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Abstract
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A comparative of G-banded chromosome of Assam Macaque (Macaca assamensis)

and relationship to human (Homo sapiens)
Songklanakarin J. Sci. Technol., 2006, 28(3) : 539-549

This research was the first to report a comparative analysis of G-banded chromosome of Assam

macaque, Macaca assamensis (Primate, Cercopithecidae) and relationship to human, Homo sapiens  (Primate,

Hominidae). Blood samples were taken from two males and two females held captive in Nakhonratchasima

Zoo and Songkla Zoo. After the standard whole blood lymphocyte culture at 37ºC for 72 hr in presence of

colchicine, metaphase spreads were performed on microscopic slides and air-dried. G-banding technique
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was applied to stain the chromosomes. The results showed that the number of diploid chromosomes of Assam

macaque was 2n = 42. The type of autosomes are 18 metacentric and 22 submetacentric chromosomes. In

addition, a pair of short arm chromosome 13 showed clearly observable satellite chromosome. X-chromo-

some was the submetacentric and Y chromosome was the smallest telocentric chromosome. We found that

chromosome 5, 12, 13, 19 and X had the same G-banding patterns as those of human chromosomes. The short

arm of chromosome 13 is similar to the chromosome 22 of human as indicated by G-banding techniques. In

addition, the long arm of chromosome 13 is similar to the chromosome 15 of human. These results indicate

that the chromosome 13 of the Assam macaque was split into 2 chromosomes. Chromosome 1, 3, 6, 7, 8, 9, 10,

11, 14, 17 and 20 are similar to those of human chromosomes. This study suggest that the chromosome 1 is a

pericentric inversion of human chromosome 1. Chromosomes 2, 4, 15, 16, 18 and Y are different from those of

human chromosomes. These results show the evolutionary relationship between the Assam macaque and

human.

Key words : Chromosome, karyotype, G-banding, Assam macaque (Macaca assamensis),
human (Homo sapiens)
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°“√‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß‚§√‚¡‚´¡¢Õß≈‘ß‰Õâ‡ß’È¬– (Macaca assamensis)

·≈–¡πÿ…¬å (Homo sapiens) ¥â«¬«‘∏’°“√¬âÕ¡·∂∫ ’·∫∫®’

«.  ß¢≈“π§√‘π∑√å «∑∑. 2549 28(3) : 539-549

‡ªìπ√“¬ß“π§√—Èß·√°¢Õß°“√‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß‚§√‚¡‚´¡¢Õß≈‘ß‰Õâ‡ß’È¬–·≈–¡πÿ…¬å ¥â«¬‡∑§π‘§

°“√¬âÕ¡·∂∫ ’‚§√‚¡‚´¡·∫∫®’ „™âµ—«Õ¬à“ß‡≈◊Õ¥ —µ«å‡æ»ºŸâ 2 µ—« ·≈–‡æ»‡¡’¬ 2 µ—«®“° «π —µ«åπ§√√“™ ’¡“·≈–

 «π —µ«å ß¢≈“ ‡µ√’¬¡‚§√‚¡‚´¡¥â«¬°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«∑’ËÕÿ≥À¿Ÿ¡‘ 37
o
C ‡ªìπ‡«≈“ 72 ™¡. ∑”°“√

¬âÕ¡·∂∫ ’‚§√‚¡‚´¡·∫∫®’   º≈°“√»÷°…“æ∫«à“ ≈‘ß‰Õâ‡ß’Í¬–¡’®”π«π‚§√‚¡‚´¡ 2n (diploid) ‡∑à“°—∫ 42 ·∑àß

‚§√‚¡‚´¡√à“ß°“¬ª√–°Õ∫¥â«¬‚§√‚¡‚´¡™π‘¥‡¡∑“‡´π∑√‘°‡∑à“°—∫ 18 ·∑àß ™π‘¥´—∫‡¡∑“‡´π∑√‘°‡∑à“°—∫ 22 ·∑àß

∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 13 ®—¥‡ªìπ satellite chromosome ‚§√‚¡‚´¡‡ÕÁ°´å‡ªìπ™π‘¥´—∫‡¡∑“‡´π∑√‘° ·≈–

‚§√‚¡‚´¡«“¬‡ªìπ™π‘¥‡∑‚≈‡´π∑√‘°¢π“¥‡≈Á° ‚§√‚¡‚´¡¢Õß≈‘ß‰Õâ‡ß’Í¬–µ‘¥·∂∫ ’®’‡À¡◊Õπ°—∫‚§√‚¡‚´¡¢Õß¡πÿ…¬å

5 §Ÿà ‰¥â·°à §Ÿà∑’Ë 5, 12, 13, 19 ·≈–‚§√‚¡‚´¡‡ÕÁ°´å ‚§√‚¡‚´¡§Ÿà∑’Ë 13 ·¢π¢â“ß —Èπ®–¡’§«“¡§≈â“¬°—∫‚§√‚¡‚´¡§Ÿà∑’Ë

22 ¢Õß¡πÿ…¬å ·≈–·¢π¢â“ß¬“«®–‡À¡◊Õπ°—∫‚§√‚¡‚´¡§Ÿà∑’Ë 15 ¢Õß¡πÿ…¬å  —ππ‘…∞“π«à“‚§√‚¡‚´¡§Ÿà∑’Ë 15 ·≈– 22

¢Õß¡πÿ…¬å ‡°‘¥®“°°“√À—°¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 13 ¢Õß≈‘ß‰Õâ‡ß’È¬– ¡’‚§√‚¡‚´¡∑’Ë¡’°“√µ‘¥·∂∫ ’§≈â“¬§≈÷ß°—∫¢Õß¡πÿ…¬å

11 §Ÿà ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 1, 3, 6, 7, 8, 9, 10, 11, 14, 17 ·≈– 20 ·≈–æ∫«à“‚§√‚¡‚´¡§Ÿà∑’Ë 1 ¢Õß≈‘ß‰Õâ‡ß’È¬–¡’

°“√ ≈—∫À—«∑â“¬°—∫¢Õß¡πÿ…¬å  —ππ‘…∞“π«à“‡°‘¥®“°°“√µàÕ ≈—∫°—π¢Õß‚§√‚¡‚´¡‚¥¬¡’ à«π¢Õß‡´π‚∑√‡¡’¬√å√à«¡¥â«¬

