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∫∑§—¥¬àÕ

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡

®”π«π 15 µ”·Àπàß ‰¥â√—∫°“√æ—≤π“‚¥¬„™â‚Õ≈‘‚°π‘«

§≈’‚Õ‰∑¥å 2 ™π‘¥ §◊Õ (AG)10 ·≈– (TG)10 ‡ªìπ‚æ√∫

(probe) „π¢—ÈπµÕπ enrichment ‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë

æ—≤π“‰¥â¡’≈”¥—∫‡∫ ´È” (repeat motif) ∑—Èß·∫∫ ¡∫Ÿ√≥å

(perfect) ‰¡à ¡∫Ÿ√≥å (imperfect) ·≈–·∫∫√à«¡

(compound) ∑—Èß 15 µ”·Àπàß  “¡“√∂«‘‡§√“–Àå‚¥¬„™â

‰æ√‡¡Õ√å 15 §Ÿà ∑’Ëºà“π°“√∑¥ Õ∫®π‰¥âÕß§å

ª√–°Õ∫ ¿“«–ªØ‘°‘√‘¬“æ’´’Õ“√å∑’Ë‡À¡“– ¡ ®“°°“√

«‘‡§√“–Àåµ—«Õ¬à“ßª√–™“°√°ÿâß°â“¡°√“¡„π‚√ß‡æ“–

øí°®”π«π 18 µ—« ‰¥â¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬∑“ß

æ—π∏ÿ°√√¡¢Õß∑—Èß 15 µ”·Àπàß ª√–°Õ∫¥â«¬®”π«π

·Õ≈≈’≈ (Na) §à“ —ß‡°µ‡Œ‡∑Õ‚√‰´‚° ‘́µ’ (Ho) ·≈–§à“

§“¥§–‡π‡Œ‡∑Õ‚√‰´‚°´‘µ’ (He) Õ¬Ÿà√–À«à“ß 3›11,

0.4444›0.9444 ·≈– 0.5381›0.9190 µ“¡≈”¥—∫ „π

®”π«π 15 µ”·Àπàß æ∫ 4 µ”·Àπàß ∑’Ë· ¥ß°“√

‡∫’Ë¬ß‡∫π®“° ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å°Õ¬à“ß¡’π—¬ ”§—≠

(PHWE<0.05) „π·∫∫∑’Ë¡’‡Œ‡∑Õ‚√‰´‚°µµË”°«à“∑’Ë§«√

®–‡ªìπ (Ho<He) ´÷Ëß®–æ∫∫àÕ¬¡“°„πª√–™“°√¢Õß

‚√ß‡æ“–øí° ®“°°“√∑¥≈Õß«‘‡§√“–Àå‡§√◊ËÕßÀ¡“¬

‰¡‚§√·´∑‡∑≈‰≈∑å∑—Èß 15 µ”·Àπàß„πµ—«Õ¬à“ßæàÕ-

·¡à-≈Ÿ°°ÿâß°â“¡°√“¡§√Õ∫§√—«‡¥’¬«°—π ®”π«π 9

§√Õ∫§√—« ‰¥âæ‘ Ÿ®πå¬◊π¬—π°“√∂à“¬∑Õ¥¬’π«à“‡ªìπ‰ªµ“¡

°Æ¢Õß‡¡π‡¥≈ ∑”„Àâ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å

∑—Èß 15 µ”·Àπàß¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß ·≈–π”‰ª„™â

ª√–‚¬™πå‰¥âÕ¬à“ß¡—Ëπ„®

ABSTRACT

Fif teen microsate l l i te markers in

Macrobrachium rosenbergii were developed from 2

oligonucleotides, (AG)10 and (TG)10, which were

used as probes in enrichment process. Three types

of the repeat motifs including perfect, imperfect and

compound repeats were found. All 15 microsatellite

primers were tested and optimized for the best
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reaction in PCR process. Genetic diversity data of

the 15 loci, including allele number (Na = 3›11),

observed heterozygosity (Ho = 0.4444›0.9444) and

expected heterozygosity (He = 0.5381›0.9190),

were reported by the analysis with a number of 18

Macrobrachium rosenbergii individuals from hatchery

stock. Of the 15 loci, 4 loci were significantly

different from Hardy-Weinberg equilibrium

(PHWE<0.05) as heterozygote deficiency, which

would be very commonly found in hatchery stocks.

From a confirmation test based on analyses of 9

father-mother-offspring Macrobrachium rosenbergii

families, the çPrinciple of Segregationé of Mendel

was proved to be true for the 15 microsatellite loci.

This makes all the 15 microsatellite loci become

highly reliable and suitable to be utilized for any

further purposes.

§” ”§—≠: °ÿâß°â“¡°√“¡ ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑

‡∑≈‰≈∑å °“√∑¥ Õ∫¬◊π¬—π °“√«‘‡§√“–ÀåæàÕ-·¡à-≈Ÿ°

Key words: Macrobrachium rosenbergii, microsatellite

marker, confirmation test, parentage analysis

∫∑π”

‡ªìπ‡«≈“À≈“¬∑»«√√…¡“·≈â«∑’Ë °ÿâß°â“¡°√“¡

À√◊Õ giant freshwater prawn (Macrobrachium

rosenbergii (de Man, 1879) ( ¡æß…å, 2546; ITIS,

2010) ¢Õß‰∑¬ ∂Ÿ°‡æ“–æ—π∏ÿå®“°∏√√¡™“µ‘®π°≈“¬

¡“‡ªìπæ—π∏ÿå‡æ“–‡≈’È¬ß ÷́Ëß„πªí®®ÿ∫—πª√“°Ø«à“¡’æ—π∏ÿå

(stock) °ÿâß°â“¡°√“¡¢Õßø“√å¡‡æ“–‡≈’È¬ßÀ≈“¬·Ààß

‡°‘¥¢÷Èπ ‚¥¬‡©æ“–„π∫√‘‡«≥æ◊Èπ∑’Ë¿“§°≈“ß¢Õßª√–‡∑»

