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Abstract

Chortip Aroondechachai1  Chancharat Reodecha2*  Duangsmorn Suwattana2   Monchai  Duangjinda3

GENETIC POLYMORPHISM OF BETA AND KAPPA CASEIN IN CROSSBRED

DAIRY CATTLE

The objective of this study was to determine the frequencies of the genetic variants of the beta and

kappa casein gene in 87 crossbred dairy cattle. Beta and kappa casein genotypes were investigated, the first by

an allele-specific polymerase chain reaction (ASPCR) and the second by a polymerase chain reaction-restriction

fragment length polymorphism (PCR-RFLP). Three beta casein alleles of A1, A2 and B were found, with

frequencies of 0.30, 0.61 and 0.09, respectively. In total, five genotypes of A1 A1, A1 A2, A2 A2, A2B and A1B were

found, with frequencies of 0.06, 0.41, 0.36, 0.11 and 0.06. Three kappa casein alleles of A, B and E were found, with

frequencies of 0.72, 0.26 and 0.02, which constituted five genotypes of AA, AB, AE, BB and BE with frequencies

of 0.50, 0.40, 0.03, 0.06 and 0.01. The results showed that the two loci in this herd did not follow Hardy-Weinberg's

Law of Equilibrium, with a gametic phase disequilibrium of 0.45 (p<0.05). The results also showed that degrees

of polymorphism for beta and kappa casein loci, were 0.50 and 0.58, respectively.
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§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π„π‚§π¡≈Ÿ°º ¡

°“√µ√«® Õ∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π „π‚§π¡≈Ÿ°º ¡®”π«π 87 µ—« ®“°

ø“√å¡‚§π¡·ÀàßÀπ÷Ëß„π®—ßÀ«—¥√“™∫ÿ√’ ¥â«¬«‘∏’ ASPCR ·≈– PCR-RFLP µ“¡≈”¥—∫ æ∫¬’π‡∫µâ“‡§´’π¡’Õ—≈≈’≈∑—ÈßÀ¡¥ 3 ™π‘¥ ‰¥â·°à

A
1
, A

2
 ·≈– B ¡’§«“¡∂’ËÕ—≈≈’≈‡∑à“°—∫ 0.30, 0.61 ·≈– 0.09 µ“¡≈”¥—∫ ¡’§«“¡∂’Ë®’‚π‰∑ªá¢Õß A

1 
A

1
, A

1  
A

2
, A

2
 A

2
, A

2
B ·≈– A

1
B

‡∑à“°—∫ 0.06, 0.41, 0.36, 0.11 ·≈– 0.06 µ“¡≈”¥—∫ ¬’π·§ªªÑ“‡§´’π æ∫Õ—≈≈’≈∑—ÈßÀ¡¥ 3 ™π‘¥ ‰¥â·°à A, B ·≈– E ¡’§«“¡∂’Ë

Õ—≈≈’≈‡∑à“°—∫ 0.72, 0.26 ·≈– 0.02 µ“¡≈”¥—∫ ¡’§«“¡∂’Ë®’‚π‰∑ªá¢Õß AA, AB, AE, BB ·≈– BE ‡∑à“°—∫ 0.50, 0.40, 0.03,

0.06 ·≈– 0.01 µ“¡≈”¥—∫ ®“°°“√»÷°…“æ∫«à“ §«“¡∂’ËÕ—≈≈’≈¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π¢Õß‚§π¡ΩŸßπ’È‰¡àÕ¬Ÿà„π¿“«– ¡¥ÿ≈µ“¡

°Æ¢Õß Hardy-Weinberg ‚¥¬¡’§à“ linkage disequilibrium ‡∑à“°—∫ 0.45 (p<0.05) ·≈–¡’√–¥—∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

¢Õß¬’π∑—Èß Õß‡∑à“°—∫ 0.50 ·≈– 0.58 µ“¡≈”¥—∫

§” ”§—≠ :  ¬’π‡∫µâ“‡§ ’́π ¬’π·§ªªÑ“‡§ ’́π §«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ‚§π¡≈Ÿ°º ¡

∫∑π”