 à«π‚§√‚¡‚´¡∑’Ë¡’·∂∫ ’‰¡à‡À¡◊Õπ°—π°—∫¢Õß¡πÿ…¬å¡’ 6 §Ÿà ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 2, 4, 15, 16, 18 ·≈–‚§√‚¡‚´¡«“¬

º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“≈‘ß‰Õâ‡ß’Í¬–¡’ “¬«‘«—≤π“°“√√à«¡°—π°—∫¡πÿ…¬å

 —µ«å„πÕ—π¥—∫ (order) ‰æ√‡¡∑ (primate) ¡’∑—ÈßÀ¡¥
13 «ß»å (families) 60  °ÿ≈ (genera) ·≈– 232 ™π‘¥
(species) (Wilson and Cole, 2000) „πª√–‡∑»‰∑¬æ∫
 —µ«å„πÕ—π¥—∫‰æ√‡¡∑ 3 «ß»å 5  °ÿ≈ ·≈– 13 ™π‘¥ ‡ªìπ
≈‘ß∑’ËÕ¬Ÿà„π °ÿ≈ Macaca 5 ™π‘¥ ‰¥â·°à ≈‘ß‡ π (stump-

tailed macaque, Macaca arctoides Geoffroy, 1831)

≈‘ß‰Õâ‡ß’È¬–À√◊Õ«Õ°¿Ÿ‡¢“  (Assam  macaque,  Macaca

assamensis McClelland, 1839) ≈‘ß· ¡ (long-tailed

macaque, Macaca fascicularis Raffles, 1821) ≈‘ß«Õ°
∏√√¡¥“ (rhesus monkey, Macaca mulatta Zimmer-
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mann, 1780) ·≈–≈‘ß°—ß (pig-tailed macaque, Macaca

nemestrina Linnaeus, 1766) («√‡√π, 2524; Lekagul

and McNeely, 1977, 1988) ·≈–‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª
«à“æ«°≈‘ß (monkey and macaques) ™–π’ (gibbons)

·≈–‡Õæ (apes) ¡’«‘«—≤π“°“√¡“®“°∫√√æ∫ÿ√ÿ…√à«¡°—π°—∫
¡πÿ…¬å (common ancestor) (Groves, 1989; Jones et

al., 1994; Roos and Geismann, 2001)

≈‘ß‰Õâ‡ß’Í¬– “¡“√∂∑’Ë®–®—¥Õπÿ°√¡«‘∏“π‰¥â¥—ßµàÕ‰ªπ’È
Õ¬Ÿà„πÕ“≥“®—°√ (kingdom)  —µ«å ‰ø≈—¡ (phylum)  —µ«å
¡’°√–¥Ÿ° —πÀ≈—ß (chrodata) ™—Èπ (class)  —µ«å‡≈’È¬ß≈Ÿ°¥â«¬
π¡  (mammal)  Õ—π¥—∫ —µ«å®”æ«°≈‘ß  (primate)  «ß»å
Cercopithecidae  «ß»å¬àÕ¬ Cercopithecinae   °ÿ≈
Macaca ·≈–™π‘¥ Macaca assamesis ≈—°…≥–∑’Ë ”§—≠
¢Õß≈‘ß‰Õâ‡ß’È¬– ‰¥â·°à ¡’À“ß¬“«§√÷ËßÀπ÷Ëß¢Õß§«“¡¬“«À—«
·≈–≈”µ—«  √Ÿª√à“ß§≈â“¬≈‘ß«Õ°  ·µà¡’°âπ·≈–À“ß ’πÈ”µ“≈
À√◊Õ ’‡∑“ Õ“»—¬Õ¬Ÿà„πªÉ“¥‘∫‡¢“√–¥—∫µË” §«“¡ Ÿßª√–¡“≥
500 ‡¡µ√ ®“°√–¥—∫πÈ”∑–‡≈ ·µà°Áæ∫‰¥â∫àÕ¬∫π¿Ÿ‡¢“ Ÿß
(«√‡√π, 2524; Lekagul and McNeely, 1977, 1988)

≈‘ß„πª√–‡∑»‰∑¬∂Ÿ°®—¥Õ¬Ÿà„π °ÿ≈ Macaca ∑—Èß 5

™π‘¥ ®“°°“√µ√«® Õ∫‡Õ° “√ß“π«‘®—¬æ∫«à“¡’√“¬ß“π
°“√»÷°…“æ—π∏ÿ»“ µ√å‡´≈≈å¢Õß≈‘ß °ÿ≈ Macaca ¥—ß
√“¬ß“π°“√»÷°…“¢Õß  Chiarelli  (1962);  Hsu  ·≈–
Benirschke (1967);  Napier ·≈– Napier (1976);

Caballin ·≈–§≥– (1980); Small ·≈– Stanyon (1985);

Brown ·≈–§≥– (1986); Hirai ·≈–§≥– (1991)  ”À√—∫
°“√»÷°…“‡ª√’¬∫‡∑’¬∫‡æ◊ËÕÀ“§«“¡ —¡æ—π∏å¢Õß‚§√‚¡‚´¡
¢Õß≈‘ß‰Õâ‡ß’È¬–·≈–¡πÿ…¬å ¥â«¬«‘∏’°“√¬âÕ¡·∂∫ ’·∫∫®’ ¬—ß
‰¡à¡’√“¬ß“π°“√»÷°…“¡“°àÕπÀπâ“π’È ®÷ß§«√∑’Ë®–µâÕß¡’°“√
»÷°…“‡æ◊ËÕ„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π  ·≈–π”‰ªª√–¬ÿ°µå„™â„π
°“√»÷°…“„π¢—Èπ ŸßµàÕ‰ª

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë„™â„π°“√»÷°…“‰¥â®“°≈‘ß‰Õâ‡ß’È¬–‡æ»ºŸâ
2 µ—« ·≈–‡æ»‡¡’¬ 2 µ—« ∑’Ë‡≈’È¬ßÕ¬Ÿà„π «π —µ«åπ§√√“™ ’¡“
®—ßÀ«—¥π§√√“™ ’¡“ ·≈– «π —µ«å ß¢≈“ ®—ßÀ«—¥ ß¢≈“
∑”°“√‡®“–‡°Á∫‡≈◊Õ¥‚¥¬„™â‡∑§π‘§ª√“»®“°‡™◊ÈÕ (aseptic

technique) ®“°À≈Õ¥‡≈◊Õ¥¥”∫√‘‡«≥≈”§Õ (jugular vein)

