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Abstract

Nussara Vadhanakul1*  Wanchai Tunwattana2  Panpilai Sekkasiddhi1  Montakarn Tansatit3  Vivat Chavananikul4

KARYOTYPE OF CROSSBRED PROGENY BORN TO THE INTERSPECIES
HYBRIDIZATION OF WILD AND ZEBU CATTLE WITH REFERENCE TO
THEIR FERTILITY AND GROWTH PERFORMANCE

Karyotypes of the crossbred progeny of wild and zebu cattle, born from the insemination of zebu dams

with deep frozen semen from gaur (Bos gaurus) and banteng (Bos javanicus) sires were studied. The crossbred

progeny (F1) born from the gaur sire and zebu dams revealed a diploid chromosome number of 2n=58. Fifty-four

acrocentric and 2 submetacentric autosomes were found, sex chromosomes being submetacentric and metacentric

in the male and submetacentric in the female. Two types of chromosomes with a complement of 2n=59 and 2n=58,

were found in the crossbred progeny (F1) of the banteng sire and zebu dams. Robertsonian translocation of 1, 29

was found in crossbred progeny with 2n=59 whereas 1/29 and 2/27 Robertsonian translocation  was found in those

with 2n=58.  Sex chromosomes in both groups were the same as those of the crossbred progeny (F1) of the gaur sire

and zebu dams. Female crossbred progeny (F1) born to both gaur and banteng sires can conceive after natural

breeding, males however could not produce sperm. The growth performance of these crossbred progeny was

satisfactory in terms of weight and growth rate at all ages. Male hybrids, although sterile, are of economic benefit

for meat production and female hybrids can be used for breeding and can produce crossbred progeny with

maximal heterosis of interspecies hybridization for production and reproductive fitness.
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∫∑§—¥¬àÕ
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√Ÿª·∫∫‚§√‚¡‚´¡¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°°“√º ¡¢â“¡ “¬æ—π∏ÿå√–À«à“ß‚§ªÉ“·≈–‚§ ’́∫Ÿ°—∫

§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå·≈–°“√‡®√‘≠‡µ‘∫‚µ

»÷°…“§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°°“√º ¡¢â“¡ “¬æ—π∏ÿå√–À«à“ß‚§ªÉ“·≈–‚§ ’́∫Ÿ ‚¥¬„™âπÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕ°√–∑‘ß

·≈–æàÕ‚§·¥ß¢Õß «π —µ«å‡ªî¥‡¢“‡¢’¬«  º ¡‡∑’¬¡„Àâ°—∫·¡à‚§´’∫Ÿ„π∑âÕß∑’Ë æ∫«à“ ‚§≈Ÿ°º ¡ (F1) ∑ÿ°µ—« ∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß·≈–

·¡à´’∫Ÿ  ¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58  ‚¥¬¡’‚§√‚¡‚´¡√à“ß°“¬‡ªìπ·∫∫ Õ–‚§√‡´πµ√‘§ ®”π«π 54 µ—« ·≈–‡ªìπ·∫∫ ´—∫‡¡µ“

‡´πµ√‘§  ®”π«π 2 µ—«  „π¢≥–∑’Ë‚§√‚¡‚´¡‡æ»®–‡ªìπ·∫∫ ´—∫‡¡µ“‡´πµ√‘§  µ—«„À≠à  1 µ—«  ·≈– ‡¡µ“‡´πµ√‘§ µ—«‡≈Á° 1 µ—«

 ”À√—∫‡æ»ºŸâ ·≈–‡ªìπ·∫∫ ´—∫‡¡µ“‡´πµ√‘§ µ—«„À≠à 2 µ—«„π‡æ»‡¡’¬ „π¢≥–∑’Ë§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡ (F1) ∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ·™à

·¢Áß¢ÕßæàÕ‚§·¥ß ·≈–·¡à́ ’∫Ÿ  ®–¡’®”π«π‚§√‚¡‚´¡·µ°µà“ß°—π‡ªìπ 2 ·∫∫ §◊Õ  2n=59  ·≈–  2n=58  ‚¥¬æ∫ 1/29  Robertsonian

translocation „π‚§∑’Ë¡’ 2n=59 ·≈–æ∫ 1/29 ·≈– 2/27 Robertsonian translocation „π‚§∑’Ë¡’ 2n=58 ‚¥¬∑—Èß 2 °≈ÿà¡¡’

‚§√‚¡‚´¡‡æ»‡ªìπ·∫∫‡¥’¬«°—∫ ‚§≈Ÿ°º ¡ (F1) ∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ‡¡◊ËÕæ‘®“√≥“∂÷ß§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå æ∫«à“‚§≈Ÿ°º ¡‡æ»‡¡’¬

(F1) ∑—Èß∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß “¡“√∂„Àâ≈Ÿ°‰¥â®“°°“√º ¡∏√√¡™“µ‘ „π¢≥–∑’Ë‚§≈Ÿ°º ¡‡æ»ºŸâ (F1) ∑—ÈßÀ¡¥ ‰¡à

 “¡“√∂º≈‘µπÈ”‡™◊ÈÕ‰¥â®“°≈—°…≥–°“√‡®√‘≠‡µ‘∫‚µ¢Õß‚§≈Ÿ°º ¡ (F1) ∑—Èß∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß æ∫«à“¡’πÈ”Àπ—°„π

√–¬–µà“ßÊ  ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ∑’Ëπà“æÕ„® ¥—ßπ—Èπ‚§≈Ÿ°º ¡‡æ»ºŸâ (F1) ·¡â®–‡ªìπÀ¡—π ·µà®–¡’ª√–‚¬™πå∑“ß‡»√…∞°‘®§◊Õ

 “¡“√∂π”‰ª¢ÿπ‡æ◊ËÕº≈‘µ‡π◊ÈÕ ”À√—∫°“√∫√‘‚¿§‰¥â „π¢≥–∑’Ë‚§≈Ÿ°º ¡‡æ»‡¡’¬ “¡“√∂π”‰ª„™â„π°“√º ¡æ—π∏ÿå ·≈–ª√—∫ª√ÿßæ—π∏ÿå

µàÕ‰ª‰¥â ‡æ◊ËÕ„Àâ‰¥â‚§≈Ÿ°º ¡∑’Ë¡’º≈º≈‘µ ·≈– ¡√√∂¿“æ°“√ ◊∫æ—π∏ÿå∑’Ë¥’∑’Ë ÿ¥„π ¿“«–°“√‡≈’È¬ß¥Ÿ„πª√–‡∑»‰∑¬

§” ”§—≠ :  §“√‘‚Õ‰∑ªá ≈Ÿ°º ¡‚§ªÉ“·≈–‚§´’∫Ÿ §«“¡ ¡∫Ÿ√≥åæ—π∏ÿå °“√‡®√‘≠‡µ‘∫‚µ

∫∑π”

°“√»÷°…“π’È ‡ªìπ°“√»÷°…“µàÕ‡π◊ËÕß®“° ‚§√ß°“√

Õπÿ√—°…åæ—π∏ÿå‚§ªÉ“ ́ ÷Ëß∂◊Õ°”‡π‘¥¢÷Èπ„πªï æ.». 2533 ‚¥¬§«“¡

√à«¡¡◊Õ¢Õß°√¡ª»ÿ —µ«å Õß§å°“√ «π —µ«å§≥– —µ«·æ∑¬-

»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ·≈– ∂“∫—π ¡‘∏‚´‡π’¬π

ª√–‡∑» À√—∞Õ‡¡√‘°“ ‚¥¬„π‚§√ß°“√¥—ß°≈à“« „π√–¬–·√°

‰¥â∑”°“√º≈‘µπÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕ°√–∑‘ß (Bos gaurus) ·≈–

æàÕ‚§·¥ß (Bos javanicus) ¢Õß «π —µ«å‡ªî¥‡¢“‡¢’¬« ‡æ◊ËÕ

°“√Õπÿ√—°…åæ—π∏ÿå (conservation program) ·≈–‰¥âπ”πÈ”‡™◊ÈÕ

 à«πÀπ÷Ëß¡“„™â„π°“√º ¡¢â“¡æ—π∏ÿå ‚¥¬°“√º ¡‡∑’¬¡„Àâ°—∫

·¡à‚§´’∫Ÿ∑’Ë‡≈’È¬ß„πæ◊Èπ∑’Ë ¥â«¬«—µ∂ÿª√– ß§å ‡æ◊ËÕ √â“ß‚§‡π◊ÈÕ “¬

æ—π∏ÿå„À¡à√–À«à“ß‚§ªÉ“ (wild cattle) ·≈–‚§´’∫Ÿ ∑’Ë¡’√Ÿª√à“ß

≈—°…≥– ·≈–‚§√ß√à“ß∑’Ë„À≠à¢÷Èπ ·≈–¡’§«“¡∑π∑“πµàÕ ‘Ëß

·«¥≈âÕ¡ ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘∑“ßæ—π∏ÿ°√√¡∑’Ë¥’¢Õß‚§ªÉ“ §◊Õ