ªí®®ÿ∫—π¡’°“√»÷°…“§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡

(genetic polymorphism) ¢Õß¬’π∑’Ë§«∫§ÿ¡°“√·ª≈√À— ¢Õß

‚ª√µ’π‡§´’π™π‘¥µà“ßÊ °—πÕ¬à“ß°«â“ß¢«“ß ‰¥â·°à ·Õ≈ø“-‡Õ 1,

·Õ≈ø“-‡Õ 2, ‡∫µâ“ ·≈–·§ªªÑ“ µ”·Àπàß¢Õß¬’π∑’Ë§«∫§ÿ¡

‚ª√µ’π¥—ß°≈à“« æ∫Õ¬Ÿà∫π‚§√‚¡‚´¡§Ÿà∑’Ë 6 ∑’Ëµ”·Àπàß q31

∂÷ß q33 ¡’¢π“¥ª√–¡“≥ 200 ∂÷ß 300 °‘‚≈‡∫  (Mercier

and Vilotte, 1993) ‚¥¬‡©æ“–¬’π‡∫µâ“‡§ ’́π·≈–·§ªªÑ“‡§´’π

¡’√“¬ß“π«à“¡’§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ Ÿß ‡°‘¥®“°°“√

‡ª≈’Ë¬π·ª≈ß‡∫ ∫“ßµ”·Àπàß∫π “¬¥’‡ÕÁπ‡Õ∑”„Àâ°√¥Õ–¡‘‚π

„π “¬‚ª√µ’π·µ°µà“ß°—π‰ª„π∫“ßµ”·Àπàß ·≈–∫“ßÕ—≈≈’≈

¡’Õ‘∑∏‘æ≈ ”§—≠µàÕ°“√§«∫§ÿ¡≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡„π

‚§π¡ ‡™àπ ¬’π‡∫µâ“‡§ ’́πÕ—≈≈’≈ A2 „Àâª√‘¡“≥πÈ”π¡·≈–

ª√‘¡“≥‚ª√µ’π Ÿß ÿ¥ ¬’π·§ªªÑ“‡§´’πÕ—≈≈’≈ B „Àâª√‘¡“≥

‚ª√µ’π Ÿß ÿ¥ (Ojala et al., 1997; Ikonen et al., 1999b)

·≈–¡’Õ‘∑∏‘æ≈ ”§—≠µàÕ°√–∫«π°“√º≈‘µ‡π¬·¢Áß ‰¥â‡π¬·¢Áß

§ÿ≥¿“æ¥’·≈–ª√‘¡“≥¡“° (Marziali and Ng-Kwai-Hang, 1986;

Ikonen et al., 1999a; Choi and Ng-Kwai-Hang., 2003)

Õ¬à“ß‰√°Áµ“¡ ª√–™“°√‚§π¡µà“ßÊ ¡’√Ÿª·∫∫¢ÕßÕ—≈≈’≈∑’Ë

æ∫·µ°µà“ßÕÕ°‰ª ·µà‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ß‚§æ—π∏ÿå

¬ÿ‚√ª (Bos taurus) ·≈–‚§æ—π∏ÿå´’∫Ÿ ( Bos indicus)

(Aschaffenburg et al., 1968) ¬’π‡∫µâ“‡§´’π∑’Ëæ∫„πª√–™“°√

‚§π¡∑—Ë«‰ª ‰¥â·°à Õ—≈≈’≈ A1, A2, A3 ·≈– B ¬’π·§ªªÑ“‡§

´’π ∑’Ëæ∫∑—Ë«‰ª ‰¥â·°à Õ—≈≈’≈ A ·≈– B  à«πÕ—≈≈’≈ E æ∫

‡©æ“–„π ‚§æ—π∏ÿå Finnish Ayshire (Ikonen et al., 1996)

‚¥¬¡’§«“¡∂’Ë¢ÕßÕ—≈≈’≈µà“ßÊ ∑’Ëæ∫·µ°µà“ß°—π‰ª„π‚§π¡

·µà≈– “¬æ—π∏ÿå (Ng-Kwai-Hang et al., 1984; Lin et al.,1989;

Bech and Kristiansen, 1990; Van Eenennaam and

Medrano,1991; Ojala et al., 1997;  Malik et al., 1998)