‡°Á∫„πÀ≈Õ¥ ÿ≠≠“°“» (vacuum tube) ¢π“¥ 10 ¡≈. ∑’Ë
∫√√®ÿ “√ heparin ‡æ◊ËÕªÑÕß°—π°“√·¢Áßµ—«¢Õß‡≈◊Õ¥ ·≈â«
∑”°“√·™à„π°√–µ‘°πÈ”·¢Áßµ≈Õ¥°“√‡¥‘π∑“ß®π∂÷ßÀâÕß
ªØ‘∫—µ‘°“√  °“√¥”‡π‘π°“√∑¥≈Õß·∫àßÕÕ°‰¥â‡ªìπ 2  à«π
§◊Õ

1. °“√‡µ√’¬¡‡´≈≈å

∑”°“√‡æ“–‡≈’È¬ß‡´≈≈å ‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ T-

lymphocyte ∑’Ë¥—¥·ª≈ß¡“®“°«‘∏’°“√„π¡πÿ…¬å¢Õß Õ¡√“
(2540) ¥â«¬«‘∏’°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«®“°‡≈◊Õ¥
ª√‘¡“≥πâÕ¬ (whole blood microculture)

1.1 °“√‡æ“–‡≈’È¬ß‡´≈≈å
1) ‡µ√’¬¡Õ“À“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«

™π‘¥ RPMI 1640 ∑’Ë¡’ “√°√–µÿâπ°“√·∫àß‡´≈≈å (mitogen)

§◊Õ  PHA  (phytohemagglutinin)  §«“¡‡¢â¡¢âπ  2%

π” stock Õ“À“√·∫àß≈ß„π¢«¥Õ“À“√‡≈’È¬ß‡¡Á¥‡≈◊Õ¥¢“«
¢«¥≈– 5 ¡≈.

2) π”‡≈◊Õ¥≈‘ß‰Õâ‡ß’È¬–®”π«π 0.5 ¡≈. À¬¥≈ß
„π¢«¥‡æ“–‡≈’È¬ß ‡¢¬à“„Àâ “√≈–≈“¬·≈–‡≈◊Õ¥‡¢â“°—π ªî¥
Ω“¢«¥À≈«¡Ê  π”‰ª∫à¡„πµŸâ∫à¡ (incubator) ∑’ËÕÿ≥À¿Ÿ¡‘
37ºC ∑’Ë¡’§“√å∫Õπ‰¥ÕÕ°‰´¥å 5% ·≈–∑”°“√‡¢¬à“‡≈◊Õ¥
∑ÿ°‡™â“·≈–∑ÿ°‡¬Áπ

3) ‡¡◊ËÕ§√∫‡«≈“‡°Á∫‡°’Ë¬«‡´≈≈å§◊Õ ™—Ë«‚¡ß∑’Ë 72

∑”°“√À¬¥ “√≈–≈“¬ colchicine  ‡¢¬à“‡∫“Ê „Àâ‡¢â“°—π
·≈â«π”‰ª∫à¡„πµŸâ∫à¡µàÕÕ’° 30 π“∑’

1.2 °“√‡°Á∫‡°’Ë¬«‡´≈≈å
1) ∑”°“√¬â“¬ “√≈–≈“¬‡≈◊Õ¥®“°¢«¥‡æ“–

‡≈’È¬ß‡≈◊Õ¥≈ß„πÀ≈Õ¥ªíòπ‡À«’Ë¬ß (graduated centrifuge)

¢π“¥ 12 ¡≈. π”¡“ªíòπ‡À«’Ë¬ß∑’Ë 1,200 √Õ∫/π“∑’ ‡ªìπ
‡«≈“ 10 π“∑’ ·≈â«∑”°“√¥Ÿ¥ à«π≈Õ¬ (supernatant) ∑‘Èß

2) ∑”„Àâ‡´≈≈åæÕßµ—«‡æ◊ËÕ∑’Ë‚§√‚¡‚´¡®–¡’°“√
°√–®“¬µ—«¥’ ‚¥¬∑”°“√À¬¥ 0.075 M KCl ∑’Ë‡ªìπ
hypotonic solution ®”π«π 10 ¡≈. ≈ß„πµ–°Õπ‡´≈≈å
∑”°“√º ¡„Àâ‡¢â“°—π¥â«¬ vortex mixture ·≈â«∫à¡µàÕ‰ª
Õ’° 30 π“∑’

3) ‡¡◊ËÕ§√∫°”Àπ¥∑”°“√·¬°‡Õ“ KCl ÕÕ°
‚¥¬π”‰ªªíòπ‡À«’Ë¬ß∑’Ë 1,200 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 10 π“∑’
·≈â«∑”°“√¥Ÿ¥ à«π„ ∑‘Èß
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4) ∑”°“√µ√÷ß‡´≈≈å (fix) ‚¥¬°“√‡µ‘¡πÈ”¬“
µ√÷ß‡´≈≈å∑’Ë·™à‡¬Áπ·≈–‡µ√’¬¡„À¡à‡ ¡Õ (fresh cold fix-

ative) ∑’Ë¡’Õ—µ√“ à«π¢Õß methanol : glacial acetic acid

‡ªìπ 3:1 „™âÀ≈Õ¥À¬¥ À¬¥πÈ”¬“µ√÷ß‡´≈≈å∑’≈–À¬¥ æ√âÕ¡
°—∫º ¡‡´≈≈å„Àâ‡¢â“°—∫ “√≈–≈“¬¥â«¬ vortex mixture

‡µ‘¡®π‰¥âª√‘¡“µ√ª√–¡“≥ 8 ¡≈. π”‰ªªíòπ‡À«’Ë¬ß∑’Ë 1,200

√Õ∫/π“∑’  ‡ªìπ‡«≈“ 10 π“∑’  ∑”°“√¥Ÿ¥ à«ππÈ”¬“µ√÷ß
‡´≈≈å¥â“π∫π∑‘Èß

5) ∑”´È”„π¢âÕ 4 Õ’° ‚¥¬§àÕ¬Ê ≈¥ª√‘¡“µ√
πÈ”¬“µ√÷ß‡´≈≈å∑’Ë„™â·µà≈–§√—Èß≈ß ®”π«π§√—Èß¢÷ÈπÕ¬Ÿà°—∫§«“¡
„ ¢Õß “√≈–≈“¬ ∑”´È”®π‰¥â “√≈–≈“¬∑’Ë„ ·≈–¡’µ–°Õπ
‡´≈≈å∑’Ë°âπÀ≈Õ¥ ∑”°“√¥Ÿ¥ “√≈–≈“¬¥â“π∫π∑‘Èß®π‡°◊Õ∫
À¡¥ ·≈â«∑”°“√‡µ‘¡πÈ”¬“µ√÷ß‡´≈≈å≈ß‰ªÕ’° 1 ¡≈. ∑”°“√
º ¡„Àâ‡¢â“°—π

