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Factors affecting gene transformation in mangosteen (Garcinia mangostana L.) were investigated.

Types of explants, strains and densities of Agrobacterium tumefaciens, and co-culture methods were examined

to optimize gene transformation. The results showed that among strains of Agrobacterium tumefaciens tested,

LBA 4404 containing pBI 121 gave the calli with the highest resistance to kanamycin. Kanamycin at the con-

centration of 50-100 mg/l was the best range for selection of transformants. Higher density of agrobacteria

tended to promote higher frequency of transformation. The best co-culture method was dipping the explant

in a solution of agrobacteria for 10 minutes, followed by culturing onto co-culture medium without antibiotic

for 48 hours. Among the explants used to co-culture with bacteria, half leaf treatment gave the best result

for transformation; however, callus proliferation and plantlet regeneration were inferior to whole leaf treat-

ment. Activity of βββββ-Glucuronidase (GUS) could not be detected, thus resistance to kanamycin was used for

detecting transformability. Shoot primordia could be induced from kanamycin-resistant calli grown in

regeneration medium. After maintenance by subculturing to the same medium 2 to 3 times in 2-3 months,

the developed shoots turned brown and finally died. Hence, the transformed plant of mangosteen was not

obtained from this experiment.
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°“√»÷°…“ªí®®—¬µà“ßÊ ∑’Ë¡’º≈µàÕ°“√ª≈Ÿ°∂à“¬¬’π„π¡—ß§ÿ¥ (Garcinia mangostana L.) ¢—Èπµâπ‡ªìπ°“√»÷°…“º≈

¢Õß°“√ √â“ß·º≈„Àâ°—∫·ºàπ„∫ ™‘Èπ à«πµà“ßÊ ¢Õß¡—ß§ÿ¥  “¬‡™◊ÈÕ·≈–§«“¡Àπ“·πàπ¢ÕßÕ–‚°√·∫§∑’‡√’¬ (Agro-

bacterium tumefaciens) ·≈–«‘∏’°“√‡≈’È¬ß√à«¡‡æ◊ËÕ§«“¡‡À¡“– ¡„π°“√ª≈Ÿ°∂à“¬¬’π√–À«à“ß “¬‡™◊ÈÕµà“ßÊ ¢ÕßÕ–‚°√

·∫§∑’‡√’¬∑’Ë∑¥ Õ∫ æ∫«à“  “¬‡™◊ÈÕ LBA 4404 ∑’Ë¡’æ≈“ ¡‘¥ pBI 121 „Àâ·§≈≈— ∑’Ë¡’§«“¡µâ“π∑“πµàÕ§“π“¡—¬´‘π

 Ÿß∑’Ë ÿ¥ §“π“¡—¬´‘π‡¢â¡¢âπ 50-100 ¡°/≈ ¡’§«“¡‡À¡“– ¡µàÕ°“√§—¥‡≈◊Õ°·§≈≈— ∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬¬’π °“√‡æ‘Ë¡

§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ Ÿß¢÷Èπ∑”„Àâ§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π Ÿß¢÷Èπ   ”À√—∫«‘∏’°“√‡≈’È¬ß√à«¡π—Èπ æ∫«à“ °“√®ÿà¡™‘Èπ

 à«πæ◊™„π “√≈–≈“¬Õ–‚°√·∫§∑’‡√’¬‡ªìπ‡«≈“ 10 π“∑’ ·≈â«¬â“¬‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë„™â‡≈’È¬ß√à«¡™’Ëßª√“»®“°

 “√ªØ‘™’«π–Õ’° 48 ™—Ë«‚¡ß „Àâº≈¥’∑’Ë ÿ¥ ™‘Èπ à«π∑’Ë‡≈’È¬ß√à«¡·≈â«„Àâº≈°“√ª≈Ÿ°∂à“¬¬’π‰¥â¥’∑’Ë ÿ¥§◊Õ ·ºàπ„∫∑’Ëµ—¥·∫àß

‡ªìπ Õß à«π  ·µà§«“¡ “¡“√∂„π°“√‡æ‘Ë¡ª√‘¡“≥·§≈≈— ·≈–°“√æ—≤π“‡ªìπæ◊™µâπ„À¡àµË”°«à“™‘Èπ à«π·ºàπ„∫∑—Èß„∫

µ“¬Õ¥¢π“¥‡≈Á°‰¥â√—∫°“√™—°π”®“°·§≈≈— ∑’Ëºà“π°“√ª≈Ÿ°∂à“¬¬’π∫πÕ“À“√™—°π”°“√ √â“ßæ◊™µâπ„À¡à À≈—ß®“°¬â“¬

‡≈’È¬ß‰ª„πÕ“À“√„À¡à Ÿµ√‡¥‘¡ 2-3 §√—Èß „π‡«≈“ 2-3 ‡¥◊Õπ ¡’§«“¡µâ“π∑“πµàÕ§“π“¡—¬´‘π‰¥â ·µà‰¡àæ∫°‘®°√√¡

¢Õß‡Õπ‰´¡å°≈Ÿ‡§Õ‚√π‘‡¥  (GUS)  Õ¬à“ß‰√°Áµ“¡ µ“¬Õ¥‡√‘Ë¡‡ª≈’Ë¬π‡ªìπ ’πÈ”µ“≈ ·≈–µ“¬„π∑’Ë ÿ¥  ¥—ßπ—Èπ„π°“√

»÷°…“§√—Èßπ’È®÷ß‰¡à‰¥âµâπ¡—ß§ÿ¥®”≈Õßæ—π∏ÿå

°“√ª≈Ÿ°∂à“¬¬’π‡¢â“ Ÿàæ◊™‚¥¬Õ“»—¬ T-DNA  “¡“√∂
∑’Ë®–·Ωß¬’π∑’ËµâÕß°“√‰ª°—∫ T-DNA ‚¥¬°“√µ—¥¬’π∑’Ë‰¡à¡’
Àπâ“∑’Ë„π°“√ àß∂à“¬ T-DNA ∫π Ti plasmid À√◊Õ¬’πÕ◊ËπÊ
∫π T-DNA ÕÕ° ·≈â«·∑π∑’Ë¥â«¬¬’π∑’ËµâÕß°“√ ‡¡◊ËÕ¡’°“√
ª≈Ÿ°∂à“¬ T-DNA ‡¢â“ Ÿàæ◊™‚¥¬Õ–‚°√·∫§∑’‡√’¬ æ◊™°Á®–‰¥â
√—∫¬’π∑’Ëµ—¥µàÕ‰«â·∑π ∑”„Àâ‰¥âæ◊™æ—π∏ÿå„À¡à∑’Ë¡’≈—°…≥–µ“¡
µâÕß°“√ ªí®®ÿ∫—π¡’√“¬ß“πº≈ ”‡√Á®„π°“√ª≈Ÿ°∂à“¬¬’π‚¥¬
Õ–‚°√·∫§∑’‡√’¬„π‰¡âº≈ ·≈–‰¡â¬◊πµâπÀ≈“¬™π‘¥ (McAfee

et al., 1993; Norelli et al., 1994; Stephen et al., 1994;

Pena et al., 1995b; Mondal et al., 2001; Charity et

al., 2002)  ”À√—∫‰¡âº≈π—Èπ  à«π„À≠à‡ªìπæ◊™‡¡◊ÕßÀπ“«
À√◊Õ‡¢µÕ∫Õÿàπ ∑’Ë¡’°“√«‘®—¬æ◊Èπ∞“πÕ¬à“ß¥’‡°’Ë¬«°—∫§«“¡
 “¡“√∂„π°“√æ—≤π“‡ªìπæ◊™µâπ„À¡à ‰¡à«à“‚¥¬°√–∫«π°“√
ÕÕ°“‚π‡®π‘´‘ À√◊Õ‡ÕÁ¡∫√‘‚Õ‡®π‘´‘  ‡™àπ „π·Õª‡ªîô≈
(Jullian et al., 2002; Maddumage, et al., 2002) ·≈–
 â¡ (Deng, 2002) ‡ªìπµâπ ¬’π∑’Ë„™âª≈Ÿ°∂à“¬π—Èπ ‡ªìπ¬’π∑’Ë
¡’§«“¡ ”§—≠∑“ßæ◊™‰√àÀ√◊Õæ◊™ «π  ‡™àπ  ¬’π∑’Ëµâ“π∑“π
µàÕ‚√§„∫‰À¡â„π·Õ∫‡ªîô≈ (Norelli et al., 1994)  ¬’π∑’Ë
µâ“π∑“πµàÕ “√‡§¡’°”®—¥«—™æ◊™∫“ µ“ À√◊ÕøÕ øî‚πµ√‘́ ‘π

(Deng, 2002) ¬’π‚ª√‚¡‡µÕ√å∑’Ë„™âÕà“π¬’π∑’ËµâÕß°“√‚¥¬
∑—Ë«‰ª„™â 35S ®“° CaMV ¬’π√“¬ß“πº≈Õ◊ËπÊ ‡™àπ ¬’π∑’Ë
µâ“π∑“πµàÕ “√ªØ‘™’«π–§“π“¡—¬ ‘́π·≈–/À√◊Õ‰Œ‚°√¡—¬´‘π
¬’π gus ·≈–¬’π∑’ËÀ¬ÿ¥Õà“π√À— ¢âÕ¡Ÿ≈   Lowe ·≈–§≥–
(1993) √“¬ß“π∂÷ßªí®®—¬∫“ßª√–°“√∑’Ë¡’º≈µàÕ°“√ª≈Ÿ°∂à“¬
¬’π‚¥¬Õ–‚°√·∫§∑’‡√’¬«à“  “¬‡™◊ÈÕ·≈–™‘Èπ à«π∑’Ë„™âª≈Ÿ°
∂à“¬¡’º≈µàÕ°“√ª≈Ÿ°∂à“¬¬’π°—∫‡∫≠®¡“» (Dendranthema

grandiflora) æ—π∏ÿå Super White ™‘Èπ à«π≈”µâπ∑’Ë‡≈’È¬ß
√à«¡°—∫‡™◊ÈÕ Agrobacterium tumefaciens  “¬‡™◊ÈÕ C58#3

∑’Ë¡’æ≈“ ¡‘¥ pFW220,  “¬‡™◊ÈÕ LBA 4404 ¡’æ≈“ ¡‘¥
pCG20 ´÷Ëß¡’¬’π∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π ( “√ªØ‘™’«π–
 ”À√—∫§—¥‡≈◊Õ°) ·≈–æ≈“ ¡‘¥ pJIT101, pJIT119 ¡’¬’π
∑’Ëµâ“π∑“πµàÕ∫“ µ“ (Basta) ·≈– Õ–´Ÿ≈ÁÕ°´å (Asulox)

( “√°”®—¥«—™æ◊™ ”À√—∫§—¥‡≈◊Õ°) „Àâ°“√ √â“ß·§≈≈— ‰¥â
µà“ß°—π   Õ¬à“ß‰√°Áµ“¡ °“√„™â¬’π‡§√◊ËÕßÀ¡“¬¢â“ßµâπ‰¡à
 “¡“√∂„™â‡ªìπµ—«™’È„π°“√ª≈Ÿ°∂à“¬¬’π ·≈–®“°°“√»÷°…“
¢â“ßµâπ‰¡à “¡“√∂∑”°“√ª≈Ÿ°∂à“¬¬’π‡¢â“ Ÿà‡∫≠®¡“»‰¥â
πÕ°®“°π’È °“√„™â “√ª√–°Õ∫øï‚π≈∫“ßµ—« ‡™àπ Õ–´’‚µ-
‰´√‘ß°Õπ (Stephen et al., 1994) ·≈–§«“¡Àπ“·πàπ
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¢Õß‡™◊ÈÕ∑’Ë‡À¡“– ¡°Á àßº≈µàÕ§«“¡ ”‡√Á®¥—ß°≈à“« (Pena

et al., 1995b)  ”À√—∫„π¡—ß§ÿ¥´÷Ëß‡ªìπ‰¡âº≈‡¡◊Õß√âÕπ´÷Ëß¡’
Õ—µ√“°“√ √â“ß¬“ß Ÿßπ—Èπ¬—ß‰¡à¡’√“¬ß“π°“√ª≈Ÿ°∂à“¬¬’π¡“
°àÕπ‡≈¬

