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Abstract

The objective of this study was to develop a multiplex polymerase chain reaction (multiplex
PCR) technique for sex determination of cattle and buffalo. Twenty-seven blood samples were collected
from both sex of crossbred Holstein Friesian, native cattle, Brahman, and buffalo. DNA samples were
extracted, and sex of animals were determined by multiplex PCR method. Two pairs of specific primers
derived from the sequence of a SRY gene served as male-specific primers. They were used for a
verification of Y chromosome. The Kappa-casein gene was used as an internal control. The results
showed that the SRY gene specific primer was able to determine the sex of cattle and buffalo with high
efficiency. The Kappa-casein gene primer was designed as an internal control for the cattle but not for
buffalo.
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∫∑§—¥¬àÕ

°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕæ—≤π“‡∑§π‘§ Multiplex Polymerase Chain Reaction (multiplex
PCR)  ”À√—∫„™â„π°“√µ√«® Õ∫‡æ»„π‚§·≈–°√–∫◊Õ ‚¥¬„™â°≈ÿà¡µ—«Õ¬à“ß¢Õß‚§≈Ÿ°º ¡‚Œ≈ ‰µπå ø√’‡™’¬π ‚§æ◊Èπ‡¡◊Õß
·≈–‚§∫√“¡—π ·≈–°√–∫◊Õ ∑—Èß‡æ»‡¡’¬·≈–‡æ»ºŸâ®”π«π 27 µ—« ∑”°“√ °—¥¥’‡ÕÁπ‡Õ®“°µ—«Õ¬à“ß‡≈◊Õ¥·≈–µ√«®
 Õ∫‡æ»¥â«¬‡∑§π‘§ Multiplex PCR ‚¥¬„™â male-specific primers  ”À√—∫¬’π SRY ‡æ◊ËÕµ√«® Õ∫¬’π∫π‚§√‚¡‚´¡
Y ∑’Ë¡’„π —µ«å‡æ»ºŸâ ·≈– internal control gene specific primers  ”À√—∫¬’π Kappa-casein æ∫«à“ specific
primers  ”À√—∫¬’π SRY  “¡“√∂„™â„π°“√µ√«® Õ∫¬’π SRY ‰¥â∂Ÿ°µâÕß„π‚§∑ÿ°æ—π∏ÿå·≈–°√–∫◊Õ·µà ”À√—∫
specific primers  ”À√—∫¬’π Kappa-casein  “¡“√∂„™â‡ªìπ internal control ‰¥â¥’‡©æ“–„π‚§‡∑à“π—Èπ·≈–‰¡à “¡“√∂
„™â‰¥â„π°√–∫◊Õ

§” ”§—≠ : °“√µ√«® Õ∫‡æ»  Multiplex Polymerase Chain Reaction  ¬’π SRY
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∫∑π”