6) „™â micropipette ¥Ÿ¥ “√≈–≈“¬µ–°Õπ
‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«ª√‘¡“µ√ 20 ‰¡‚§√≈‘µ√ ≈ß∫π ‰≈¥å∑’Ë
 –Õ“¥·≈–‡¬Áπ®—¥ ∑”°“√º÷Ëß ‰≈¥å„Àâ·Àâß (air dry tech-

nique)

2. °“√¬âÕ¡ ’‚§√‚¡‚´¡·∫∫·∂∫ ’®’

°“√¬âÕ¡ ’‚§√‚¡‚´¡·∫∫·∂∫ ’®’ ¥—¥·ª≈ß¡“®“°
«‘∏’°“√„π¡πÿ…¬å¢Õß Õ¡√“ (2540) ¥—ßπ’È

1) π” ‰≈¥å∑’ËµâÕß°“√¬âÕ¡¡“∑”„Àâ·Àâß ‚¥¬„ à„π
‚∂¥Ÿ¥§«“¡™◊Èπ ∑‘Èß‰«âª√–¡“≥ 8-10 «—π À√◊ÕÕ∫ ‰≈¥å∑’Ë
§«“¡√âÕπ 70ºC ‡ªìπ√–¬–‡«≈“ 24 ™¡.

2) ∑”°“√‡µ√’¬¡ trypsin EDTA ∑’Ë§«“¡‡¢â¡¢âπ
0.025%

3) π” ‰≈¥å∑’Ë·Àâß¡“·™à„π “√≈–≈“¬ working

trypsin ∑’ËÕÿàπ„π water bath Õÿ≥À¿Ÿ¡‘ 37ºC „π√–¬–‡«≈“
∑’Ë‡À¡“– ¡

4) À¬ÿ¥°“√∑”ß“π¢Õß trypsin ‚¥¬„™â 10% fetal

calf serum (FCS) À√◊Õ phosphase buffer ≈â“ß ‰≈¥å„Àâ
∑—Ë«

5) ≈â“ß FCS ¥â«¬ methanol 50% ®π∑—Ë« ‰≈¥å
6) ¬âÕ¡ ’®‘¡´à“ 10% ª√–¡“≥ 20-30 π“∑’ ∑‘Èß‰«â

„Àâ·Àâß ·≈â«π”‰ªµ√«® Õ∫¥â«¬°≈âÕß®ÿ≈∑√√»πå·∫∫„™â· ß
∑”°“√®—¥§“√‘‚Õ‰∑ªá (Karyotype) ·≈–Õ‘¥‘‚Õ·°√¡

(Idiogram) ¢Õß‚§√‚¡‚´¡≈‘ß‰Õâ‡ß’È¬–∑’Ë¬âÕ¡ ’·∫∫·∂∫ ’®’

µ“¡√“¬ß“π°“√»÷°…“¢Õß Nash ·≈– O'Brien (1987);

Wada ·≈–§≥– (1991) ∑’Ë¡’°“√‡√’¬ß‚§√‚¡‚´¡√à“ß°“¬
®“°¢π“¥„À≠à∑’Ë ÿ¥‰ªÀ“‡≈Á°∑’Ë ÿ¥ ·≈–„Àâ‚§√‚¡‚´¡‡æ»Õ¬Ÿà
¥â“π≈à“ß¢«“  π”º≈°“√»÷°…“‡ª√’¬∫‡∑’¬∫°—∫¢Õß¡πÿ…¬å
µ“¡√“¬ß“π°“√»÷°…“¢Õß Rooney (2001) ∑’Ë¡’√“¬ß“π
°“√»÷°…“¡“°àÕπÀπâ“π’È

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« ·≈–°“√¬âÕ¡ ’
‚§√‚¡‚´¡·∫∫·∂∫ ’®’ æ∫«à“≈‘ß‰Õâ‡ß’È¬–¡’®”π«π‚§√‚¡‚´¡
2n (diploid) ‡∑à“°—∫ 42 ·∑àß ª√–°Õ∫¥â«¬‚§√‚¡‚´¡
√à“ß°“¬ (autosome) 40 ·∑àß (20 §Ÿà) ·≈–‚§√‚¡‚´¡‡æ»
(sex-chromosome) 2 ·∑àß (1 §Ÿà) ‰¥â·°à ‚§√‚¡‚´¡‡ÕÁ°´å
(X-chromosome) ·≈–‚§√‚¡‚´¡«“¬ (Y-chromosome)

(Figure 1 and 2)  ¡’®”π«π‚§√‚¡‚´¡æ◊Èπ∞“π (fund-

amental number; NF)  ‡∑à“°—∫  83  „π‡æ»ºŸâ  ·≈–  84

„π‡æ»‡¡’¬ ‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫°—∫¡πÿ…¬å æ∫«à“¡πÿ…¬å
¡’®”π«π‚§√‚¡‚´¡ 2n ‡∑à“°—∫ 46 ·∑àß ª√–°Õ∫¥â«¬
‚§√‚¡‚´¡√à“ß°“¬ 44 ·∑àß (22 §Ÿà) ·≈–‚§√‚¡‚´¡‡æ» 1 §Ÿà
(2 ·∑àß) ‰¥â·°à ‚§√‚¡‚´¡‡ÕÁ°´å·≈–‚§√‚¡‚´¡«“¬ ·≈–
¡πÿ…¬å¡’®”π«π‚§√‚¡‚´¡æ◊Èπ∞“π‡∑à“°—∫ 92 (Rooney

and Czepulkowski, 1986; Rooney 2001; Miller,

1977; Mitelman, 1995) ®–‡ÀÁπ‰¥â«à“¡πÿ…¬å¡’®”π«π
‚§√‚¡‚´¡·≈–‚§√‚¡‚´¡æ◊Èπ∞“π∑’Ë¡“°°«à“≈‘ß‰Õâ‡ß’È¬–

