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Abstract
Ngernpradub, A.1, Markvichitr, K.1, and Sirinarumitr, T.2

Quantification of Y-bearing spermatozoa of beef cattle throught ciscontinuous
Percoll gradient centrifugation using fluorescent in situ hybridization
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1359-1366

An appropriated procedure for proportion of Y-bearing spermatozoa is needed, especially to monitor
sperm separation techniques. In this study was aimed to determine the Y-bearing spermatozoa proportion
in bull semen through pre and post 6 layers discontinuous Percoll centrifugation and by using fluorescent
in situ hybriddization (FISH) technique with digoxigenin (Dig)-labeled bovine Y-specific probe, which
prepared by polymerase chain reaction (PCR) using BC1.2 primers. This results fould that the metaphase
male lymphocyte was clearly shown green-yellow fluorescence spot on the short arm of Y-chromosome,
whereas an interphase male lymphocyte showed this signal within nuclei, in conversely, both interphase and
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metaphase female lymphocytes were not shown this signal. An average interphase male lymphocyte obviously
showed the signal 96.8%. The proportion of Y-bearing spermatozoa in semen pre and post discontinuous
Percoll centrifugation were 48.78% and 41.68%, respectively (P>0.05). These results indicated that FISH
protocol with Dig-labeled bovine Y-specific probe could be used to mornitor the proportion of Y-bearing
spermatozoa through discontinuous Percoll centrifugation in bull semen which after sperm separation, the
proportion of Y-chromosome trend to be not significantly reduced.

Key words : Y-specific probe, bovine spermatozoa, FISH, Percoll
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¡’§«“¡µâÕß°“√«‘∏’°“√µ√«® Õ∫Õ ÿ®‘«“¬‡æ◊ËÕÀ“ —¥ à«πÕ ÿ®‘¿“¬À≈—ß°“√§—¥‡≈◊Õ°‡æ»Õ ÿ®‘  ”À√—∫°“√∑¥≈Õßπ’È

‡æ◊ËÕÕ∏‘∫“¬«‘∏’µ√«® Õ∫ª√‘¡“≥Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ¢ÕßæàÕ‚§‡π◊ÈÕ°àÕπ·≈–À≈—ß°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡

‡¢â¡¢âπ¢Õß‡æÕ√å§Õ≈≈å ¥â«¬‡∑§π‘§ ø≈ŸÕÕ‡√ ‡´πµå Õ‘π ´‘µŸ ‰Œ∫√‘‰¥‡´™—π (fluorescent in situ hybridization;

FISH) ‚¥¬„™â digoxigenin (Dig)-labeled bovine Y specific probe ´÷Ëß‡µ√’¬¡®“°‡∑§π‘§ Polymerase Chain Re-

action (PCR) ®“°§Ÿà‰æ√‡¡Õ√å BC1.2 æ∫«à“‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ‡æ»ºŸâ√–¬–‡¡µ“‡ø · ¥ß —≠≠“≥‡√◊Õß· ß

ø≈ŸÕÕ‡√ ‡´πµå∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡«“¬·≈–„ππ‘«‡§≈’¬ ¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ‡æ»ºŸâ√–¬–Õ‘π‡µÕ√å-

‡ø  „π¢≥–∑’Ë‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ‡æ»‡¡’¬∑—Èß„π√–¬–‡¡µ“‡ø ·≈–Õ‘π‡µÕ√å‡ø ‰¡àª√“°Ø —≠≠“≥‡√◊Õß· ß

ø≈ŸÕÕ‡√ ‡´πµå ·≈–ª√‘¡“≥Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ°àÕπ·≈–À≈—ß°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å

‡∑à“°—∫ 48.78% ·≈– 41.68% µ“¡≈”¥—∫ (P>0.05) ®“°º≈°“√∑¥≈Õßπ’Èæ∫«à“ “¡“√∂„™â —≠≠“≥ Dig-labeled bovine

Y specific probe µ√«® Õ∫ª√‘¡“≥Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ‚§À≈—ß°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å

¥â«¬‡∑§π‘§ FISH ‰¥â  ·≈–ª√‘¡“≥Õ ÿ®‘«“¬À≈—ßºà“π°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å¡’