¡’¢π“¥„À≠à ·≈–¡’§«“¡∑π∑“π„π¿“«–µà“ßÊ ·≈– ¿“æ

Õ“À“√∑’Ë‰¡à ¡∫Ÿ√≥å ¡“™à«¬„π°“√ª√—∫ª√ÿßæ—π∏ÿå (¬—πµå ·≈–

§≥–, 1999) ·µà‡π◊ËÕß®“°°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß ªï™’ å

∑’Ëµà“ß°—π (interspecies hybridization) ‰¡à«à“®–¡’®”π«π

‚§√‚¡‚´¡‡∑à“°—πÀ√◊Õµà“ß°—π °ÁÕ“®¡’§«“¡º‘¥ª°µ‘∫“ß

ª√–°“√‡°‘¥¢÷Èπ‰¥â ‡™àπ Õ“®‡°‘¥°“√®—∫§Ÿà°—π¢Õß‚§√‚¡‚´¡∑’Ë

º‘¥ª°µ‘‰ª À√◊ÕÕ“®‡°‘¥°“√‡™◊ËÕ¡°—π (fusion) ·∫∫µà“ßÊ ¢Õß

‚§√‚¡‚´¡∑’Ë¡“®“°§π≈–§Ÿà°—π ∑’Ëæ∫¡“°‰¥â·°à °“√‡°‘¥

Robertsonian translocation, tandem fusion œ≈œ ´÷Ëß®–

∑”„Àâ®”π«π‚§√‚¡‚´¡∑—ÈßÀ¡¥ (diploid number) ·≈–√Ÿª√à“ß

¢Õß‚§√‚¡‚´¡‡ª≈’Ë¬π·ª≈ß‰ª®“°®”π«πª°µ‘ ·≈–Õ“®

 àßº≈∑”„Àâ‡°‘¥§«“¡º‘¥ª°µ‘¢Õß√–∫∫µà“ßÊµ“¡¡“ ‚¥¬

‡©æ“–√–∫∫ ◊∫æ—π∏ÿå ·≈–¬—ß∂à“¬∑Õ¥‚§√‚¡‚´¡∑’Ëº‘¥ª°µ‘

‡À≈à“π’È‰ª¬—ß≈Ÿ°À≈“π¥â«¬ ®“°°“√»÷°…“¢Õß Gustavsson (1980)
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√“¬ß“π‰«â«à“ °“√‡°‘¥ 1/29 Robertsonian translocation „π‚§

®–¡’º≈∑”„Àâª√– ‘∑∏‘¿“æ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå≈¥≈ß πÕ°®“°

π’È Forsdyke (2000) ·≈– Zhang (2000) ¬—ß‰¥â√“¬ß“π°“√

º ¡¢â“¡æ—π∏ÿå√–À«à“ß‚§·¥ß °—∫‚§´’∫Ÿ ·≈–„π yak °—∫‚§´’∫Ÿ

À√◊Õ°—∫‚§ Bos taurus ÷́Ëßæ∫«à“ ‚§≈Ÿ°º ¡ (F1) ‡æ»‡¡’¬

‡∑à“π—Èπ∑’Ë¡’ ¡√√∂¿“æ°“√ ◊∫æ—π∏ÿå∑’Ëª°µ‘  ·µà„π‚§≈Ÿ°º ¡ (F1)

‡æ»ºŸâ®–‡ªìπÀ¡—π ·¡â®–¡’≈—°…≥–¿“¬πÕ°ª°µ‘°Áµ“¡

°“√»÷°…“π’È ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§“√‘‚Õ‰∑ªá

(karyotype) ¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°‚§√ß°“√„π√–¬–·√°

´÷Ëß‡ªìπ°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß æàÕ‚§ªÉ“ (æàÕ°√–∑‘ß æàÕ

‚§·¥ß) °—∫·¡à‚§´’∫Ÿ «à“¡’≈—°…≥–¢Õß‚§√‚¡‚´¡‡ªìπ‡™àπ‰√

¡’§«“¡º‘¥ª°µ‘Õ¬à“ß„¥À√◊Õ‰¡à ·≈–¡’º≈µàÕ§«“¡ ¡∫Ÿ√≥å

æ—π∏ÿåÕ¬à“ß‰√  µ≈Õ¥®π»÷°…“∂÷ß≈—°…≥–°“√‡®√‘≠‡µ‘∫‚µ„π·µà

≈–√–¬– ‡æ◊ËÕ„Àâ∑√“∫∂÷ß§«“¡‡ªìπ‰ª‰¥â„π°“√„™âæ—π∏ÿ°√√¡

¢Õß‚§ªÉ“¡“ª√—∫ª√ÿßæ—π∏ÿå‚§´’∫Ÿ∑’Ë‡≈’È¬ß„π∑âÕß∑’Ë«à“ “¡“√∂

‰¥â‚§≈Ÿ°º ¡∑’Ë¡’‚§√ß√à“ß„À≠à¢÷Èπ ·≈–¡’§«“¡∑π∑“πµàÕ

 ¿“æ·«¥≈âÕ¡‰¥âÀ√◊Õ‰¡à  ‡æ◊ËÕª√–‚¬™πå„π°“√π”‰ª„™â∫√‘‚¿§

·≈–„™â·√ßß“πµàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√

‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥¢Õß‚§≈Ÿ°º ¡®”π«π 20 µ—« ∑’Ë‡°‘¥

®“°°“√º ¡‡∑’¬¡¥â«¬πÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕ°√–∑‘ß ·≈–æàÕ‚§

·¥ß ¢Õß «π —µ«å‡ªî¥‡¢“‡¢’¬«°—∫·¡à‚§´’∫Ÿ (æ—π∏ÿå∫√“Àå¡—π

æ—π∏ÿå‡√¥ ́ ‘π¥’È ·≈–æ—π∏ÿåæ◊Èπ‡¡◊Õß) „π∑âÕß∑’Ë  ‚¥¬‡ªìπ‚§≈Ÿ°º ¡

∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕæàÕ°√–∑‘ß®”π«π 12 µ—« ·≈–‡°‘¥®“°πÈ”‡™◊ÈÕ

æàÕ‚§·¥ß®”π«π 8 µ—« ·≈–‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥¢Õß·¡à‚§´’∫Ÿ∑’Ë

π”¡“„™âº ¡‡∑’¬¡¥â«¬ ®”π«π 10 µ—«  „π¢≥–∑’Ëµ—«Õ¬à“ß‡≈◊Õ¥

¢ÕßæàÕ°√–∑‘ß∑’Ë„™â∑”πÈ”‡™◊ÈÕ·™à·¢Áß‰¥â∂Ÿ°‡®“–‡°Á∫‰«â·≈â«‚¥¬

°“√«“ß¬“ ≈∫  ·≈–‰¥â∑”°“√»÷°…“§“√‘‚Õ‰∑ªá·≈â«‚¥¬

πÿ  √“ ·≈–§≥– (Õ¬Ÿà√–À«à“ß°“√æ‘®“√≥“‡æ◊ËÕ°“√µ’æ‘¡æå) ·µà

æàÕ‚§·¥ß∑’Ë„™â∑”πÈ”‡™◊ÈÕ·™à·¢Áß‰¡à “¡“√∂‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥

‰¥â ‡π◊ËÕß®“°√–À«à“ßπ—Èπ¬—ß‰¡à¡’‚ª√·°√¡∑’Ë®–«“ß¬“ ≈∫

‡æ◊ËÕªØ‘∫—µ‘ß“π¢Õß «π —µ«å ·≈–°“√«“ß¬“ ≈∫®–∑”‡¡◊ËÕ

®”‡ªìπ‡∑à“π—Èπ ‡π◊ËÕß®“°Õ“®¡’§«“¡‡ ’Ë¬ß®“°°“√·æâ¬“‰¥â

µ—«Õ¬à“ß‡≈◊Õ¥∂Ÿ°‡°Á∫„πÀ≈Õ¥∑’Ë¡’ heparin ‡ªìπ “√ªÑÕß

°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ·≈â«∑”°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥

¢“« ™π‘¥ lymphocyte „πÕ“À“√‡≈’È¬ß‡´≈≈å™π‘¥ minimum

essential media ´÷Ëß¡’ 10% calf serum  ·≈– phytohaemag-

glutinin ∫à¡„πµŸâ‡æ“–‡≈’È¬ß‡´≈≈å∑’ËÕÿ≥À¿Ÿ¡‘ 37o´.‡ªìπ‡«≈“ 72

™¡. ‚¥¬‡¡◊ËÕ∂÷ß™—Ë«‚¡ß∑’Ë 70 ®–‡µ‘¡ “√≈–≈“¬ colcemid ≈ß

‰ª‡æ◊ËÕÀ¬ÿ¥°“√·∫àßµ—«¢Õß‡´≈≈å„ÀâÕ¬Ÿà„π√–¬–‡¡µ“‡ø 

·≈–∫à¡„πµŸâ‡æ“–‡≈’È¬ßµàÕ‰ª®π§√∫°”Àπ¥‡«≈“ À≈—ß®“°π—Èπ

π”·µà≈–µ—«Õ¬à“ßÕÕ°¡“®“°µŸâ‡æ“–‡≈’È¬ß ·≈–∑”„Àâ‡´≈≈å∫«¡

¥â«¬ “√≈–≈“¬ hypotonic solution (0.075 M KCl) ªíòπ‡Õ“

 à«π„ ∑‘Èß ·≈â«µ√÷ß‡´≈≈å¥â«¬ “√≈–≈“¬ (methanol : glacial

acetic acid = 3:1)  ≈—∫°—∫°“√ªíòπ¥â«¬‡§√◊ËÕßªíòπ‡À«’Ë¬ß ‡æ◊ËÕ

·¬°‡Õ“ à«π„ ÕÕ° ·≈–∑”´È” 3-5 §√—Èß ·≈â«‡°Á∫µ–°Õπ∑’Ë‰¥â

§√—Èß ÿ¥∑â“¬„π “√≈–≈“¬ fixative ·≈–‡°Á∫§â“ß§◊π‰«â„πµŸâ‡¬Áπ

∑’ËÕÿ≥À¿Ÿ¡‘ 4o´. «—π√ÿàß¢÷Èπ®÷ßπ”‡´≈≈å‰ªÀ¬¥„Àâ°√–®“¬∫π ‰≈¥å

¬âÕ¡¥â«¬ ’®‘¡´à“ ·≈â«π”¡“µ√«®¥Ÿ§“√‘‚Õ‰∑ªá¢Õß·µà≈–

µ—«Õ¬à“ß¥â«¬°≈âÕß®ÿ≈∑√√»πå ‚¥¬µ√«®®“°°≈ÿà¡‡¡µ“‡ø 

∑’Ë ¡∫Ÿ√≥å¥’Õ¬à“ßπâÕ¬ 30 °≈ÿà¡ ∂à“¬√Ÿª‡°Á∫‰«â ·≈â«‡√’¬ß≈”¥—∫

‚§√‚¡‚´¡§Ÿàµà“ßÊ¥â«¬¡◊Õ‚¥¬®—¥µ“¡¢π“¥¢Õß‚§√‚¡‚´¡

®“°¬“«‰ªÀ“ —Èπ ·≈–‡ª√’¬∫‡∑’¬∫Õ’°§√—Èß‚¥¬„™â°“√‡√’¬ß

≈”¥—∫¢Õß‚§√‚¡‚´¡¥â«¬‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å ·≈–´Õø∑å·«√å

∑’Ë„™â‡√’¬ß≈”¥—∫‚§√‚¡‚´¡¢Õß‚§ (Ikaros, Metasystem

company)

µ‘¥µ“¡ª√–«—µ‘‡°’Ë¬«°—∫§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå¢Õß‚§≈Ÿ°

º ¡‡À≈à“π’È ·≈–≈—°…≥–°“√‡®√‘≠‡µ‘∫‚µ ‚¥¬™—ËßπÈ”Àπ—° ·√°‡°‘¥

πÈ”Àπ—°À¬à“π¡ ·≈–πÈ”Àπ—°‡¡◊ËÕÕ“¬ÿ 18 ‡¥◊Õπ ¢Õß‚§≈Ÿ°º ¡

®”π«π 15 µ—« ∑’Ë‡≈’È¬ßÕ¬Ÿà„π∑’Ë‡¥’¬«°—π ·≈–§”π«≥Õ—µ√“°“√

‡®√‘≠‡µ‘∫‚µ„π·µà≈–√–¬–‡æ◊ËÕ„Àâ∑√“∫∂÷ß§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå

·≈–°“√‡®√‘≠‡µ‘∫‚µ

º≈

§“√‘‚Õ‰∑ªá¢Õß·¡à‚§ ’́∫Ÿ (æ—π∏ÿå∫√“Àå¡—π  ‡√¥ ‘́π¥’È  ·≈–

æ—π∏ÿåæ◊Èπ‡¡◊Õß) ∑’Ëπ”¡“„™âº ¡‡∑’¬¡ ¡’®”π«π‚§√‚¡‚´¡

‡ªìπ 2n=60 ‚¥¬¡’ ‚§√‚¡‚´¡√à“ß°“¬ (autosome) ‡ªìπ·∫∫

Õ–‚§√‡´πµ√‘§ (acrocentric) ∑—ÈßÀ¡¥ ·≈–‚§√‚¡‚´¡‡æ»

(sex chromosome) ‡ªìπ·∫∫ ´—∫‡¡µ“‡´πµ√‘§ µ—«„À≠à (X)

2 µ—« ( √Ÿª∑’Ë 1) (µ“√“ß∑’Ë 1)

 ”À√—∫§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡ (F1) ∑ÿ°µ—«

∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕ°√–∑‘ß ·≈– ·¡à‚§´’∫Ÿ  ‰¡à«à“®–

‡ªìπ·¡àæ—π∏ÿå„¥°Áµ“¡√–À«à“ß ∫√“Àå¡—π ‡√¥´‘π¥’È ·≈–æ—π∏ÿå

æ◊Èπ‡¡◊Õß ®–¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58 ‚¥¬¡’ ‚§√‚¡‚´¡

√à“ß°“¬ ‡ªìπ·∫∫  Õ–‚§√‡´πµ√‘§ ®”π«π 54 µ—«  ·≈–‡ªìπ·∫∫

´—∫‡¡µ“‡´πµ√‘§ ®”π«π 2 µ—«  à«π ‚§√‚¡‚´¡‡æ» ®–¡’

≈—°…≥–‡™àπ‡¥’¬«°—∫„π Bos taurus ·≈–°√–∑‘ß (Bos gaurus)

§◊Õ‡ªìπ·∫∫ —́∫‡¡µ“‡´πµ√‘§ µ—«„À≠à (X) 1 µ—« ·≈–

‡¡µ“‡´πµ√‘§ µ—«‡≈Á° (Y) 1 µ—« „π‡æ»ºŸâ ·≈–‡ªìπ·∫∫
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µ“√“ß∑’Ë 1  §“√‘‚Õ‰∑ªá¢Õß ·¡à‚§´’∫Ÿ ·≈–‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ¢ÕßæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß°—∫·¡à‚§´’∫Ÿ

                       ®”π«π‚§√‚¡‚´¡     ®”π«π·≈–√Ÿª·∫∫¢Õß‚§√‚¡‚´¡√à“ß°“¬          √Ÿª·∫∫¢Õß‚§√‚¡‚´¡‡æ»

                               (2n)            ´—∫‡¡µ“‡´πµ√‘§          Õ–‚§√‡´πµ√‘§             ‡æ»ºŸâ                ‡æ»‡¡’¬

- ·¡à‚§´’∫Ÿ 60 - 58            - - —́∫‡¡µ“‡´πµ√‘§

µ—«„À≠à 2 µ—«

- ‚§≈Ÿ°º ¡∑’Ë‡°‘¥ 58 2 54 - —́∫‡¡µ“‡´πµ√‘§ - ´—∫‡¡µ“‡´πµ√‘§

®“°πÈ”‡™◊ÈÕæàÕ µ—«„À≠à 1 µ—« µ—«„À≠à 2 µ—«

°√–∑‘ß·≈–·¡à´’∫Ÿ - ‡¡µ“‡´πµ√‘§ µ—«‡≈Á° 1 µ—«

(12 µ—«)

- ‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°

πÈ”‡™◊ÈÕæàÕ‚§·¥ß

·≈–·¡à́ ’∫Ÿ

- °≈ÿà¡∑’Ë 1 59 1 56 - ´—∫‡¡µ“‡´πµ√‘§ - ´—∫‡¡µ“‡´πµ√‘§

  (6 µ—«) µ—«„À≠à 1 µ—« µ—«„À≠à 2 µ—«

- ‡¡µ“‡´πµ√‘§ µ—«‡≈Á° 1 µ—«

- °≈ÿà¡∑’Ë 2 58 2 54 - ´—∫‡¡µ“‡´πµ√‘§ - ´—∫‡¡µ“‡´πµ√‘§

µ—«„À≠à 1 µ—« µ—«„À≠à 2 µ—«

- ‡¡µ“‡´πµ√‘§ µ—«‡≈Á° 1 µ—«

µ“√“ß∑’Ë 2   °“√‡®√‘≠‡µ‘∫‚µ¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ¢ÕßæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß °—∫·¡à´’∫Ÿ