„π°“√»÷°…“π’È  ‡ªìπ°“√»÷°…“À“ªí®®—¬æ◊Èπ∞“π∑’Ë
®”‡ªìπµàÕ°√–∫«π°“√ª≈Ÿ°∂à“¬¬’π  ‡™àπ   “¬‡™◊ÈÕ  Agro-

bacterium §«“¡Àπ“·πàπ ‡∑§π‘§°“√ª≈Ÿ°∂à“¬¬’π„Àâ°—∫
·§≈≈—  ·≈–„∫ÕàÕπ¡—ß§ÿ¥∑’Ë¡’§«“¡ “¡“√∂„π°“√æ—≤π“
‡ªìπæ◊™µâπ„À¡à‰¥â Ÿß‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„π°“√ª≈Ÿ°∂à“¬
¬’π∑’Ë ”§—≠‚¥¬‡©æ“–¬’π∑’Ë∑π·≈âß„Àâ°—∫¡—ß§ÿ¥µàÕ‰ª

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

«— ¥ÿæ◊™

„™â„∫ÕàÕπ ’·¥ß¡—ß§ÿ¥∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß·§≈≈— 
„πÀ≈Õ¥∑¥≈Õß µ“¡¢—ÈπµÕπ∑’Ë√“¬ß“π‚¥¬ Te-chato and

Lim (2000) ¢—ÈπµÕπ‚¥¬¬àÕ§◊Õ ™—°π”·§≈≈— ®“°„∫ÕàÕπ
∫πÕ“À“√·¢Áß Ÿµ√ MS ‡µ‘¡ BA 0.5 ¡°/≈ ·≈– TDZ 0.5

¡°/≈ πÈ”µ“≈´Ÿ‚§√  3%  PVP 500 ¡°/≈ ·≈–‡®≈‰√∑å
0.15% ‡æ‘Ë¡ª√‘¡“≥·§≈≈— „π Ÿµ√Õ“À“√‡¥’¬«°—π µàÕ¡“
™—°π”¬Õ¥„πÕ“À“√·¢Áß Ÿµ√ WPM ‡µ‘¡ BA 0.1 ¡°/≈
πÈ”µ“≈´Ÿ‚§√  3% PVP 500 ¡°/≈ ·≈–‡®≈‰√∑å 0.25%

·≈–™—°π”°“√¬◊¥¬“«¬Õ¥‚¥¬°“√‡µ‘¡Õ“À“√‡À≈« Ÿµ√ MS

∑’Ë≈¥§«“¡‡¢â¡¢âπ¢ÕßÕß§åª√–°Õ∫≈ß§√÷ËßÀπ÷Ëß (  1 21 2  MS)

‡µ‘¡ BA 0.03 ¡°/≈ NAA 0.06 ¡°/≈ ≈ß‰ª∫πÕ“À“√
™—°π”¬Õ¥À≈—ß®“°‡æ“–‡≈’È¬ß‰¥â 2  —ª¥“Àå   ®“°π—Èπµ—¥
„∫ÕàÕπ∑’Ë¡’Õ“¬ÿ 10-15 «—π ¡“∑”°“√‡≈’È¬ß√à«¡°—∫Õ–‚°√-
·∫§∑’‡√’¬‡æ◊ËÕ»÷°…“°“√ª≈Ÿ°∂à“¬¬’π

‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬

Agrobacterium tumefaciens ∑’Ë„™â„π°“√∑¥≈Õß
π’È¡’ 2  “¬‡™◊ÈÕ §◊Õ LBA 4404 ´÷Ëß¡’æ≈“ ¡‘¥ pBI 121 ∑’Ë
ª√–°Õ∫¥â«¬¬’π‡§√◊ËÕßÀ¡“¬∑’Ëµâ“π∑“πµàÕ§“π“¡—¬ ‘́π ·≈–
gus β-Glucuronidase) ‡ªìπ¬’π√“¬ß“πº≈  æ≈“ ¡‘¥
pTok 233 ∑’Ëª√–°Õ∫¥â«¬¬’π‡§√◊ËÕßÀ¡“¬∑’Ëµâ“π∑“πµàÕ
‰Œ‚°√¡—¬´‘π ·≈– gus ‡ªìπ¬’π√“¬ß“πº≈ Õ’° “¬‡™◊ÈÕ‡ªìπ
æ—π∏ÿåªÉ“ (wild type) §◊Õ A13 ª√–°Õ∫¥â«¬¬’π‚Õ‰æπå ·≈–
 “¬‡™◊ÈÕ‡¥’¬«°—π∑’Ë¡’æ≈“ ¡‘¥ pBI 121 ¡’¬’π‡§√◊ËÕßÀ¡“¬∑’Ë

µâ“π∑“πµàÕ§“π“¡—¬´‘π ·≈– gus ‡ªìπ¬’π√“¬ß“πº≈

Õ“À“√·≈–«‘∏’°“√‡µ√’¬¡

 Ÿµ√Õ“À“√∑’Ë„™â„π°“√»÷°…“¡’Õ¬ŸàÀ≈“¬ Ÿµ√  “¡“√∂
·¬°‡ªìπ 3 °≈ÿà¡ §◊Õ

1. Õ“À“√∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß¡—ß§ÿ¥
1.1  Ÿµ√Õ“À“√™—°π”¬Õ¥√«¡®“°‡¡≈Á¥ ‡ªìπ

Õ“À“√¥—¥·ª≈ß Ÿµ√ MS ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% ºß«ÿâπ
µ√“π“ß‡ß◊Õ° 0.7% PVP 500 ¡°/≈ ·≈– BA 5 ¡°/≈

1.2  Ÿµ√Õ“À“√™—°π”·§≈≈— ®“°„∫ÕàÕπ ‡ªìπ
Õ“À“√·¢Áß·≈–Õ“À“√‡À≈« Ÿµ√æ◊Èπ∞“π MS ‡µ‘¡ BA 0.5

¡°/≈ TDZ 0.5 ¡°/≈ πÈ”µ“≈´Ÿ‚§√  3% PVP 500 ¡°/≈
·≈–‡®≈‰√∑å 0.15%

1.3  Ÿµ√Õ“À“√™—°π”®ÿ¥°”‡π‘¥µ“¬Õ¥  ‡ªìπ
Õ“À“√ Ÿµ√ WPM ‡µ‘¡ BA 0.1 ¡°/≈ πÈ”µ“≈´Ÿ‚§√  3%

PVP 500 ¡°/≈ ·≈–‡®≈‰√∑å 0.25%

1.4  Ÿµ√Õ“À“√™—°π”°“√¬◊¥¬“«¢Õß¬Õ¥ ‡ªìπ
Õ“À“√‡À≈« Ÿµ√ MS ≈¥§«“¡‡¢â¡¢âπ¢ÕßÕß§åª√–°Õ∫≈ß
§√÷ËßÀπ÷Ëß¢Õß Ÿµ√ª°µ‘ ‡µ‘¡ BA 0.03 ¡°/≈ NAA 0.06

¡°/≈ πÈ”µ“≈´Ÿ‚§√  3% ·≈– PVP 500 ¡°/≈
1.5  Ÿµ√Õ“À“√·¢Áß™—°π”¬Õ¥‚¥¬µ√ß®“°„∫

‡ªìπÕ“À“√·¢Áß Ÿµ√ WPM ‡µ‘¡ BA 5 ¡°/≈ ª√“»®“°
´’‚ø∑“´‘¡À√◊Õ‡µ‘¡√–¥—∫§«“¡‡¢â¡¢âπµà“ßÊ §◊Õ 50, 100,

200 ·≈– 400 ¡°/≈
2. Õ“À“√‡≈’È¬ß‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬

Õ“À“√ Ÿµ√ yeast extract broth (YEB) ‡µ‘¡
§“π“¡—¬´‘π  50  ¡°/≈  „™â‡≈’È¬ß‡™◊ÈÕ  Agrobacterium

tumefaciens  “¬‡™◊ÈÕ LBA 4404 ∑’Ë¡’æ≈“ ¡‘¥ pBI 121,

A. rhizogenes  “¬‡™◊ÈÕ A13 ∑’Ë¡’æ≈“ ¡‘¥ pBI 121 ·≈–
‰¡à‡µ‘¡§“π“¡—¬´‘π „™â‡≈’È¬ß A. rhizogenes  “¬‡™◊ÈÕ A13

æ—π∏ÿåªÉ“
Õ“À“√ Ÿµ√ AB ‡µ‘¡‰Œ‚°√¡—¬´‘π 20 ¡°/≈ „™â

‡≈’È¬ß‡™◊ÈÕ Agrobacterium tumefaciens   “¬‡™◊ÈÕ LBA

4404 ∑’Ë¡’æ≈“ ¡‘¥ pTok 233

3. Õ“À“√∑’Ë„™â‡≈’È¬ß„∫¡—ß§ÿ¥À≈—ß¡’°“√ª≈Ÿ°∂à“¬¬’π
3.1  Ÿµ√Õ“À“√°”®—¥‡™◊ÈÕ ‡ªìπÕ“À“√ Ÿµ√ 1.2

(Õ“À“√™—°π”·§≈≈— ) ‡µ‘¡´’‚ø∑“´‘¡ 50-400 ¡°/≈
3.2  Ÿµ√Õ“À“√™—°π”·§≈≈— ‡æ◊ËÕ§—¥‡≈◊Õ°°“√
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ª≈Ÿ°∂à“¬¬’π ‡ªìπÕ“À“√ Ÿµ√ 1.2 ‡µ‘¡§“π“¡—¬´‘π 50 ∂÷ß
250 ¡°/≈ À√◊Õ‰Œ‚°√¡—¬´‘π 20 ¡°/≈

3.3  Ÿµ√Õ“À“√™—°π”¬Õ¥‡æ◊ËÕ§—¥‡≈◊Õ°°“√ª≈Ÿ°
∂à“¬¬’π‡ªìπÕ“À“√ Ÿµ√ 1.3 (Õ“À“√™—°π”®ÿ¥°”‡π‘¥µ“¬Õ¥)
‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈ À√◊Õ‰Œ‚°√¡—¬´‘π 20 ¡°/≈

Õ“À“√∑ÿ° Ÿµ√ª√—∫§«“¡‡ªìπ°√¥-¥à“ß 5.8 °àÕπ
π÷Ëß¶à“‡™◊ÈÕ∑’ËÕÿ≥À¿Ÿ¡‘ 121ºC §«“¡¥—π 1.1 °°/µ√.´¡. ‡ªìπ
‡«≈“ 15 π“∑’ ¬°‡«âπ “√ªØ‘™’«π–¶à“‡™◊ÈÕ¥â«¬«‘∏’°“√°√Õß
ºà“π°√–¥“…°√Õß¡‘≈≈‘æÕ√å¢π“¥ 22 ‰¡§√Õπ À≈—ß®“°
π—Èπ‡µ‘¡≈ß„πÕ“À“√∑’Ë°”≈—ßÕÿàπ∑’ËÕÿ≥À¿Ÿ¡‘ 40-45ºC

°“√‡µ√’¬¡Õ–‚°√·∫§∑’‡√’¬

„™â‡™◊ÈÕ  Agrobacterium  tumefaciens   “¬‡™◊ÈÕ
LBA 4404 ¡’æ≈“ ¡‘¥ pBI 121 ·≈– Agrobacterium

rhizogenes  “¬‡™◊ÈÕ A13 ®”π«π 1 ≈Ÿª ‡≈’È¬ß„πÕ“À“√
‡À≈« YEB ‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈ ´÷Ëß∫√√®ÿ„πø≈“ §å
¢π“¥ 125 ¡≈. ª√‘¡“µ√ 40 ¡≈. π”‰ª‡æ“–‡≈’È¬ß∫π
‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á« 100 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 24, 36