·π«‚πâ¡≈¥≈ß

°“√°”Àπ¥‡æ»µ—«ÕàÕπ¢Õß —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡‡°‘¥
¢÷ÈπÀ≈—ß‡°‘¥°“√ªØ‘ π∏‘ ´÷Ëß°“√§—¥‡æ»≈Ÿ°∑’Ë‡°‘¥‰¥â®–™à«¬„π
°“√ª√—∫ª√ÿßæ—π∏ÿ°√√¡ ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√º≈‘µ —µ«å
√«¡∂÷ß™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ  °“√§—¥‡≈◊Õ°‡æ»≈Ÿ° —µ«å
 “¡“√∂§—¥‡≈◊Õ°‰¥â Õß√–¬–§◊Õ°“√§—¥‡≈◊Õ°°àÕπ°“√ªØ‘ π∏‘
·≈–°“√§—¥‡≈◊Õ°À≈—ß°“√ªØ‘ π∏‘ ‚¥¬°“√§—¥‡≈◊Õ°°àÕπ°“√
ªØ‘ π∏‘‡ªìπ°“√§—¥‡≈◊Õ°™π‘¥Õ ÿ®‘ ∂â“Õ ÿ®‘‡ÕÁ°´åº ¡°—∫‡´≈≈å
‰¢à®–‰¥â≈Ÿ°‡æ»‡¡’¬ ·≈–Õ ÿ®‘«“¬º ¡°—∫‡´≈≈å‰¢à®–‰¥â≈Ÿ°
‡æ»ºŸâ ¡’√“¬ß“π°“√æ—≤π“‡∑§π‘§„π°“√§—¥‡≈◊Õ°Õ ÿ®‘‡ÕÁ° ǻ
·≈–/À√◊ÕÕ ÿ®‘«“¬ ·µà¬—ß¡’§«“¡µâÕß°“√«‘∏’„π°“√µ√«® Õ∫
 —¥ à«πÕ ÿ®‘∑’Ë∂Ÿ°µâÕßÀ≈—ßºà“π°“√§—¥‡≈◊Õ° (Windersor
·≈–§≥–, 1993) Ericssion and Glass (1982) √“¬ß“π

°“√µ√«® Õ∫Õ ÿ®‘«“¬„π¡πÿ…¬å¥â«¬°“√¬âÕ¡ ’ quinacrine
mustard æ∫«à“‡©æ“–Õ ÿ®‘«“¬∑’Ëª√“°Ø®ÿ¥‡√◊Õß· ß (F-body)
∑’Ë à«πÀ—« ·µà‰¡à “¡“√∂„™âµ√«® Õ∫Õ ÿ®‘¢Õß —µ«å™π‘¥Õ◊Ëπ‰¥â
·≈–æ∫«à“Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ¢Õß§π°àÕπ°“√§—¥‡≈◊Õ°¡’§à“µË”
°«à“ 40% (Barlow and Vosa, 1970)  à«π°“√µ√«®
 —¥ à«π‡æ»®“°≈Ÿ° —µ«å∑’Ë‡°‘¥∂◊Õ«à“‡ªìπ«‘∏’∑’Ë¡’ª√– ‘∑∏‘¿“æ
·≈–¡’§«“¡∂Ÿ°µâÕß¡“° ·µà‡ªìπ«‘∏’∑’Ë„™â√–¬–‡«≈“π“π ¡’§à“
„™â®à“¬ Ÿß·≈–µâÕß°“√®”π«π≈Ÿ° —µ«åª√‘¡“≥ Ÿß (Moor and
Glendhill, 1988) °“√µ√«® —¥ à«πÕ ÿ®‘‡ÕÁ°´å·≈–Õ ÿ®‘«“¬
®“°°“√«‘‡§√“–Àå≈—°…≥–‚§√‚¡‚´¡‡æ»À≈—ß®“°°“√º ¡°—∫
‰¢à¢ÕßÀπŸ·Œ¡ ‡µÕ√å (Yanagimachi, 1984) ·≈–«‘∏’
fluorescence-aided cell sorting (FACS) (Amann,
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1989; Johnson ·≈–§≥–, 1989) ‡ªìπ‡∑§π‘§∑’ËµâÕß¡’
§«“¡≈–‡Õ’¬¥ ∑—°…–·≈–§«“¡™”π“≠‡©æ“–¢ÕßºŸâµ√«® Õ∫