‚§π¡∑’Ë ‡≈’È¬ß„πª√–‡∑»‰∑¬ à«π„À≠à‡ªìπ‚§π¡

≈Ÿ°º ¡æ—π∏ÿå Holstein Friesian √–¥—∫‡≈◊Õ¥µà“ßÊ µ—Èß·µà

√âÕ¬≈– 62.5 ¢÷Èπ‰ª ·µà‰¡à¡’√“¬ß“π°“√»÷°…“®’‚π‰∑ªá

¢Õß¬’π‡∫µâ“‡§ ’́π  ”À√—∫¬’π·§ªªÑ“‡§ ’́π¡’‡æ’¬ß°“√»÷°…“

‡∫◊ÈÕßµâπ‡°’Ë¬«°—∫®’‚π‰∑ªá¢Õß¬’π·§ªªÑ“‡§ ’́π „πæàÕæ—π∏ÿå

‚§π¡¢Õß»Ÿπ¬å«‘®—¬°“√º ¡‡∑’¬¡·≈–‡∑§‚π‚≈¬’™’«¿“æ ‚¥¬

»‘√‘≈—°…≥å (2002) æ∫Õ—≈≈’≈ A, B, ·≈– E ¡’§«“¡∂’Ë‡∑à“°—∫

0.71, 0.21 ·≈– 0.08 µ“¡≈”¥—∫ °“√»÷°…“§√—Èßπ’È¡’

«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡∂’Ë®’‚π‰∑ªá ·≈–§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π„π·¡à‚§π¡

≈Ÿ°º ¡
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«— ¥ÿ·≈–«‘∏’°“√

°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“

∑”°“√ ÿà¡·¡à‚§π¡≈Ÿ°º ¡√–À«à“ß‚§æ—π∏ÿå¬ÿ‚√ª ‰¥â·°à

Holstein Friesian, Brown Swiss ·≈– Jersey °—∫‚§æ—π∏ÿå´’∫Ÿ

‰¥â·°à æ—π∏ÿåæ◊Èπ‡¡◊Õß ·≈– Sahiwal ∑’Ë√–¥—∫‡≈◊Õ¥µà“ßÊ ®“°

ø“√å¡‚§π¡·ÀàßÀπ÷Ëß„π‡¢µ®—ßÀ«—¥√“™∫ÿ√’ ∑—ÈßÀ¡¥ 87 µ—«

°“√µ√«®À“®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π

1. °“√ °—¥¥’‡ÕÁπ‡Õ

∑”°“√‡®“–‡≈◊Õ¥®“°‡ âπ‡≈◊Õ¥¥”∑’Ë‚§πÀ“ßª√‘¡“≥ 10

¡≈. „ àÀ≈Õ¥ Ÿ≠≠“°“»∑’Ë‡§≈◊Õ∫¥â«¬ “√ªÑÕß°—π°“√·¢Áßµ—«

(EDTA) ‡æ◊ËÕ∑”°“√ °—¥¥’‡ÕÁπ‡Õ (DNA) ‚¥¬„™â™ÿ¥πÈ”¬“ °—¥

¥’‡ÕÁπ‡Õ ”‡√Á®√Ÿª ”À√—∫µ—«Õ¬à“ß‡≈◊Õ¥ (QIAamp@ DNA Blood

MiniKit) ‡√‘Ë¡®“°°“√∑”≈“¬ºπ—ß‡´≈≈å·≈–¬àÕ¬‚ª√µ’πµà“ßÊ

¥â«¬ QIAGEN Protease ·≈– buffer AL ∑”°“√≈â“ß‡æ◊ËÕ„Àâ

‰¥â¥’‡ÕÁπ‡Õ∑’Ë –Õ“¥¢÷Èπ ®“°π—Èπ®÷ß‡°Á∫¥’‡ÕÁπ‡Õ∑’Ë °—¥‰¥â‰«â„π

µŸâ·™à‡¬Áπ -20o´. ‡æ◊ËÕ√Õ°“√„™âß“π

2. °“√«‘‡§√“–Àå¥â«¬«‘∏’ ASPCR ·≈– PCR/RFLP

µ√«®À“®’‚π‰∑ªá¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§ ’́π ‚¥¬

«‘∏’ allele-specific polymerase chain reaction (ASPCR) ·≈–

polymerase chain reaction-restriction fragment length

polymorphism (PCR-RFLP) µ“¡≈”¥—∫ ÷́Ëßª√–¬ÿ°µå®“°«‘∏’