·≈– 48 ™—Ë«‚¡ß π”‡™◊ÈÕ∑’ËÕ‘π§‘«‡∫∑‡ªìπ‡«≈“µà“ßÊ ª√—∫„Àâ
¡’§«“¡Àπ“·πàπ 1.98×1010, 9.9×109 ·≈– 4.9×109 ‡´≈≈å/
¡≈. ‡≈’È¬ß√à«¡°—∫„∫‡æ◊ËÕ»÷°…“°“√ª≈Ÿ°∂à“¬¬’πµàÕ‰ª

 ”À√—∫‡™◊ÈÕ Agrobacterium tumefaciens  “¬‡™◊ÈÕ
LBA 4404  ∑’Ë¡’æ≈“ ¡‘¥  pTok 233  „™â®”π«π  1  ≈Ÿª
‡≈’È¬ß„πÕ“À“√‡À≈« AB ‡µ‘¡‰Œ‚°√¡—¬´‘π 20 ¡°/≈ ´÷Ëß
∫√√®ÿ„πø≈“ §å¢π“¥ 125 ¡≈. ª√‘¡“µ√ 40 ¡≈. π”‰ª
‡æ“–‡≈’È¬ß∫π‡§√◊ËÕß‡¢¬à“§«“¡‡√Á« 100 √Õ∫/π“∑’  ‡ªìπ
‡«≈“ 24, 36 ·≈– 48 ™—Ë«‚¡ß π”‡™◊ÈÕ∑’Ë‰¥â‡≈’È¬ß√à«¡°—∫„∫
‡æ◊ËÕ»÷°…“°“√ª≈Ÿ°∂à“¬¬’πµàÕ‰ª

°“√‡≈’È¬ßÕ–‚°√·∫§∑’‡√’¬√à«¡°—∫·ºàπ„∫·≈–™‘Èπ

 à«π¢ÕßµâπÕàÕπ¡—ß§ÿ¥

„™â„∫¡’¥ºà“µ—¥µ—¥„∫ÕàÕπ ’·¥ßÕ“¬ÿ 10-15 «—π ·≈–
™‘Èπ à«π¢ÕßµâπÕàÕπ¡—ß§ÿ¥®“°µâπ∑’Ë‡≈’È¬ß„πÕ“À“√ 2 ™—Èπ
¡“‡≈’È¬ß√à«¡°—∫Õ–‚°√·∫§∑’‡√’¬∑’Ëºà“π°“√Õ‘π§‘«‡∫∑‡ªìπ
‡«≈“µà“ßÊ π”‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√ 3.1 (Õ“À“√
™—°π”·§≈≈— ·≈–°”®—¥‡™◊ÈÕ) ‡µ‘¡ “√ªØ‘™’«π–´’‚ø∑“ ‘́¡
200 ¡°/≈ ‡æ◊ËÕ°”®—¥Õ–‚°√·∫§∑’‡√’¬  ®“°π—Èπ®÷ß¬â“¬‰ª
‡≈’È¬ß∫πÕ“À“√‡©æ“–∑’Ë„™â„π°“√§—¥‡≈◊Õ° Ÿµ√ 3.2 (Õ“À“√

™—°π”·§≈≈—  ·≈–§—¥‡≈◊Õ°À≈—ß°“√ª≈Ÿ°∂à“¬¬’π) ∑”°“√
¬â“¬‡≈’È¬ß∑ÿ°‡¥◊Õπ∫πÕ“À“√‡¥‘¡ À≈—ß®“°°“√¬â“¬‡≈’È¬ß§√—Èß
∑’Ë 3 ®÷ß¬â“¬‰ª™—°π”¬Õ¥∫πÕ“À“√ Ÿµ√ 3.3 (Õ“À“√™—°π”
®ÿ¥°”‡π‘¥µ“¬Õ¥·≈–§—¥‡≈◊Õ°À≈—ßª≈Ÿ°∂à“¬¬’π) ∑’Ë‡µ‘¡ “√
ªØ‘™’«π–§“π“¡—¬´‘πÀ√◊Õ‰Œ‚°√¡—¬´‘π

°“√µ√«® Õ∫°‘®°√√¡¢Õß GUS

µ—¥‡π◊ÈÕ‡¬◊ËÕ∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬ ÷́ËßµâÕß°“√µ√«® Õ∫
‡ªìπ™‘Èπ∫“ßÊ „ à„π®“πÀ≈ÿ¡ (Titer plate) 3-4 ™‘ÈπµàÕÀ≈ÿ¡
‡µ‘¡ à«πº ¡¢Õß “√≈–≈“¬ X-gluc ≈ß‰ª„πÀ≈ÿ¡Ê ≈–
250 ‰¡‚§√≈‘µ√  “√≈–≈“¬ X-gluc ª√–°Õ∫¥â«¬ X-gluc

‡¢â¡¢âπ 1 ‰¡‚§√‚¡≈“√å ª√‘¡“µ√ 26 ‰¡‚§√≈‘µ√ °—∫ lysis

buffer ª√‘¡“µ√ 1 ¡≈. À≈—ß®“°‡µ‘¡ “√≈–≈“¬¥—ß°≈à“«
·≈â«π”‰ª¥Ÿ¥¥â«¬‡§√◊ËÕß¥Ÿ¥ Ÿ≠≠“°“»‡ªìπ‡«≈“ 20 π“∑’
π”™‘Èπ à«π„π®“πÀ≈ÿ¡‰ªÕ‘π§‘«‡∫∑∑’ËÕÿ≥À¿Ÿ¡‘ 37ºC ‡ªìπ
‡«≈“ 3 ™—Ë«‚¡ß ®“°π—Èπ®÷ß„™â‡¡∑∏‘≈·Õ≈°ÕŒÕ≈å≈â“ß§≈Õ-
‚√øî≈≈åÕÕ° 3-4 §√—Èß µ√«® Õ∫ ’πÈ”‡ß‘π¢Õß‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡°‘¥
®“°ªØ‘°√‘¬“¢Õß‡Õπ‰´¡å β-Glucuronidase °—∫ X-gluc

°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–‡«≈“„π°“√Õ‘π§‘«‡∫∑µàÕ

§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π

„π°“√»÷°…“π’È∑¥ Õ∫ªí®®—¬  2  ªí®®—¬  §◊Õ  ‡™◊ÈÕ
Õ–‚°√·∫§∑’‡√’¬·≈–‡«≈“„π°“√Õ‘π§Ÿ‡∫∑  ·µà≈–ªí®®—¬¡’
3  √–¥—∫  ¥—ßπ’È§◊Õ  ‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬  3   “¬‡™◊ÈÕ  §◊Õ
Agrobacterium tumefaciens  “¬‡™◊ÈÕ LBA 4404 ´÷Ëß¡’
æ≈“ ¡‘¥ pBI 121, ‡™◊ÈÕ Agrobacterium rhizogenes æ—π∏ÿå
ªÉ“ (wild type)  “¬‡™◊ÈÕ A13 ·≈–‡™◊ÈÕ Agrobacterium

rhizogenes  “¬‡™◊ÈÕ A13 ´÷Ëß¡’æ≈“ ¡‘¥ pBI 121 ·µà≈–
 “¬‡™◊ÈÕ„™â‡«≈“„π°“√Õ‘π§‘«‡∫∑ 3 ‡«≈“ §◊Õ 24, 36 ·≈–
48 ™—Ë«‚¡ß

∑”°“√µ—¥„∫ÕàÕπ ’·¥ß∑—Èß„∫®“°¬Õ¥ ´÷Ëß‡æ“–‡≈’È¬ß
„πÕ“À“√ 2 ™—Èπ ¡“®ÿà¡·™à‡™◊ÈÕ∑—Èß 3 ™π‘¥∑’Ëºà“π°“√Õ‘π§‘«-
‡∫∑„πÕ“À“√‡À≈«‡ªìπ‡«≈“ 24, 36 ·≈– 48 ™—Ë«‚¡ß ‡ªìπ
‡«≈“ 10 π“∑’ ́ —∫Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘πÕÕ°¥â«¬°√–¥“…
°√Õß∑’Ëºà“π°“√Õ∫¶à“‡™◊ÈÕ π”¡“‡æ“–‡≈’È¬ß™—°π”°“√ √â“ß
·§≈≈— ∫πÕ“À“√ Ÿµ√ 1.2 ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®“°π—Èπ
¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√ Ÿµ√‡¥‘¡‡µ‘¡´’‚ø∑“´‘¡ 200 ¡°/≈
‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®÷ß∑”°“√¬â“¬‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√
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∑’Ë‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈ ( Ÿµ√∑’Ë 3.2) (¬°‡«âπ Agro-

bacterium rhizogenes æ—π∏ÿåªÉ“  “¬‡™◊ÈÕ A13 ‡æ“–‡≈’È¬ß
∫πÕ“À“√‡¥‘¡‰¡à‡µ‘¡ “√ªØ‘™’«π–¿“¬„µâ ¿“æ§«“¡‡¢â¡
· ß 2,500 ≈—°´å 14 ™¡/«—π Õÿ≥À¿Ÿ¡‘ 26±2ºC À≈—ß®“°
‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 ‡¥◊Õπ ∫—π∑÷°°“√ √â“ß·§≈≈—  µ√«®
 Õ∫°‘®°√√¡¢Õß GUS ·≈–∑”°“√¬â“¬·§≈≈— ‰ª‡≈’È¬ß∫π
Õ“À“√„À¡à Ÿµ√‡¥‘¡‡¥◊Õπ≈–§√—Èß‡ªìπ‡«≈“ 2 ‡¥◊Õπ ®÷ß¬â“¬‰ª
‡≈’È¬ß∫πÕ“À“√§—¥‡≈◊Õ° Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥
·≈–°“√æ—≤π“‡ªìπæ◊™µâπ„À¡à µ√«® Õ∫§«“¡ “¡“√∂„π
°“√ª≈Ÿ°∂à“¬¬’π√–À«à“ß “¬‡™◊ÈÕ·≈–‡«≈“‚¥¬‡∑§π‘§∑“ß
‡π◊ÈÕ‡¬◊ËÕ‡§¡’ ·≈–°“√µâ“π∑“πµàÕ§“π“¡—¬´‘π  «“ß ‘Ëß
∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈„π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥
«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‚¥¬„™â DMRT

·µà≈–Àπà«¬°“√∑¥≈Õß∑” 4 ´È” ·µà≈–´È”ª√–°Õ∫¥â«¬®“π
‡æ“–‡≈’È¬ß∑’Ë‡≈’È¬ß„∫®”π«π 25 „∫

°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–§«“¡Àπ“·πàπ‡™◊ÈÕµàÕ°“√

ª≈Ÿ°∂à“¬¬’π

„π°“√»÷°…“π’È‰¥â∑¥ Õ∫ªí®®—¬ 2 ªí®®—¬ §◊Õ ‡™◊ÈÕ
Õ–‚°√·∫§∑’‡√’¬·≈–§«“¡Àπ“·πàπ ·µà≈–ªí®®—¬¡’ 3 √–¥—∫
§◊Õ ‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬ 3 ‡™◊ÈÕ “¬ §◊Õ Agrobacterium

tumefaciens  “¬‡™◊ÈÕ LBA 4404 ́ ÷Ëß¡’æ≈“ ¡‘¥ pBI 121

‡™◊ÈÕ Agrobacterium rhizogenes  “¬‡™◊ÈÕ LBA 4404

´÷Ëß¡’æ≈“ ¡‘¥  pTok 233  ·≈–‡™◊ÈÕ  Agrobacterium

rhizogenes  “¬‡™◊ÈÕ A13 ´÷Ëß¡’æ≈“ ¡‘¥ pBI 121 ·µà≈–
 “¬‡™◊ÈÕ„™â§«“¡Àπ“·πàπ  3  √–¥—∫  §◊Õ  §«“¡Àπ“·πàπ
4.95×109  9.9×109 ·≈– 1.98×1010 ‡´≈≈å/¡≈.