ªí®®ÿ∫—π¡’√“¬ß“π°“√„™â‡∑§π‘§ FISH „π°“√µ√«®
‡æ»∑“√°·≈–§«“¡º‘¥ª°µ‘‚§√‚¡‚´¡¢Õßµ—«ÕàÕπ„π√–¬–
°àÕπ°“√Ωíßµ—« (preimplantation) ·≈–®“°πÈ”§√Ë” (Delhant
·≈–§≥–, 1993; Munne ·≈–§≥–, 1993) ´÷Ëß‡ªìπ«‘∏’∑’Ë¡’
§«“¡∂Ÿ°µâÕß Ÿß ·≈–µ√«® Õ∫‰¥â√«¥‡√Á« ¡’√“¬ß“π°“√„™â
 —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬„π FISH ‡æ◊ËÕµ√«® Õ∫Õ ÿ®‘
«“¬¢Õß —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡  ‡™àπ  §π  (Han  ·≈–§≥–,
1992; Han ·≈–§≥–, 1993)  ·≈– ÿ°√ (Kawarasaki
·≈–§≥–, 1995; Kawarasaki ·≈–§≥–, 1996) ·≈–
‚§‡π◊ÈÕ (Kabayashi ·≈–§≥–, 1999) √“¬ß“ππ’È‡æ◊ËÕÕ∏‘∫“¬
«‘∏’°“√µ√«® Õ∫Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕæàÕ‚§‡π◊ÈÕæ—π∏ÿå°”·æß· π
°àÕπ·≈–À≈—ß°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ
‡æÕ√å§Õ≈≈å ¥â«¬‡∑§π‘§ FISH ‚¥¬„™â —≠≠“≥µ‘¥µ“¡
‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ∑’Ë‡µ√’¬¡®“°ªØ‘°‘√‘¬“ PCR ®“°§Ÿà
‰æ√‡¡Õ√å BC1.2

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

°“√‡µ√’¬¡ bovine Y-specific probe ¥â«¬ªØ‘°‘√‘¬“ PCR

°“√∑¥≈Õßπ’È„™â§Ÿà‰æ√‡¡Õ√å BC1.2 (Cotinot ·≈–
§≥–, 1991) ´÷Ëß¡’≈”¥—∫‡∫ ¥—ßπ’È 5/-AAG CAG CCG
ATA AAC ACT CCT T-3/ ·≈– 5/-ATC AGT GCA
GGG ACC GAG ATG-3/

ªØ‘°‘√‘¬“ PCR ª√–°Õ∫¥â«¬ 1 µg male genomic
DNA, digoxigenin (Dig) labeling buffer (10 mM
Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl

2
,

0.1 mM dATP, 0.1 mM dCTP. 0.1 dGTP, 0.065
mM dTTP, 0.035 mM Dig-11 dUTP (Roche
Diagnostics GmbH) ·≈– 0.72 µM each primer) and
1.5 units Recombinant Taq DNA Polymerase ‡µ‘¡
πÈ”°≈—Ëπ®π§√∫ 100 ‰¡‚§√≈‘µ√ ªØ‘°‘√‘¬“ PCR ‡°‘¥„π‡§√◊ËÕß
thermal cycler (Gene Amp PCR System, Perkin
Elmer) ¥—ßπ’È denaturation 94oC ‡ªìπ‡«≈“ 5 π“∑’ À≈—ß
®“°π—Èπ denaturation ‡ªìπ‡«≈“ 30 «‘π“∑’, annealing
60oC ‡ªìπ‡«≈“ 30 «‘π“∑’, extension 72oC ‡ªìπ‡«≈“ 30
«‘π“∑’ „ÀâªØ‘°‘√‘¬“‡°‘¥ 35 √Õ∫ ·≈–„π√Õ∫ ÿ¥∑â“¬ extention

‡ªìπ‡«≈“ 10 π“∑’ ·∫àß PCR product ¡“µ√«®¢π“¥¥â«¬
electropholysis ∫π·ºàπ«ÿâπÕ–°“‚√  1.5 ‡ªÕ√å‡´Áπµå ·≈â«
¬âÕ¡¥â«¬‡Õ∑‘‡¥’¬¡ ‚∫√‰¡¥å (0.5 ‰¡‚§√°√—¡/¡≈.)  µ√«®
¢π“¥¿“¬„µâ· ß UV (265 nm) Bovine Y-specific Probe
∑’Ë‡À≈◊Õ ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ -20oC