°“√µ√«® Õ∫‡æ» (sex determination)
®—¥‰¥â«à“ ¡’§«“¡ ”§—≠Õ¬à“ß¬‘ËßµàÕ√–∫∫°“√º≈‘µ —µ«å
‚¥¬∑—Ë«‰ª√–∫∫°“√º≈‘µ —µ«å·µà≈–™π‘¥Õ“®¡’§«“¡µâÕß°“√
„Àâ≈Ÿ° —µ«å∑’Ë‡°‘¥¡“‡ªìπ‡æ»„¥‡æ»Àπ÷Ëß¡“°°«à“‡æ◊ËÕ„Àâ‰¥â
º≈µÕ∫·∑π∑’Ë§ÿâ¡§à“∑“ß‡»√…∞°‘®¡“°∑’Ë ÿ¥ ‡™àπ ºŸâ‡≈’È¬ß
‚§π¡µâÕß°“√„Àâ≈Ÿ°‚§∑’Ë‡°‘¥¡“‡ªìπ‡æ»‡¡’¬´÷Ëß “¡“√∂
„Àâº≈º≈‘µπÈ”π¡‰¥â¡“°°«à“‡æ»ºŸâ ‡ªìπµâπ „π°≈ÿà¡¢Õß
 —µ«åªï°®”æ«°π°·≈–‰°àøÑ“∫“ß™π‘¥°“√·¬°§«“¡
·µ°µà“ß√–À«à“ß‡æ»ºŸâ·≈–‡æ»‡¡’¬∑”‰¥â§àÕπ¢â“ß¬“°
‡π◊ËÕß®“°∑—Èß Õß‡æ»¡’√Ÿª√à“ß≈—°…≥–¿“¬πÕ° (phenotype)
§≈â“¬§≈÷ß°—π¡“°®÷ß∑”„Àâ¡—°‡°‘¥ªí≠À“„π¥â“π°“√®—∫§Ÿà
º ¡æ—π∏ÿå πÕ°®“°π’È¬—ß®”‡ªìπµâÕß¡’°“√µ√«® Õ∫‡æ»¢Õß
≈Ÿ° —µ«åµ—Èß·µà√–¬–‡ÕÁ¡∫√‘‚Õ‡æ◊ËÕ„Àâ “¡“√∂º≈‘µµ—«ÕàÕπ
∑’Ë¡’‡æ»µ√ßµ“¡∑’ËµâÕß°“√‰¥â (Kitiyanant et al., 2000;
Lambert et al., 2000; Chen et al., 2004; Hirayama
et al., 2004) ∑—Èßπ’È‰¥â¡’°“√æ—≤π“«‘∏’°“√µà“ßÊ ∑’Ë„™â„π°“√
µ√«® Õ∫‡æ»¢Õß —µ«åÕ¬à“ßµàÕ‡π◊ËÕß‡√◊ËÕ¬¡“·≈–¡’Õ¬Ÿà
¥â«¬°—πÀ≈“¬«‘∏’ µ—Èß·µà«‘∏’°“√∑”§“√‘‰∑ªá‡æ◊ËÕµ√«® Õ∫
‚§√‚¡‚´¡ XY ́ ÷ËßµâÕß„™â‡«≈“π“π∂÷ß 8 ™—Ë«‚¡ß ®π°√–∑—Ëß
‰¥â¡’°“√π”‡Õ“‡∑§π‘§∑“ß molecular genetic ‡¢â“¡“„™â
„π°“√µ√«® Õ∫‡æ»·≈–‡∑§π‘§ (Polymerase Chain
Reaction, PCR) ®—¥‰¥â«à“‡ªìπ«‘∏’∑’Ëπ‘¬¡¡“°∑’Ë ÿ¥
‡π◊ËÕß®“°„Àâº≈°“√µ√«® Õ∫‡æ»∑’Ë∂Ÿ°µâÕß·¡àπ¬”·≈–
√«¥‡√Á« ®÷ß “¡“√∂µ√«® Õ∫‡æ»‰¥â¿“¬„π‡«≈“ 3 ™—Ë«‚¡ß
(Kitiyanant et al., 2000; Lambert et al., 2000)

°“√‡≈◊Õ°„™â specific primers ∑’Ë¡’§«“¡
®”‡æ“–µàÕ¬’πµà“ßÊ ∫π‚§√‚¡‚´¡‡æ»π—Èπ®—¥‰¥â«à“¡’§«“¡
 ”§—≠Õ¬à“ß¬‘Ëß„π°“√„™â‡∑§π‘§ PCR ‡æ◊ËÕ„Àâ‰¥â«‘∏’°“√∑’Ë
¡’§«“¡·¡àπ¬”„π°“√µ√«® Õ∫‡æ»„π —µ«å™π‘¥µà“ßÊ
∫√‘‡«≥¢Õß¬’π SRY À√◊Õ sex determining region Y
gene ‡ªìπ¬’π¢π“¥‡≈Á°‡æ’¬ß 1 exon ∑’Ë¡’µ”·ÀπàßÕ¬Ÿà∫π
short (p) arm ¢Õß‚§√‚¡‚´¡ Y ¡’∫∑∫“∑ ”§—≠„π
∞“π–¢Õß çmaster geneé ∑”Àπâ“∑’Ë°√–µÿâπ„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß„π√–¬–‡ÕÁ¡∫√‘‚Õ∑”„Àâµ—«ÕàÕπ∂Ÿ°æ—≤π“‰ª