™π‘¥πÈ”‡™◊ÈÕ ®”π«π

(µ—«)

ππ.·√°‡°‘¥

(°°.) (X±SD)

ππ.À¬à“π¡

(°°.) (X±SD)

ππ.‡¡◊ËÕÕ“¬ÿ

18 ‡¥◊Õπ

(°°.) (X±SD)

Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µµ—Èß·µà«—π

·√°‡°‘¥∂÷ßÀ¬à“π¡

(X±SD)

Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µµàÕ«—πµ—Èß·µà

À≈—ßÀ¬à“π¡∂÷ß

Õ“¬ÿ 18 ‡¥◊Õπ

(°√—¡/«—π) (X±SD)

πÈ”‡™◊ÈÕæàÕ°√–∑‘ß

- ≈Ÿ°º ¡µ—«ºŸâ 6 28.67±4.52 172.50±11.88 320.50±24.95 719.17±42.12 435±52.68

- ≈Ÿ°º ¡µ—«‡¡’¬ 3 25.33±6.11 178.77±16.39 329.33±37.21 767.00±85.54 442.33±85.92

πÈ”‡™◊ÈÕæàÕ‚§·¥ß

- ≈Ÿ°º ¡µ—«ºŸâ 3 20.33±0.58 144.33±29.77 283.33±17.04 620.00±147.56 408.33±55.72

- ≈Ÿ°º ¡µ—«‡¡’¬ 3 22.33±4.16 148.87±12.99 284.00±17.78 632.67±65.16 397.00±14.53
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√Ÿª∑’Ë 1 §“√‘‚Õ‰∑ªá¢Õß·¡à‚§´’∫Ÿ

√Ÿª∑’Ë 2 §“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡‡æ»ºŸâ∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–·¡à´’∫Ÿ

√Ÿª∑’Ë 3 §“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡‡æ»‡¡’¬∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–·¡à´’∫Ÿ
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√Ÿª∑’Ë 4 §“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ‚§·¥ß ·≈–·¡à´’∫Ÿ : °≈ÿà¡∑’Ë¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=59

√Ÿª∑’Ë 5 §“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ‚§·¥ß ·≈–·¡à´’∫Ÿ : °≈ÿà¡∑’Ë¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58

Bos gaurus §◊Õ‡ªìπ·∫∫ —́∫‡¡µ“‡´πµ√‘§ µ—«„À≠à (X) 1 µ—«

·≈– ‡¡µ“‡´πµ√‘§ µ—«‡≈Á° (Y) 1 µ—« „π‡æ»ºŸâ ·≈–‡ªìπ ·∫∫

´—∫‡¡µ“‡´πµ√‘§ µ—«„À≠à (X) 2 µ—« „π‡æ»‡¡’¬ „π¢≥–∑’Ë‚§

≈Ÿ°º ¡„π°≈ÿà¡∑’Ë 2 (®”π«π 2 µ—« ´÷Ëß‡ªìπ‡æ»‡¡’¬∑—ÈßÀ¡¥)

¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58 ‚¥¬¡’‚§√‚¡‚´¡√à“ß°“¬

‡ªìπ·∫∫ Õ–‚§√‡´πµ√‘§ ®”π«π 54 µ—« ·≈–‡ªìπ·∫∫

´—∫‡¡µ“‡´πµ√‘§ ®”π«π 2 µ—« ‚¥¬∑’Ë ‚§√‚¡‚´¡‡æ» ®–

‡ªìπ‡À¡◊Õπ„π°≈ÿà¡∑’Ë 1 ·≈–‡™àπ‡¥’¬«°—∫„π  Bos taurus  ·≈–

Bos gaurus ́ ÷Ëß‡¡◊ËÕ»÷°…“‚¥¬≈–‡Õ’¬¥µàÕ‰ª®“°§“√‘‚Õ‰∑ªá ¢Õß

‚§≈Ÿ°º ¡‡À≈à“π’È ‚¥¬π”‚§√‚¡‚´¡·µà≈–§Ÿà¡“®—¥‡√’¬ß°—π

´—∫‡¡µ“‡´πµ√‘§ µ—«„À≠à (X) 2 µ—« „π‡æ»‡¡’¬ (√Ÿª∑’Ë 2, √Ÿª∑’Ë

3) (µ“√“ß∑’Ë 1)

„π¢≥–∑’Ë„π‚§≈Ÿ°º ¡ (F1) ∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ¢Õß æàÕ

‚§·¥ß ·≈–·¡à‚§´’∫Ÿ ·¡â«à“æàÕ®–‡ªìππÈ”‡™◊ÈÕ¢ÕßæàÕ‚§·¥ß

µ—«‡¥’¬«°—π ·µàæ∫«à“‚§≈Ÿ°º ¡®–¡’®”π«π‚§√‚¡‚´¡∑’Ëµà“ß

°—π‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë 1 (®”π«π 6 µ—« ‡ªìπ‡æ»ºŸâ 4 µ—«

·≈–‡æ»‡¡’¬ 2 µ—«) ®–¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=59 ‚¥¬

¡’‚§√‚¡‚´¡√à“ß°“¬ ‡ªìπ·∫∫ Õ–‚§√‡´πµ√‘§ ®”π«π 56

µ—« ·≈–‡ªìπ·∫∫´—∫‡¡µ“‡´πµ√‘§ ®”π«π 1 µ—«  à«π

‚§√‚¡‚´¡‡æ»  ®–¡’≈—°…≥–‡™àπ‡¥’¬«°—∫„π  Bos taurus  ·≈–
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µ“¡¢π“¥ ∑—Èß°“√®—¥¥â«¬¡◊Õ ·≈–°“√„™â´Õø∑å·«√å æ∫«à“

„π‚§≈Ÿ°º ¡∑’Ë¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=59 π—Èπ

‚§√‚¡‚´¡√à“ß°“¬ ∑’Ë‡ªìπ´—∫‡¡µ“‡´πµ√‘§ ®–‡°‘¥®“°°“√

‡™◊ËÕ¡°—π (centric fusion) ¢ÕßÕ–‚§√‚´¡ µ—«∑’Ë 1 ·≈– 29

(1/29 Robertsonian translocation)  ∑”„Àâ®”π«π‚§√‚¡‚´¡

∑—ÈßÀ¡¥ (diploid number) ≈¥≈ß 1 µ—« „π¢≥–∑’Ë„π‚§≈Ÿ°º ¡

∑’Ë¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58 ®–‡°‘¥®“°°“√‡™◊ËÕ¡°—π

¢ÕßÕ–‚§√‚´¡ µ—«∑’Ë 1 °—∫ 29 (1/29 Robertsonian

translocation) ·≈–Õ–‚§√‚´¡ µ—«∑’Ë 2 °—∫ 27 (2/27

Robertsonian translocation) ∑”„Àâ®”π«π‚§√‚¡‚´¡∑—ÈßÀ¡¥

≈¥≈ß 2 µ—« (√Ÿª∑’Ë 4 ·≈– 5 µ“√“ß∑’Ë 1) Õ¬à“ß‰√°Á¥’ °“√

æ‘ Ÿ®πå„Àâ·πà™—¥«à“‡ªìπ°“√‡™◊ËÕ¡°—π¢Õß‚§√‚¡‚´¡§Ÿà„¥®–∑”‰¥â

‚¥¬‡∑§π‘§°“√∑” banding ¢Õß‚§√‚¡‚´¡ ·µà„π√“¬ß“ππ’È

‰¡à‰¥â∑”°“√»÷°…“‰«â ·µà„™â‡æ’¬ß°“√‡√’¬ß≈”¥—∫·≈–°“√®—∫§Ÿà

µ“¡¢π“¥¢Õß‚§√‚¡‚´¡‡∑à“π—Èπ

‡¡◊ËÕ»÷°…“∂÷ß§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå (fertility) ¢Õß‚§≈Ÿ°

º ¡ (F1) ∑’Ë‡°‘¥®“°∑—ÈßæàÕ°√–∑‘ß ·≈– æàÕ‚§·¥ß æ∫«à“ „π

‚§≈Ÿ°º ¡ ‡æ»‡¡’¬∑—ÈßÀ¡¥ ‰¡à‰¥â¡’°“√º ¡‡∑’¬¡µàÕ ‡π◊ËÕß®“°

 «π —µ«å‡ªî¥‡¢“‡¢’¬« ¡’«—µ∂ÿª√– ß§å®–‡≈’È¬ß‰«â‡æ◊ËÕ‡ªìπµ—«√—∫

„π°“√¬â“¬Ω“°µ—«ÕàÕπ„π‚§√ß°“√√–¬–µàÕ‰ª ·µàæ∫«à“¡’