°“√§—¥‡≈◊Õ°Õ ÿ®‘

√’¥‡°Á∫πÈ”‡™◊ÈÕ®“°‚§‡π◊ÈÕ‡æ»ºŸâæ—π∏ÿå°”·æß· π®”π«π
3 µ—« Õ“¬ÿ 40 ‡¥◊Õπ ªí®®ÿ∫—π„™â‡ªìπæàÕ‚§ ”À√—∫√’¥πÈ”‡™◊ÈÕ
‡æ◊ËÕº≈‘µπÈ”‡™◊ÈÕ·™à·¢Áß∑’Ë»Ÿπ¬å “∏‘µ°“√‡≈’È¬ß‚§‡π◊ÈÕ§√∫«ß®√
¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å «‘∑¬“‡¢µ°”·æß· π √’¥‡°Á∫
πÈ”‡™◊ÈÕ‡ªìπ‡«≈“ 8 §√—Èß ·µà≈–§√—ÈßÀà“ß°—π 7 «—π π”¡“ªíòπ
‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å 6 √–¥—∫™—Èπ
(60, 50, 40, 30, 20, ·≈– 10%) π”πÈ”‡™◊ÈÕ‚§‡π◊ÈÕ„ à¥â“π
∫π¢Õß™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å  ªíòπ‡À«’Ë¬ß∑’Ë
§«“¡‡√Á« 1,700 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 20 π“∑’ ‡°Á∫µ–°Õπ
 à«π≈à“ßπ”‰ªªíòπ≈â“ß 2 §√—Èß ·≈–‡°Á∫µ–°ÕπÕ ÿ®‘¡“≈–≈“¬
„π “√≈–≈“¬ Tris-buffer (§«“¡‡¢â¡¢âπ 120 x 106/¡≈.)

°“√‡µ√’¬¡µ—«Õ¬à“ßÕ ÿ®‘

π”Õ ÿ®‘°àÕπ ·≈–À≈—ß°“√ªíòπ‡À«’Ë¬ß¡“ decondense
¥â«¬«‘∏’∑’Ë¥—¥·ª≈ß®“° Kobayashi ·≈–§≥– (1999) ¥—ßπ’È
π”Õ ÿ®‘„ à„π “√≈–≈“¬ PBS (137 mM NaCl, 2.7 mM
KCl, 10 mM Na

2
HPO

4
, 2 mM KH

2
PO

4
) ªíòπ‡À«’Ë¬ß∑’Ë

2,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 5 π“∑’ (2 §√—Èß) ‡°Á∫µ–°Õπ
Õ ÿ®‘¡“„ à„π  2  mM  dithiothreitol  (DTT,  Sigma
chemical) „π “√≈–≈“¬ TBS ‡ªìπ‡«≈“ 45 π“∑’ ªíòπ‡À«’Ë¬ß
∑’Ë 2,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 5 π“∑’ ·™àÕ ÿ®‘„π°√¥Õ–´‘µ‘°:
‡¡∑∏“πÕ≈∑’Ë‡¬Áπ®—¥ (1:3) À≈—ß®“°π—ÈπÀ¬¥Õ ÿ®‘≈ß∫π ‰≈¥å
ª≈àÕ¬„Àâ·Àâß π”‰ªµ√«®¥â«¬ FISH

°“√‡µ√’¬¡‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«

‡°Á∫‡≈◊Õ¥®“°‡ âπ‡≈◊Õ¥¥”∫√‘‡«≥§Õ®“°‚§‡π◊ÈÕæ—π∏ÿå
°”·æß· π‡æ»ºŸâ 2 µ—« Õ“¬ÿ 20 ‡¥◊Õπ πÈ”Àπ—° 250 °°.
·≈–‡æ»‡¡’¬ 2 µ—« Õ“¬ÿ 30 ‡¥◊Õπ πÈ”Àπ—° 350 °°. ®”π«π
3 §√—Èß ·µà≈–§√—ÈßÀà“ß°—π 5 «—π π”‡≈◊Õ¥„ àÀ≈Õ¥∑’Ë‡§≈◊Õ∫
 “√ªÑÕß°—π°“√·¢Áßµ—« (heparin) π”¡“‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥
¢“«¥â«¬«‘∏’∑’Ë¥—¥·ª≈ß®“° Gosden ·≈–§≥– (1992) ¥—ßπ’È



Songklanakarin J. Sci. Technol.

Vol. 29  No. 5  Sep. - Oct. 2007 1362

Quantification of Y-bearing spermatozoa of beef cattle

Ngernpradub, A., et al.