‡ªìπ‡æ»ºŸâ ‚¥¬¬’π SRY π’È∂Ÿ°·ª≈√À— ‡ªìπ‚ª√µ’π´÷Ëß
∑”Àπâ“∑’Ë transcription factor ∑’Ë‰ª§«∫§ÿ¡ HMG (High
Mobility Group) domain ∑”„Àâ¥’‡ÕÁπ‡Õ‡°‘¥°“√øÕ√å¡µ—«
‡ªìπ loop °“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß‡™àππ’È¡’º≈µàÕ°“√°√–µÿâπ
°√–∫«π°“√∑”ß“π¢Õß¬’πµà“ßÊ ∑”„Àâ‡°‘¥°“√æ—≤π“¢Õß
testes „π√–¬–µàÕ¡“ (Hanhua et al., 2001)
Õ¬à“ß‰√°Áµ“¡·¡â«à“°√–∫«π°“√∑”ß“π¢Õß¬’π SRY
¬—ß‰¡à‡ªìπ∑’Ë·πà™—¥π—°·µà‡ªìπ∑’Ë·πàπÕπ«à“„π‡æ»‡¡’¬®–‰¡à¡’
¬’π SRY π’È ·≈–°“√µ√«® Õ∫¬’π SRY  “¡“√∂∑”‰¥â
 –¥«°·≈–√«¥‡√Á«¥â«¬‡∑§π‘§ PCR (Baker, 2000;
Chen et al., 2004) ¥—ßπ—Èπ¬’π SRY ®÷ß¡’§«“¡‡À¡“– ¡
„π°“√π”¡“‡ªìπµ—«™’È«—¥‡æ◊ËÕµ√«® Õ∫‡æ»„π —µ«å™π‘¥µà“ßÊ
°“√»÷°…“§√—È ßπ’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕæ—≤π“‡∑§π‘§
Multiplex Polymerase Chain Reaction (multiplex
PCR) ·≈–∑¥ Õ∫ primers ∑’Ë¡’§«“¡®”‡æ“–µàÕ¬’π SRY
 ”À√—∫„™â„π°“√µ√«® Õ∫‡æ»„π‚§·≈–°√–∫◊Õ

«‘∏’°“√»÷°…“

µ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“
°“√»÷°…“§√—Èßπ’È„™âµ—«Õ¬à“ß genomic DNA ¢Õß

‚§æ—π∏ÿåµà“ßÊ ‰¥â·°à ‚§≈Ÿ°º ¡‚Œ≈ ‰µπå ø√’‡™’¬π
‚§æ◊Èπ‡¡◊Õß ·≈–‚§∫√“¡—π ·≈–°√–∫◊Õ ∑—Èß‡æ»‡¡’¬·≈–
‡æ»ºŸâ ®”π«π∑—ÈßÀ¡¥ 27 µ—«

°“√ °—¥ DNA
 ”À√—∫ —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡ °“√ °—¥¥’‡ÕÁπ‡Õ