µ—¥„∫ÕàÕπ ’·¥ß∑—Èß„∫®“°¬Õ¥ ́ ÷Ëß‡æ“–‡≈’È¬ß„πÕ“À“√
2  ™—Èπ  ¡“‡≈’È¬ß√à«¡°—∫‡™◊ÈÕ∑—Èß  3   “¬‡™◊ÈÕ  ∑’Ë√–¥—∫§«“¡
Àπ“·πàπ¢Õß‡™◊ÈÕ∑—Èß 3 √–¥—∫ „πÕ“À“√‡À≈« Ÿµ√ 1.2 ∫π
‡§√◊ËÕß‡¢¬à“  60  √Õ∫/π“∑’  ‡ªìπ‡«≈“  48  ™—Ë«‚¡ß  ´—∫
Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘πÕÕ°¥â«¬°√–¥“…°√Õß∑’Ëºà“π°“√
Õ∫¶à“‡™◊ÈÕ ‡æ“–‡≈’È¬ß∫πÕ“À“√·¢Áß Ÿµ√ 1.2 ‡µ‘¡ ’́‚ø∑“ ‘́¡
200 ¡°/≈  ”À√—∫ “¬‡™◊ÈÕ LBA 4404 ∑’Ë¡’æ≈“ ¡‘¥ pTok

233 Õ‘π§‘«‡∫∑¥â«¬Õ“À“√ AB ‡µ‘¡‰Œ‚°√¡—¬´‘π 20 ¡°/≈
·∑π§“π“¡—¬´‘π   À≈—ß®“°‡≈’È¬ß√à«¡‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß
¬â“¬„∫‰ª‡≈’È¬ß∫πÕ“À“√∑’Ë‡µ‘¡‰Œ‚°√¡—¬ ‘́π 50 ¡°/≈  ( Ÿµ√
∑’Ë 3.2) ¿“¬„µâ ¿“æ§«“¡‡¢â¡· ß 2,500 ≈—°´å 14 ™¡/«—π

Õÿ≥À¿Ÿ¡‘ 26±2ºC À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 ‡¥◊Õπ
∫—π∑÷°°“√ √â“ß·§≈≈—  µ√«® Õ∫°‘®°√√¡¢Õß gus ·≈–
∑”°“√¬â“¬·§≈≈— ‰ª‡≈’È¬ß∫πÕ“À“√„À¡à Ÿµ√‡¥‘¡‡¥◊Õπ≈–
§√—Èß‡ªìπ‡«≈“ 2 ‡¥◊Õπ ®÷ß¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√ §—¥‡≈◊Õ°
 Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥·≈–°“√æ—≤π“‡ªìπæ◊™
µâπ„À¡à µ√«® Õ∫§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π√–À«à“ß
 “¬‡™◊ÈÕ·≈–§«“¡Àπ“·πàπ‚¥¬‡∑§π‘§∑“ß‡π◊ÈÕ‡¬◊ËÕ‡§¡’·≈–
°“√µâ“π∑“πµàÕ§“π“¡—¬ ‘́π «“ß ‘Ëß∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈
„π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥    «‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–
‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‚¥¬„™â DMRT ·µà≈–Àπà«¬°“√∑¥≈Õß
∑” 4 È́”  ·µà≈– È́”ª√–°Õ∫¥â«¬®“π‡æ“–‡≈’È¬ß∑’Ë‡≈’È¬ß„∫
®”π«π 25 „∫

°“√»÷°…“«‘∏’°“√·≈–‡«≈“‡≈’È¬ß√à«¡µàÕ§«“¡ “¡“√∂„π

°“√ª≈Ÿ°∂à“¬¬’π

∑”°“√µ—¥„∫ÕàÕπ ’·¥ß∑—Èß„∫®“°¬Õ¥ ´÷Ëß‡æ“–‡≈’È¬ß
„πÕ“À“√  2  ™—Èπ¡“‡≈’È¬ß√à«¡°—∫‡™◊ÈÕ  Agrobacterium

tumefaciens  “¬‡™◊ÈÕ LBA 4404 ́ ÷Ëß¡’æ≈“ ¡‘¥ pBI 121

∑’Ëºà“π°“√Õ‘π§‘«‡∫∑‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ¥â«¬«‘∏’°“√‡≈’È¬ß
√à«¡ 4 «‘∏’ §◊Õ

1. ‡≈’È¬ß√à«¡‡ªìπ‡«≈“ 10 π“∑’ ́ —∫Õ–‚°√·∫§∑’‡√’¬
 à«π‡°‘πÕÕ° ®÷ß°”®—¥‡™◊ÈÕ

2. ‡≈’È¬ß√à«¡‡ªìπ‡«≈“ 10 π“∑’ ́ —∫Õ–‚°√·∫§∑’‡√’¬
 à«π‡°‘πÕÕ°  ‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√  1.2  µàÕÕ’°  48

™—Ë«‚¡ß ®÷ß°”®—¥‡™◊ÈÕ
3. ‡≈’È¬ß√à«¡‚¥¬„™âÕ—≈µ√“‚´π‘§ 10 π“∑’  ´—∫

Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘πÕÕ° ‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√ 1.2

µàÕÕ’° 48 ™—Ë«‚¡ß ®÷ß°”®—¥‡™◊ÈÕ·≈–
4. °“√®ÿà¡·™à·≈â«¬°∑—π∑’ ®“°π—Èπªí°‡æ“–‡≈’È¬ß∫π

Õ“À“√ Ÿµ√ 1.2 µàÕÕ’° 48 ™—Ë«‚¡ß ®÷ß°”®—¥‡™◊ÈÕÀ≈—ß®“°
´—∫Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘πÕÕ° ·≈–‡æ“–‡≈’È¬ßµ“¡«‘∏’°“√
∑—Èß 4 «‘∏’  ®÷ß°”®—¥‡™◊ÈÕ‚¥¬¬â“¬„∫‰ª‡≈’È¬ß∫πÕ“À“√ Ÿµ√ 1.2

‡µ‘¡´’‚ø∑“´‘¡ 200 ¡°/≈ ( Ÿµ√∑’Ë 3.1) ‡«≈“ 48 ™—Ë«‚¡ß
®÷ß¬â“¬‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈
( Ÿµ√∑’Ë 3.2) ¿“¬„µâ ¿“æ§«“¡‡¢â¡· ß 2,500 ≈—°´å 14

™¡/«—π Õÿ≥À¿Ÿ¡‘ 26±2ºC À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1

‡¥◊Õπ  ∫—π∑÷°º≈°“√ √â“ß·§≈≈—   µ√«® Õ∫°‘®°√√¡¢Õß
gus ·≈–∑”°“√¬â“¬·§≈≈— ‰ª‡≈’È¬ß∫πÕ“À“√„À¡à Ÿµ√‡¥‘¡
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‡¥◊Õπ≈–§√—Èß‡ªìπ‡«≈“ 2 ‡¥◊Õπ ®÷ß¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√
§—¥‡≈◊Õ° Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥·≈–°“√æ—≤π“
‡ªìπæ◊™µâπ„À¡à µ√«® Õ∫§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π
·µà≈–«‘∏’°“√‡≈’È¬ß√à«¡‚¥¬‡∑§π‘§∑“ß‡π◊ÈÕ‡¬◊ËÕ‡§¡’·≈–°“√
µâ“π∑“πµàÕ§“π“¡—¬´‘π  ‡ª√’¬∫‡∑’¬∫°—π‚¥¬„™â·ºπ°“√
∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ «‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–‡ª√’¬∫‡∑’¬∫§à“
‡©≈’Ë¬‚¥¬„™â DMRT ·µà≈–Àπà«¬∑¥≈Õß∑” 4 ´È” ·µà≈–
´È”ª√–°Õ∫¥â«¬®“π‡æ“–‡≈’È¬ß∑’Ë‡≈’È¬ß„∫®”π«π 25 „∫

»÷°…“«‘∏’°“√ √â“ß·º≈°—∫·ºàπ„∫µàÕ§«“¡ “¡“√∂„π°“√

ª≈Ÿ°∂à“¬¬’π

„π°“√»÷°…“π’È∑¥ Õ∫ªí®®—¬ 2 ªí®®—¬ ∑’Ë¡’√–¥—∫‰¡à
‡∑à“°—π ªí®®—¬∑’Ë 1 ‡ªìπ«‘∏’°“√‡≈’È¬ß√à«¡¡’ 2 √–¥—∫ §◊Õ °“√
„™âÕ—µ√“‚´π‘§ ·≈–‰¡à„™âÕ—≈µ√“‚´π‘§  à«πÕ’°ªí®®—¬Àπ÷Ëß§◊Õ
°“√ √â“ß·º≈„Àâ°—∫·ºàπ„∫¡’ 4 √–¥—∫ §◊Õ „™â„∫∑—Èß„∫‚¥¬
‰¡à¡’°“√ √â“ß·º≈   √â“ß·º≈‚¥¬µ—¥·∫àß„∫‡ªìπ Õß à«π
µ“¡¢«“ß  √â“ß·º≈‚¥¬°√’¥·ºàπ„∫µ—¥‡ âπ°≈“ß„∫µ“¡¢«“ß
1 √Õ¬ ·≈– √â“ß·º≈‚¥¬°√’¥·ºàπ„∫µ—¥‡ âπ°≈“ß„∫ 2 √Õ¬

∑”°“√µ—¥„∫ÕàÕπ ’·¥ß®“°¬Õ¥¡—ß§ÿ¥´÷Ëß‡æ“–‡≈’È¬ß
„πÕ“À“√ 2 ™—Èπ ·≈– √â“ß·º≈„Àâ°—∫·ºàπ„∫∑—Èß 4 ·∫∫ π”
‰ª‡≈’È¬ß√à«¡°—∫‡™◊ÈÕ Agrobacterium tumefaciens  “¬‡™◊ÈÕ
LBA 4404 ´÷Ëß¡’æ≈“ ¡‘¥ pBI 121 ∑’Ëºà“π°“√Õ‘π§‘«‡∫∑
„πÕ“À“√‡À≈« 48 ™—Ë«‚¡ß ‚¥¬„™âÕ—≈µ√“‚´π‘§‡ªìπ‡«≈“ 10

π“∑’ ·≈–‰¡à„™âÕ—≈µ√“‚´π‘§ ´—∫Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘π
ÕÕ°¥â«¬°√–¥“…°√Õß∑’Ëºà“π°“√Õ∫¶à“‡™◊ÈÕ  π”¡“‡æ“–
‡≈’È¬ß™—°π”·§≈≈— ∫πÕ“À“√ Ÿµ√ 1.2 ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß
®“°π—Èπ¬â“¬‡≈’È¬ß‰ª∫πÕ“À“√ Ÿµ√‡¥‘¡‡µ‘¡´’‚ø∑“´‘¡ 200

¡°/≈ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ®÷ß∑”°“√¬â“¬‰ª‡æ“–‡≈’È¬ß∫π
Õ“À“√∑’Ë‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈ ( Ÿµ√∑’Ë 3.2) ¿“¬„µâ
 ¿“æ§«“¡‡¢â¡· ß 2,500 ≈—°´å 14 ™¡/«—π Õÿ≥À¿Ÿ¡‘ 26±

2ºC À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 ‡¥◊Õπ ∫—π∑÷°¢âÕ¡Ÿ≈°“√
 √â“ß·§≈≈—  µ√«® Õ∫°‘®°√√¡¢Õß GUS ·≈–∑”°“√¬â“¬
·§≈≈— ‰ª‡≈’È¬ß∫πÕ“À“√„À¡à Ÿµ√‡¥‘¡‡¥◊Õπ≈–§√—Èß‡ªìπ‡«≈“
2 ‡¥◊Õπ ®÷ß¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√§—¥‡≈◊Õ° Ÿµ√ 3.3 ‡æ◊ËÕ
™—°π”°“√ √â“ß¬Õ¥·≈–°“√æ—≤π“‡ªìπæ◊™µâπ„À¡à µ√«®
 Õ∫§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π√–À«à“ß«‘∏’°“√ √â“ß
·º≈„Àâ°—∫·ºàπ„∫‡¡◊ËÕ„™â·≈–‰¡à„™âÕ—≈µ√“‚´π‘§‚¥¬‡∑§π‘§