π”‡≈◊Õ¥‚§¡“‡≈’È¬ß„πÕ“À“√ RPMI 1640 (fetal bovine
serum 10%) ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC §«∫§ÿ¡§“√å∫Õπ‰¥ÕÕ°‰´¥å
5% π“π 72 ™¡. À≈—ß®“°„ à “√≈–≈“¬‚§≈´’¡‘¥ (colcemid
solution, 10 µl/ml, Gibco) ‡ªìπ‡«≈“ 2 ™¡. „ à “√≈–≈“¬
KCl 0.075 M π“π 10 π“∑’ ·™à‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«„π
°√¥Õ–´‘µ‘°:‡¡∑∏“πÕ≈∑’Ë‡¬Áπ®—¥ (1:3)  À≈—ß®“°π—ÈπÀ¬¥
‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«≈ß∫π ‰≈¥å ª≈àÕ¬„Àâ·Àâß π”‰ªµ√«®¥â«¬
FISH

°“√µ√«® Fluorescent in situ hybridization

·™à ‰≈¥åµ—«Õ¬à“ß (‡´≈≈åÕ ÿ®‘ ·≈–‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«)
„π PBS ‡ªìπ‡«≈“ 5 π“∑’ ·≈â«À¬¥ “√≈–≈“¬ proteinase
K (50 µg/ml) ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC ‡ªìπ‡«≈“ 15 π“∑’ ≈â“ß
 ‰≈¥å¥â«¬ PBS  3 §√—Èß π” ‰≈¥å¡“·™à„π‡Õ∑∏“πÕ≈ 70, 90
·≈– 100% (2 π“∑’) µ“¡≈”¥—∫

À¬¥ “√≈–≈“¬ 50% prehybridization buffer
π”‰ª«“ß∫π·ºàπ§«∫§ÿ¡§«“¡√âÕπÕÿ≥À¿Ÿ¡‘ 90oC π“π 10
π“∑’ ‡µ√’¬¡ “√≈–≈“¬µ‘¥µ“¡®“° digoxegenin-labeled
probe: 50% prehybridization buffer (1: 10) ·≈â«„ à
„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 90oC π“π 10 π“∑’ À≈—ß®“°π—Èπ
À¬¥ “√≈–≈“¬µ‘¥µ“¡∫π ‰≈¥å·≈â«ªî¥¥â«¬°√–®°ªî¥ ‰≈¥å
π”„ à°≈àÕß™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 12 ™¡.

·™à ‰≈¥å„π Tris-base solution (TBS, pH 8.0)
∑’ËÕÿ≥À¿Ÿ¡‘ 37oC  π“π 5 π“∑’  ·≈â«≈â“ß¥â«¬ “√≈–≈“¬
standard saline citrate (SSC) ∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 2x
SSC, 1xSSC ·≈– 0.5xSSC (SSC, 0.15M NaCl ·≈–
0.015M Sodium citrate, pH 7.4)  ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC
π“π 5 π“∑’ µ“¡≈”¥—∫ ·≈â«≈â“ß¥â«¬ 0.5xSSC ∑’ËÕÿ≥À¿Ÿ¡‘
37oC π“π 1 ™¡. À¬¥ “√≈–≈“¬π¡ºß 5% ·≈â«π” ‰≈¥å
„ à„π°≈àÕß™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘ 37oC π“π 1 ™¡. ≈â“ß¥â«¬ “√≈–≈“¬
TBS ∑’Ë 25oC π“π 5 π“∑’ ‡µ√’¬¡ “√≈–≈“¬ anti-di-
goxigenin-fluorescein (Roche diagnostic GmbH) ¥â«¬
 “√≈–≈“¬ bovine serum albumin 3% ·≈â«À¬¥≈ß∫π
 ‰≈¥å∑’ËÕÿ≥À¿Ÿ¡‘ 25oC ‡ªìπ‡«≈“ 1 ™¡. „π°≈àÕß™◊Èπ·≈–¡◊¥
≈â“ß¥â«¬ TBS ∑’ËÕÿ≥À¿Ÿ¡‘ 25oC π“π 5 π“∑’ (3 §√—Èß) À¬¥
propiodium iodide (PI, 0.3  µg/ml, Sigma chemical)
„π “√≈–≈“¬ anti-fade solution (1.25% diazabicyclo-
octan, 90% glycerol in PBS) µ√«®À“‚§√‚¡‚´¡«“¬

¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåø≈ŸÕÕ‡√ ‡´πµå (fluorescent micro-
scope; excitation 400-490 nm, BX-60, Olympus)

°“√«‘‡§√“–Àå∑“ß ∂‘µ‘

«‘‡§√“–Àå —¥ à«πÕ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ°àÕπ·≈–À≈—ß°“√
ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫‡æÕ√å§Õ≈≈å¥â«¬°“√«‘‡§√“–Àå Chi-
square test ¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª SAS