Õ¬à“ß‰√°Áµ“¡ °ÿâß°â“¡°√“¡æ—π∏ÿå‡æ“–‡≈’È¬ß‡À≈à“π’È ‰¥â

‡°‘¥°“√‡ ◊ËÕ¡‚∑√¡¢Õß “¬æ—π∏ÿå≈ß ‚¥¬≈—°…≥–∑’Ë

ª√“°Ø„Àâ‡ÀÁπ™—¥‡®π ‰¥â·°à °ÿâßÀ—«‚µ µ—«‡≈Á° ‚µ™â“

·≈–ÕàÕπ·Õ‡ªìπ‚√§ßà“¬ ÷́Ëß‡ªìπªí≠À“ ”§—≠∑’Ë∑—Èß

¿“§√—∞·≈–‡Õ°™π°”≈—ß„Àâ§«“¡ π„® ·≈–π”¡“ ÷́Ëß

§«“¡æ¬“¬“¡∑’Ë®–º≈‘µæ—π∏ÿå°ÿâß°â“¡°√“¡§ÿ≥¿“æ¥’ ∑’Ë

‚µ‡√Á«·≈–ª≈Õ¥‚√§ ‚¥¬ºà“π°√–∫«π°“√§—¥‡≈◊Õ°

ª√—∫ª√ÿßæ—π∏ÿå ¿“¬„µâ√–∫∫ biosecurity («—≤π–, 2553)

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å ‡ªìπ

‡§√◊ËÕßÀ¡“¬¥’ ‡ÕÁπ‡Õ∑’Ë™à«¬„Àâ°“√§—¥ ‡≈◊Õ°·≈–

ª√—∫ª√ÿ ßæ—π∏ÿå ‰¥â º≈∑’Ë ·πàπÕπ √«¥‡√Á« ·≈–¡’

ª√– ‘∑∏‘¿“æ ‡æ√“–¡’§ÿ≥ ¡∫—µ‘∑’Ë¥’§◊Õ ‡ªìπ¥’‡ÕÁπ‡Õ∑’Ë

¡’≈”¥—∫‡∫  È́”°—π‡ªìπ™ÿ¥ —ÈπÊ ∑’Ë¡’Õ—µ√“°“√°≈“¬ Ÿß

·≈–¡’°“√∂à“¬∑Õ¥·∫∫¢à¡√à«¡ (co-dominant) ®÷ß∑”„Àâ

¡’§«“¡À≈“°√Ÿª·∫∫ (polymorphism) ·≈–¡’§«“¡

º—π·ª√ Ÿß¡“°  “¡“√∂„™âµ√«® Õ∫§«“¡‡°’Ë¬«‚¬ßÀ√◊Õ

 “¬ —¡æ—π∏å∑“ß‡§√◊Õ≠“µ‘ À√◊Õ«‘‡§√“–Àå§«“¡‡ªìπ

æàÕ·¡à≈Ÿ°‰¥â¥’ (Liu and Cordes, 2004) ∫ÿ≠‡ √‘¡

·≈–§≥– (2547) ‰¥âπ”‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å

„π°ÿâß°ÿ≈“¥”®”π«π 3 §Ÿà ∑’Ëæ—≤π“‚¥¬ Tassanakajon et

al. (1998) ¡“„™âµ√«®¥Ÿ§«“¡·µ°µà“ß¢Õß “¬æ—π∏ÿå „π

¥â“π°“√‡®√‘≠‡µ‘∫‚µ Õ—µ√“√Õ¥ ·≈–Õ—µ√“°“√µ‘¥‡™◊ÈÕ

¢Õß°ÿâß°ÿ≈“¥” 4 §√Õ∫§√—« ∑’ËÕ¬Ÿà„π∫àÕ‡¥’¬«°—π ®”π«π

4 ∫àÕ √«¡ 16 §√Õ∫§√—« æ∫«à“ “¡“√∂·¬°°ÿâß

·µà≈–§√Õ∫§√—«‰¥â ·≈–¬—ß∑”„Àâ∑√“∫«à“Õ—µ√“°“√‡®√‘≠

‡µ‘∫‚µ Õ—µ√“°“√√Õ¥ ·≈–Õ—µ√“°“√µ‘¥‡™◊ÈÕ‚√§‰«√— 

∫“ß™π‘¥ ¢÷ÈπÕ¬Ÿà°—∫ “¬æ—π∏ÿå¢Õß°ÿâßπ—Èπ

¥—ßπ—Èπ °“√æ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈

‰≈∑å„π°ÿâß°â“¡°√“¡ æ√âÕ¡∑—Èß«‘‡§√“–Àå¢âÕ¡Ÿ≈§«“¡

À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ·≈–∑¥ Õ∫¬◊π¬—π‚¥¬π”

‰ª∑¥≈Õß„™â«‘‡§√“–Àå°—∫µ—«Õ¬à“ß°ÿâß°â“¡°√“¡∑’Ë‡ªìπæàÕ-

·¡à-≈Ÿ°„π§√Õ∫§√—«‡¥’¬«°—π ‡æ◊ËÕµ√«® Õ∫°“√

∂à“¬∑Õ¥¬’π®“°æàÕ·≈–·¡à‰ª Ÿà≈Ÿ°Õ¬à“ß≈–§√÷Ëß µ“¡°Æ

çPrinciple of Segregationé ¢Õß‡¡π‡¥≈ (Mendelûs

first law) ®–∑”„Àâ‰¥â‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡„π°ÿâß

°â“¡°√“¡∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–‡™◊ËÕ∂◊Õ‰¥â  “¡“√∂

π”‰ª„™â«‘‡§√“–Àå„πß“π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡æ“–‡≈’È¬ß

·≈–æ—≤π“æ—π∏ÿå°ÿâß°â“¡°√“¡‰¥âÕ¬à“ß¡—Ëπ„® ‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß„π°“√§—¥‡≈◊Õ°·≈–ª√—∫ª√ÿßæ—π∏ÿå°ÿâß

°â“¡°√“¡
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Õÿª°√≥å·≈–«‘∏’°“√

æ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å «‘‡§√“–Àå¢âÕ¡Ÿ≈

§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ·≈–∑¥ Õ∫ ¡¥ÿ≈

Œ“√å¥’-‰«πå‡∫‘√å°

¢—ÈπµÕπ°“√¥”‡π‘πß“π‡æ◊ËÕæ—≤π“‡§√◊ËÕßÀ¡“¬

‰¡‚§√·´∑‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡ „™âµ“¡«‘∏’¢Õß

»√’√—µπå·≈–æπ¡ (2548) ‚¥¬‡°Á∫µ—«Õ¬à“ß¡“ °—¥¥’‡ÕÁπ‡Õ

·≈â«µ—¥¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– °àÕπ∑’Ë®–µàÕ°—∫

Õ–·¥Áª‡µÕ√å (adapter) ·≈â«®÷ß‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ¥â«¬«‘∏’