∑“ß‡π◊ÈÕ‡¬◊ËÕ‡§¡’·≈–°“√µâ“π∑“πµàÕ§“π“¡—¬ ‘́π  «“ß ‘Ëß
∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈„π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥
«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‚¥¬„™â DMRT ·µà
≈–Àπà«¬°“√∑¥≈Õß∑” 4 ´È” ·µà≈–´È”ª√–°Õ∫¥â«¬®“π
‡æ“–‡≈’È¬ß∑’Ë‡≈’È¬ß„∫®”π«π 25 „∫

°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–™‘Èπ à«π¡—ß§ÿ¥µàÕ§«“¡

 “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π

„π°“√»÷°…“π’È∑¥ Õ∫ 2 ªí®®—¬ §◊Õ ‡™◊ÈÕÕ–‚°√-
·∫§∑’‡√’¬ ·≈–™‘Èπ à«π¢Õß¡—ß§ÿ¥  ·µà≈–ªí®®—¬¡’ 2 √–¥—∫
¥—ßπ’È§◊Õ ‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬ 2  “¬‡™◊ÈÕ §◊Õ Agrobacte-

rium tumefaciens  “¬‡™◊ÈÕ LBA 4404 ´÷Ëß¡’æ≈“ ¡‘¥
pBI 121 ·≈–‡™◊ÈÕ Agrobacterium tumefaciens  “¬‡™◊ÈÕ
LBA 4404 ´÷Ëß¡’æ≈“ ¡‘¥ pTok 233   à«π™‘Èπ à«π∑’Ë„™â
§◊Õ „∫ÕàÕπ ’·¥ß·≈– à«π¢Õß≈”µâπ

∑”°“√µ—¥„∫ÕàÕπ ’·¥ß∑—Èß„∫·≈– à«π¢Õß≈”µâπ®“°
¬Õ¥¡—ß§ÿ¥´÷Ëß‡æ“–‡≈’È¬ß„πÕ“À“√ 2 ™—Èπ ¡“®ÿà¡·™à‡™◊ÈÕ∑—Èß 2
™π‘¥∑’Ëºà“π°“√Õ‘π§‘«‡∫∑„πÕ“À“√‡À≈«µ“¡«‘∏’°“√¢â“ßµâπ
‡ªìπ‡«≈“ 10 π“∑’ —́∫Õ–‚°√·∫§∑’‡√’¬ à«π‡°‘πÕÕ°¥â«¬
°√–¥“…°√Õß∑’Ëºà“π°“√Õ∫¶à“‡™◊ÈÕ π”™‘Èπ à«π„∫·≈–≈”µâπ
¡“‡æ“–‡≈’È¬ß™—°π”°“√ √â“ß·§≈≈— ∫πÕ“À“√ Ÿµ√ 1.2 ‡ªìπ
‡«≈“ 48 ™—Ë«‚¡ß  ®“°π—Èπ¬â“¬‡≈’È¬ß‰ª∫πÕ“À“√ Ÿµ√‡¥‘¡
‡µ‘¡´’‚ø∑“´‘¡ 200 ¡°/≈ ‡«≈“ 48 ™—Ë«‚¡ß ®÷ß∑”°“√¬â“¬
‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë‡µ‘¡§“π“¡—¬´‘π 50 ¡°/≈ ( Ÿµ√∑’Ë
3.2) ¿“¬„µâ ¿“æ§«“¡‡¢â¡· ß 2,500 ≈—°´å 14 ™¡/«—π
Õÿ≥À¿Ÿ¡‘ 26±2ºC À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 ‡¥◊Õπ
∫—π∑÷°¢âÕ¡Ÿ≈°“√ √â“ß·§≈≈—  µ√«® Õ∫°‘®°√√¡¢Õß GUS

·≈–∑”°“√¬â“¬·§≈≈— ‰ª‡≈’È¬ß∫πÕ“À“√„À¡à Ÿµ√‡¥‘¡‡¥◊Õπ
≈–§√—Èß‡ªìπ‡«≈“ 2 ‡¥◊Õπ ®÷ß¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√§—¥‡≈◊Õ°
 Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥·≈–°“√æ—≤π“‡ªìπæ◊™
µâπ„À¡à µ√«® Õ∫§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π√–À«à“ß
 “¬‡™◊ÈÕ·≈–™‘Èπ à«π¡—ß§ÿ¥‚¥¬‡∑§π‘§∑“ß‡π◊ÈÕ‡¬◊ËÕ‡§¡’·≈–
°“√µâ“π∑“πµàÕ§“π“¡—¬ ‘́π «“ß ‘Ëß∑¥≈Õß·∫∫·ø§∑Õ-
‡√’¬≈„π·ºπ°“√∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ «‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–
‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‚¥¬„™â DMRT ·µà≈–Àπà«¬°“√∑¥≈Õß
¬àÕ¬∑” 4 ´È” ·µà≈–´È”ª√–°Õ∫¥â«¬®“π‡æ“–‡≈’È¬ß∑’Ë‡≈’È¬ß
„∫®”π«π 25 „∫
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°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–‡«≈“„π°“√Õ‘π§‘«‡∫∑µàÕ

§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π

º≈°“√»÷°…“°“√„™â “¬‡™◊ÈÕ 3  “¬‡™◊ÈÕ ·≈–‡«≈“
„π°“√Õ‘π§‘«‡∫∑µà“ß°—π 3 ‡«≈“ æ∫«à“„∫‡√‘Ë¡¡’°“√ √â“ß

·§≈≈— À≈—ß‡æ“–‡≈’È¬ß 19 «—π À≈—ß®“°°“√‡æ“–‡≈’È¬ß‡ªìπ
‡«≈“ 1 ‡¥◊Õπ  æ∫«à“„∫∑’Ëºà“π°“√‡≈’È¬ß√à«¡°—∫Õ–‚°√-
·∫§∑’‡√’¬∑—Èß 2  “¬‡™◊ÈÕ·≈–‡«≈“„π°“√Õ‘π§‘«‡∫∑µà“ß°—π
 “¡“√∂ √â“ß·§≈≈— ‰¥â‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘ ·µà
Õ¬à“ß‰√°Áµ“¡ “¬‡™◊ÈÕ LBA 4404 ∑’Ë¡’Ë pBI 221 ¡’·π«‚πâ¡
„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘πÀ≈—ß°“√ª≈Ÿ°∂à“¬¬’π

Table 1. Analyses of strains of Agrobacterium and incubation periods for trans-

formability and callus formation.

Incubation period (h)

Strains 24 36 48 Avg F-test

1st Subculture
Without co-culture 30 30 30 30
A13 (WT) 39 48 30 39
A13 pBI (221) 46 17 55 39.33
LBA 4404 (pBI 221) 40 49 52 48.33

Avg 38.75 36 42.75 ns

F-test ns
C.V. (%) 48.34

2nd Subculture
Without co-culture 20 20 20 20
A13 (WT) 33 30 29 30.67
A13 (pBI 221) 26 17 34 25.67
LBA 4404 (pBI 221) 35 33 40 38.33

Avg. 28.5 25 32.5 ns

F-test ns
C.V.(%) 46.19

3rd Subculture
Without co-culture 3 3 3 3
A13 (WT) 25 39 25 29.55
A13 (pBI 221) 0 4 3 2.33
LBA 4404 (pBI 221) 0 3 6 3

Avg. 7 12.25 9.25

4th Subculture
Without co-culture 0 0 0 0
A13 (WT) 25 39 25 29.55
A13 (pBI 221) 0 0 0 0
LBA (4404 pBI) 221221 221 0 0 2 0.66

Avg. 6.25 9.75 6.75

ns = not significantly different

Statistical analysis was not performed after 2nd subculture
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48.33 ·≈– 38.33% „π°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡
≈”¥—∫  Ÿß°«à“ “¬‡™◊ÈÕÕ’ËπÊ  à«π‡«≈“„π°“√Õ‘π§‘«‡∫∑π—Èπ
æ∫«à“ ‡«≈“∑’Ë¡’·π«‚πâ¡„π°“√„Àâ·§≈≈— À≈—ß°“√ª≈Ÿ°∂à“¬
¬’π Ÿß ÿ¥§◊Õ °“√Õ‘π§‘«‡∫∑∑’Ë‡«≈“ 48 ™—Ë«‚¡ß „Àâ°“√ √â“ß
·§≈≈— µâ“π∑“πµàÕ§“π“¡—¬´‘π‡©≈’Ë¬ 42.75 ·≈– 32.5%

„π°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫ (Table 1)  à«π
 “¬‡™◊ÈÕ A13 æ—π∏ÿåªÉ“ „Àâ·§≈≈— ∑’Ëæ—≤π“µ“¡ª°µ‘‰¡à¡’°“√
µ“¬‡°‘¥¢÷Èπ  “¡“√∂æ—≤π“‰ª‡ªìπµâπ„À¡à‰¥â‰¡à·µ°µà“ß°—∫
·§≈≈— ∑’Ë‰¡à‰¥â‡≈’È¬ß√à«¡°—∫‡™◊ÈÕ ·≈–‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë
‰¡à‡µ‘¡§“π“¡—¬´‘π À≈—ß®“°°“√¬â“¬·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘π‰ª‡≈’È¬ß∫πÕ“À“√ Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”¬Õ¥·≈–
§—¥‡≈◊Õ°°“√ª≈Ÿ°∂à“¬¬’π  æ∫«à“‰¥â·§≈≈— æ—≤π“‰ª‡ªìπ
°≈ÿà¡µ“√«¡∑’Ëµâ“π∑“πµàÕ§“π“¡—¬ ‘́π‡æ’¬ß 2% ‡©æ“– “¬
‡™◊ÈÕ LBA 4404 pBI 221 ·µàÀ≈—ß®“°¬â“¬‡≈’È¬ßµàÕ‰ªÕ’°
3 ‡¥◊Õπ æ∫«à“°≈ÿà¡µ“√«¡¥—ß°≈à“«‰¡à “¡“√∂æ—≤π“°“√
µàÕ‰ª‡ªìπµâπ‰¥â‡ª≈’Ë¬π‡ªìπ ’¥”·≈–µ“¬ „π¢≥–∑’Ë™‘Èπ à«π
∑’Ë‰¡à‰¥â‡≈’È¬ß√à«¡°—∫‡™◊ÈÕ´÷Ëß‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë‰¡à‡µ‘¡ “√
ªÆ‘™’«π– °≈ÿà¡µ“√«¡ “¡“√∂æ—≤π“‰ª‡ªìπ¬Õ¥√«¡·≈–
µâπ‰¥â  ®“°°“√ ÿà¡·§≈≈— √Õ¥™’«‘µÀ≈—ß°“√ª≈Ÿ°∂à“¬¬’π
‡ªìπ‡«≈“ 1 ‡¥◊Õπ ®”π«π 10% ‡æ◊ËÕµ√«® Õ∫‡π◊ÈÕ‡¬◊ËÕ‡§¡’
‰¡àæ∫°‘®°√√¡¢Õß GUS

°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–§«“¡Àπ“·πàπ‡™◊ÈÕµàÕ°“√

ª≈Ÿ°∂à“¬¬’π

º≈°“√»÷°…“ “¬‡™◊ÈÕ 3  “¬‡™◊ÈÕ ·≈–§«“¡Àπ“·πàπ
‡™◊ÈÕ 3 √–¥—∫ µàÕ§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π æ∫«à“
‡√‘Ë¡¡’°“√ √â“ß·§≈≈— À≈—ß°“√‡æ“–‡≈’È¬ß 19 «—π  “¬‡™◊ÈÕ∑’Ë
„Àâ·§≈≈— µâ“π∑“πµàÕ§“π“¡—¬´‘πÀ≈—ß°“√ª≈Ÿ°∂à“¬¬’π Ÿß
∑’Ë ÿ¥§◊Õ A13 (pBI 221) ´÷Ëß„Àâ·§≈≈— µâ“π∑“πµàÕ§“π“-
¡—¬´‘π‡©≈’Ë¬ 39.67% ·≈– 18.66% À≈—ß®“°°“√¬â“¬‡≈’È¬ß
§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫  ¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘
Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß°—∫ “¬‡™◊ÈÕÕ◊Ëπ·≈–Àπà«¬∑¥≈Õß‡ª√’¬∫
‡∑’¬∫  √Õß≈ß¡“§◊Õ “¬‡™◊ÈÕ LBA 4404 (pBI 221) „Àâ
·§≈≈— ∑’Ë¡’§«“¡µâ“π∑“π‰¥â 29 ·≈– 15.67% ¢Õß°“√
¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫    à«π√–¥—∫§«“¡
Àπ“·πàπ¢Õß‡™◊ÈÕ∑’Ë„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬ ‘́π‰¥â
 Ÿß ÿ¥§◊Õ 1.9×1010  ´÷Ëß„Àâ°“√ √â“ß·§≈≈— µâ“π∑“πµàÕ
§“π“¡—¬´‘π‡©≈’Ë¬ 35.75 ·≈– 19% À≈—ß®“°°“√¬â“¬‡≈’È¬ß