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ¥â«¬
PCR ®“°§Ÿà‰æ√‡¡Õ√å BC1.2 „Àâ™‘Èπ¥’‡ÕÁπ‡Õ¢π“¥ 192 §Ÿà
‡∫  (Figure 1) ·µ°µà“ß°—∫√“¬ß“π„πÕ¥’µ (Schwerin
·≈–§≥–, 1992; Kobayashi ·≈–§≥–, 1998) ∑’Ë√“¬ß“π
«à“°“√„™â§Ÿà‰æ√‡¡Õ√å BC1.2 „πªØ‘°‘√‘¬“ PCR ®–„Àâ™‘Èπ¥’
‡ÕÁπ‡Õ¢π“¥ 250 §Ÿà‡∫  ´÷Ëß§«“¡·µ°µà“ß∑’Ëª√“°ØºŸâ»÷°…“
‰¡à∑√“∫«à“‡°‘¥®“° “‡Àµÿ„¥ ·µà®“°°“√µ√«® Õ∫™‘Èπ¥’‡ÕÁπ‡Õ
¢π“¥ 192 §Ÿà‡∫ °—∫¥’‡ÕÁπ‡Õ„π∞“π¢âÕ¡Ÿ≈ æ∫«à“ —≠≠“≥
µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ®“°°“√∑¥≈Õßπ’È¡’§«“¡§≈â“¬°—∫
µ”·Àπàß Bos taurus Y chromosome-specific repet-
itive DNA (Sohn and Jun, 2003) ∂÷ß 98% ‚¥¬¡’
√“¬ß“π«à“µ”·Àπàß BC1.2 ‡ªìπ repettitive sequence ¡’
¢π“¥ 54 §Ÿà‡∫  æ∫ª√–¡“≥ 2,000-2,500 ™ÿ¥ ∫π·∑àß
‚§√‚¡‚´¡ Y „π‚§µ√–°Ÿ≈ Bos ·≈– Bison (Cotinot
·≈–§≥–, 1991) ·≈–¡’§«“¡®”‡æ“–µàÕ‚§√‚¡‚´¡«“¬ ®÷ß
 “¡“√∂π”¡“„™âª√–¬ÿ°µå‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡
«“¬‚§‡π◊ÈÕ  ·≈–æ∫«à“ “¡“√∂‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡
‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ‰¥â¿“¬„π‡«≈“ 90 π“∑’ ´÷Ëß√«¥‡√Á«°«à“
√“¬ß“π„πÕ¥’µ (Schwerin ·≈–§≥–, 1992; Kobayashi
·≈–§≥–, 1998)

°“√„™â —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ„πªØ‘°‘√‘¬“
FISH ‡æ◊ËÕµ‘¥µ“¡‚§√‚¡‚´¡«“¬¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§
‡π◊ÈÕ æ∫«à“ª√“°Ø®ÿ¥‡√◊Õß· ß∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡
«“¬¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ‡æ»ºŸâ√–¬–‡¡µ“‡ø  (Fig-
ure 2)  ·≈–„ππ‘«‡§≈’¬ ¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥‚§‡æ»ºŸâ√–¬–
Õ‘π‡µÕ√å‡ø  (Figure 3) „π¢≥–∑’Ë‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ
‡æ»‡¡’¬‰¡àª√“°Ø®ÿ¥‡√◊Õß· ß∫π·∑àß‚§√‚¡‚´¡·≈–„π
π‘«‡§≈’¬   ®“° Table 1 æ∫«à“‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«‚§‡π◊ÈÕ
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‡æ»ºŸâ√–¬–Õ‘π‡µÕ√å‡ø ª√“°Ø®ÿ¥‡√◊Õß· ß 96.8% „π¢≥–
∑’Ë‡æ»‡¡’¬ª√“°Ø®ÿ¥‡√◊Õß· ß‡æ’¬ß 0.4%  º≈°“√∑¥≈Õßπ’È
 Õ¥§≈âÕß°—∫√“¬ß“π°“√„™â BC-PCR „π°“√µ√«®‡æ»‚§

‡π◊ÈÕ¥â«¬‡∑§π‘§ in situ hybridization ‚¥¬æ∫«à“ BC-
PCR ®–‡¢â“‰Œ∫√‘¥´å°—∫µ”·Àπàß Yp13 ¢Õß‚§√‚¡‚´¡ Y
·≈–‰Œ∫√‘¥´å‡©æ“–·∂∫¥’‡ÕÁπ‡Õ¢Õß‚§‡æ»ºŸâ À≈—ß°“√µ—¥