æ’´’Õ“√å µ√«® Õ∫·≈–§—¥‡≈◊Õ°º≈‘µ¿—≥±åæ’´’Õ“√å∑’Ë¡’

≈”¥—∫‰¡‚§√·´∑‡∑≈‰≈∑å¥â«¬«‘∏’ enrichment ‚¥¬„™â

‚æ√∫ (probe) ª√–°Õ∫¥â«¬‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å 6

™π‘¥ ‰¥â·°à (AG)10, (TG)10, (TAC)10, (CAA)10,

(CAG)10 ·≈– (GAT)10 ´÷Ë ßµ‘ ¥©≈“°∑’Ë ª≈“¬

¥â“π 5′ ¥â«¬‰∫‚Õµ‘π ·≈â«‡æ‘Ë¡ª√‘¡“≥¥’‡ÕÁπ‡Õ∑’Ë∂Ÿ°

§—¥‡≈◊Õ°¥â«¬«‘∏’æ’´’Õ“√å ‡™◊ËÕ¡º≈‘µ¿—≥±å∑’Ë‰¥â‡¢â“°—∫

æ≈“ ¡‘¥ ·≈–π”‡¢â“ Ÿà‡´≈≈å·∫§∑’‡√’¬ E. coli ¥â«¬«‘∏’

electroporation §—¥‡≈◊Õ°‚§≈π¥â«¬«‘∏’ dot blot ·≈–

colony hybridization ‚¥¬„™â‚æ√∫∑’Ëµ‘¥©≈“°∑’Ëª≈“¬

¥â“π 3′ ·≈–µ√«® Õ∫º≈‚¥¬«‘∏’ chemiluminescent

®“°π—ÈπÀ“≈”¥—∫‡∫ ¢Õß¥’‡ÕÁπ‡Õ∑’Ë¡’≈”¥—∫‰¡‚§√·´∑

‡∑≈‰≈∑å ‡æ◊ËÕÕÕ°·∫∫‰æ√‡¡Õ√å ∑’Ë®”‡æ“–¢Õß≈”¥—∫

‰¡‚§√·´∑‡∑≈‰≈∑å ·≈–∑¥ Õ∫‰æ√‡¡Õ√å∑’Ë‰¥â

æ√âÕ¡°—∫ª√—∫À“ ¿“«–ªØ‘°‘√‘¬“æ’´’Õ“√å∑’Ë‡À¡“– ¡

‚¥¬«‘‡§√“–Àå°—∫ª√–™“°√æàÕ·¡àæ—π∏ÿå°ÿâß°â“¡°√“¡

®”π«π 18 µ—« ·≈â««‘‡§√“–Àå®”π«π·Õ≈≈’≈ (Na) §à“

‡Œ‡∑Õ‚√‰´‚° ‘́µ’ ∑—Èß„π√Ÿª§à“ —ß‡°µ (Ho) ·≈–§à“

§“¥§–‡π (He) æ√âÕ¡∑—Èß∑¥ Õ∫ ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å°

(HWE) ¥â«¬«‘∏’ Likelihood ratio test ‚¥¬„™â‚ª√·°√¡

FSTAT version 1.2 (Goudet, 1995)

∑¥ Õ∫¬◊π¬—π‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å ·≈–

µ√«® Õ∫°“√∂à“¬∑Õ¥¬’π®“°æàÕ·¡à‰ª Ÿà≈Ÿ°

‡æ“–æ—π∏ÿå°ÿâß°â“¡°√“¡®“°æàÕ·¡à°ÿâß®”π«π 9

§Ÿà ‚¥¬·¬°‡æ“–‡ªìπ§ŸàÊ ·≈–·¬°≈Ÿ°¢ÕßæàÕ·¡à·µà≈–§Ÿà

Õπÿ∫“≈≈Ÿ°°ÿâß∑’Ë‡æ“–‰¥â·¬°°—π  °—¥¥’‡ÕÁπ‡Õ¢ÕßæàÕ ·¡à

·≈–≈Ÿ°°ÿâß°â“¡°√“¡ ®”π«π 9 §√Õ∫§√—« ·≈â«µ√«®

«‘‡§√“–Àåµ—«Õ¬à“ß¥’‡ÕÁπ‡ÕæàÕ-·¡à-≈Ÿ°°ÿâß°â“¡°√“¡

·µà≈–§√Õ∫§√—« ¥â«¬‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë

æ—≤π“‰¥â ‚¥¬„™â‰æ√‡¡Õ√å·µà≈–§Ÿà·¬°°—π ¥â«¬«‘∏’æ’´’

Õ“√å  ·≈–µ√«® Õ∫º≈‚¥¬«‘∏’  denatur ing

polyacrylamide sequencing gel electrophoresis µ“¡

√“¬ß“π¢Õß»√’√—µπå (2547) π”º≈∑’Ë‰¥â‰ª«‘‡§√“–Àå

‡æ◊ËÕµ√«® Õ∫°“√∂à“¬∑Õ¥¬’π®“°æàÕ·¡à‰ª Ÿà≈Ÿ°Õ¬à“ß

≈–§√÷Ëß À√◊Õµ√«® Õ∫«à“¬’π¢Õß≈Ÿ°§√÷ËßÀπ÷Ëß¡“®“°æàÕ

Õ’°§√÷Ëß¡“®“°·¡à µ“¡°Æ çPrinciple of Segregationé

¢Õß‡¡π‡¥≈ ‚¥¬„™â«‘∏’ chi-square goodness-of-fit test

¥â«¬‚ª√·°√¡ SAS Version 8 (SAS Institute Inc.,

2000)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å ¢âÕ¡Ÿ≈§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡ ·≈– ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å°