≈‘ß‰Õâ‡ß’È¬–¡’‚§√‚¡‚´¡√à“ß°“¬‡æ’¬ß 2 ™π‘¥ §◊Õ ™π‘¥
‡¡∑“‡´π∑√‘° (metacentric) ·≈–´—∫‡¡∑“‡´π∑√‘° (sub-

metacentric) ‰¡àæ∫‚§√‚¡‚´¡™π‘¥Õ–‚§√‡´π∑√‘° (acro-

centric) ·≈–‡∑‚≈‡´π∑√‘° (telocentric)  „π‚§√‚¡‚´¡
√à“ß°“¬™π‘¥‡¡∑“‡´π∑√‘°·≈– —́∫‡¡∑“‡´π∑√‘° æ∫«à“
ª√–°Õ∫¥â«¬‚§√‚¡‚´¡∑ÿ°¢π“¥ ‚¥¬¡’‚§√‚¡‚´¡√à“ß°“¬
™π‘¥‡¡∑“‡´π∑√‘°¢π“¥„À≠à °≈“ß ·≈–‡≈Á° ‡∑à“°—∫ 6-4-8

·∑àß µ“¡≈”¥—∫ ·≈–™π‘¥ —́∫‡¡∑“‡´π∑√‘°¢π“¥„À≠à °≈“ß
·≈–‡≈Á° ‡∑à“°—∫ 8-12-2 ·∑àß µ“¡≈”¥—∫ (Table 1)  ‡¡◊ËÕ
∑”°“√‡ª√’¬∫‡∑’¬∫°—∫¡πÿ…¬å  æ∫«à“¡πÿ…¬å¡’‚§√‚¡‚´¡
√à“ß°“¬™π‘¥‡¡∑“‡´π∑√‘°¢π“¥„À≠à °≈“ß ·≈–‡≈Á° ‡∑à“°—∫
6-6-4 ·∑àß µ“¡≈”¥—∫  ·≈–™π‘¥´—∫‡¡∑“‡´π∑√‘°¢π“¥
„À≠à  °≈“ß  ·≈–‡≈Á°  ‡∑à“°—∫  4-8-6  ·∑àß  µ“¡≈”¥—∫



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 28 ©∫—∫∑’Ë 3 æ.§.
 

-
 

¡‘.¬. 2549
‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß‚§√‚¡‚´¡¥â«¬«‘∏’°“√¬âÕ¡·∂∫ ’·∫∫®’

Õ≈ß°≈¥  ·∑πÕÕ¡∑Õß ·≈–§≥–543

πÕ°®“°π’È „π¡πÿ…¬å¬—ßæ∫‚§√‚¡‚´¡√à“ß°“¬™π‘¥Õ–‚§√-
‡´π∑√‘°¢π“¥°≈“ß ·≈–‡≈Á° ‡∑à“°—∫ 6-4 ·∑àß µ“¡≈”¥—∫
(Rooney and Czepulkowski, 1986; Rooney, 2001)

®“°°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“≈‘ß‰Õâ‡ß’È¬–¡’‚§√‚¡‚´¡∑’Ë¡’°“√
Õπÿ√—°…å (conservative)  Ÿß¡“°°«à“¢Õß¡πÿ…¬å ‡π◊ËÕß®“°
‰¡àæ∫‚§√‚¡‚´¡™π‘¥Õ–‚§√‡´π∑√‘°  ´÷Ëß Õ¥§≈âÕß°—∫
√“¬ß“π°“√»÷°…“¢Õß Jones ·≈–§≥– (1994) ∑’Ë√“¬ß“π

«à“‚§√‚¡‚´¡¢Õß≈‘ß‡Õæ ·≈–≈‘ß °ÿ≈ Macaca ∑’Ë‡ªìπ °ÿ≈
‡¥’¬«°—π°—∫≈‘ß‰Õâ‡ß’È¬– ‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß®”π«π
‚§√‚¡‚´¡¿“¬À≈—ß®“°∑’Ë·¬°µ—«ÕÕ°¡“®“°∫√√æ∫ÿ√ÿ…√à«¡
∑’Ë¡’®”π«π‚§√‚¡‚´¡ 2n ‡∑à“°—∫ 44 ·∑àß

‚§√‚¡‚´¡‡æ»¢Õß≈‘ß‰Õâ‡ß’È¬– ¡’‚§√‚¡‚´¡‡ÕÁ°´å‡ªìπ
™π‘¥ —́∫‡¡∑“‡´π∑√‘°¢π“¥°≈“ß ·≈–‚§√‚¡‚´¡«“¬‡ªìπ
™π‘¥‡∑‚≈‡´π∑√‘°¢π“¥‡≈Á°¡“°∑’Ë ÿ¥ ‡¡◊ËÕ∑”°“√‡ª√’¬∫

Figure 1. Metaphase chromosome and karyotype of male Assam macaque (Macaca assamensis)

2n (diploid) = 42, by G-banding technique.
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‡∑’¬∫°—∫¡πÿ…¬å æ∫«à“¡πÿ…¬å¡’‚§√‚¡‚´¡‡ÕÁ°´å™π‘¥‡¡∑“-
‡´π∑√‘°¢π“¥°≈“ß   ·≈–¡’‚§√‚¡‚´¡«“¬™π‘¥Õ–‚§√-
‡´π∑√‘°¢π“¥‡≈Á°¡“°∑’Ë ÿ¥ (Rooney and Czepulkowski,

1986; Rooney, 2001; Miller, 1977; Mitelman, 1995)

πÕ°®“°π’È Rooney (2001) √“¬ß“π«à“‚§√‚¡‚´¡«“¬„π
¡πÿ…¬å¡’§«“¡º—π·ª√¢Õß¢π“¥·¢π¢â“ß¬“« ®“°°“√¬âÕ¡
·∂∫ ’·∫∫®’ æ∫«à“¡’¢π“¥¢Õß·∂∫ ’‰¡à‡∑à“°—π · ¥ß„Àâ
‡ÀÁπ«à“¡’¢π“¥¢Õß‡Œ∑‡∑Õ‚√‚§√¡“∑‘π (heterochromatin)

∑’Ë·µ°µà“ß°—π
‚§√‚¡‚´¡‡§√◊ËÕßÀ¡“¬  (chromosome  marker)