§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘
Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß °—∫∑’Ë√–¥—∫§«“¡Àπ“·πàπ¢Õß‡™◊ÈÕ 9.9

×109 ́ ÷Ëß √â“ß·§≈≈— µâ“π∑“πµàÕ§“π“¡—¬´‘π‰¥â 22.5 ·≈–
12.25% À≈—ß®“°°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫
·≈–∑’Ë√–¥—∫§«“¡Àπ“·πàπ¢Õß‡™◊ÈÕ 4.9×109  √â“ß·§≈≈— 
‰¥â 21.75 ·≈– 13.5% À≈—ß®“°°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈–
2 µ“¡≈”¥—∫ (Table 2) À≈—ß®“°¬â“¬‰ª‡≈’È¬ß¬—ßÕ“À“√ Ÿµ√
3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥§—¥‡≈◊Õ°°“√ª≈Ÿ°∂à“¬¬’πæ∫«à“
°“√„™â “¬‡™◊ÈÕ A13 (pBI 221) „Àâ·§≈≈— √Õ¥™’«‘µ 1.33%

 “¬‡™◊ÈÕ LBA 4404 pBI 221 ·≈– LBA 4404 pTok

233 „Àâ·§≈≈— √Õ¥™’«‘µ 0.66 ·≈– 0.33% µ“¡≈”¥—∫  à«π
√–¥—∫§«“¡Àπ“·πàπ∑’Ë„Àâ°“√√Õ¥™’«‘µ¢Õß·§≈≈—  Ÿß ÿ¥§◊Õ
∑’Ë√–¥—∫§«“¡Àπ“·πàπ 1.9×1010 ÷́Ëß„Àâ·§≈≈—  √Õ¥™’«‘µ
‰¥â 0.75% ·µà·§≈≈— ¥—ß°≈à“«‰¡à “¡“√∂æ—≤π“‡ªìπ°≈ÿà¡
µ“√«¡À√◊Õ¬Õ¥‰¥â  ·≈–‡ª≈’Ë¬π‡ªìπ ’¥”·≈–µ“¬„π∑’Ë ÿ¥
„π¢≥–∑’Ë·§≈≈— ∑’Ë‰¡à‰¥â‡≈’È¬ß√à«¡·≈–‡æ“–‡≈’È¬ß∫πÕ“À“√
‰¡à‡µ‘¡§“π“¡—¬ ‘́π “¡“√∂æ—≤π“‰ª‡ªìπ°≈ÿà¡µ“√«¡·≈–
¬Õ¥‰¥â ®“°°“√«‘‡§√“–ÀåªÆ‘ —¡æ—π∏å√–À«à“ßªí®®—¬∑—Èß 2 æ∫
«à“°“√„™â√–¥—∫§«“¡Àπ“·πàπ‡™◊ÈÕ Ÿß¢÷Èπ àß‡ √‘¡„Àâ·§≈≈— 
µâ“π∑“πµàÕ§“π“¡—¬´‘π·≈–°“√√Õ¥™’«‘µ¢Õß·§≈≈—  Ÿß¢÷Èπ
 “¬‡™◊ÈÕ∑’Ë„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π Ÿß ÿ¥§◊Õ A13

(pBI 221) 56% √Õß≈ß¡“§◊Õ  “¬‡™◊ÈÕ LBA 4404 (pBI

221) 45% ∑’Ë√–¥—∫§«“¡Àπ“·πàπ¢Õß‡™◊ÈÕ 1.9×1010 ‡´≈≈å/
¡≈.   à«π “¬‡™◊ÈÕ LBA 4404 (pTok 233) „Àâ·§≈≈— 
µâ“π∑“πµàÕ§“π“¡—¬ ‘́πµË” ÿ¥ 13% ∑’Ë√–¥—∫§«“¡Àπ“·πàπ
4.9×109 ‡´≈≈å/¡≈.  à«π§«“¡Àπ“·πàπ∑’Ë 9.9×109 ‡´≈≈å/
¡≈.  ¡’º≈∑”„Àâ°“√ √â“ß·§≈≈—  LBA 4404 pBI 221

≈¥≈ß·µà‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ„™â√–¥—∫§«“¡Àπ“·πàπ Ÿß¢÷Èπ‡ªìπ 1.9

×1010 ‡´≈≈å/¡≈. (Table 2)

°“√»÷°…“«‘∏’°“√‡≈’È¬ß√à«¡µàÕ§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬

¬’π

®“°°“√»÷°…“«‘∏’°“√‡≈’È¬ß√à«¡·µ°µà“ß°—π 4 «‘∏’ ·≈–
‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 ‡¥◊Õπ æ∫«à“„∫ “¡“√∂ √â“ß·§≈≈— 
‰¥â‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘  ·µà°“√‡≈’È¬ß√à«¡‡ªìπ‡«≈“ 10

π“∑’ „Àâ°“√ √â“ß·§≈≈— ‰¥â Ÿß°«à“§◊Õ 67% √Õß≈ß¡“§◊Õ
°“√‡≈’È¬ß¥â«¬«‘∏’®ÿà¡‡™◊ÈÕªí°‡≈’È¬ß  √â“ß·§≈≈— ‰¥â 60% ·µà
À≈—ß®“°‡æ“–‡≈’È¬ß‰¥â 2 ‡¥◊Õπ  æ∫«à“·§≈≈— ∑’Ë‰¥â®“°°“√
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‡æ“–‡≈’È¬ß„∫√à«¡°—∫Õ–‚°√·∫§∑’‡√’¬ 10 π“∑’·≈–‡æ“–‡≈’È¬ß
µàÕ∫πÕ“À“√ 48 ™—Ë«‚¡ß  µâ“π∑“πµàÕ§“π“¡—¬´‘π Ÿß ÿ¥
21% √Õß≈ß¡“§◊Õ°“√‡≈’È¬ß√à«¡¥â«¬«‘∏’°“√®ÿà¡‡™◊ÈÕªí°‡≈’È¬ß
·≈–°“√‡≈’È¬ß√à«¡‡ªìπ‡«≈“ 10 π“∑’ „Àâ·§≈≈— √Õ¥™’«‘µ 19

·≈– 18% µ“¡≈”¥—∫ ·µ°µà“ß°—π∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠

°—∫°“√‡æ“–‡≈’È¬ß‚¥¬„™âÕ—≈µ√“‚´π‘§ ´÷Ëß·§≈≈— √Õ¥™’«‘µ‰¥â
15% À≈—ß°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 3 (‡¥◊Õπ∑’Ë 3) ‡À≈◊Õ·§≈≈— 
∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π≈¥≈ß °“√¬â“¬‡≈’È¬ß‰ª¬—ßÕ“À“√
 Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥·≈–§—¥‡≈◊Õ°  æ∫«à“
·§≈≈— ∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß„∫√à«¡°—∫Õ–‚°√·∫§∑’‡√’¬

Table 2. Effect of bacterial strain and density on gene transformation detected by

resistance to kanamycin.

Density (cell/ml)

Strain of Agrobacterium 4.9×××××109 9.9×××××109 1.9×××××1010 Avg. F-test

1st Subculture
Without co-culture 18 18 18 18 c
A13 (pBI 221) 31 32 56 39.67 a
LBA 4404 (pBI 221) 25 17 45 29 b
LBA 4404 (pTok 233) 13 23 24 20 bc

Avg. 21.75 b 22.5 b 35.75 a **

F-test **
C.V. (%) 34.05

2nd Subculture
Without co-culture 14 14 14 14
A13 (pBI 221) 15 12 29 18.66
LBA 4404 (pBI 221) 15 14 18 15.67
LBA 4404 (pTok 233) 10 9 18 12.33

Avg. 13.5 b 12.25 b 19 a **

F-test ns
C.V. (%) 47.70

3rd Subculture
Without co-culture 1 1 1 1
A13 (pBI 221) 2 3 5 3.33
LBA (4404 pBI 221) 2 2 4 2.66
LBA 4404 (pTok 233) 2 0 2 1.33

Avg. 1.75 1.5 3

4th Subculture
Without co-culture 0 0 0 0
A13 (pBI 221) 1 1 2 1.33
LBA 4404 (pBI 221) 1 1 0 0.66
LBA 4404 (pTok 233) 0 0 1 0.33

Avg. 0.5 0.5 0.75

** Significantly different at P<0.01

Means not sharing common letter within rows or columns differ significantly by DMRT

Statistical analysis was not performed after 2nd subculture
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Factors affecting gene transformation in mangosteen
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10 π“∑’·≈–‡æ“–‡≈’È¬ßµàÕ∫πÕ“À“√ 48 ™—Ë«‚¡ß ¡’·§≈≈— ∑’Ë
µâ“π∑“πµàÕ§“π“¡—¬´‘π‡æ’¬ß°“√∑¥≈Õß‡¥’¬«‡∑à“π—Èπ (1%)

 à«π°“√∑¥≈ÕßÕ◊ËπÊ ‰¡à¡’·§≈≈— √Õ¥™’«‘µ ®÷ßæÕ √ÿª‰¥â«à“
°“√‡æ“–‡≈’È¬ß„∫√à«¡°—∫Õ–‚°√·∫§∑’‡√’¬ 10 π“∑’·≈–‡æ“–
‡≈’È¬ßµàÕ∫πÕ“À“√ 48 ™—Ë«‚¡ß ¡’ª√– ‘∑∏‘¿“æ„π°“√ª≈Ÿ°
∂à“¬¬’π Ÿß°«à“«‘∏’°“√Õ◊Ëπ (Table 3)

°“√»÷°…“«‘∏’°“√ √â“ß·º≈°—∫·ºàπ„∫µàÕ§«“¡ “¡“√∂„π

°“√ª≈Ÿ°∂à“¬¬’π

º≈°“√ √â“ß·º≈°—∫·ºàπ„∫·∫∫µà“ßÊ ·≈–°“√„™â
Õ—≈µ√“‚´π‘§‡ªìπ‡«≈“ 10 «‘π“∑’ µàÕ§«“¡ “¡“√∂„π°“√
ª≈Ÿ°∂à“¬¬’π‡ª√’¬∫‡∑’¬∫°—∫°“√‰¡à„™â æ∫«à“°“√‰¡à„™â·≈–
°“√„™âÕ—≈µ√“‚´π‘§  àß‡ √‘¡°“√ √â“ß·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘π‰¥â‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ ‡¡◊ËÕµ√«® Õ∫§«“¡
 “¡“√∂¥—ß°≈à“«À≈—ß‡≈’È¬ß·§≈≈— „πÕ“À“√‡µ‘¡§“π“¡—¬ ‘́π
‡ªìπ‡«≈“ 1 ·≈– 2 ‡¥◊Õπ  æ∫«à“Àπà«¬∑¥≈Õß∑’Ë‰¡à„™â
Õ—≈µ√“‚´π‘§„Àâ°“√ √â“ß·§≈≈—  69.25 ·≈– 32.75%  „π
¢≥–∑’Ë°“√„™âÕ—≈µ√“‚´π‘§„Àâ°“√ √â“ß·§≈≈—  59.50 ·≈–
30.5% (Table 4)  à«π°“√ √â“ß·º≈°—∫·ºàπ„∫∑—Èß 4 ·∫∫
æ∫«à“°“√µ—¥„∫‡ªìπ 2  à«π„Àâ°“√ √â“ß·§≈≈— ∑’Ëµâ“π∑“π
µàÕ§“π“¡—¬´‘π‰¥â Ÿß ÿ¥ 85.5% ·µ°µà“ß°—π∑“ß ∂‘µ‘Õ¬à“ß
¡’π—¬ ”§—≠¬‘Ëß°—∫°“√‡≈’È¬ß∑—Èß„∫ °√’¥·ºàπ„∫µ—¥‡ âπ°≈“ß„∫
µ“¡¢«“ß 1-2 √Õ¬ ´÷Ëß„Àâ°“√ √â“ß·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘π 70, 58.7 ·≈– 43.5% µ“¡≈”¥—∫ (Table 4)