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å À√◊Õ‰æ√‡¡Õ√å

∑’Ëæ—≤π“‰¥â„π°ÿâß°â“¡°√“¡ ª√–°Õ∫¥â«¬‡§√◊ËÕßÀ¡“¬

‰¡‚§√·´∑‡∑≈‰≈∑å 15 µ”·Àπàß ¡’≈”¥—∫‡∫ ´È” (repeat

motif) ∑—Èß∑’Ë‡ªìπ·∫∫ ¡∫Ÿ√≥å (perfect) ‰¡à ¡∫Ÿ√≥å

(imperfect) ·≈–·∫∫√à«¡ (compound) ≈”¥—∫‡∫ ´È”∑’Ë

‡ªìπ·∫∫ ¡∫Ÿ√≥åæ∫ 9 µ”·Àπàß ‰¥â·°à DOFMCr22,

DOFMCr28, DOFMCr30, DOFMCr31, DOFMCr33,

DOFMCr36, DOFMCr37, DOFMCr38 ·≈–

DOFMCr39 ·∫∫‰¡à ¡∫Ÿ√≥å 3 µ”·Àπàß ‰¥â·°à

DOFMCr4, DOFMCr16 ·≈– DOFMCr34 ·≈–

·∫∫√à«¡ 3 µ”·Àπàß ‰¥â·°à DOFMCr25, DOFMCr27

·≈– DOFMCr35 ∑—Èß 15 µ”·Àπàß¡’§«“¡À≈“°√Ÿª

·∫∫¢Õß·Õ≈≈’≈ (allele polymorphism) ‚¥¬¡’§à“®”π«π

·Õ≈≈’≈ (Na) §à“ —ß‡°µ‡Œ‡∑Õ‚√‰´‚°´‘µ’ (Ho) ·≈–§à“

§“¥§–‡π‡Œ‡∑Õ‚√‰´‚°´‘µ’ (He) Õ¬Ÿà√–À«à“ß 3›11,

0.4444›0.9444 ·≈– 0.5381›0.9190 µ“¡≈”¥—∫

µ”·Àπàß∑’Ë¡’®”π«π·Õ≈≈’≈·≈–§à“‡Œ∑‡∑Õ‚√‰´‚° ‘́µ’

 Ÿß ÿ¥‰¥â·°à DOFMCr16 ·≈–µË” ÿ¥‰¥â·°à DOFMCr4

„π®”π«π 15 µ”·Àπàßπ’È æ∫«à“¡’ 4 µ”·Àπàß §◊Õ
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DOFMCr25, DOFMCr28, DOFMCr35 ·≈–

DOFMCr37 ∑’Ë· ¥ßπ—¬ ”§—≠«à“¡’§«“¡‡∫’Ë¬ß‡∫π®“°

 ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å° (PHWE < 0.05) (Table 1)

ªØ‘°‘√‘¬“æ’´’Õ“√åª√–°Õ∫¥â«¬ ¥’‡ÕÁπ‡Õ 10 ng/

µl, 1x PCR buffer, 0.2 mM dNTP, 1.5 mM MgCl2,

0.25 mM primer, 0.2 u/µl Taq polymerase (Promega)

 ¿“«–ªØ‘°‘√‘¬“æ’´’Õ“√å∑’Ë‡À¡“– ¡ §◊Õ √Õ∫∑’Ë 1: 94

°C 3 π“∑’ √Õ∫∑’Ë 2-35: 94 °C 30 «‘π“∑’, 60 °C 30

«‘π“∑’ (¬°‡«âπ DOFMCr28 53 °C), 72 °C 1 π“∑’ ·≈–

√Õ∫ ÿ¥∑â“¬ ∑’Ë 72 °C 5 π“∑’

°“√æ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å„π

°ÿâß°â“¡°√“¡§√—Èßπ’È ‰¥â„™â‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å∑—Èß∑’Ë

‡ªìπ·∫∫ Õß‡∫ ´È” ‰¥â·°à (AG)10 ·≈– (TG)10 ·≈–

 “¡‡∫ ´È” ‰¥â·°à (TAC)10, (CAA)10, (CAG)10 ·≈–

(GAT)10 ‡ªìπ‚æ√∫ ‡™àπ‡¥’¬«°—∫°“√æ—≤π“‰¡‚§√·´∑

‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡ ∑’Ë√“¬ß“π‚¥¬ Charoentawee

et al. (2006) ́ ÷Ëß “¡“√∂„™â‚Õ≈‘‚°π‘«§≈’‚Õ‰∑¥å∑’Ë‡ªìπ

·∫∫ “¡‡∫  È́”  Õ¥§≈âÕß°—∫‚æ√∫∑’Ë„™â„π°“√

∑¥≈Õßπ’È§◊Õ (CAG)10 ·≈– (GAT)10 ·µà°“√»÷°…“§√—Èß

π’È ¬—ß‰¡à “¡“√∂æ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å

∑’Ë‡ªìπ·∫∫ “¡‡∫ ´È”‰¥â ´÷Ëß —ππ‘…∞“π«à“ πà“®–‡ªìπ

‡æ√“– ¿“«–¢Õß∫“ßªØ‘°‘√‘¬“„π¢—ÈπµÕπ°“√æ—≤π“

¬—ß‰¡à‡À¡“– ¡ ∑”„Àâ‚æ√∫·∫∫ “¡‡∫  È́”‰¡à

 “¡“√∂®—∫°—∫≈”¥—∫¥’‡ÕÁπ‡Õ‡ªÑ“À¡“¬‰¥â Õ¬à“ß‰√°Áµ“¡

°“√»÷°…“§√—Èßπ’È “¡“√∂æ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√

·´∑‡∑≈‰≈∑å ∑’Ë‡ªìπ·∫∫ Õß‡∫ ´È”„π°ÿâß°â“¡°√“¡

Table 1 Details of all the microsatellite primers, genetic diversity data (Na, Ho & He), and the P values
from Hardy-Weinberg equilibrium tests (PHWE)

Primer name GenBank        Primer sequences (5′ › 3′) Repeat motif Size range Na Ho He PHWE
(Locus/ci) accession no.
DOFMCr4 HQ722921 F: GAAAAGAAGCGATAGACCGATGC (TG)10T(TG)3 195-201 3 0.4444 0.5381 0.611

R: GCGATTCTCACACCACTCTCATC
DOFMCr16 HQ722922 F: TGATACTCGCTCCTCCATACGTC (GT)6AT(GT)15 241-301 11 0.9444 0.9190 0.776

R: GCCAGTGTGCCGTAATAAATCAG
DOFMCr22 HQ722923 F: GCTGGTAGAATGTCGTCAACAGG (TC)21 180-228 7 0.8333 0.8508 0.096

R: TGGCTTTAGTGAAAATGGCTATAC
DOFMCr25 HQ722924 F: GATCCCACGCTGACTCTAGTAATG (AG)22(AC)2(AG)18 174-220 7 0.7778 0.8730 0.010