®“°µ—«Õ¬à“ß‡≈◊Õ¥„™â‡©æ“–‡¡Á¥‡≈◊Õ¥¢“« (buffy coat)
π”¡“∑”°“√≈â“ß‡´≈≈å¥â«¬ 0.9% NaCl ®“°π—Èπ®÷ß °—¥
¥’‡ÕÁπ‡Õ¥â«¬™ÿ¥πÈ”¬“ °—¥ DNA  ”‡√Á®√Ÿª PURE-
GENETM (GENTRA INC.,MA) ‚¥¬¡’À≈—°°“√¥—ßπ’È
‡√‘Ë¡¥â«¬°“√∑”≈“¬ºπ—ß‡´≈≈å·≈–µ°µ–°Õπ‚ª√µ’π¥â«¬
Cell lysis buffer ·≈– Protein precipitation buffer
µ“¡≈”¥—∫ ·≈â«∑”°“√µ°µ–°Õπ¥’‡ÕÁπ‡Õ¥â«¬ Isopro-
panol ·≈–≈â“ßµ–°Õπ¥’‡ÕÁπ‡Õ¥â«¬ 75% ethanol
®“°π—Èπ®÷ß≈–≈“¬µ–°Õπ¥’‡ÕÁπ‡Õ¥â«¬ DNA hydration
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buffer ·≈–ª√—∫§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬¥’‡ÕÁπ‡Õ‡ªìπ
50 µg/µl ‡°Á∫¥’‡ÕÁπ‡Õ∑’Ë‰¥â‰«â„πµŸâ·™à -20 o´ ‡æ◊ËÕ√Õ
„™âµàÕ‰ª
°“√µ√«® Õ∫‡æ»¥â«¬‡∑§π‘§
Multiplex Polymerase Chain Reaction

°“√‡æ‘Ë¡®”π«π™‘Èπ à«π¢Õß DNA ¥â«¬‡∑§π‘§
Multiplex PCR

∑”°“√µ√«® Õ∫‡æ»¢Õß —µ«å¥â«¬‡∑§π‘§
Multiplex Polymerase Chain Reaction ‚¥¬¡’ male-
specific primers  ”À√—∫¬’π SRY (Chen et al., 2004)
‡æ◊ËÕ„™âµ√«® Õ∫¬’π∫π‚§√‚¡‚´¡ Y ∑’Ë¡’„π —µ«å‡æ»ºŸâ ·≈–
internal control autosomic primers „π°“√»÷°…“§√—Èßπ’È
„™â¬’π Kappa-casein (Braunschweig, 1998) ´÷Ëß‡ªìπ
¬’π∫πÕÕ‚µ‚´¡‡æ◊ËÕ„™âµ√«® Õ∫ genomic DNA ¢Õß
 —µ«å∑—Èß Õß‡æ» ‚¥¬¡’√“¬≈–‡Õ’¬¥≈”¥—∫‡∫ ¢Õß
primers ¥—ß· ¥ß„π Table 1

∑”°“√‡æ‘Ë¡®”π«π™‘Èπ à«π¥’‡ÕÁπ‡Õ‚¥¬„™â DNA
template 100 ng ·≈– “√ª√–°Õ∫µà“ßÊ „πªØ‘°‘√‘¬“
ª√–°Õ∫¥â«¬ 10XPCR-buffer, MgCl

2
 (25 mM),

dNTPûs (1 mM), primers (Proligo Primers,
Singapore) Õ¬à“ß≈– 5 µM, 0.5 U Taq DNA
polymerase (Promega, San Diego, CA) ·≈– ÿ¥∑â“¬
ª√—∫ª√‘¡“µ√¥â«¬ sterile water „Àâ‰¥â 10 µl ‚¥¬¡’ PCR
condition ¥—ßπ’È initial denaturation ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë
94 o´ π“π 3 π“∑’ ®“°π—Èπ∑”ªØ‘°‘√‘¬“ 15 √Õ∫¢Õß
denaturation ∑’Ë 94 o´ π“π 30 «‘π“∑’ primer annealing
∑’Ë 65 o´ π“π 30 «‘π“∑’ ·≈– primer extension ∑’Ë
72 o´ π“π 1 π“∑’ ·≈–ªØ‘°‘√‘¬“ 25 √Õ∫¢Õß
denaturation ∑’Ë 94 o´ π“π 30 «‘π“∑’ primer
annealing ∑’Ë 56 o´ π“π 30 «‘π“∑’ ·≈– primer
extension ∑’Ë 72 o´ π“π 1 π“∑’®“°π—Èπ®∫¥â«¬¢—ÈπµÕπ
final extension ∑’Ë 72 o´ π“π 5 π“∑’