°“√º ¡∏√√¡™“µ‘®“°æàÕ‚§·¥ß∑’ËÕ¬Ÿà„π§Õ°¢â“ß‡§’¬ß ·≈–

 “¡“√∂µ°≈Ÿ°‰¥â·≈â« 3 µ—« ‚¥¬‡°‘¥®“°·¡à‚§≈Ÿ°º ¡∑’Ë‡°‘¥

®“°πÈ”‡™◊ÈÕæàÕ‚§·¥ß ·≈–·¡à´’∫Ÿ ´÷Ëß¡’®”π«π‚§√‚¡‚´¡‡ªìπ

2n=59 ®”π«π 2 µ—« ·≈–‡ªìπ·¡à‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ‚§

°√–∑‘ß ·≈–·¡à́ ’∫Ÿ  ́ ÷Ëß¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58 ®”π«π

1 µ—« ´÷Ëß· ¥ß«à“ ‚§≈Ÿ°º ¡‡æ»‡¡’¬∑’Ë‡°‘¥®“°°“√º ¡

¢â“¡æ—π∏ÿå√–À«à“ß‚§ªÉ“ ·≈–‚§ ’́∫Ÿ ‰¡à¡’º≈°√–∑∫µàÕ§«“¡

 ¡∫Ÿ√≥åæ—π∏ÿå ·¡â®–¡’°“√‡°‘¥ Robertsonian translocation °Áµ“¡

„π¢≥–∑’Ë„π‚§≈Ÿ°º ¡‡æ»ºŸâ∑—ÈßÀ¡¥ ‰¥â¡’°“√∑¥≈Õß√’¥‡°Á∫

πÈ”‡™◊ÈÕ‚¥¬°“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“ºà“π∑“ß∑«“√Àπ—°

(electroejaculator) µ—Èß·µàÕ“¬ÿ 2-4 ªï («‘∫Ÿ≈¬å·≈–«—π™—¬,

µ‘¥µàÕ à«πµ—«) ·≈–æ∫«à“‰¡à “¡“√∂√’¥‡°Á∫πÈ”‡™◊ÈÕ‡æ◊ËÕπ”‰ª

∑”πÈ”‡™◊ÈÕ·™à·¢Áß‰¥â ‡π◊ËÕß®“° ejaculate ∑’Ë‰¥â·µà≈–§√—Èß¡’

≈—°…≥–„  ·≈–¡’·µà seminal fluid

‡¡◊ËÕ»÷°…“∂÷ß≈—°…≥–¢Õß°“√‡®√‘≠‡µ‘∫‚µ¢Õß‚§≈Ÿ°

º ¡ (F1) ∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕ¢ÕßæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß

°—∫·¡à‚§ ’́∫Ÿ  æ∫«à“¡’πÈ”Àπ—°„π·µà≈–√–¬– ·≈–Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µ∑’Ë§àÕπ¢â“ß¥’ ·¡â®–‡≈’È¬ß„π ¿“«–·«¥≈âÕ¡∑’Ë‰¡à ¡∫Ÿ√≥å

(µ“√“ß∑’Ë 2)

«‘®“√≥å

§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡∑ÿ°µ—«„π°“√»÷°…“π’È∑’Ë‡°‘¥

®“°πÈ”‡™◊ÈÕ·™à·¢Áß¢ÕßæàÕ°√–∑‘ß ·≈–·¡à´’∫Ÿ æ∫«à“®”π«π

‚§√‚¡‚´¡‡ªìπ 2n=58 ‡π◊ËÕß®“°æàÕ°√–∑‘ß¢Õß‡¢“‡¢’¬«¡’®”π«π

‚§√‚¡‚´¡‡ªìπ 2n=56 (πÿ  √“ ·≈–§≥–, Õ¬Ÿà√–À«à“ß°“√

æ‘®“√≥“‡æ◊ËÕ°“√µ’æ‘¡æå) ·≈–·¡à´’∫Ÿ¡’®”π«π‚§√‚¡‚´¡‡ªìπ

2n=60 ¥—ßπ—Èπ≈Ÿ°®÷ß‰¥â‚§√‚¡‚´¡¡“®“°æàÕ·≈–·¡àÕ¬à“ß≈–

§√÷Ëß ‚¥¬≈Ÿ°º ¡‡À≈à“π’È®–¡’‚§√‚¡‚´¡√à“ß°“¬ ‡ªìπ·∫∫

´—∫‡¡µ“‡´πµ√‘§ 2 µ—« ∑’Ë¡’¢π“¥‰¡à‡∑à“°—π ´÷Ëß‰¥â√—∫∂à“¬∑Õ¥

¡“®“°æàÕ°√–∑‘ß ·≈–®–‰¡à¡’§Ÿà∑’Ë‡À¡◊Õπ°—π¥â«¬ (homologous

partner) ‡π◊ËÕß®“°„π·¡à´’∫Ÿ¡’‚§√‚¡‚´¡√à“ß°“¬ ‡ªìπ·∫∫

Õ–‚§√‡´πµ√‘§ ‡∑à“π—Èπ ´÷Ëßµ√ß°—∫°“√»÷°…“¢Õß Bongso

·≈–§≥– (1988) ´÷Ëß»÷°…“„π≈Ÿ°º ¡√–À«à“ßæàÕ°√–∑‘ß¢Õß

¡“‡≈‡´’¬ (Bos gaurus hubbacki) °—∫·¡à‚§ Bos indicus ́ ÷Ëßæ∫

§“√‘‚Õ‰∑ªá‡ªìπ·∫∫‡¥’¬«°—π

·¡â®–‰¡à “¡“√∂‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥®“°æàÕ‚§·¥ß ‡æ◊ËÕ

µ√«®√Ÿª·∫∫¢Õß‚§√‚¡‚´¡‰¥â  ·µà  Gallagher et al. (1999);

Potter and Upton (1979); Potter et al. (1979) √“¬ß“π‰«â«à“

„π‚§·¥ß ®–¡’®”π«π‚§√‚¡‚´¡∑—ÈßÀ¡¥‡∑à“°—∫ Bos taurus

·≈– Bos indicus §◊Õ 2n=60 ‚¥¬¡’®”π«π‚§√‚¡‚´¡

√à“ß°“¬‡ªìπ 58 ·≈–‡ªìπ·∫∫Õ–‚§√‡´πµ√‘§∑—ÈßÀ¡¥ ¢≥–∑’Ë

‚§√‚¡‚´¡‡æ» ‡ªìπ·∫∫‡¥’¬«°—∫ Bos taurus  ·≈– Bos gaurus

§◊Õ‡ªìπ·∫∫´—∫‡¡µ“‡´πµ√‘§µ—«„À≠à 1 µ—« ·≈–‡¡µ“‡´πµ√‘§

µ—«‡≈Á° 1 µ—« „π‡æ»ºŸâ ·≈–‡ªìπ·∫∫´—∫‡¡µ“‡´πµ√‘§µ—«„À≠à

2 µ—« „π‡æ»‡¡’¬ ´÷ËßæàÕ‚§·¥ß¢Õß  «π —µ«å‡ªî¥‡¢“‡¢’¬«

∑’Ëπ”¡“„™âº≈‘µπÈ”‡™◊ÈÕ·™à·¢Áß°Áπà“®–¡’®”π«π‚§√‚¡‚´¡

‡ªìπ 2n=60 ‡™àπ‡¥’¬«°—π ¥—ßπ—Èπ‚§≈Ÿ°º ¡ (F1) ∑’Ë‡°‘¥®“°πÈ”

‡™◊ÈÕæàÕ‚§·¥ß ·≈–·¡à´’∫Ÿ„π°“√»÷°…“π’È ®÷ß§«√¡’®”π«π

‚§√‚¡‚´¡‡ªìπ 2n=60 ‡™àπ‡¥’¬«°—∫„πæàÕ·≈–·¡à ·µà®“°

°“√»÷°…“π’Èæ∫«à“ ®”π«π‚§√‚¡‚´¡¢Õß ‚§≈Ÿ°º ¡‡À≈à“π’È¡’

2 ·∫∫§◊Õ 2n=59 ·≈– 2n=58 ·≈–‡¡◊ËÕπ”‚§√‚¡‚´¡¡“

®—¥‡√’¬ß≈”¥—∫µ“¡¢π“¥®“°„À≠à‰ªÀ“‡≈Á° æ∫°“√‡°‘¥ 1/29

Robertsonian translocation „π°≈ÿà¡∑’Ë¡’ 2n=59 „π¢≥–∑’Ë„π

°≈ÿà¡∑’Ë¡’ 2n=58 ®–æ∫°“√‡°‘¥ 1/29 ·≈– 2/27 Robertsonian

translocation ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Khumnirdpetch

et al. (1998) ´÷Ëß»÷°…“§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡ √–À«à“ß‚§