R: CGATGGTATTTTCTGGCTGTACG
DOFMCr27 HQ722925 F: GCGATGATGGAGTCCTCAGAAG (AG)25GG(AG)4(GAC)6 258-284 7 0.8889 0.8603 0.109

R: AGGTTTTGCCGATGAAGAATCAC
DOFMCr28 HQ722926 F: GGCTATATGGAAAGTCGTTCTCG (GA)33 221-257 7 0.7222 0.8540 0.024

R: GGAGTTGGAAATGAACCTTCACC
DOFMCr30 HQ722927 F: TACAACATTGCACCTCAGTGGAG (TC)37 215-273 7 0.6667 0.8127 0.365

R: TATGATTATTCCCAGGGCATGTG
DOFMCr31 HQ722928 F: GCTCATTCCGTCCTACATTCCTC (AG)30 194-242 8 0.8333 0.8810 0.101

R: GGGTACTTATCCCTCCCATTGC
DOFMCr33 HQ722929 F: CAGCTCTAACCTGATTGAAAGAC (CT)25 224-268 8 0.9444 0.8730 0.147

R: GCAGGCATTATCGTTACTTCTCC
DOFMCr34 HQ722930 F: GAAGACAATCGGCAACGAAAATG (GA)14GG(GA)24 260-286 7 0.6111 0.8032 0.332

R: TCAGGGTGTAGTCTCTCGTTCTG
DOFMCr35 HQ722931 F: GGGAGCATTTCAGAACACGAAAC [(TG)6TC(TG)5]..... 232-244 4 0.5000 0.6762 0.015

R: ACACAGACACGGTAACGAACACA [(TG)3CG(TG)2CA(TG)4]
DOFMCr36 HQ722932 F: GGTCCTATCAGCCATCCATCTG (GA)25 251-313 6 0.7778 0.7810 0.897

R: CTCTCCCAAAACCGAAATCTACC
DOFMCr37 HQ722933 F: GCCTCGAACCGATTTCGTCTAC (GA)24 213-237 7 0.6111 0.8063 0.004

R: GACTTCTCAAGGGCTGGGTAATG
DOFMCr38 HQ722934 F: TTCCTGTGTGAATGTTGAGATGC (TG)11 232-244 5 0.7778 0.7365 0.746

R: GAGAACTTTCGGTTTACCCTTCC
DOFMCr39 HQ722935 F: GGAACAAATGAAGACTTGGATGC (AG)29 263-293 5 0.7778 0.7270 0.306

R: CTCTCTCTCCCTCAAGGTGTTGG

Note:  PHWE < 0.05, significantly deviate from Hardy-Weinberg equilibrium.
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‰¥â∂÷ß 15 µ”·Àπàß ∑—ÈßÀ¡¥¡’§«“¡ Õ¥§≈âÕß°—∫

‚æ√∫·∫∫ Õß‡∫  È́”∑’Ë„™â §◊Õ (AG)10 ·≈– (TG)10
‚¥¬∑’Ë¡’§«“¡ Õ¥§≈âÕß°—∫ (AG)10 9 µ”·Àπàß ·≈–

 Õ¥§≈âÕß°—∫ (TG)10 6 µ”·Àπàß (Table 1) · ¥ß

«à“°“√»÷°…“„π°ÿâß°â“¡°√“¡§√—Èßπ’È æ∫‰¡‚§√·´∑‡∑≈

‰≈∑å∑’Ë¡’≈”¥—∫‡∫  È́” (AG)n ¡“°∑’Ë ÿ¥ ´÷Ëß Õ¥§≈âÕß

°—∫√“¬ß“π°“√æ—≤π“‰¡‚§√·´∑‡∑≈‰≈∑å„π —µ«åπÈ”

ª√–‡¿∑°ÿâß°àÕπÀπâ“π’È ‰¡à«à“®–‡ªìπ„π°ÿâß°â“¡°√“¡

(Chand et al., 2005; Charoentawee et al., 2006; Divu

et al., 2008a; 2008b; Bhat et al., 2009) À√◊Õ°ÿâß°ÿ≈“¥”

(Wuthisuthimethavee et al., 2003) µà“ß°Áæ∫«à“ ‰¡‚§√

·´∑‡∑≈‰≈∑å∑’Ë¡’≈”¥—∫‡∫  È́” (AG)n ‡ªìπ·∫∫∑’Ëæ∫

¡“°∑’Ë ÿ¥ ¥—ßπ—Èπ °“√»÷°…“§√—Èßπ’È®÷ßπà“®–‡ªìπ°“√¬◊π¬—π

«à“ ‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ëæ∫¡“°∑’Ë ÿ¥„π®’‚π¡¢Õß

°ÿâß°â“¡°√“¡ §◊Õ ‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë¡’≈”¥—∫‡∫  È́”

(AG)n
„π®”π«π‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å 15

µ”·Àπàß ∑’Ë‰¥â®“°°“√æ—≤π“„π°ÿâß°â“¡°√“¡§√—Èßπ’È

ª√“°Ø«à“¡’ 4 µ”·Àπàß (DOFMCr25, DOFMCr28,

DOFMCr35 ·≈– DOFMCr37) · ¥ß°“√‡∫’Ë¬ß‡∫π

®“° ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å°Õ¬à“ß¡’π—¬ ”§—≠ ‚¥¬º≈∑’Ë

