à·∫∫ real-time PCR „π allantoic fluid

®“°‰¢à‰°àª≈Õ¥‡™◊ÈÕ‡©æ“–∑’Ë„™â„π°“√º≈‘μ«—§´’ππ‘«§“ ‡ ‘́≈

‡™◊ÈÕ‡ªìπ ‡μ√π≈“‚´μâ“ æ∫«à“«‘∏’μ√«®¡’§«“¡‡∑’Ë¬ß Ÿß ¡’§«“¡

®”‡æ“– ·≈–§«“¡∂Ÿ°μâÕß 100%  “¡“√∂μ√«®®’‚π¡‘§

¥’‡ÕÁπ‡Õ¢Õß M. gallisepticum ∑’Ë§«“¡‡¢â¡¢âπμË” ÿ¥ 100 fg/μl

 à«π M. synoviae  “¡“√∂μ√«®æ∫‰¥â·¡â®–¡’®’‚π¡‘§¥’‡ÕÁπ‡Õ

‡æ’¬ß 10 fg/μl ‡À¡“– ¡μàÕ°“√π”‰ª„™â‡æ◊ËÕ‡ΩÑ“√–«—ß

·≈–μ√«®¬◊π¬—π°“√ªπ‡ªóôÕπ‡™◊ÈÕ M. gallisepticum ·≈–

M. synoviae „π allantoic fluid

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥  æ.≠.æ—™√’ ∑Õß§”§Ÿ≥  æ.≠. “√‘»“

‡«’¬ß™π° §ÿ≥æ—≤π’  ÿπ“¡– ®“° ∂“∫—π ÿ¢¿“æ —μ«å·Ààß™“μ‘

π æ. ÿ√æ—≤πå ‡≈“À«≥‘™ ®“° ”π—°‡∑§‚π‚≈¬’™’«¿—≥±å —μ«å

∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå ‡™◊ÈÕÕâ“ßÕ‘ß Õÿª°√≥åÀâÕßªØ‘∫—μ‘°“√ ·≈–

allantoic fluid ¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—μ‘°“√∑ÿ°∑à“π

∑’Ë™à«¬ ‡À≈◊Õ·≈–Õ”π«¬§«“¡ –¥«°„π°“√¥”‡π‘πß“π

«‘®—¬ ·≈–¢Õ¢Õ∫§ÿ≥§≥–°√√¡°“√æ—≤π“«‘™“°“√  ”π—°

‡∑§‚π‚≈¬’™’«¿—≥±å —μ«å∑ÿ°∑à“π∑’Ë„Àâ§”·π–π”·≈–·°â‰¢

μâπ©∫—∫

‡Õ° “√Õâ“ßÕ‘ß

°π°«√√≥ ®“√ÿ°”®√,  ÿ°—≠≠“ ¿—∑√®‘π¥“, ≥—∞¬“ ‡∑’Ë¬ß∏√√¡.

ªØ‘°‘√‘¬“≈Ÿ°‚´àæÕ≈‘‡¡Õ‡√ ·∫∫¥—Èß‡¥‘¡ ·≈–·∫∫‡«≈“®√‘ß

(Conventional and real-time polymerase chain reaction).

Thai Pharm Health Sci. 2549; J 1(3): 254-62.

«’√–æß»å ≈ÿ≈‘μ“ππ∑å. æ◊Èπ∞“π real-time PCR. §≥–·æ∑¬»“ μ√å

¡À“«‘∑¬“≈—¬¢Õπ·°àπ. 2551; [2 æƒ»®‘°“¬π 2555].

·À≈àß∑’Ë¡“ http://microbio.md.kku.ac.th/site_data/

mykku_microbio/17/Real_Time_PCR.pdf .

 ÿ°“π¥“ ∫ÿ≠øŸ,  ÿ°—≠≠“ Õ∏‘‚√®πå, ∑√ß»—°¥‘Ï √—°…“ ÿ¢,

«‘‰≈√—μπå ≈‘Ë«§ß ∂“æ√, ∫ÿ≠æ√âÕ¡ Õ‘ß§‡«™™“°ÿ≈. °“√

·¬°‡™◊ÈÕ Mycoplasma gallisepticum ‚¥¬ real-time

polymerase chain reaction. ª√–¡«≈‡√◊ËÕß°“√ª√–™ÿ¡

«‘™“°“√∑“ß —μ«·æ∑¬å·≈–°“√‡≈’È¬ß —μ«å. 2550; 33:

157-8.

 ÿ°—≈¬“≥’ ‡∑æ¿Ÿ∏√,  ÿ¿“æ√ ¿Ÿ¡‘Õ¡√. °“√ª√–‡¡‘π§«“¡∂Ÿ°μâÕß

¢Õß«‘∏’ªØ‘°‘√‘¬“≈Ÿ°‚´à‚æ≈’‡¡Õ‡√  „π°“√μ√«®À“°“√

ªπ ‡ªóô Õπ ‡™◊È Õ¡— ¬ ‚§æ≈“ ¡“„π ‡´≈≈å ‡æ “– ‡≈’È ¬ ß .

°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å. 2551; 50(2): 87-102.

 ÿ√‘π∑√å ªî¬–‚™§≥“°ÿ≈. ‚§√ß √â“ß·≈–Àπâ“∑’Ë¢Õß¥’‡ÕÁπ‡Õ „π

 ÿ√‘π∑√å ªî¬–‚™§≥“°ÿ≈ ∫√√≥“∏‘°“√ æ—π∏ÿ«‘»«°√√¡

‡∫◊ÈÕßμâπ. æ‘¡æå§√—Èß∑’Ë 1 ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å.

°√ÿß‡∑æœ. 2543; Àπâ“ 10-2.

μ“√“ß∑’Ë 5 §à“§«“¡‡∑’Ë¬ß (% CoV) ∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ¢Õß M. gallisepticum, M. synoviae ·≈– M. hyorhinis

Mycoplasma
§«“¡‡¢â¡¢âπ

undilute 10
-1

10
-2

10
-3

10
-4

M. gallisepticum 0.1788 0.9465 1.1390 0.8832 -

M. synoviae 0.5070 0.3171 0.1637 0.0689 0.3801

M. hyorhinis 0.6216 0.6731 0.6452 1.6689 -
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Õ‚≥∑—¬ ‚¿§“∏‘°√≥å. Introduction to real-time PCR and

it's applications. §≥–·æ∑¬»“ μ√å ¡À“«‘∑¬“≈—¬ ß¢≈“

π§√‘π∑√å. 2549; [3 ‡¡…“¬π 2555]. ·À≈àß∑’Ë¡“

http://gotoknow.org/blog/moleculartechnology/129105.

Algire MA, Lartigue C, Thomas DW, Garcia NA, Glass JI,

Merryman C. New selectable marker for manipulating

the simple genomes of mycoplasma species.

AntimicrobAgents Chemother. 2009; 53(10):
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