‰¥â·°à ‚§√‚¡‚´¡∑’Ë¡’≈—°…≥–‡©æ“– “¡“√∂µ√«®æ∫‰¥â„π
 °ÿ≈·≈–™π‘¥¢Õß ‘Ëß¡’™’«‘µπ—ÈπÊ ‚§√‚¡‚´¡‡§√◊ËÕßÀ¡“¬∑’Ë
µ√«®æ∫‰¥â„π≈‘ß‰Õâ‡ß’È¬– ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 13 ®—¥‡ªìπ
satellite chromosome §◊Õ ‚§√‚¡‚´¡∑’Ë¡’√Õ¬§Õ¥∑’Ë Õß
(secondary constriction) ·≈–¡’∫√‘‡«≥¢Õß nucleolar

organizer region (NOR) Õ¬Ÿà∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡

Figure 2. Metaphase chromosome and karyotype of female Assam macaque (Macaca assamensis)

2n (diploid) = 42, by G-banding technique.
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§Ÿà∑’Ë 13   ”À√—∫‚§√‚¡‚´¡§Ÿà∑’Ë„À≠à∑’Ë ÿ¥¢Õß≈‘ß‰Õâ‡ß’È¬– §◊Õ
‚§√‚¡‚´¡√à“ß°“¬§Ÿà∑’Ë 1 ™π‘¥‡¡∑“‡´π∑√‘° ·≈–‚§√‚¡‚´¡
«“¬™π‘¥‡∑‚≈‡´π∑√‘°‡ªìπ‚§√‚¡‚´¡∑’Ë¡’¢π“¥‡≈Á°∑’Ë ÿ¥
‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫°—∫¡πÿ…¬å æ∫«à“¡πÿ…¬å¡’‚§√‚¡‚´¡
‡§√◊ËÕßÀ¡“¬ ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 13, 14, 15, 21 ·≈– 22

®—¥‡ªìπ satellite chromosome ‚§√‚¡‚´¡§Ÿà∑’Ë„À≠à∑’Ë ÿ¥
¢Õß¡πÿ…¬å §◊Õ ‚§√‚¡‚´¡√à“ß°“¬§Ÿà∑’Ë 1 ™π‘¥‡¡∑“‡´π∑√‘°
·≈–‚§√‚¡‚´¡«“¬™π‘¥Õ–‚§√‡´π∑√‘°‡ªìπ‚§√‚¡‚´¡∑’Ë¡’
¢π“¥‡≈Á°¡“°∑’Ë ÿ¥  (Cummings,  1988;  Rooney  and

Czepulkowski, 1986; Rooney, 2001)

·∂∫ ’‚§√‚¡‚´¡∑’Ëæ∫ª√“°ØÕ¬Ÿà∫π·∑àß‚§√‚¡‚´¡
„π 1 ™ÿ¥‚§√‚¡‚´¡·Œæ≈Õ¬¥å (haploid) ª√–°Õ∫¥â«¬
‚§√‚¡‚´¡√à“ß°“¬·≈–‚§√‚¡‚´¡‡æ» (‚§√‚¡‚´¡‡ÕÁ°´å·≈–

Table 1. Mean of length short arm chromosome (Ls), length long arm

chromosome, length total arm chromosome (LT) from

metaphase chromosome 20 cells in male and female Assam

macaque (Macaca assamensis) 2n (diploid)= 42.

Chromosome Ls Ll LT Size of Type of

Pair Chromosome Chromosome

1 0.808 1.167 1.976 L m
2 0.608 1.098 1.705 L sm
3 0.584 1.023 1.607 L sm
4 0.706 0.882 1.588 L m
5 0.501 1.055 1.556 L sm
6 0.527 0.969 1.495 L sm
7 0.592 0.883 1.474 L m
8 0.513 0.819 1.332 M sm
9 0.487 0.816 1.303 M sm
10 0.423 0.871 1.294 M sm
11 0.414 0.815 1.229 M sm
12 0.528 0.589 1.118 M m
13 0.535 0.575 1.110 M m
14 0.346 0.756 1.103 M sm
15 0.323 0.748 1.071 M sm
16 0.435 0.474 0.908 S m
17 0.323 0.559 0.883 S sm
18 0.353 0.378 0.731 S m
19 0.343 0.358 0.702 S m
20 0.299 0.397 0.695 S m
X 0.519 0.786 1.305 M sm
Y 0.000 0.224 0.224 S t

L = large chromosome, M = medium chromosome, S = small chromosome,

m = metacentric, sm = submetacentric  and  t = telocentric

«“¬) ®“°°“√¬âÕ¡·∂∫ ’·∫∫®’„π‚§√‚¡‚´¡√–¬–‡¡∑“‡ø 
¢Õß≈‘ß‰Õâ‡ß’È¬–  æ∫«à“¡’·∂∫ ’∫π‚§√‚¡‚´¡ 269 ·∂∫
(Figure 3) ‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫°—∫‚§√‚¡‚´¡¢Õß¡πÿ…¬å
„π√“¬ß“π¢Õß Rooney (2001) æ∫«à“‚§√‚¡‚´¡¢Õß≈‘ß
‰Õâ‡ß’È¬–¡’°“√µ‘¥·∂∫ ’®’‡À¡◊Õπ°—∫¢Õß¡πÿ…¬å 5 §Ÿà ‰¥â·°à
‚§√‚¡‚´¡§Ÿà∑’Ë 5, 12, 13, 19 ·≈–‚§√‚¡‚´¡‡ÕÁ°´å (Figure

4A) ´÷Ëß¡’§«“¡§≈â“¬§≈÷ß°—∫√“¬ß“π¢Õß Miller (1977)

∑’Ëæ∫«à“‚§√‚¡‚´¡ √à“ß°“¬¢Õß¡πÿ…¬å‡À¡◊Õπ°—∫‚§√‚¡‚´¡
≈‘ß‡Õæ 8 §Ÿà

„π‚§√‚¡‚´¡§Ÿà∑’Ë 13 ¢Õß≈‘ß‰Õâ‡ß’È¬– ¡’·¢π¢â“ß —Èπ
·≈–·¢π¢â“ß¬“«‡À¡◊Õπ°—∫‚§√‚¡‚´¡§Ÿà∑’Ë 15 ·≈–§Ÿà∑’Ë 22