ª√“°ØÕÕ°¡“ ‡ªìπ°“√· ¥ß —¥ à«π¢Õß‡Œ‡∑Õ‚√‰´

‚°µµË”°«à“∑’Ë§«√®–‡ªìπ (heterozygote deficiency,

Ho<He) (Table 1) ´÷Ëß “‡Àµÿ∑’Ë‡ªìπ‰ª‰¥â πÕ°®“°

®–‡π◊ËÕß¡“®“°°“√„™âµ—«Õ¬à“ß®”π«ππâÕ¬„π°“√

¥”‡π‘πß“π·≈â« ª√“°Ø°“√≥å¥—ß°≈à“«¬—ß‡ªìπ ‘Ëß∑’Ëæ∫

‰¥â‡ ¡Õ„πª√–™“°√‚√ß‡æ“–øí° (hatchery stock) ∑’Ë

¡’°“√§—¥‡≈◊Õ°‡¢â“‰ª‡°’Ë¬«¢âÕß∑—Èß‚¥¬µ√ß·≈–‚¥¬ÕâÕ¡

À√◊Õ¡“®“°°“√‡æ“–æ—π∏ÿå‚¥¬„™âæàÕ·¡àæ—π∏ÿå®”π«ππâÕ¬

À√◊Õ¡’°“√π”ª√–™“°√®“°µà“ß‚√ß‡æ“–øí°‡¢â“¡“

ª–ªπ°—π (Allendorf and Ryman, 1987) ¥â«¬‡Àµÿπ’È

®÷ß‰¡àπà“ ß —¬∑’Ë®–æ∫«à“ ¡’°“√‡∫’Ë¬ß‡∫π®“° ¡¥ÿ≈Œ“√å¥’-

‰«πå‡∫‘√å°„π°“√»÷°…“§√—Èßπ’È ‡æ√“–µ—«Õ¬à“ß°ÿâß

°â“¡°√“¡∑’Ë„™â„π°“√¥”‡π‘πß“π§√—Èßπ’È ¡“®“°

ª√–™“°√æàÕ·¡àæ—π∏ÿå∑’Ë‡æ“–‡≈’È¬ß·≈–ª√—∫ª√ÿßæ—π∏ÿå

„π‚√ß‡æ“–øí° ¢Õß ∂“∫—π«‘®—¬·≈–æ—≤π“æ—π∏ÿ

°√√¡ —µ«åπÈ” ́ ÷Ëß‡ªìπ‰ª‰¡à‰¥â∑’Ë®–‰¡à¡’°“√ªØ‘∫—µ‘ß“π„π

∑”πÕß¥—ß°≈à“«¢â“ßµâπ‡¢â“¡“‡°’Ë¬«¢âÕß Charoentawee

et al. (2007) ‰¥â√“¬ß“πº≈°“√»÷°…“§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß°ÿâß°â“¡°√“¡ ®“°ª√–™“°√‚√ß

‡æ“–øí°„πª√–‡∑»‰∑¬ ‚¥¬„™â‡§√◊ËÕßÀ¡“¬‰¡‚§√

·´∑‡∑≈‰≈∑å æ∫«à“¡’°“√‡∫’Ë¬ß‡∫π®“° ¡¥ÿ≈Œ“√å¥’-‰«πå

‡∫‘√å° „π·∫∫∑’Ë¡’‡Œ‡∑Õ‚√‰´‚°µµË”°«à“∑’Ë§«√®–‡ªìπ

‡°◊Õ∫∑ÿ°ª√–™“°√∑’Ë»÷°…“ ‚¥¬‰¥â√–∫ÿ∂÷ß “‡Àµÿ∑’Ë∑”„Àâ

ª√“°Øº≈¥—ß°≈à“««à“ πà“®–‡°‘¥®“°°“√„™âµ—«Õ¬à“ß

®”π«ππâÕ¬ ·≈–°“√º ¡ª–ªπ°—π√–À«à“ßµà“ß

ª√–™“°√„πµ—«Õ¬à“ß∑’Ëπ”¡“»÷°…“ πÕ°®“°π’È¬—ß¡’

√“¬ß“π®”π«πµ”·Àπàß∑’Ë· ¥ß°“√‡∫’Ë¬ß‡∫π®“° ¡

¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å° ·≈–®”π«πµ”·Àπàß∑’Ë¡’§«“¡

À≈“°√Ÿª·∫∫¢Õß·Õ≈≈’≈∑’Ëæ—≤π“‰¥â∑—ÈßÀ¡¥ „π

®”π«π∑’Ë·µ°µà“ß°—π ‚¥¬ Chand et al. (2005) ‰¥â

√“¬ß“π°“√‡∫’Ë¬ß‡∫π®“° ¡¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å°‰«â∑’Ë 2

µ”·Àπàß ®“°®”π«π∑’Ëæ—≤π“‰¥â∑—ÈßÀ¡¥ 6 µ”·Àπàß

⁄Bhassu et al. (2008) √“¬ß“π 1 µ”·Àπàß ®“°∑—ÈßÀ¡¥

8 µ”·Àπàß Divu et al. (2008a) √“¬ß“π 3 µ”·Àπàß

®“° 8 µ”·Àπàß Divu et al. (2008b) √“¬ß“π 2

µ”·Àπàß ®“° 6 µ”·Àπàß Charoentawee et al. (2006)

√“¬ß“π 5 µ”·Àπàß ®“° 10 µ”·Àπàß Bhat et al.

(2009) √“¬ß“π 1 µ”·Àπàß ®“° 8 µ”·Àπàß ·≈– See

et al. (2009) √“¬ß“π 7 µ”·Àπàß ®“°∑—ÈßÀ¡¥ 8

µ”·Àπàß ¢≥–∑’Ë°“√»÷°…“§√—Èßπ’È æ∫°“√‡∫’Ë¬ß‡∫π®“° ¡

¥ÿ≈Œ“√å¥’-‰«πå‡∫‘√å° 4 µ”·Àπàß ®“°®”π«π∑—ÈßÀ¡¥ 15

µ”·Àπàß

®“°¢âÕ¡Ÿ≈§«“¡À≈“°À≈“¬¢Õß·Õ≈≈’≈¢Õß

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑—Èß 15 µ”·Àπàß „π

°ÿâß°â“¡°√“¡∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È  “¡“√∂π”‰ª

æ‘®“√≥“∂÷ßª√– ‘∑∏‘¿“æ¢Õß·µà≈–µ”·Àπàß „π°“√

„™â‡ªìπ‡§√◊ËÕßÀ¡“¬ ”À√—∫µ√«®«‘‡§√“–Àå§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡‰¥â ‚¥¬µ”·Àπàß∑’Ë¡’ª√– ‘∑∏‘¿“æ

 Ÿß §«√¡’®”π«π·Õ≈≈’≈∑’ËÀ≈“°À≈“¬ Ÿß¥â«¬ ´÷Ëß®“°

°“√»÷°…“§√—Èßπ’È µ”·Àπàß∑’Ëπà“®–¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥

‰¥â·°à DOFMCr16 ‡æ√“–¡’®”π«π·Õ≈≈’≈∑’ËÀ≈“°
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À≈“¬ Ÿß ÿ¥ (Na = 11) πÕ°®“°π’È ª√– ‘∑∏‘¿“æ

¢Õß‡§√◊ËÕßÀ¡“¬æ—π∏ÿ°√√¡ “¡“√∂æ‘®“√≥“‰¥â®“°§à“

polymorphic information content (PIC) ÷́Ëß∂â“¬‘Ëß¡’

§à“¡“°°Á¬‘Ëß· ¥ß«à“¡’ª√– ‘∑∏‘¿“æ Ÿß (Botstein et al.,

1980; Liu and Cordes, 2004) ·≈–‡¡◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë

‰¥â®“°°“√»÷°…“§√—Èßπ’È¡“§”π«≥§à“ PIC ¢Õß‚≈°— 

DOFMCr4 ∑’Ë¡’®”π«π·Õ≈≈’≈µË” ÿ¥ (Na = 3) ‰ª

®π∂÷ß‚≈°—  DOFMCr16 ∑’Ë¡’®”π«π·Õ≈≈’≈ Ÿß ÿ¥

(Na = 11) ®–‰¥â§à“ PIC Õ¬Ÿà√–À«à“ß 0.5232›0.8935

´÷Ëß„°≈â‡§’¬ß°—∫§à“ PIC ¢Õß Divu et al. (2008b) ∑’Ë‰¥â

√“¬ß“π‰«â„π°ÿâß°â“¡°√“¡ §◊Õ PIC ‡©≈’Ë¬ ‡∑à“°—∫ 0.70

®“°®”π«π‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å 6 µ”·Àπàß

∑’Ëæ—≤π“‰¥â ‚¥¬¡’§à“®”π«π·Õ≈≈’≈ 2-6 ·Õ≈≈’≈µàÕ

µ”·Àπàß Wuthisuthimethavee et al. (2003) ‰¥â

√“¬ß“π‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å„π°ÿâß°ÿ≈“¥”∑’Ë

æ—≤π“‰¥â®”π«π 30 µ”·Àπàß ´÷Ëß¡’§à“®”π«π·Õ≈≈’≈

5›17 ·Õ≈≈’≈µàÕµ”·Àπàß ·≈–§à“ PIC √–À«à“ß

0.4739›0.9264 «à“‡ªìπ‡§√◊ËÕßÀ¡“¬∑’Ë “¡“√∂„™â

µ√«®«‘‡§√“–Àå§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ „π°ÿâß

°ÿ≈“¥”‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ´÷Ëß‡¡◊ËÕ‡∑’¬∫‡§’¬ß°—∫§à“∑’Ë

ª√“°Ø„π°ÿâß°â“¡°√“¡∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È πà“®–

°≈à“«‰¥â«à“ ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ëæ—≤π“

‰¥â„π§√—Èßπ’È  “¡“√∂„™âµ√«®«‘‡§√“–Àå§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡„π°ÿâß°â“¡°√“¡‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

‡™àπ°—π

°“√∑¥ Õ∫¬◊π¬—π‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë

æ—≤π“‰¥â „π°ÿâß°â“¡°√“¡∑’Ë‡ªìπæàÕ-·¡à-≈Ÿ°„π§√Õ∫§√—«

‡¥’¬«°—π ·≈–µ√«® Õ∫°“√∂à“¬∑Õ¥¬’π®“°æàÕ·¡à‰ª
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º≈°“√µ√«® Õ∫°“√∂à“¬∑Õ¥¬’π®“°æàÕ·¡à

‰ª Ÿà≈Ÿ°µ“¡°Æ¢Õß‡¡π‡¥≈ ‚¥¬°“√«‘‡§√“–Àå chi-square

goodness-of-fit test (Table 3) æ∫«à“‰¡à®”‡ªìπµâÕß

«‘‡§√“–Àå chi-square „π§√Õ∫§√—«∑’Ë¡’√Ÿª·∫∫æ—π∏ÿ°√√¡

‡ªìπŒÕ‚¡‰´‚°µ∑—Èß„πæàÕ·≈–·¡à ‡æ√“–≈Ÿ°®–¡’

®’‚π‰∑ªá‡¥’¬«‡À¡◊Õπ°—πÀ¡¥∑ÿ°µ—« ´÷Ëßæ∫∑’Ë

‡§√◊ËÕßÀ¡“¬ DOFMCr4 (§√Õ∫§√—«∑’Ë 2, 3 ·≈– 4),

DOFMCr25 (§√Õ∫§√—«∑’Ë 9), DOFMCr30 (§√Õ∫§√—«∑’Ë

9), DOFMCr34 (§√Õ∫§√—«∑’Ë 9), DOFMCr35

(§√Õ∫§√—«∑’Ë 3), DOFMCr37 (§√Õ∫§√—«∑’Ë 2 ·≈– 9)

·≈– DOFMCr39 (§√Õ∫§√—«∑’Ë 8) Õ¬à“ß‰√°Áµ“¡ °“√

ª√“°Ø®’‚π‰∑ªá·∫∫‡¥’¬«∑’Ë‡À¡◊Õπ°—πÀ¡¥∑ÿ°µ—«
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‡À≈à“π’È §◊Õ·∫∫∑’Ë§«√®–‡ªìπµ“¡°Æ¢Õß‡¡π‡¥≈ πÕ°

‡Àπ◊Õ®“°π’È º≈∑’Ë‰¥â®“°°“√«‘‡§√“–Àå chi-square (‚¥¬§à“

Pχ2) ∑—Èß 15 µ”·Àπàß ¢Õß 9 §√Õ∫§√—« æ∫«à“ ·µà≈–

µ”·Àπàß¡’°“√∂à“¬∑Õ¥¬’π‡ªìπ‰ªµ“¡°Æ¢Õß‡¡π‡¥≈

(Pχ2>0.05) „π§√Õ∫§√—« à«π„À≠à (6-9 §√Õ∫§√—«)

®–¡’‡æ’¬ß 1-3 §√Õ∫§√—« ¢Õß∫“ßµ”·Àπàß ∑’Ëª√“°Ø
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§√Õ∫§√—«∑’Ë 1 ·≈– 2, DOFMCr31 §√Õ∫§√—«∑’Ë 1 ·≈–

4, DOFMCr35 §√Õ∫§√—«∑’Ë 9, DOFMCr36 §√Õ∫§√—«

∑’Ë 1, DOFMCr38 §√Õ∫§√—«∑’Ë 3, 6 ·≈– 7 ·≈–

DOFMCr39 §√Õ∫§√—«∑’Ë 3) Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ«‘‡§√“–Àå

·µà≈–µ”·Àπàß·∫∫√«¡§√Õ∫§√—« ª√“°Ø«à“ ∑ÿ°

µ”·Àπàß· ¥ß§à“ Pχ2(Total)>0.05 À√◊Õ· ¥ß«à“¡’°“√

∂à“¬∑Õ¥¬’π‡ªìπ‰ªµ“¡°Æ¢Õß‡¡π‡¥≈∑ÿ°µ”·Àπàß ́ ÷Ëß

À¡“¬§«“¡«à“ ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë
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Figure 1 Genetic inheritance shown by observed genotypes at a microsatellite locus developed (DOFMCr25)

and tested in 9 father-mother-offspring families of Macrobrachium rosenbergii. A: genotypes of

the 9 parental pairs (Fa1 & Mo1 › Fa9 & Mo9). B-J: 1-16 = offspring, Fa1-9 = father, Mo1-9
= mother. Allelic size/bp: A = 174, B = 176, C = 186, D = 196, E = 202, F = 206, G = 220.