Figure 1. PCR product 192 bp. of BC1.2 primer at PCR condition : denaturation 94oC, 30
sec; annealing 60oC, 30 sec; extension 72oC, 30 sec M = Marker 100 bp, 1,2, 3, 4 =
male DNA, C = control (No DNA)

Figure 2. Detection of the bovine Y-specific probe
on a bovine metaphase spread. Signal
on the Y-chromosome ( ⇐  )

Figure 3. Detection of the bovine Y-specific probe
on bovine interphase nucleus prepar-
ation. Signal within nuclei.

Figure 4. Detection of the bovine Y-specific probe on bovine spermatozoa. Signal within the
head was classified Y-bearing sperm, and without signal was X-bearing sperm.

(Color figure can be viewed in the electronic version)
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¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– (Schwerin ·≈–§≥–, 1992) «‘∏’
in situ hybridization (ISH) ª√–°Õ∫¥â«¬¢—ÈπµÕπ¥—ßπ’È
1) °“√ —ß‡§√“–ÀåÀ√◊Õ°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡®”‡æ“–
2) °“√‡µ√’¬¡‡π◊ÈÕ‡¬◊ËÕ∑’Ë®–µ√«® Õ∫ 3) °“√‰Œ∫√‘‰¥‡´™—π
√–À«à“ß —≠≠“≥µ‘¥µ“¡°—∫‡π◊ÈÕ‡¬◊ËÕ‡ªÑ“À¡“¬·≈–≈â“ß —≠≠“≥
µ‘¥µ“¡ à«π∑’Ë‰¡à‰Œ∫√‘¥´åÕÕ°  4) °“√µ√«®º≈°“√‰Œ∫√‘‰¥-
‡´™—π (Alcamo, 1999) ´÷Ëß¡’§«“¡À≈“°À≈“¬¢Õß™π‘¥
·≈–«‘∏’°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡√«¡∂÷ß«‘∏’°“√µ√«®º≈°“√
‰Œ∫√‘‰¥‡´™—π ¡’°“√ª√—∫ª√ÿß«‘∏’°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡
¥â«¬ non-radioactive labeled probe ¥â«¬ digoxigenin
·≈–µ√«®º≈°“√‰Œ∫√‘‰¥‡´™—Ëπ¥â«¬ “√ø≈ŸÕÕ‡√ ‡´πµå (fluo-
rescent in situ hybridization; FISH) (Kobayashi ·≈–
§≥–, 1998) ¡’√“¬ß“π°“√„™â‡∑§π‘§ FISH ‡æ◊ËÕ 1) ·ºπ∑’Ë
¬’π 2) µ√«®§«“¡º‘¥ª°µ‘¢Õß‚§√‚¡‚´¡ ·≈– 3) »÷°…“°“√
®—¥‡√’¬ßµ—«¢Õß‚§√‚¡‚´¡„π√–¬–Õ‘π‡µÕ√å‡ø  (Weier ·≈–
§≥–, 1990) ´÷Ëß§«“¡∂Ÿ°µâÕß¢Õß‡∑§π‘§ FISH ¢÷ÈπÕ¬Ÿà°—∫
§«“¡®”‡æ“–·≈–§«“¡¬“«¢Õß —≠≠“≥µ‘¥µ“¡

Figure 4 · ¥ßÕ ÿ®‘«“¬À≈—ß°“√µ√«®‚¥¬ FISH
¥â«¬ —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ∑’Ëª√“°Ø®ÿ¥‡√◊Õß
· ß∑’Ë à«πÀ—«Õ ÿ®‘  à«πÕ ÿ®‘∑’Ë‰¡àª√“°Ø®ÿ¥‡√◊Õß· ß§◊ÕÕ ÿ®‘
‡ÕÁ°´å  ·≈–®“° Table 2 æ∫«à“ —¥ à«πÕ ÿ®‘«“¬„ππÈ”‡™◊ÈÕ
°àÕπ°“√ªíòπ‡À«’Ë¬ß¡’§à“‡©≈’Ë¬ 48.78% ·≈– —¥ à«πÕ ÿ®‘«“¬
À≈—ß°“√ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫‡æÕ√å§Õ≈≈å¡’§à“‡©≈’Ë¬

Table 1. Detection of bovine Y-specific DNA by Fluorescence
In Situ Hybridization on Bovine Lymphocytes (n = 16)

No. (%) of nuclei
  sex

Examined With signal Without signal

Male 1619 1567 (96.8) 52 (3.2)
Female 818 3 (0.4) 815 (99.6)

Table 2. Proportion of Y-bearing sperm in semen pre and post dis-
continuous percoll centrifugation (n = 22 ejaculates/3 bulls.)