¢Õß¡πÿ…¬å µ“¡≈”¥—∫ (Figure 4A) Õ“®®– —ππ‘…∞“π‰¥â
«à“„π “¬°“√«‘«—≤π“°“√¢Õß¡πÿ…¬å·≈–≈‘ß‰Õâ‡ß’È¬– ®–‡°‘¥
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°“√·∫àß·¬°µ—« (fission) À√◊Õ°“√√«¡µ—« (fusion) ¢Õß
‚§√‚¡‚´¡ ´÷Ëß®–¡’º≈∑”„Àâ‚§√‚¡‚´¡§Ÿà∑’Ë 13 „π≈‘ß‰Õâ‡ß’È¬–
¡’§«“¡‡À¡◊Õπ°—∫‚§√‚¡‚´¡§Ÿà∑’Ë 15 ·≈– 22 „π¡πÿ…¬å
 ”À√—∫‚§√‚¡‚´¡¢Õß≈‘ß‰Õâ‡ß’È¬–∑’Ë¡’°“√µ‘¥·∂∫ ’®’§≈â“¬§≈÷ß
°—∫¢Õß¡πÿ…¬å §◊Õ ¡’·∂∫ ’ à«π¡“°∑’Ë‡À¡◊Õπ°—π ·µà¡’§«“¡
º—π·ª√„π∫“ß·∂∫ ’∑’Ë‡°‘¥¢÷Èπ  àßº≈„Àâ‡°‘¥§«“¡§≈â“¬°—π¡’
Õ¬Ÿà 11 §Ÿà ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 1, 3, 6, 7, 8, 9, 10, 11, 14,

17 ·≈– 20 (Figure 4B)

®“°°“√‡ª√’¬∫‡∑’¬∫°“√µ‘¥ ’¢Õß‚§√‚¡‚´¡ ¥â«¬
«‘∏’°“√¬âÕ¡·∂∫ ’®’√–À«à“ß≈‘ß‰Õâ‡ß’È¬–·≈–¡πÿ…¬å ¬—ßæ∫«à“
‚§√‚¡‚´¡§Ÿà∑’Ë 1 ¢Õß≈‘ß‰Õâ‡ß’È¬–®–¡’ à«π∑’Ë ≈—∫À—«∑â“¬°—∫
‚§√‚¡‚´¡¡πÿ…¬å  —ππ‘…∞“π«à“‡°‘¥®“°°“√µàÕ ≈—∫°—π¢Õß
‚§√‚¡‚´¡∑’Ë¡’ à«π¢Õß‡´π‚∑√‡¡’¬√å (centromere) √à«¡

¥â«¬  (pericentric  inversion)  (Figure  5)  ´÷Ëß¡’§«“¡
§≈â“¬§≈÷ß°—∫√“¬ß“π¢Õß Brown ·≈–§≥– (1986) ∑’Ëæ∫
°“√À—°¢Õß‚§√‚¡‚´¡·≈â«µàÕ ≈—∫‚¥¬‰¡à¡’‡´π‚∑√‡¡’¬√å
√à«¡¥â«¬ (paracentric inversion) ®“°°“√¬âÕ¡‚§√‚¡‚´¡
·∂∫ ’·∫∫Õ“√å (R-banding) „π‚§√‚¡‚´¡§Ÿà∑’Ë 5 ¢Õß≈‘ß
«Õ°·≈–≈‘ß· ¡

®“°°“√»÷°…“¬—ßæ∫«à“¡’°“√ ≈—∫§Ÿà°—π¢Õß‚§√‚¡‚´¡
‚¥¬‚§√‚¡‚´¡§Ÿà∑’Ë  4  ¢Õß¡πÿ…¬å‡À¡◊Õπ°—∫§Ÿà∑’Ë  5  ¢Õß≈‘ß
‰Õâ‡ß’È¬– §Ÿà∑’Ë 5 ¢Õß¡πÿ…¬å§≈â“¬°—∫§Ÿà∑’Ë 6 ¢Õß≈‘ß‰Õâ‡ß’È¬–
§Ÿà∑’Ë 6 ¢Õß¡πÿ…¬å§≈â“¬°—∫§Ÿà∑’Ë 7 ¢Õß≈‘ß‰Õâ‡ß’È¬– §Ÿà∑’Ë 7 ¢Õß
¡πÿ…¬å§≈â“¬°—∫§Ÿà∑’Ë  8  ¢Õß≈‘ß‰Õâ‡ß’È¬–  §Ÿà∑’Ë  8  ¢Õß¡πÿ…¬å
§≈â“¬°—∫§Ÿà∑’Ë 9 ¢Õß≈‘ß‰Õâ‡ß’È¬– ·≈–‚§√‚¡‚´¡§Ÿà∑’Ë 13 ¢Õß
¡πÿ…¬å§≈â“¬°—∫§Ÿà∑’Ë  14  ¢Õß≈‘ß‰Õâ‡ß’È¬–  (Figure  4A  and

Figure 3. Idiogram of Assam macaque (Macaca assamensis) 2n (diploid) = 42, by G-banding

technique.
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4B)  ”À√—∫‚§√‚¡‚´¡≈‘ß‰Õâ‡ß’È¬–∑’Ë¡’·∂∫ ’®’‰¡à‡À¡◊Õπ°—∫
¢Õß¡πÿ…¬å¡’ 6 §Ÿà ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 2, 4, 15, 16, 18

·≈–‚§√‚¡‚´¡«“¬ (Figure 4C)

®“°°“√»÷°…“¢Õß Jones ·≈–§≥– (1994) æ∫«à“
√Ÿª·∫∫·∂∫ ’®’„π‚§√‚¡‚´¡¡πÿ…¬å®–¡’§«“¡‡À¡◊Õπ°—π°—∫
¢Õß≈‘ß„π °ÿ≈ Macaca ·≈–≈‘ß∫“∫Ÿπ (2n ‡∑à“°—∫ 42)

¡“°°«à“„π™–π’  (2n  ‡∑à“°—∫  44)  ´÷Ëß®–¢—¥·¬âß°—∫°“√
‡ª√’¬∫‡∑’¬∫∑“ß¥â“π‚§√ß √â“ß¢Õß√à“ß°“¬·≈–∑“ß¥â“π
™’«‚¡‡≈°ÿ≈ ∑’Ëæ∫«à“¡πÿ…¬å¡’§«“¡‡À¡◊Õπ°—∫™–π’¡“°°«à“≈‘ß

Figure 4. A comparison of the chromosome pair between human (left) and assam macaque

(right) have the same G-banding patterns as those of human chromosomes (A),

similar to those of human chromosomes (B) and different from those of human

chromosomes (C).