°“√¢Õß Braunschweig (1998) ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

°“√‡æ‘Ë¡®”π«π™‘Èπ à«π¥’‡ÕÁπ‡Õ¢Õß¬’π‡∫µâ“‡§´’π ¥â«¬

«‘∏’ ASPCR : ‚¥¬„™â DNA template 100 ng ·≈–

 “√ª√–°Õ∫µà“ßÊ „πªØ‘°‘√‘¬“ ª√–°Õ∫¥â«¬ 10xPCR-buffer,

dNTP's 1.25 mM, forward primer/specific reversed primer

20 mM √“¬≈–‡Õ’¬¥¥—ßµ“√“ß∑’Ë 1 0.5 U Taq DNA poly-

merase ·≈–ª√—∫ª√‘¡“µ√¥â«¬ sterile water „Àâ‰¥â 25  µl ‚¥¬

¡’ PCR condition ¥—ßπ’È initial denaturation ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë

94o´. π“π 5 π“∑’ ®“°π—Èπ∑”ªØ‘°‘√‘¬“ 30 √Õ∫¢Õß

denaturation ∑’Ë 94o´. π“π 30 «‘π“∑’ primer annealing

∑’Ë 62o´. π“π 30 «‘π“∑’ ·≈– primer extension ∑’Ë 72o´.

π“π 60 «‘π“∑’ ·≈–®∫¥â«¬¢—ÈπµÕπ final extension ∑’Ë 72o´.

π“π 7 π“∑’

beta-casein
forward primer I:

BCN 1 5'-TGA AGA AAG TGG GTT AAT GAG AAA TCC T-3'
reverse primers I:

BCN 3 (A1 B C F-specific) 5'-TTT GTG GGA GGC TGT TAT-3'
BCN 2  (A2, A3, E-specific) 5'-TTT GTG GGA GGC TGT TAG-3'
BCN B (B-specific) 5'-GTG AGA GTC AGG CTC TGC-3'
BCN A1  (A1-specific) 5'-GTG AGA GTC AGG CTC TGG -3'
BCN F    (F-specific) 5'-GAA ACA TGA CAG TTG GAA-3
BCN A3   (A3-specific) 5'-GGG AAG GGC ATT TCT TTT-3'

forward primer II

BCNI5 5'ATC AAA TGA GCT GTC CAT ATT AAT CTA TT-3'
reverse primers II

BCN C   (C-specific) 5'-CTC TGT TTG CTG CTG TTT-3'
BCN E   (E-specific) 5'-TGT TTG CTG CTG TTC CTT-3'
kappa-casein

 forward primer :
KP 1 5'-AAG AAA TAA TAC CAT TCT GCA TAA TTT ATT TTT TTA CAG-3'

reverse primers :
KP 2 5'-GGC TGT TAT TCA TTT TGC CTT ATT TACCTG-3'

µ“√“ß∑’Ë 1  · ¥ß≈”¥—∫‡∫ ∫π “¬ primers ∑’Ë„™â„πªØ‘°‘√‘¬“ ASPCR ·≈– PCR-RFLP

Primers                                 Sequence
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°“√‡æ‘Ë¡®”π«π™‘Èπ à«π¥’‡ÕÁπ‡Õ¢Õß¬’π·§ªªÑ“‡§´’π

¥â«¬«‘∏’ PCR/RFLP : ‚¥¬„™â DNA template 100 ng ·≈–

 “√ª√–°Õ∫µà“ßÊ „πªØ‘°‘√‘¬“ª√–°Õ∫¥â«¬ 10xPCR-buffer,

dNTPûs 1.25 mM, primers KP 1/KP 2 20 µM, 0.5 U Taq

DNA polymerase ·≈– ÿ¥∑â“¬ª√—∫ª√‘¡“µ√¥â«¬ sterile water

„Àâ‰¥â 25 µl ‚¥¬¡’ PCR condition ¥—ßπ’È initial denaturation

∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë 95o´. π“π 5 π“∑’ ®“°π—Èπ∑”ªØ‘°‘√‘¬“ 35 √Õ∫¢Õß

denaturation ∑’Ë 95o´. π“π 30 «‘π“∑’ primer annealing

∑’Ë 56o´. π“π 30 «‘π“∑’ ·≈– primer extension ∑’Ë 72o´.