Table 1 Primers information for Multiplex PCR

‡¡◊ËÕ‰¥â™‘Èπ à«π¢Õß¥’‡ÕÁπ‡Õ∑’ËµâÕß°“√¥â«¬«‘∏’
multiplex PCR ·≈â« π” PCR product ∑’Ë‰¥â¡“µ√«®
 Õ∫ ¥â«¬ 2.0% agarose gel electrophoresis ¬âÕ¡
¥â«¬ ’ gel star ®“°π—Èπ®÷ß àÕß¥Ÿ¿“¬„µâ· ß UV ‡æ◊ËÕ
∑”°“√∫—π∑÷°¿“æ·≈–«‘‡§√“–Àåº≈

º≈°“√∑¥≈Õß

°“√µ√«® Õ∫‡æ»¥â«¬‡∑§π‘§ Multiplex PCR
‚¥¬„™â¬’π SRY primers ·≈– internal control gene

primers (Kappa-casein) æ∫«à“ º≈°“√‡æ‘Ë¡™‘Èπ à«π
¢Õß¥’‡ÕÁπ‡Õ ”À√—∫¬’π SRY ·≈–¬’π Kappa-casein
∑”„Àâ‰¥â™‘Èπ à«π¢π“¥ 255 bp ·≈– 583 bp µ“¡≈”¥—∫
¥—ßπ—Èπ„π°“√µ√«® Õ∫ —µ«å‡æ»ºŸâ®–ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ
2 ¢π“¥ ‰¥â·°à 255 bp ·≈– 583 bp ·µà„π —µ«å‡¡’¬
®–ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 583 bp ‡∑à“π—Èπ ‡π◊ËÕß®“°
‡æ»‡¡’¬‰¡à¡’‚§√‚¡‚´¡ Y ¥—ß· ¥ß„π Fig.1 ´÷Ëß¢π“¥
¢Õß·∂∫¥’‡ÕÁπ‡Õ∑—Èß Õß¡’§«“¡·µ°µà“ß°—πÕ¬à“ß™—¥‡®π
∑”„Àâ°“√µ√«® Õ∫‡°‘¥§«“¡º‘¥æ≈“¥‰¥âπâÕ¬ „π¢≥–∑’Ë
°“√µ√«® Õ∫‚¥¬„™â ZFX/ZFY À√◊Õ P2/P8 ∑”„Àâ‰¥â

Primers Sequence
SRY

Forward 5û-AGC ATT CTG AAA GTC GTT AGC AC-3û
Reverse 5û-ATG AAG GTG CAG CAG ACA TAC TA-3û

Kappa-casein
Forward 5û-AAG AAA TAA TAC CAT TCT GCA TAA TTT ATT TTT TTA CAG-3û
Reverse 5û-GGC TGT TAT TCA TTT TGC CTT ATT TAC CTG-3û
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·∂∫¥’‡ÕÁπ‡Õ∑’Ë¡’¢π“¥„°≈â‡§’¬ß (Fredsted and Villesen,
2004)

°“√„™â‡∑§π‘§ multiplex PCR ‚¥¬„™â¬’π SRY
primers ·≈–¬’π Kappa-casein primers · ¥ßº≈
°“√µ√«® Õ∫‡æ»¢Õß‚§≈Ÿ°º ¡‚Œ≈ ‰µπå ø√’‡™’¬π
‚§æ◊Èπ‡¡◊Õß ‚§∫√“¡—π ·≈–°√–∫◊Õ ®–‡ÀÁπ‰¥â«à“  ”À√—∫
‚§≈Ÿ°º ¡‚Œ≈ ‰µπå ø√’‡™’¬π ‚§æ◊Èπ‡¡◊Õß ·≈–‚§∫√“¡—π
‡æ»ºŸâª√“°Ø·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 255 bp ·≈– 583 bp
·≈–‡æ»‡¡’¬ª√“°Ø‡æ’¬ß·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 583 bp
‡∑à“π—Èπ  Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Chen et al., (2004)
 ”À√—∫°√–∫◊Õ‡æ»ºŸâª√“°Ø‡æ’¬ß·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 255