Total Sperm No. Y-sperm % Y-sperm

Pre Percoll Centrifugation 6715 3276 48.78a
After Percoll Centrifugation 6670 2780 41.68 a

a : not different significance (P>0.05)

41.68% (P>0.05) °“√ªíòπ‡À«’Ë¬ßπÈ”‡™◊ÈÕºà“π™—Èπµà“ß√–¥—∫
§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å¡’º≈∑”„Àâ —¥ à«πÕ ÿ®‘‡ª≈’Ë¬π·ª≈ß
·µà‰¡à¡’π—¬ ”§—≠  „π¢≥–∑’Ë¡’«à“πÈ”‡™◊ÈÕ§π¿“¬À≈—ß°“√ªíòπ
‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å¡’ª√‘¡“≥
Õ ÿ®‘‡ÕÁ°´å‡æ‘Ë¡¢÷Èπ (Lin ·≈–§≥–,1998) ·≈– Kobayashi
·≈–§≥– (2004) √“¬ß“π«à“πÈ”‡™◊ÈÕ‚§‡π◊ÈÕ à«π≈à“ßÀ≈—ß°“√
ªíòπ‡À«’Ë¬ßºà“π™—Èπµà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å æ∫«à“
 —¥ à«πÕ ÿ®‘«“¬≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß

 √ÿªº≈°“√∑¥≈Õß

°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ¥â«¬
digoxigenin ®“°§Ÿà‰æ√‡¡Õ√å BC1.2 ‚¥¬‡∑§π‘§ PCR „Àâ
 —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡¢π“¥ 192 §Ÿà‡∫  ·≈– “¡“√∂„™â
„π°“√µ√«®‡æ»‚§‡π◊ÈÕ ·≈–µ√«® Õ∫Õ ÿ®‘«“¬¥â«¬‡∑§π‘§
FISH ‰¥â ª√‘¡“≥Õ ÿ®‘«“¬„ππÈ”‡™◊ÈÕÀ≈—ßºà“π°“√ªíòπ‡À«’Ë¬ß
µà“ß√–¥—∫§«“¡‡¢â¡¢âπ‡æÕ√å§Õ≈≈å¡’·π«‚πâ¡≈¥≈ß

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°‚§√ß°“√«‘®—¬·¡à∫∑
°“√ª√—∫ª√ÿß “¬æ—π∏ÿå‚§‡π◊ÈÕ°”·æß· π   ∂“∫—π«‘®—¬·≈–
æ—≤π“·Ààß¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ·≈–∑ÿπÕÿ¥Àπÿπ·≈–
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 àß‡ √‘¡«‘∑¬“π‘æπ∏å√–¥—∫ª√‘≠≠“‚∑-‡Õ° ∫—≥±‘µ«‘∑¬“≈—¬
¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å §≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ π“¬ª√’™“
Õ‘ππÿ√—°…å ·≈–π“¬√‘‡™…∞å æ÷Ëß™—¬ (»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√
º≈‘µ°√–∫◊Õ·≈–‚§ ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å «‘∑¬“‡¢µ
°”·æß· π π§√ª∞¡)  ”À√—∫‚§∑¥≈Õß ·≈–§«“¡Õπÿ‡§√“–Àå
„π°“√√’¥‡°Á∫πÈ”‡™◊ÈÕ ·≈–¢Õ∫§ÿ≥ π. æ.‡°√’¬ß‰°√ «‘±Ÿ√¬å-
‡ ∂’¬√ (»Ÿπ¬å‡∑§‚π‚≈¬’™’«¿“æ∑“ß°“√‡°…µ√ ¡À“«‘∑¬“≈—¬
‡°…µ√»“ µ√å  «‘∑¬“‡¢µ°”·æß· π  π§√ª∞¡)  ∑’Ë„Àâ§”
·π–π”„π°“√‡µ√’¬¡ —≠≠“≥µ‘¥µ“¡‚§√‚¡‚´¡«“¬‚§‡π◊ÈÕ
·≈–‡∑§π‘§ fluorescent in situ hybridization
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