π“π 60 «‘π“∑’ ·≈–®∫¥â«¬¢—ÈπµÕπ final extension ∑’Ë 72o´.

π“π 7 π“∑’ ®“°π—Èπ∑”°“√µ—¥¥â«¬ restriction enzymes ™π‘¥

µà“ßÊ ‰¥â·°à Hind lll, Hinf l, Mae ll, Hae lll ·≈– Hha l

‡¡◊ËÕ‰¥â™‘Èπ à«π¢Õß¥’ ‡ÕÁπ‡Õµ“¡∑’ËµâÕß°“√¥â«¬«‘∏’

ASPCR ·≈– PCR-RFLP ·≈â« π” PCR product ¡“µ√«®

 Õ∫¥â«¬ 2.0% agarose gel electrophoresis ·≈–∑”°“√

∫—π∑÷°¿“æ·≈–«‘‡§√“–Àåº≈

°“√«‘‡§√“–Àå∑“ß ∂‘µ‘

1. °“√«‘‡§√“–Àå§«“¡∂’Ë®’‚π‰∑ªá ·≈–§«“¡∂’Ë¬’π

§«“¡∂’Ë®’‚π‰∑ªá·≈–§«“¡∂’ËÕ—≈≈’≈¢Õß·µà≈–µ”·Àπàß

¢Õß¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§ ’́π «‘‡§√“–Àå®“° Ÿµ√

P(X
ij
)  =

‡¡◊ËÕ P(X
ij
) ‡ªìπ§«“¡∂’Ë®’‚π‰∑ªá ij,

X
ij 
‡ªìπ®”π«π —µ«å∑’Ëæ∫®’‚π‰∑ªá ij

·≈–  P
i
 = D

ii
 +    ΣH

ij

‡¡◊ËÕ P
i 
 ‡ªìπ§«“¡∂’ËÕ—≈≈’≈ i,

D
ii
 ‡ªìπ§«“¡∂’Ë homozygous genotype ii,

H ‡ªìπ§«“¡∂’Ë heterozygous genotype ij

2. °“√«‘‡§√“–Àå linkage disequilibrium √–À«à“ß

¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§ ’́π

¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π¡’µ”·ÀπàßÕ¬Ÿà„°≈â™‘¥

∫π‚§√‚¡‚´¡‡¥’¬«°—π ®÷ß¡’ genetic linkage √–À«à“ß¬’π ∑”

°“√µ√«® Õ∫ linkage disequilibrium ‚¥¬„™â«‘∏’°“√¢Õß Weir

(1996) ®“° Ÿµ√

D
ij
 = P

ij 
- P

i
P

j

‡¡◊ËÕ D
ij
 ‡ªìπ§à“ disequilibrium ¢ÕßÕ—≈≈’≈ i ¢Õß¬’π

‡∫µâ“ ·≈– Õ—≈≈’≈ j ¢Õß¬’π·§ªªÑ“,

P
ij
 ‡ªìπ —¥ à«π¢Õß —µ«å∑’Ë¡’Õ—≈≈’≈ i ·≈– j √à«¡°—π,

P
i 
‡ªìπ§«“¡∂’Ë¢ÕßÕ—≈≈’≈ i ¢Õß¬’π‡∫µâ“,

P
j
 ‡ªìπ§«“¡∂’Ë¢ÕßÕ—≈≈’≈ j ¢Õß¬’π·§ªªÑ“

∑¥ Õ∫π—¬ ”§—≠¢Õß§à“ gametic disequilibrium ¥â«¬

«‘∏’°“√¢Õß Weir (1996) ‚¥¬„™â  χ2-test  ®“° Ÿµ√

χ2 =

3. °“√«‘‡§√“–Àå degree of polymorphism

degree of polymorphism ‡ªìπ§à“¥—™π’«—¥§«“¡À≈“°À≈“¬

∑“ßæ—π∏ÿ°√√¡¢Õß¬’π·µà≈–µ”·Àπàß (¡’§à“µ—Èß·µà 0-1) ‚¥¬

ª√–‡¡‘πµ“¡«‘∏’¢Õß Hartl (1989) ®“° Ÿµ√

H = 1 - ΣP
i

2

‡¡◊ËÕ P
i
 ‡ªìπ§«“¡∂’Ë¢Õß homozygous genotype

º≈

°“√µ√«® Õ∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß ¬’π

‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π ¥â«¬«‘∏’ ASPCR ·≈– PCR-RFLP