æ—≤π“‰¥â∑—Èß 15 µ”·Àπàß‰¥â√—∫°“√æ‘ Ÿ®πå¬◊π¬—π«à“¡’

µ”·ÀπàßÕ¬Ÿà∫π‚§√‚¡‚´¡„ππ‘«‡§≈’¬ ®√‘ß ®÷ß¡’°“√

∂à“¬∑Õ¥æ—π∏ÿ°√√¡‚¥¬·Õ≈≈’≈∑’Ëª√“°Ø®“°∑—ÈßΩÉ“¬

æàÕ·≈–·¡à‰ª¬—ß√ÿàπ≈Ÿ°

‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡

∑’Ë¡’√“¬ß“π‰«â·≈â«®”π«πÀπ÷Ëß°àÕπÀπâ“π’È (6 µ”·Àπàß
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‚¥¬ Chand et al., 2005 ·≈– Divu et al., 2008b;

8 µ”·Àπàß ‚¥¬ Bhassu et al., 2008, Divu et al.,

2008a, Bhat et al., 2009 ·≈– See et al., 2009; ·≈–

10 µ”·Àπàß ‚¥¬ Charoentawee et al., 2006) ‡¡◊ËÕ

√«¡°—∫‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ëæ—≤π“¢÷Èπ„π

§√—Èßπ’ÈÕ’° 15 µ”·Àπàß ∑”„Àâ®”π«π‡§√◊ËÕßÀ¡“¬

‰¡‚§√·´∑‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡ ∑’Ë “¡“√∂®–π”

‰ª„™âª√–‚¬™πåµàÕ‰ª‰¥â¡’¡“°·≈–À≈“°À≈“¬¬‘Ëß¢÷Èπ

ª√–°Õ∫°—∫‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ëæ—≤π“‰¥â

„π§√—Èßπ’È ∑ÿ°µ”·Àπàß‰¥âºà“π°“√∑¥ Õ∫¬◊π¬—π ‚¥¬

„™â«‘‡§√“–Àå°—∫µ—«Õ¬à“ßæàÕ-·¡à-≈Ÿ°„π§√Õ∫§√—«‡¥’¬«°—π

∂÷ß 9 §√Õ∫§√—« ´÷Ëß‰¡àª√“°Ø«à“¡’°“√¥”‡π‘πß“π¥—ß

°≈à“«„π√“¬ß“π°àÕπÀπâ“π’È (Chand et al., 2005;

Charoentawee et al., 2006; Bhassu et al., 2008; Divu

et al., 2008 a; 2008 b; Bhat et al., 2009; See et al.,

2009) ¥—ßπ—Èπ ‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑‡∑≈‰≈∑å∑—Èß 15

µ”·Àπàß∑’Ëæ—≤π“‰¥â„π§√—Èßπ’È ®÷ß¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß

¡’§«“¡‡À¡“– ¡ ·≈– “¡“√∂π”‰ª„™âª√–‚¬™πå„π

°“√¥”‡π‘πß“πµà“ßÊ ‰¥âÕ¬à“ß¡—Ëπ„® ‚¥¬‡©æ“–°“√

¥”‡π‘πß“π∑’Ë‡°’Ë¬«¢âÕß„π°‘®°√√¡°“√‡æ“–‡≈’È¬ß ·≈–

ª√—∫ª√ÿßæ—π∏ÿå°ÿâß°â“¡°√“¡¢Õß‰∑¬ πÕ°‡Àπ◊Õ®“°

‡§√◊ËÕßÀ¡“¬∑’Ë¡’°“√√“¬ß“π‰«â·≈â«

 √ÿªº≈°“√∑¥≈Õß

°“√∑¥≈Õßπ’È‰¥âæ—≤π“‡§√◊ËÕßÀ¡“¬‰¡‚§√·´∑

‡∑≈‰≈∑å„π°ÿâß°â“¡°√“¡ ‰¥â®”π«π 15 µ”·Àπàß ®“°

‚æ√∫∑’Ë‡ªìπ‰¥π‘«§≈’‚Õ‰∑¥å 2 ™π‘¥ §◊Õ (AG)10 ·≈–

(TG)10 º≈°“√»÷°…“√–∫ÿ«à“‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë¡’

≈”¥—∫‡∫ ´È” (AG)n πà“®–‡ªìπ‰¡‚§√·´∑‡∑≈‰≈∑å∑’Ë

æ∫¡“°∑’Ë ÿ¥„π®’‚π¡¢Õß°ÿâß°â“¡°√“¡ ‡§√◊ËÕßÀ¡“¬

‰¡‚§√·´∑‡∑≈‰≈∑å∑—ÈßÀ¡¥∑’Ëæ—≤π“‰¥â ºà“π°“√

∑¥ Õ∫¬◊π¬—π‚¥¬„™â«‘‡§√“–Àå°—∫µ—«Õ¬à“ßæàÕ-·¡à-≈Ÿ°

„π§√Õ∫§√—«‡¥’¬«°—π 9 §√Õ∫§√—« ®÷ß∑”„Àâ¡’§«“¡

πà“‡™◊ËÕ∂◊Õ Ÿß ¡’§«“¡‡À¡“– ¡ ·≈– “¡“√∂π”‰ª„™â

ª√–‚¬™πå„π°“√¥”‡π‘πß“π∑’Ë‡°’Ë¬«¢âÕß„π°‘®°√√¡

°“√‡æ“–‡≈’È¬ß ·≈–ª√—∫ª√ÿßæ—π∏ÿå°ÿâß°â“¡°√“¡¢Õß‰∑¬‰¥â

Õ¬à“ß¡—Ëπ„®

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë¢Õß°≈ÿà¡«‘®—¬

‡∑§‚π‚≈¬’™’«¿“æ —µ«åπÈ”®◊¥  ∂“∫—π«‘®—¬·≈–æ—≤π“

æ—π∏ÿ°√√¡ —µ«åπÈ” ß“π«‘®—¬π’È‰¥â√—∫ß∫ª√–¡“≥
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