„π °ÿ≈ Macaca πÕ°®“°π’È¬—ßæ∫«à“‚§√ß √â“ß∑“ß —ß§¡
·≈–π‘‡«»«‘∑¬“ ∫“ß§√—Èß¡’§«“¡ —¡æ—π∏å°—πÕ¬à“ß„°≈â™‘¥°—∫
Õ—µ√“°“√«‘«—≤π“°“√¢Õß‚§√‚¡‚´¡„π°≈ÿà¡ —µ«å®”æ«°≈‘ß
¥—ßπ—Èπ¢âÕ¡Ÿ≈°“√«‘«—≤π“°“√¢Õß‚§√‚¡‚´¡®÷ß§àÕπ¢â“ß¬“°
„π°“√«—¥§«“¡·µ°µà“ß ·≈–§«“¡„°≈â™‘¥¢Õß —µ«å®”æ«°
≈‘ß°≈ÿà¡µà“ßÊ Õ¬à“ß·πàπÕπ  ®÷ßµâÕß¡’¢âÕ¡Ÿ≈Õ◊ËπÊ ¡“™à«¬
ª√–°Õ∫¥â«¬  ®“°°“√»÷°…“„π§√—Èßπ’ÈæÕ∑’Ë®– √ÿª‰¥â„π
‡∫◊ÈÕßµâπ«à“≈‘ß‰Õâ‡ß’È¬–¡’§«“¡ —¡æ—π∏å∑“ß¥â“π«‘«—≤π“°“√∑’Ë
„°≈â‡§’¬ß°—∫¡πÿ…¬å



Songklanakarin J. Sci. Technol.

Vol.28  No.3  May - Jun. 2006 548

Comparative of G-banded chromosome

Tanomtong, A., et al.

 √ÿªº≈°“√»÷°…“

®“°°“√‡æ“–‡≈’È¬ß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“« ·≈–°“√¬âÕ¡ ’
‚§√‚¡‚´¡·∫∫·∂∫ ’®’ æ∫«à“≈‘ß‰Õâ‡ß’È¬–¡’®”π«π‚§√‚¡‚´¡
2n ‡∑à“°—∫ 42 ·∑àß  ‚§√‚¡‚´¡√à“ß°“¬ ª√–°Õ∫¥â«¬
‚§√‚¡‚´¡™π‘¥‡¡∑“‡´π∑√‘° 18 ·∑àß ·≈–™π‘¥´—∫‡¡∑“-
‡´π∑√‘° 22 ·∑àß ∫π·¢π¢â“ß —Èπ¢Õß‚§√‚¡‚´¡§Ÿà∑’Ë 13

®—¥‡ªìπ satellite chromosome ‚§√‚¡‚´¡‡ÕÁ°´å‡ªìπ™π‘¥
´—∫‡¡∑“‡´π∑√‘° ·≈–‚§√‚¡‚´¡«“¬‡ªìπ™π‘¥‡∑‚≈‡´π∑√‘°
¢π“¥‡≈Á°¡“°∑’Ë ÿ¥  ‚§√‚¡‚´¡µ‘¥·∂∫ ’®’‡À¡◊Õπ°—∫
‚§√‚¡‚´¡¢Õß¡πÿ…¬å 5 §Ÿà ‰¥â·°à §Ÿà∑’Ë 5, 12, 13, 19 ·≈–
‚§√‚¡‚´¡‡ÕÁ°´å  ·¢π¢â“ß —Èπ‚§√‚¡‚´¡§Ÿà∑’Ë 13 ¢Õß≈‘ß
‰Õâ‡ß’È¬– ®–¡’§«“¡§≈â“¬°—∫‚§√‚¡‚´¡§Ÿà∑’Ë 22 ¢Õß¡πÿ…¬å
·≈–·¢π¢â“ß¬“«®–‡À¡◊Õπ°—∫‚§√‚¡‚´¡§Ÿà∑’Ë 15 ¢Õß¡πÿ…¬å
¡’‚§√‚¡‚´¡∑’Ë¡’°“√µ‘¥·∂∫ ’®’§≈â“¬§≈÷ß°—∫¢Õß¡πÿ…¬å 11 §Ÿà
‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 1, 3, 6, 7, 8, 9, 10, 11, 14, 17 ·≈–
20  æ∫«à“‚§√‚¡‚´¡§Ÿà∑’Ë 1 ¢Õß≈‘ß‰Õâ‡ß’È¬–®–¡’ à«π∑’Ë ≈—∫
À—«∑â“¬°—∫‚§√‚¡‚´¡¡πÿ…¬å  —ππ‘…∞“π«à“‡°‘¥®“°°“√µàÕ
 ≈—∫°—π¢Õß‚§√‚¡‚´¡∑’Ë¡’ à«π¢Õß‡´π‚∑√‡¡’¬√å√à«¡¥â«¬
‚§√‚¡‚´¡∑’Ë¡’°“√µ‘¥·∂∫ ’®’‰¡à‡À¡◊Õπ°—π°—∫¢Õß¡πÿ…¬å¡’
6 §Ÿà ‰¥â·°à ‚§√‚¡‚´¡§Ÿà∑’Ë 2, 4, 15, 16, 18 ·≈–‚§√‚¡‚´¡
«“¬

§”¢Õ∫§ÿ≥

§≥–ºŸâ∑”°“√«‘®—¬¢Õ¢Õ∫§ÿ≥Õß§å°“√ «π —µ«å„π
æ√–∫√¡√“™Ÿª∂—¡¿å ∑’Ë‰¥â π—∫ πÿπ‡ß‘π∑ÿπ«‘®—¬ ”À√—∫°“√

»÷°…“„π§√—Èßπ’È   ¢Õ¢Õ∫§ÿ≥ ∑à“πºŸâÕ”π«¬°“√Õß§å°“√
 «π —µ«å  π“¬‚ ¿≥ ¥”πÿâ¬  ·≈–  ºŸâÕ”π«¬°“√ «π —µ«å
π§√√“™ ’¡“  ºŸâÕ”π«¬°“√ «π —µ«å ß¢≈“ ∑’Ë‰¥âÕπÿ≠“µ
∑”°“√‡®“–‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥≈‘ß‰Õâ‡ß’È¬–    ¢Õ¢Õ∫§ÿ≥
π. æ. ÿ√–»“ µ√å  ¡ “   —µ«·æ∑¬åª√–®” «π —µ«å
π§√√“™ ’¡“ ∑’Ë™à«¬„π°“√‡®“–‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥≈‘ß‰Õâ‡ß’È¬–
·≈–¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë·≈–æπ—°ß“π «π —µ«å∑ÿ°∑à“π ∑’Ë
™à«¬„Àâ°“√»÷°…“„π§√—Èßπ’È ”‡√Á®≈ÿ≈à«ß¥â«¬¥’
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