®–‰¥â™‘Èπ à«π¢Õß¥’‡ÕÁπ‡Õ¢π“¥µà“ßÊ °—π ¥—ß· ¥ß„πµ“√“ß∑’Ë

2 ·≈– 3 µ“¡≈”¥—∫ ∑”„Àâ “¡“√∂®”·π°®’‚π‰∑ªáµà“ßÊ

∑’Ëæ∫„πª√–™“°√‰¥â¥—ßπ’È ®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§´’π ‰¥â·°à

A1A1, A1A2, A2A2,  A2B ·≈– A1B §«“¡∂’Ë®’‚π‰∑ªá‡∑à“°—∫

0.06, 0.41, 0.36, 0.11 ·≈– 0.06 µ“¡≈”¥—∫ ‚¥¬§«“¡∂’Ë

Õ—≈≈’≈ A1, A2 ·≈– B ‡∑à“°—∫ 0.31, 0.61 ·≈– 0.09 µ“¡

≈”¥—∫ ®’‚π‰∑ªá¢Õß¬’π·§ªªÑ“‡§´’π ‰¥â·°à AA, AB, AE,  BB

·≈– BE §«“¡∂’Ë®’‚π‰∑ªá‡∑à“°—∫ 0.50, 0.40, 0.03, 0.06

·≈– 0.01 µ“¡≈”¥—∫ ‚¥¬§«“¡∂’ËÕ—≈≈’≈ A, B ·≈– E ‡∑à“°—∫

0.72, 0.26 ·≈– 0.02 ¥—ß· ¥ß„πµ“√“ß∑’Ë 4 ·≈– 5 µ“¡

≈”¥—∫

®“°°“√«‘‡§√“–Àå∑“ß ∂‘µ‘æ∫«à“ §«“¡∂’Ë®’‚π‰∑ªá¢Õß

¬’π‡∫µâ“‡§ ’́π·≈–·§ªªÑ“‡§ ’́π‰¡àÕ¬Ÿà„π¿“«– ¡¥ÿ≈µ“¡°Æ¢Õß

Hardy-Weinberg ‚¥¬¬’π∑—Èß Õß¡’§à“ linkage disequilibrium

‡∑à“°—∫ 0.45 (p<0.05) ·≈–¬’π∑—Èß Õßµ”·Àπàß¡’§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡ ‡¡◊ËÕµ√«® Õ∫ degree of polymorphism

 ”À√—∫¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π¡’§à“‡∑à“°—∫ 0.50 ·≈– 0.58

µ“¡≈”¥—∫

«‘®“√≥å

®“°°“√µ√«® Õ∫§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õß

¬’π‡∫µâ“‡§´’π·≈–·§ªªÑ“‡§´’π„π‚§π¡≈Ÿ°º ¡ ∑’Ë∑”°“√

»÷°…“§√—Èßπ’È æ∫«à“ ¡’¬’π‡∫µâ“‡§´’πÕ—≈≈’≈ A2 ·≈–¬’π·§ªªÑ“

‡§´’πÕ—≈≈’≈ A §«“¡∂’Ë‡∑à“°—∫ 0.61 ·≈– 0.72 µ“¡≈”¥—∫

‡ªìπÕ—≈≈’≈æ◊Èπ∞“π (common alleles) ∑’Ëæ∫¡“°„πª√–™“°√

nD2
ij

P
i
(1-P

i
)P

j
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j
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<

X
ij
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µ“√“ß∑’Ë 2  ¢π“¥¢Õß™‘Èπ à«π¥’‡ÕÁπ‡Õ∑’Ë‰¥â®“°°“√‡æ‘Ë¡™‘Èπ à«π¥’‡ÕÁπ‡Õ¥â«¬«‘∏’ ASPCR