bp ÷́Ëß‡ªìπ∫√‘‡«≥™‘Èπ à«π¥’‡ÕÁπ‡Õ¢Õß¬’π SRY ‡∑à“π—Èπ
·≈–°√–∫◊Õ‡æ»‡¡’¬‰¡àª√“°Ø·∂∫¥’‡ÕÁπ‡Õ ¥—ß· ¥ßº≈„π
Fig. 2 ∑—Èßπ’È„π°√–∫◊Õ ¬’π SRY primers  “¡“√∂„™â
‡æ‘Ë¡®”π«π™‘Èπ à«π¥’‡ÕÁπ‡Õ∫π‚§√‚¡‚´¡ Y ‰¥âÕ¬à“ß
∂Ÿ°µâÕß ·µàÕ“®‡π◊ËÕß®“° specific primers  ”À√—∫¬’π
Kappa-casein π’È¡’§«“¡®”‡æ“–µàÕ‚§®÷ß‰¡à “¡“√∂‡æ‘Ë¡™‘Èπ
 à«π¥’‡ÕÁπ‡Õ„π°√–∫◊Õ ‰¥â ¥—ßπ—Èπ°“√µ√«® Õ∫‡æ»¥â«¬
‡∑§π‘§ multiplex PCR „π°√–∫◊Õ®÷ß§«√„™â internal
control gene primers ¢Õß∫√‘‡«≥¬’πÕ◊ËπÊ ∑’Ë¡’§«“¡
®”‡æ“–µàÕ°√–∫◊Õ‡æ◊ËÕµ√«® Õ∫¥’‡ÕÁπ‡Õ

Fig.1 Amplification results of the SRY and casein genes by multiplex PCR. 1, negative control; 2,
positive control for SRY; 3, positive control for kappa casein; 4 and 5, female individuals;
6 and 7, male individuals; and M, 100 bp DNA ladder marker plus

 √ÿª·≈–«‘®“√≥å

°“√µ√«® Õ∫‡æ»¥â«¬‡∑§π‘§ multiplex PCR
‚¥¬„™â¬’π SRY primers ·≈– internal control gene
primers (Kappa-casein)  “¡“√∂„™â‰¥â¥’·≈–∂Ÿ°µâÕß
„π‚§æ—π∏ÿåµà“ßÊ ‚¥¬‡æ»ºŸâ®–ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ 2 ¢π“¥
‰¥â·°à 255 bp ·≈– 583 bp ·µà„π —µ«å‡æ»‡¡’¬®–
ª√“°Ø·∂∫¥’‡ÕÁπ‡Õ¢π“¥ 583 bp ‡æ’¬ß·∂∫‡¥’¬«  ”À√—∫

„π°√–∫◊Õπ—Èπ ¬’π SRY  “¡“√∂„™âµ√«® Õ∫‚§√‚¡‚´¡
Y ‰¥â ·µàÀ“°µâÕß°“√„™â«‘∏’ multiplex PCR „π°“√
µ√«® Õ∫‡æ»§«√‡ª≈’Ë¬π internal control gene
primers ∑’Ë¡’§«“¡®”‡æ“–µàÕ°√–∫◊Õ