ªÉ“ (Bos javanicus ·≈– Bos banteng) °—∫‚§´’∫Ÿ∑’Ë¡’

‡ªÕ√å‡´Áπµå “¬‡≈◊Õ¥µà“ßÊ °—π ·≈–‡≈’È¬ßÕ¬Ÿà∑’Ë ∂“π’∫”√ÿßæ—π∏ÿå

 —µ«å¢Õß°√¡ª»ÿ —µ«å ‚¥¬æ∫«à“‚§≈Ÿ°º ¡‡À≈à“π’È¡’®”π«π

‚§√‚¡‚´¡‡ªìπ 3 ·∫∫ §◊Õ 2n=60, 2n=58 ·≈– 2n=59
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·≈–¬—ß√“¬ß“π‰«â«à“ ‚§≈Ÿ°º ¡∑’Ë¡’®”π«π‚§√‚¡‚´¡∑—ÈßÀ¡¥

πâÕ¬°«à“ 60 ®–‡π◊ËÕß®“°¡’°“√‡°‘¥ Robertsonian translocation

¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë1/29 ·≈– 2/27‚¥¬µ√«®®“°°“√‡√’¬ß

≈”¥—∫¢Õß‚§√‚¡‚´¡µ“¡¢π“¥‡™àπ‡¥’¬«°—π ·µà„π°“√µ√«®

«‘π‘®©—¬∑’Ë·πàπÕπ«à“‡ªìπ°“√‡™◊ËÕ¡°—π¢Õß‚§√‚¡‚´¡√à“ß°“¬

µ—«„¥  “¡“√∂∑”‰¥â‚¥¬«‘∏’ chromosome banding ÷́Ëß

‚§√‚¡‚´¡·µà≈–µ—«®–∂Ÿ°¬àÕ¬¥â«¬‡Õπ‰´¡å‡ªìπ™à«ßÊ ·≈–

‡¡◊ËÕ¬âÕ¡ ’®–‡ÀÁπ‡ªìπ·∂∫ (band) ´÷Ëß¡’≈—°…≥–‡©æ“–µ—«„π

·µà≈–§Ÿà¢Õß‚§√‚¡‚´¡ ´÷Ëß®–∑”„Àâ “¡“√∂µ√«®«‘π‘®©—¬‰¥â

·πàπÕπ¬‘Ëß¢÷Èπ ‚¥¬¿“«–°“√‡°‘¥ Robertsonian translocation

∑’Ëæ∫¡“°∑’Ë ÿ¥„π‚§‡ªìπ·∫∫  1/29  Robertsonian translo-

cation (Gustavsson, 1966; Amrud, 1969) ´÷Ëß¡—°¡’º≈∑”„Àâ

ª√– ‘∑∏‘¿“æ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå≈¥≈ß (Gustavsson, 1980)

‡π◊ËÕß®“°¡’°“√µ“¬¢Õßµ—«ÕàÕπ ÷́Ëß‡ªìπº≈¡“®“°‡´≈≈å

 ◊∫æ—π∏ÿå∑’Ë‰¡à ¡¥ÿ≈¬å (unbalanced gametes) ´÷Ëß‡ªìπ§«“¡º‘¥

ª°µ‘∑’Ëæ∫¡“° (Popescu and Pech, 1991; Plachot and

Popescu, 1991) Iannuzzi et al. (2001) °Á‰¥â√“¬ß“π°“√‡°‘¥

Robertsonian translocation √–À«à“ß ‚§√‚¡‚´¡√à“ß°“¬ µ—«∑’Ë

9 ·≈– ‚§√‚¡‚´¡ Y (#9/Y) „πæàÕ‚§ ÷́Ëß¡’≈—°…≥–¿“¬πÕ°

ª°µ‘ ·µàæ∫«à“æàÕ‚§‡ªìπÀ¡—π ‡π◊ËÕß®“°‰¡à “¡“√∂º≈‘µ

 ‡ªÕ√å¡‰¥â (azoospermia) πÕ°®“°π’È Popscu (1977a,b)

¬—ß‰¥âæ∫°“√‡°‘¥ fusion ¢Õß‚§√‚¡‚´¡µ—«∑’Ë 3 ·≈– 9 (3/9)

„π‚§¥â«¬

®“°§“√‘‚Õ‰∑ªá¢Õß‚§≈Ÿ°º ¡√–À«à“ß‚§ªÉ“ ·≈–‚§´’∫Ÿ

∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß „π°“√»÷°…“π’È

‡¡◊ËÕπ”‰ªæ‘®“√≥“µàÕ∂÷ß§«“¡ —¡æ—π∏å°—∫§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå

æ∫«à“„π‚§≈Ÿ°º ¡‡æ»‡¡’¬ ∑—Èß∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–

æàÕ‚§·¥ß  “¡“√∂„Àâ≈Ÿ°‰¥â®“°°“√º ¡∏√√¡™“µ‘ ·¡â®–

¡’√Ÿª·∫∫·≈–®”π«π¢Õß‚§√‚¡‚´¡∑’Ëµà“ß°—π À√◊Õ¡’°“√‡°‘¥

Robertsonian translocation °Áµ“¡ „π¢≥–∑’Ë„π‚§≈Ÿ°º ¡‡æ»

ºŸâ∑—ÈßÀ¡¥∑—Èß∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß ´÷Ëß«‘∫Ÿ≈¬å·≈–

«—π™—¬ (µ‘¥µàÕ à«πµ—«) ‰¥â∑¥≈Õß√’¥‡°Á∫πÈ”‡™◊ÈÕ ‚¥¬°“√„™â

°√–· ‰øøÑ“°√–µÿâπºà“π∑“ß∑«“√Àπ—° (electroejaculator)

µ—Èß·µàÕ“¬ÿ 2-4 ªï ·≈–æ∫«à“¡’·µà seminal fluid ‚¥¬‰¡à¡’µ—«

 ‡ªÕ√å¡ ¥—ßπ—Èπ‚§≈Ÿ°º ¡‡æ»ºŸâ®÷ßÕ“®‡ªìπÀ¡—π ´÷Ëß Õ¥§≈âÕß

°—∫°“√»÷°…“¢Õß Bongso ·≈–§≥– (1988) ´÷Ëß»÷°…“„π‚§

≈Ÿ°º ¡√–À«à“ßæàÕ°√–∑‘ß¢Õß¡“‡≈‡´’¬°—∫‚§´’∫Ÿ  ÷́Ëß¡’√Ÿª·∫∫

·≈–®”π«π‚§√‚¡‚´¡∑’Ëµà“ß°—π ·≈–æ∫«à“®–¡’ª√– ‘∑∏‘¿“æ

°“√ ◊∫æ—π∏ÿå∑’ËµË”≈ß ´÷ËßÕ“®‡ªìπº≈¡“®“°√Ÿª·∫∫¢Õß°“√

·¬°µ—« (segregation pattern) ·≈–°“√·∫àßµ—«„π√–¬– meiosis

¢Õß‚§√‚¡‚´¡√à“ß°“¬™π‘¥ ´—∫‡¡µ“‡´πµ√‘§ ´÷Ëß¡’¢π“¥‰¡à

‡∑à“°—π 2 µ—« ∑’Ë‰¥â¡“®“°æàÕ°√–∑‘ß ·≈–‡¡◊ËÕ àßºà“π¡“¬—ß≈Ÿ°

º ¡ °Á®–‰¡à¡’°“√®—∫§Ÿà¢Õß‚§√‚¡‚´¡∑’Ë‡À¡◊Õπ°—π ‚¥¬æ∫«à“

‚§≈Ÿ°º ¡‡æ»‡¡’¬®–¡’ª√– ‘∑∏‘¿“æ°“√ ◊∫æ—π∏ÿå∑’Ëª°µ‘ ·µà‚§

‡æ»ºŸâ®–‡ªìπÀ¡—π ·¡â„π‚§≈Ÿ°º ¡√–À«à“ß‚§·¥ß ·≈–‚§´’∫Ÿ

∑’Ë¡’®”π«π‚§√‚¡‚´¡‡∑à“°—π °Áæ∫«à“‡ªìπ‡™àπ‡¥’¬«°—π  (Nijman

et al., 2003) Zhang (2000) ́ ÷Ëß»÷°…“°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß

yak °—∫‚§´’∫Ÿ °Áæ∫«à“‚§≈Ÿ°º ¡‡æ»ºŸâ®–‡ªìπÀ¡—π „π¢≥–∑’Ë

‚§‡æ»‡¡’¬®–ª°µ‘‡™àπ‡¥’¬«°—π ´÷Ëßµ√ß°—∫°“√»÷°…“¢Õß

Winter et al. (1988) ´÷Ëß»÷°…“°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß

‚§ªÉ“¢Õß¿Ÿ∞“π (Mithun, Bos frontalis) °—∫‚§ ’́∫Ÿ (Siri,

Bos indicus) ·≈–√“¬ß“π‰«â«à“ ªí≠À“¢Õßª√– ‘∑∏‘¿“æ°“√

 ◊∫æ—π∏ÿå∑’Ë≈¥≈ß®–‡ªìπº≈‡π◊ËÕß¡“®“°‚§√‚¡‚´¡√à“ß°“¬

‰¡à„™à‚§√‚¡‚´¡‡æ» ·≈–¬—ß‰¥â∑”°“√»÷°…“∑“ß®ÿ≈æ¬“∏‘«‘∑¬“

¢Õß‡π◊ÈÕ‡¬◊ËÕÕ—≥±–¢Õß‚§≈Ÿ°º ¡ (F1) ·≈–æ∫«à“¢∫«π°“√

 √â“ß ‡ªÕ√å¡®–À¬ÿ¥∑’Ë√–¬– pachytene ·≈–®–‰¡àæ∫

spermatid „π seminiferous tubule ·≈–„π epididymis ‡≈¬

®–æ∫·µà‡æ’¬ß spermatogenic cell ∑’Ë‰¡à‡®√‘≠ ·≈– sertoli

chamber ∑’Ë«à“ß‡∑à“π—Èπ ·µà®–‰¡à¡’º≈°√–∑∫„¥ÊµàÕ sertoli cell

πÕ°®“°π’ÈÕ“®æ∫°“√ΩÉÕ¢Õß≈Ÿ°Õ—≥±– (testicular hypoplasia)

‰¥â¥â«¬  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Forsdyke (2000) ·≈–

Zhang (2000) ∑’Ëæ∫«à“§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå„π≈Ÿ°º ¡∑’Ë

‡°‘¥®“°°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß ªï™’ å∑’Ëµà“ß°—π ®–‡°‘¥„π

homogamatic sex ÷́Ëß°Á§◊Õ‡æ»‡¡’¬‡∑à“π—Èπ ‚¥¬‡æ»ºŸâ®–‡ªìπ

À¡—π ‚¥¬ Pathak ·≈– Keiffer (1979) ·≈– Steklenev ·≈–

Elistratova (1992) √“¬ß“π‰«â«à“¢∫«π°“√ √â“ß ‡ªÕ√å¡„π

≈Ÿ°º ¡‡æ»ºŸâ®–À¬ÿ¥∑’Ë√–¬– pachytene ‡™àπ‡¥’¬«°—π ¥—ßπ—Èπ

®÷ß‰¡àÕ“®„™â≈Ÿ°º ¡‡æ»ºŸâ„π°“√ª√—∫ª√ÿßæ—π∏ÿåµàÕ‰ª‰¥â ·µà®–

„™âª√–‚¬™πå‡æ◊ËÕ°“√∫√‘‚¿§ À√◊Õ‡æ◊ËÕ°“√„™âß“π‡∑à“π—Èπ „π

¢≥–∑’Ë„π‚§≈Ÿ°º ¡‡æ»‡¡’¬ “¡“√∂„™âª√–‚¬™πå„π°“√

ª√—∫ª√ÿßæ—π∏ÿåµàÕ‰ª‰¥â ‚¥¬°“√ backcross À≈“¬Ê§√—Èß°—∫æàÕ

‚§ªÉ“ À√◊ÕæàÕ‚§‡≈’È¬ßæ—π∏ÿå·∑â ®π°«à“®–‰¥â≈Ÿ°º ¡∑’Ë¡’

§“√‘‚Õ‰∑ªá∑’Ëª°µ‘ ·≈– ¡¥ÿ≈ ´÷Ëß “¡“√∂¡’™’«‘µÕ¬Ÿà‰¥â‚¥¬¡’

Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ ·≈– ¡√√∂¿“æ°“√ ◊∫æ—π∏ÿå ∑’Ë„™â‰¥â

(Nijman et al., 2003 ; Riggs et al., 1997) ‚¥¬ Winter

et al. (1988) æ∫«à“≈Ÿ°√ÿàπµàÕÊ ‰ª∑’Ë‡°‘¥®“°°“√ backcross

®–¡’°“√ √â“ß ‡ªÕ√å¡∑’Ë¥’¢÷Èπ ·≈–ª√– ‘∑∏‘¿“æ°“√ ◊∫æ—π∏ÿå

°Á®–§àÕ¬Ê °≈—∫¡“¥’¢÷Èπ„π√ÿàπµàÕÊ ‰ª ´÷ËßÕ“®‡π◊ËÕß¡“®“°‡°‘¥

°“√‡®◊Õ®“ß ·≈–¡’°“√·¬°°—π‡æ‘Ë¡¢÷Èπ (progressive segregation)

¢Õß¬’π∑’Ë¡’º≈µàÕª√– ‘∑∏‘¿“æ¢Õß√–∫∫ ◊∫æ—π∏ÿå „π≈Ÿ°·µà≈–
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√ÿàπ∑’Ë∂—¥‰ª

‡¡◊ËÕæ‘®“√≥“∂÷ß≈—°…≥–°“√‡®√‘≠‡µ‘∫‚µ¢Õß‚§≈Ÿ°º ¡

∑’Ë‡°‘¥®“°πÈ”‡™◊ÈÕæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß °—∫·¡à́ ’∫Ÿ·≈â« æ∫«à“

πÈ”Àπ—°„π√–¬–µà“ßÊ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®–§àÕπ¢â“ß Ÿß

·¡â®–‡≈’È¬ß„π ¿“«–·«¥≈âÕ¡∑’Ë‰¡à ¡∫Ÿ√≥åπ—° ·≈–æ∫«à“®–

 Ÿß°«à“¡“°‡¡◊ËÕ‡∑’¬∫°—∫‚§¢“«≈”æŸπ  ´÷Ëß‡ªìπ‚§æ◊Èπ‡¡◊Õß¢Õß

‰∑¬∑’Ë¡’¢π“¥„À≠à ·≈–¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ Ÿß ·≈–¡’

§«“¡ “¡“√∂„π°“√ª√—∫µ—«‡¢â“°—∫ ¿“æ·«¥≈âÕ¡‰¥â¥’

´÷Ëßæ∫«à“¡’πÈ”Àπ—°·√°‡°‘¥¢Õß‡æ»ºŸâ ·≈–‡æ»‡¡’¬‡ªìπ 18.70

·≈– 17.57 °°. ‡∑à“π—Èπ „π¢≥–∑’ËπÈ”Àπ—°‡¡◊ËÕÀ¬à“π¡°Á‡ªìπ‡æ’¬ß

124.26 ·≈– 115.32 °°. ·≈–¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ‡ªìπ

505.83  ·≈– 465.69 °√—¡/«—π „π‡æ»ºŸâ ·≈–‡æ»‡¡’¬ µ“¡

≈”¥—∫ (¿Ÿ√’ ·≈– ª√—™≠“ , 2002) „π¢≥–∑’Ë‡¡◊ËÕ‡∑’¬∫°—∫°“√‡®√‘≠

‡µ‘∫‚µ¢Õß‚§‡π◊ÈÕæ—π∏ÿå·∑â ‡™àπ ∫√“Àå¡—π À√◊Õ≈Ÿ°º ¡¢Õß

∫√“Àå¡—π ÷́Ëß‡ªìπ‚§‡π◊ÈÕæ—π∏ÿåÀ≈—°¢Õßª√–‡∑»‰∑¬ ( ¡¡“µ√

·≈–§≥–, 1998) æ∫«à“ πÈ”Àπ—°·√°‡°‘¥ πÈ”Àπ—°À¬à“π¡

·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ„°≈â‡§’¬ß°—∫‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ

°√–∑‘ß ·≈–·¡à´’∫Ÿ„π¢≥–∑’Ë„π‚§≈Ÿ°º ¡æ—π∏ÿå°∫‘π∑√å∫ÿ√’

´÷Ëß‡ªìπ‚§≈Ÿ°º ¡æ—π∏ÿå„À¡à¢Õß°√¡ª»ÿ —µ«å ∑’Ë √â“ß¢÷Èπ®“°æàÕ

æ—π∏ÿå´‘¡‡¡π∑Õ≈ ·≈–·¡à∫√“Àå¡—π ¥â«¬®ÿ¥ª√– ß§å‡æ◊ËÕ„Àâ‰¥â

‚§æ—π∏ÿå„À¡à∑’Ë„Àâº≈º≈‘µ¥’∑—Èß‡π◊ÈÕ ·≈–π¡ ÷́Ëßæ∫«à“¡’πÈ”Àπ—°

·√°‡°‘¥ Ÿß°«à“∑—Èß„π‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–

æàÕ‚§·¥ß „π¢≥–∑’ËπÈ”Àπ—°‡¡◊ËÕÀ¬à“π¡®– Ÿß°«à“‚§≈Ÿ°º ¡

∑’Ë‡°‘¥®“°æàÕ‚§·¥ß‡≈Á°πâÕ¬ ·µàµË”°«à“‚§≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ

°√–∑‘ß  à«ππÈ”Àπ—°∑’ËÕ“¬ÿ 18 ‡¥◊Õπ ®–µË”°«à“∑—Èß„π‚§≈Ÿ°º ¡

∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß (√µ‘»—°¥‘Ï ·≈– ∏’√–™—¬, 2002)

· ¥ß«à“‚§≈Ÿ°º ¡√–À«à“ßæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß°—∫·¡à

´’∫Ÿ “¡“√∂ª√—∫µ—«„Àâ‡À¡“–°—∫ ¿“æ·«¥≈âÕ¡„πª√–‡∑»

‰∑¬ ·≈–°“√‡≈’È¬ß¥Ÿ„ÀâÕ“À“√∑’Ë‰¡à ¡∫Ÿ√≥åπ—°‰¥â¥’°«à“ ∑”„Àâ¡’

°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¥’°«à“ ·¡âπÈ”Àπ—°„π™à«ß·√°®–µË”°«à“°Áµ“¡

´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“°“√‡®√‘≠‡µ‘∫‚µ¢Õß‚§≈Ÿ°º ¡

√–À«à“ßæàÕ°√–∑‘ß¢Õß¡“‡≈‡ ’́¬°—∫‚§ ’́∫Ÿ ´÷Ëß¡’Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µ∑’Ëπà“æÕ„®‡™àπ‡¥’¬«°—π (Bongso et al., 1988) ¥—ßπ—Èπ

°“√º ¡¢â“¡æ—π∏ÿå‚¥¬„™âπÈ”‡™◊ÈÕ¢ÕßæàÕ°√–∑‘ß ·≈–æàÕ‚§·¥ß

¥â«¬«—µ∂ÿª√– ß§å‡æ◊ËÕª√—∫ª√ÿßæ—π∏ÿå‚§‡π◊ÈÕ ‡æ◊ËÕ„Àâ¡’‚§√ß√à“ß

„À≠à¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ Ÿß ·≈–¡’§«“¡∑π∑“πµàÕ‚√§

·≈– ¿“«–·«¥≈âÕ¡‰¥â¡“°¢÷Èπ ®÷ßÕ“®‡ªìπ∑“ß‡≈◊Õ°Õ¬à“ß

Àπ÷Ëß„π°“√ √â“ß‚§‡π◊ÈÕ “¬æ—π∏ÿå„À¡à ‡æ◊ËÕ„Àâ‰¥â≈Ÿ°º ¡∑’Ë¡’

§ÿ≥ ¡∫—µ‘‡¥àπ¢ÕßæàÕ·≈–·¡à¡“√«¡°—π (heterosis) ‚¥¬‚§

≈Ÿ°º ¡∑’Ë‰¥â ¡’πÈ”Àπ—°„π√–¬–µà“ßÊ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ

‡ªìπ∑’Ëπà“æÕ„®  ·≈–¬—ß¡’§ÿ≥ ¡∫—µ‘‡¥àπ¢Õß§«“¡∑π∑“π µàÕ‚√§

·≈– ‘Ëß·«¥≈âÕ¡∑’Ë‰¥â®“°æ—π∏ÿ°√√¡¢ÕßæàÕ‚§ªÉ“¥â«¬

‡π◊ËÕß®“°‚§≈Ÿ°º ¡‡æ»ºŸâ (F1) Õ“®‡ªìπÀ¡—π ‡π◊ËÕß®“°

‰¡à “¡“√∂º≈‘µ ‡ªÕ√å¡‰¥â ®÷ß “¡“√∂„™âª√–‚¬™πå‡æ◊ËÕ

°“√∫√‘‚¿§ ·≈–°“√„™â·√ßß“π‡∑à“π—Èπ ¥—ßπ—Èπ∂â“≈Ÿ° F1 ¡’

¢π“¥‚§√ß√à“ß∑’Ë„À≠à°Á®–‡ªìπª√–‚¬™πå∑“ß‡»√…∞°‘®Õ¬à“ß

¡“° ·≈–„π·ßà¢Õß°“√„™â·√ßß“π F1 ®–¡’ “¬‡≈◊Õ¥¢Õß‚§ªÉ“

≈¥≈ß ®÷ß¡’§«“¡‡™◊ËÕß¡“°¢÷Èπ ·≈–§«∫§ÿ¡‰¥âßà“¬¢÷Èπ‡π◊ËÕß®“°

æ—π∏ÿ°√√¡∑’Ë‰¥â√—∫®“°‚§‡≈’È¬ß ∑—Èß¬—ß¡’√Ÿª√à“ß„À≠à‡À¡“–°—∫°“√

„™â·√ßß“π¥â«¬

 ”À√—∫„π‚§≈Ÿ°º ¡‡æ»‡¡’¬ °Á “¡“√∂„™âª√–‚¬™πå

„π°“√º ¡æ—π∏ÿå ·≈–ª√—∫ª√ÿßæ—π∏ÿåµàÕ‰ª‰¥â ‚¥¬«‘∏’ backcross

°—∫æ—π∏ÿåÀ≈—° ‡æ◊ËÕ √â“ß≈Ÿ°„π√ÿàπµàÕ‰ª ·≈–‡æ◊ËÕ„Àâ‰¥â

§ÿ≥ ¡∫—µ‘¢Õß heterosis ∑’Ë Ÿß ÿ¥

 √ÿª

°“√º ¡¢â“¡æ—π∏ÿå√–À«à“ß‚§ªÉ“ (æàÕ°√–∑‘ß ·≈–

æàÕ‚§·¥ß) °—∫‚§´’∫Ÿ „Àâ≈Ÿ°º ¡∑’Ë¡’®”π«π‚§√‚¡‚´¡ (2n)

‡∑à“°—∫∑’Ë‰¥â√—∫∂à“¬∑Õ¥®“°æàÕ·≈–·¡àµ“¡ª°µ‘ ”À√—∫

≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ°√–∑‘ß ‚¥¬¡’®”π«π‚§√‚¡‚´¡‡ªìπ 2n=58

·µà„π≈Ÿ°º ¡∑’Ë‡°‘¥®“°æàÕ‚§·¥ß ·¡âæàÕ·≈–·¡à®–¡’®”π«π

‚§√‚¡‚´¡‡∑à“°—π ·µà≈Ÿ°º ¡∑’Ë‡°‘¥¢÷Èπ¡’®”π«π‚§√‚¡‚´¡

·µ°µà“ß°—π‡ªìπ 2 ·∫∫ §◊Õ 2n=59 ·≈– 2n=58  ‡π◊ËÕß®“°

¡’°“√‡°‘¥ Robertsonian translocation ¢Õß‚§√‚¡‚´¡ 1 §Ÿà ·≈–

2 §Ÿà ∑”„Àâ®”π«π‚§√‚¡‚´¡ (2n) ≈¥≈ß 1 µ—« ·≈– 2 µ—«

µ“¡≈”¥—∫ ‚¥¬‚§≈Ÿ°º ¡‡æ»‡¡’¬∑—ÈßÀ¡¥ ∑—Èß∑’Ë‡°‘¥®“° æàÕ°√–∑‘ß

·≈–æàÕ‚§·¥ß  “¡“√∂„Àâ≈Ÿ°‰¥â®“°°“√º ¡∏√√¡™“µ‘ „π

¢≥–∑’Ë≈Ÿ°º ¡‡æ»ºŸâÕ“®‡ªìπÀ¡—π Õ¬à“ß‰√°Á¥’ ‚§∑—ÈßÀ¡¥¡’

≈—°…≥–°“√‡®√‘≠‡µ‘∫‚µ∑’Ëπà“æÕ„® ·¡â®–‡≈’È¬ß„π¿“«–∑’Ë‰¡à

 ¡∫Ÿ√≥å

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ π. æ. «‘∫Ÿ√≥å µÿ≈“√—°…“

∑’Ë™à«¬„π°“√‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥ ·≈– §ÿ≥ ÿ√æß…å ®—πµ“ ·≈–

§ÿ≥Õ—®©√“«√√≥ πâÕ¬°≈Ë” ∑’Ë™à«¬ªØ‘∫—µ‘ß“π„πÀâÕßªØ‘∫—µ‘°“√

µ≈Õ¥√–¬–‡«≈“¢Õß°“√»÷°…“
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