§Ÿà primers BCN 1 BCN 1 BCN 1 BCN I5 BCN 1 BCN 1 BCN I5

BCN 2 BCN 3 BCN B BCN C BCN F BCN A
3

BCN E

           ¢π“¥ (bp) 296 296 462 270 551 414 267

®’‚π‰∑ªá

A1A1 - + - - - - -

A1A2 + + - - - - -

A2A2 + - * * * - -

A2B + + + * * - -

A1B - + + - - * *

*‰¡àµâÕß‡æ‘Ë¡™‘Èπ à«π¥’‡ÕÁπ‡Õ

µ“√“ß∑’Ë 4 · ¥ß®”π«π·¡à‚§π¡∑’Ë¡’®’‚π‰∑ªá¢Õß¬’π‡∫µâ“‡§´’π (B-CN) ·≈–·§ªªÑ“‡§´’π (K-CN) ·∫∫µà“ßÊ ·≈–§«“¡∂’Ë®’‚π‰∑ªá

(genotype frequency) ∑’Ëæ∫„πª√–™“°√

Genotype                                                        K-CN                                                              Total

B-CN              AA                      AB                   AE                   BB                  BE

A1A1 2 2 1 - - 5 (0.06)

A1A2 19 12 2 2 1 36 (0.41)

A2A2 18 13 - - - 31 (0.36)

A2B 5 4 - 1 - 10 (0.11)

A1B - 4 - 1 - 5 (0.06)

Total 44 (0.50) 35 (0.40) 3 (0.03) 5 (0.06) 1 (0.01) 87 (1.00)

µ“√“ß∑’Ë 3 ¢π“¥ (bp) ¢Õß™‘Èπ à«π¥’‡ÕÁπ‡Õ∑’Ë‰¥â À≈—ß®“°°“√µ—¥™‘Èπ à«π¥’‡ÕÁπ‡Õ¢π“¥ 583 bp ¥â«¬‡Õπ‰´¡åµ—¥®”‡æ“– 5 ™π‘¥

(Hinf I Hind III Mae II Hae III ·≈– Hha I)

                                 Hinf I                           Hind III              Mae II               Hae III              Hha I

‡Õπ‰´¡å

®’‚π‰∑ªá

AA 59, 69, 129, 326 583 300, 283 252, 331 41, 542

AB 59, 69, 129, 326 131, 452 300, 283 252, 331 41, 542

AE 59, 69, 129, 326 583 300, 283 107, 145, 331 41, 542

BB 59, 69, 455 131, 452 300, 283      *     *

BE 59, 69, 129, 326 131, 452 300, 283 107, 145, 331 41, 542

* ®’‚π‰∑ªá BB ‰¡àµâÕßµ—¥¥â«¬‡Õπ‰´¡å Hae III ·≈– Hha I
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µ“√“ß∑’Ë 5  · ¥ß§«“¡∂’ËÕ—≈≈’≈ (allele frequency) ¢Õß¬’π‡∫µâ“·≈–·§ªªÑ“‡§´’π∑’Ëæ∫„πª√–™“°√

                                 B-CN                     K-CN

                Allele   Frequency                 Allele              Frequency

A1 0.30 A 0.72

A2 0.61 B 0.26

B 0.09 E 0.02

Total 1 Total 1

 √ÿª

¬’π‡∫µâ“‡§´’πæ∫®’‚π‰∑ªá∑—ÈßÀ¡¥ 5 ·∫∫ ‰¥â·°à  A1A1

A1A2  A2A2  A2B ·≈– A1B ‚¥¬Õ—≈≈’≈  A2  ¡’§«“¡∂’ËÕ—≈≈’≈

‡∑à“°—∫ 0.61 ‡ªìπÕ—≈≈’≈æ◊Èπ∞“π∑’Ëæ∫¡“°∑’Ë ÿ¥„πª√–™“°√

·≈–¬’π·§ªªÑ“‡§´’πæ∫®’‚π‰∑ªá∑—ÈßÀ¡¥ 5 ·∫∫ ‰¥â·°à AA

AB AE BB ·≈– BE ‚¥¬Õ—≈≈’≈ A ¡’§«“¡∂’ËÕ—≈≈’≈‡∑à“°—∫ 0.72

‡ªìπÕ—≈≈’≈æ◊Èπ∞“π∑’Ëæ∫¡“°∑’Ë ÿ¥„πª√–™“°√ ¬’π∑—Èß ÕßÕ¬Ÿà
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∑“ßæ—π∏ÿ°√√¡¢Õß·µà≈–µ”·Àπàß„π√–¥—∫ª“π°≈“ß „°≈â‡§’¬ß
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