∂÷ß·¡â°“√„™â·≈–°“√‰¡à„™âÕ—≈µ√“‚´π‘§„Àâ·§≈≈— ∑’Ëµâ“π∑“π
µàÕ§“π“¡—¬ ‘́π‰¡à·µ°µà“ß°—π „∫∑’Ë„™âÕ—≈µ√“‚´π‘§¡’≈—°…≥–
‰À¡â‡ª≈’Ë¬π‡ªìπ ’πÈ”µ“≈¡“°°«à“ ·≈–µ“¬‡√Á«°«à“„∫∑’Ë‰¡à„™â
Õ—≈µ√“‚´π‘§ À≈—ß®“°°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 2 æ∫«à“°“√µ—¥
·∫àß„∫‡ªìπ Õß à«πµ“¡¢«“ß ·≈–°“√‡≈’È¬ß∑—Èß„∫ „Àâ°“√
√Õ¥™’«‘µ¢Õß·§≈≈— ∑’Ë‡æ“–‡≈’È¬ß∫πÕ“À“√∑’Ë‡µ‘¡§“π“¡—¬´‘π
41 ·≈– 39% µ“¡≈”¥—∫ ·µ°µà“ß°—π∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬
 ”§—≠¬‘Ëß°—∫°“√°√’¥·ºàπ„∫‚¥¬°“√µ—¥‡ âπ°≈“ß„∫µ“¡¢«“ß
1-2 √Õ¬ ´÷Ëß„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π 25 ·≈–
21.5% µ“¡≈”¥—∫ À≈—ß®“°°“√¬â“¬‡≈’È¬ß‰ª¬—ßÕ“À“√ Ÿµ√
3.3 ‡æ◊ËÕ™—°π”°“√ √â“ß¬Õ¥·≈–§—¥‡≈◊Õ° æ∫«à“¡’°“√√Õ¥
™’«‘µ¢Õß·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π¢Õß„∫∑’Ë‡≈’È¬ß∑—Èß
„∫ ·≈–°“√µ—¥·∫àß„∫‡ªìπ Õß à«πµ“¡¢«“ß√à«¡°—∫«‘∏’°“√
‡≈’È¬ß√à«¡‚¥¬‰¡à„™âÕ—≈µ√“‚´π‘§‡∑à“π—Èπ  ÷́Ëß„Àâ·§≈≈— ∑’Ë
µâ“π∑“πµàÕ§“π“¡—¬´‘π 2 ·≈– 1% µ“¡≈”¥—∫  ‰¡àæ∫
ªÆ‘ —¡æ—π∏å√–À«à“ßªí®®—¬∑—Èß 2

°“√»÷°…“º≈¢Õß “¬‡™◊ÈÕ·≈–™‘Èπ à«π¡—ß§ÿ¥µàÕ§«“¡

 “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π

º≈°“√„™â„∫ÕàÕπ ’·¥ß∑—Èß„∫·≈– à«π¢Õß ”µâπ
ÕàÕπ‡≈’È¬ß√à«¡°—∫‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬ 2  “¬‡™◊ÈÕµàÕ§«“¡
 “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π À≈—ß°“√‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1

‡¥◊Õπ  æ∫«à“‡¡◊ËÕµ√«® Õ∫º≈∑—Èß 2 ªí®®—¬  ¡’°“√ √â“ß
·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬ ‘́π‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘

Table 3. Effect of co-culture techniques on gene transformation detected by resistance to kanamycin.

    Callus formation (%)

Technique of co-culture 1st Subculture 2nd Subculture 3rd Subculture 4th Subculture

Soaking for 10 min 67 18 a 3 0
Soaking for 10 min and culture
   in medium for 48 h 55 21 a 5 1
Soaking and sonicating for 10 min 58 15 b 1 0
Dipping and inserting in culture medium 60 19 a 2 0

F-test ns *
C.V. (%) 23.52 17.52

ns = not significant difference

* Significant difference (P<0.05)

Means not sharing common letter within column differ significantly by DMRT

Statistical analysis was not performed after 2nd subculture
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Table 4. Effect of wounding formation to the leaf explants and co-culture technique on callus

formation and gene transformation.

       Wounding formation

Strain of Agrobacterium Whole leaf Cut to half 1 Notching 2 Notching Avg. F-test

1st Subculture
Without sonicator 78 93 60 46 69.25
With sonicator 62 78 57 41 59.50

Avg. 70.00 b 85.50 a 58.70 b 43.50 b **

F-test ns
C.V. (%) 16.53

2nd Subculture
Without sonicator 39 43 26 23 32.75
With sonicator 39 39 24 20 30.50

Avg. 39.00 a 41.00 a 25.00 b 21.50 b **

F-test ns
C.V. (%) 16.40

3th Subculture
Without sonicator 10 7 7 3 6.75
With sonicator 3 3 2 2 2.50

Avg. 6.50 5.00 4.50 2.50

4th Subculture
Without sonicator 2 1 0 0
With sonicator 0 0 0 0

Avg. 1.00 0.50 0 0

ns not significant difference

** Significant difference (P<0.01)

Means not sharing common letter within rows or columns differ significantly by DMRT

Statistical analysis was not performed after 2nd subculture

Õ¬à“ß‰√°Áµ“¡„∫ ’·¥ß„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π
59% ·≈– 24.5% ¢Õß°“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 2 ¡’·π«‚πâ¡
¥’°«à“°“√„™â à«π¢Õß≈”µâπ´÷Ëß„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘π 49% ·≈– 18.5% °“√¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈–
∑’Ë 2 µ“¡≈”¥—∫  ”À√—∫ “¬‡™◊ÈÕ LBA 4404 pBI 221 „Àâ
·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π¡—¬´‘π 54 ·≈– 22.5% ¢Õß°“√
¬â“¬‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫   à«π “¬‡™◊ÈÕ LBA

4404 pTok 233 „Àâ·§≈≈—  54 ·≈– 20.5% ¢Õß°“√¬â“¬
‡≈’È¬ß§√—Èß∑’Ë 1 ·≈– 2 µ“¡≈”¥—∫ (Table 5) À≈—ß°“√¬â“¬
‡≈’È¬ß§√—Èß∑’Ë 3 °“√√Õ¥™’«‘µ¢Õß·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“-

¡—¬´‘π‡√‘Ë¡‡ª≈’Ë¬π‡ªìπ ’¥” ·≈–µ“¬„π∑’Ë ÿ¥  ‰¡àæ∫·§≈≈— 
µâ“π∑“πµàÕ§“π“¡—¬´‘π

«‘®“√≥å

ªí®®—¬∑’Ë¡’º≈ ”‡√Á®µàÕ°“√ª≈Ÿ°∂à“¬¬’ππ—Èπ¡’®”π«π
¡“° ªí®®—¬æ◊Èπ∞“π∑’Ëπ—∫«à“ ”§—≠·≈–®”‡ªìπµâÕß§”π÷ß∂÷ß
‰¥â·°à  “¬‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬ ´÷Ëß√«¡∂÷ß‚§√ß √â“ß¢Õß
æ≈“ ¡‘¥∑’Ë‰¥âµ—¥µàÕ‰«â¥â«¬  ™π‘¥·≈–™‘Èπ à«πæ◊™∑’Ëπ”¡“
ª≈Ÿ°∂à“¬ ·≈–‡∑§π‘§∑’Ë„™âÀ√◊Õπ”¡“ª√–¬ÿ°µå„™â√«¡∂÷ß√–¬–
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Table 5. Effect of strain of Agrobacterium and explant type on callus

formation and gene transformation.

       Explant type

Strain of Agrobacterium Red leaf Stem Avg. F- test

1st Subculture
LBA 4404 (pBI 221) 58 50 54.00
LBA 4404 (pTok 233) 60 48 54.00

Avg. 59.00 49.00 ns

F-test ns
C.V. (%) 20.95

2nd Subculture
LBA 4404 (pBI 221) 25 20 22.50
LBA 4404 (pTok 233) 24 17 20.50

Avg. 24.50 18.50 ns

F-test ns
C.V. (%) 19.73

3rd Subculture
LBA 4404 (pBI 221) 3 2 2.50
LBA 4404 (pTok 233) 2 0 1.00

Avg. 2.50 1.00

4th Subculture
LBA 4404 (pBI 221) 0 0 0
LBA 4404 (pTok 233) 0 0 0

Avg. 0 0

ns = not significantly different

Statistical analysis was not performed after 2nd subculture

‡«≈“„π°“√Õ‘π§‘«‡∫∑ Jong ·≈–§≥– (1993) æ∫«à“°“√
„™â Agrobacterium tumefaciens  “¬‡™◊ÈÕ LBA 4404 ∑’Ë
¡’æ≈“ ¡‘¥ p35GUSINT ∑’Ë¡’§«“¡√ÿπ·√ß “¡“√∂ª≈Ÿ°
∂à“¬¬’π‰¥â Ÿß McAfee ·≈–§≥– (1993) »÷°…“°“√™—°π”
√“°„π pine (Pinus)  larch (Larix) ‚¥¬„™â Agrobacte-

rium rhizogenes  “¬‡™◊ÈÕ A4 ·≈– R1000 æ∫«à“ “¬
‡™◊ÈÕ A4  “¡“√∂ª≈Ÿ°∂à“¬¬’π‰¥â¥’°«à“ “¬‡™◊ÈÕ R1000 µâπ
∑’Ë‰¥â√—∫°“√ª≈Ÿ°∂à“¬¬’π¡’°“√ √â“ß√“°·≈–§ÿ≥¿“æ¢Õß√“°
¥’°«à“µâπ∑’Ë‰¡à‰¥â√—∫°“√ª≈Ÿ°∂à“¬¬’π Lowe ·≈–§≥– (1993)

‰¥â»÷°…“ªí®®—¬∫“ßª√–°“√µàÕ°“√ª≈Ÿ°∂à“¬¬’π·≈–°“√‡®√‘≠
‡ªìπµâπ„À¡à¢Õß‡∫≠®¡“» æ∫«à“ “¬‡™◊ÈÕ∑—Èß 17  “¬‡™◊ÈÕ¡’

º≈µàÕ°“√ √â“ß·§≈≈— ¢Õß„∫  πÕ°®“°™π‘¥¢Õß‡™◊ÈÕ·≈â«
§«“¡Àπ“·πàπ°Á¡’º≈‡™àπ‡¥’¬«°—π  Lin ·≈–§≥– (1994)

∑’Ë∑”°“√∑¥≈Õß°“√ª≈Ÿ°∂à“¬¬’π„π¬“ Ÿ∫·≈– Arabidopsis

thalina æ∫«à“ °“√„™â√–¥—∫§«“¡Àπ“·πàπ¢Õß‡™◊ÈÕ Ÿß¢÷Èπ
∑”„Àâ§«“¡ ”‡√Á®„π°“√ª≈Ÿ°∂à“¬¬’π Ÿß¢÷Èπ „π¢≥–∑’Ë Pena

·≈–§≥– (1995°,¢) æ∫«à“ª≈Ÿ°∂à“¬¬’π„Àâª√– ‘∑∏‘¿“æ Ÿß
„π â¡‚¥¬„™â “¬‡™◊ÈÕ∑’Ë¡’§«“¡√ÿπ·√ß·≈–§«“¡Àπ“·πàπ
¢Õß‡™◊ÈÕ 4×107 ‡´≈≈å/¡≈.   à«π§«“¡Àπ“·πàπ 4×108