°“√µ√«® Õ∫‡æ»¢Õß‚§æ—π∏ÿåµà“ßÊ ¥â«¬‡∑§π‘§
multiplex PCR  “¡“√∂∑”‰¥â –¥«° √«¥‡√Á«·≈–„Àâ
º≈∂Ÿ°µâÕß ®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“ ‚§∑—Èß 23 µ—«  “¡“√∂
„™â multiplex PCR µ√«® Õ∫‡æ»‰¥â∂Ÿ°µâÕß∑—ÈßÀ¡¥
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(100%) ‚¥¬∑” PCR ‡æ’¬ß§√—Èß‡¥’¬«·≈–„™â¥’‡ÕÁπ‡Õ
‡æ’¬ß‡≈Á°πâÕ¬‡∑à“π—Èπ ®÷ß∑”„Àâ “¡“√∂π”‡∑§π‘§ multiplex
PCR π’È‰ªª√–¬ÿ°µå„™â„π°“√µ√«® Õ∫‡æ»¢Õß —µ«å„π
√–¬–‡ÕÁ¡∫√‘‚ÕµàÕ‰ª‰¥â ´÷Ëß·¡â«à“°“√ °—¥¥’‡ÕÁπ‡Õ®“°
‡ÕÁ¡∫√‘‚Õ®–‰¥â¥’‡ÕÁπ‡Õ„πª√‘¡“≥πâÕ¬°«à“°“√ °—¥®“°
‡¡Á¥‡≈◊Õ¥ °“√‡≈◊Õ°„™â primers ∑’Ë‡À¡“– ¡®—¥‰¥â«à“‡ªìπ
ªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ§«“¡·¡àπ¬”¢Õß°“√µ√«® Õ∫‡æ»
„πªí®®ÿ∫—π¡’°“√»÷°…“°“√µ√«® Õ∫‡æ»‚¥¬°“√‡æ‘Ë¡™‘Èπ
 à«π¥’‡ÕÁπ‡Õ∫√‘‡«≥∑’ËµâÕß°“√‚¥¬„™â specific primers
¢Õß∫√‘‡«≥¬’πµà“ßÊ ∫π‚§√‚¡‚´¡‡æ» ‡™àπ SRY, ZFX/
ZFY, ·≈– CHD ‡ªìπµâπ ´÷Ëß¡’√“¬ß“π«à“ primers
 “¡“√∂µ√«® Õ∫‡æ»‰¥âÕ¬à“ß –¥«° √«¥‡√Á« ·≈–„Àâº≈
°“√µ√«® Õ∫‡æ»∑’Ë·¡àπ¬”‡ªìπ∑’Ëπà“‡™◊ËÕ∂◊Õ∑—Èß„π¡πÿ…¬å
·≈– —µ«åÀ≈“¬™π‘¥ ‡™àπ ‚§ ·æ– °«“ß π°™π‘¥µà“ßÊ
‡ªìπµâπ (Yamauchi et al., 2000; Bryja et al., 2003;
Phua et al., 2003) „π°“√»÷°…“§√—Èßπ’È‰¥â‡≈◊Õ° primers
∑’Ë¡’§«“¡®”‡æ“–µàÕ¬’π SRY ´÷Ëß„Àâº≈°“√µ√«® Õ∫∑’Ë
∂Ÿ°µâÕß∑—Èß„π‚§π¡·≈–°√–∫◊Õ πÕ°®“°π’È¬—ß®”‡ªìπµâÕß
¡’°“√„™â internal control gene primers ‡æ◊ËÕ≈¥º≈¢Õß
false negative ·≈–‡æ‘Ë¡§«“¡∂Ÿ°µâÕß·¡àπ¬”¡“°¢÷Èπ
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Fig.2 Sex identification in several animals (M = male, F = female) using multiplex PCR with the
SRY and casein genes specific primers. 1, negative control; 2, Native cattle (M); 3, Native
cattle (F); 4, Brahman (M); 5, Brahman (F); 6, crossbred Holstein (F); 7, crossbred
Holstein (M); 8,9, Buffalo (F); 10,11, Buffalo (F); and M,100 bp DNA ladder marker plus.
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