‡´≈≈å/¡≈. ª√– ∫º≈ ”‡√Á®„π°“√ª≈Ÿ°∂à“¬¬’π‰¥âµË”°«à“
‡ÀÁπ‰¥â™—¥‡®π«à“°“√„™â√–¥—∫§«“¡Àπ“·πàπ∑’Ë„™â¢÷ÈπÕ¬Ÿà°—∫
§«“¡·µ°µà“ß¢Õß “¬‡™◊ÈÕ·≈–™π‘¥¢Õßæ◊™    à«π°“√
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∑¥≈Õß¢Õß Jong ·≈–§≥– (1993) æ∫«à“°“√ª≈Ÿ°∂à“¬¬’π
„π‡∫≠®¡“»¥â«¬ Agrobacterium tumefaciens  “¬‡™◊ÈÕ
LBA  4404  ∑’Ë¡’æ≈“ ¡‘¥  p35GUSINT  √–¥—∫§«“¡
Àπ“·πàπ¢Õß‡™◊ÈÕ 5×108 ‡ªìπ√–¥—∫∑’Ë‡À¡“– ¡µàÕ°“√„™â
„π°“√ª≈Ÿ°∂à“¬¬’π¡“°∑’Ë ÿ¥

„π°“√»÷°…“π’È æ∫«à“Õ–‚°√·∫§∑’‡√’¬∑—Èß 3  “¬‡™◊ÈÕ
·≈–‡«≈“„π°“√Õ‘π§‘«‡∫∑µà“ß°—π „Àâ°“√ √â“ß·§≈≈— ‰¥â
‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘  Õ¬à“ß‰√°Áµ“¡  “¬‡™◊ÈÕ LBA

4404 ∑’Ë¡’Ë pBI 221 ¡’·π«‚πâ¡„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘πÀ≈—ß°“√ª≈Ÿ°∂à“¬¬’π‰¥â Ÿß°«à“Àπà«¬∑¥≈ÕßÕ◊Ëπ
√–¥—∫§«“¡Àπ“·πàπ∑’Ë„Àâ·§≈≈— µâ“π∑“πµàÕ§“π“¡—¬ ‘́π Ÿß
∑’Ë ÿ¥§◊Õ 1.9×1010 ‡´≈≈å/¡≈. ·¡â«à“∑’Ë√–¥—∫§«“¡Àπ“·πàπ
9.9×109  ‡´≈≈å/¡≈. ¢Õß “¬‡™◊ÈÕ LBA 4404 ∑’Ë¡’æ≈“ ¡‘¥
pBI221 „Àâ·§≈≈— πâÕ¬„π™à«ß·√°°Áµ“¡ ·µàÀ≈—ß®“°¬â“¬
‡≈’È¬ßµàÕ¡“®”π«π·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π‡ªìπ‰ª
„π∑”πÕß‡¥’¬«°—π°—∫∑ÿ°√–¥—∫§«“¡Àπ“·πàπ  ·§≈≈— ∑’Ë
µâ“π∑“πµàÕ§“π“¡—¬ ‘́π≈¥®”π«π≈ßÕ¬à“ß√«¥‡√Á« ‡¡◊ËÕ¬â“¬
‡≈’È¬ß‰ª¬—ßÕ“À“√ Ÿµ√ 3.3 ‡æ◊ËÕ™—°π”¬Õ¥·≈–§—¥‡≈◊Õ° 1

‡¥◊Õπ ·§≈≈— ¥—ß°≈à“«‰¡à “¡“√∂æ—≤π“‰ª‡ªìπ°≈ÿà¡µ“√«¡
À√◊Õ¬Õ¥‰¥â ·µà‡ª≈’Ë¬π‡ªìπ ’¥”·≈–µ“¬  Lowe ·≈–§≥–
(1993) √“¬ß“π°“√„™â·§≈≈— ∑’Ë™—°π”‰¥â®“°°“√‡æ“–‡≈’È¬ß
™‘Èπ à«π„∫√à«¡°—∫‡™◊ÈÕ∑—Èß 17  “¬‡™◊ÈÕ «à“‰¡à “¡“√∂„™â‡ªìπ
µ—«∫àß™’È„π°“√ª≈Ÿ°∂à“¬¬’π‰¥â  ‡π◊ËÕß®“°¬—ß‰¡à‰¥âµâπ∑’Ë ¡∫Ÿ√≥å
·≈–¬—ß‰¡àæ∫°‘®°√√¡¢Õß GUS ‰¥â‡æ’¬ß·§≈≈— ∑’Ëµâ“π∑“π
µàÕ§“π“¡—¬´‘π‡∑à“π—Èπ ‡™àπ‡¥’¬«°—∫°“√»÷°…“π’È∑’Ë‰¡à “¡“√∂
∑’Ë®–µ√«® Õ∫°‘®°√√¡¢Õß GUS ·≈–‰¡à “¡“√∂™—°π”
µâπ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π‰¥â

‡«≈“„π°“√Õ‘π§‘«‡∫∑∑’Ë‡À¡“– ¡¡’º≈µàÕ°“√ª≈Ÿ°
∂à“¬¬’π Benjamin ·≈–§≥– (1993) √“¬ß“π°“√ª≈Ÿ°
∂à“¬¬’π‡¢â“ Ÿà¬Õ¥¢Õß  Rauvolfia  serpentina  ‚¥¬„™â
Agrobacterium rhizogenes  “¬‡™◊ÈÕ 15434 ‡∑à“π—Èπ∑’Ë
 “¡“√∂ª≈Ÿ°∂à“¬¬’π‰¥â  ‡«≈“∑’Ë‡À¡“– ¡„π°“√Õ‘π§‘«‡∫∑§◊Õ
72 ™—Ë«‚¡ß „π¢≥–∑’Ë°“√Õ‘π§‘«‡∫∑ 48 ™—Ë«‚¡ß „Àâ·§≈≈— 
µâ“π∑“πµàÕ§“π“¡—¬ ‘́πÀ≈—ß°“√ª≈Ÿ°∂à“¬¬’π Ÿß ÿ¥ Norelli

·≈–§≥– (1994) æ∫«à“°“√Õ‘π§‘«‡∫∑‡™◊ÈÕ‡«≈“ 18 ™—Ë«‚¡ß
‡ªìπ‡«≈“∑’Ë‡À¡“–„π°“√ª≈Ÿ°∂à“¬¬’π°—∫·Õª‡ªîô≈æ—π∏ÿå
Malling 26 „Àâµâ“π∑“πµàÕ‡™◊ÈÕ Erwinia amylovora ®“°
°“√∑¥≈Õß¢Õß  Raharjo  ·≈–§≥–  (1996)  æ∫«à“°“√

Õ‘π§‘«‡∫∑‡™◊ÈÕ‡ªìπ‡«≈“ 48 ·≈– 96 ™—Ë«‚¡ß ‡À¡“–„π°“√
ª≈Ÿ°∂à“¬¬’π„π·µß°«“´÷Ëß„Àâº≈‰¡à·µ°µà“ß°—π  à«π√–¬–
‡«≈“„π°“√Õ‘π§‘«‡∫∑„π°“√∑¥≈Õßπ’Èæ∫«à“°“√Õ‘π§‘«‡∫∑
‡«≈“ 48 ™—Ë«‚¡ß ‡À¡“– ¡µàÕ°“√ª≈Ÿ°∂à“¬¬’π„∫¡—ß§ÿ¥¡“°
∑’Ë ÿ¥ ‡«≈“¥—ß°≈à“«°“√‡®√‘≠‡µ‘∫‚µ¢Õß·∫§∑’‡√’¬ ‚§√ß √â“ß
¢Õß‡´≈≈å ·≈–°‘®°√√¡¿“¬„π‡´≈≈å‡À¡“–µàÕ°“√·∫àß‡´≈≈å
·≈–°“√‡¢â“∑”≈“¬‡´≈≈å‡®â“∫â“πÀ√◊Õæ◊™Õ“»—¬

º≈°“√ √â“ß·º≈°—∫·ºàπ„∫·∫∫µà“ßÊ ·≈–°“√„™â
Õ—≈µ√“‚´π‘§‡ªìπ‡«≈“ 10 π“∑’ „Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ
§“π“¡—¬´‘π‰¥â‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ ·µà¡’·π«‚πâ¡«à“°“√
‰¡à„™â “¡“√∂ √â“ß·§≈≈— À≈—ß°“√ª≈Ÿ°∂à“¬¬’π‰¥â Ÿß°«à“
æÕ √ÿª‰¥â«à“°“√„™âÕ—≈µ√“‚´π‘§∑’Ë‡«≈“¥—ß°≈à“«‰¡à‰¥â àß‡ √‘¡
°“√ª≈Ÿ°∂à“¬¬’π πà“®–„™â√–¬–‡«≈“„π°“√„™âÕ—≈µ√“‚´π‘§
„ÀâπâÕ¬≈ß‡ªìπ«‘π“∑’ „π°“√»÷°…“§√—Èßπ’È‰¡à‰¥â∑¥≈Õß√–¬–
‡«≈“„π°“√„™âÕ—≈µ√“‚´π‘§  ®“°°“√∑¥≈Õß§√—Èß·√°∑’Ë‰¥â
»÷°…“√–¬–‡«≈“°“√„™âÕ—≈µ√“‚´π‘§‡æ’¬ß‡«≈“‡¥’¬« (10 π“∑’)
∂÷ß·¡âº≈°“√∑¥≈Õß¥—ß°≈à“« √â“ß·§≈≈— ‰¥âπâÕ¬°Áµ“¡ ·µà
°“√∑¥≈Õß∑—Èß 2 ‰¥â∑”„π‡«≈“„°≈â‡§’¬ß°—π®÷ß‰¡à “¡“√∂
π”º≈°“√∑¥≈ÕßÀπ÷Ëß¡“°”Àπ¥°“√„™â°—∫Õ’°°“√∑¥≈Õß
Àπ÷Ëß‰¥â  πÕ°®“°π’È¬—ßæ∫«à“°“√„™âÕ—≈µ√“‚´π‘§∑”„Àâ°“√
°”®—¥‡™◊ÈÕÕ–‚°√·∫§∑’‡√’¬ à«π‡°‘π‰¥âßà“¬°«à“°“√‰¡à„™â
Õ—≈µ√“‚´π‘§ °“√„™âÕ—≈µ√“‚´π‘§¬—ß¡’º≈µàÕ°“√‰À¡â¢Õß„∫
™—¥‡®π πÕ°®“°π’È Charity ·≈–§≥– (2002) ¬—ß√“¬ß“π
°“√„™â‡∑§π‘§°“√¥Ÿ¥ ÿ≠≠“°“» (vacuum infiltration) «à“
 àß‡ √‘¡°“√ª≈Ÿ°∂à“¬¬’π„Àâ°—∫‡π◊ÈÕ‡¬◊ËÕ‡ÕÁ¡∫√‘‚Õ¢Õß Pinus

radiata ‰¥â¥’  Õ¬à“ß‰√°Áµ“¡„π°“√»÷°…“π’È‰¡à‰¥â∑¥≈Õß
¥—ßπ—Èπ„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√ª≈Ÿ°∂à“¬¬’π„π¡—ß§ÿ¥§√—Èß
µàÕ‰ª§«√»÷°…“ªí®®—¬π’È¥â«¬   à«π°“√ √â“ß·º≈°—∫·ºàπ„∫
∑—Èß 4 ·∫∫ æ∫«à“°“√ √â“ß·º≈‚¥¬µ—¥·∫àß„∫‡ªìπ Õß à«π
µ“¡¢«“ß„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬´‘π Ÿß ÿ¥
·µ°µà“ß°—π∑“ß ∂‘µ‘Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß°—∫°“√‡≈’È¬ß∑—Èß„∫
·≈–°“√°√’¥·ºàπ„∫µ—¥‡ âπ°≈“ß„∫µ“¡¢«“ß 1-2 √Õ¬  ‡¡◊ËÕ
æ‘®“√≥“™‘Èπ à«π¡—ß§ÿ¥µàÕ§«“¡ “¡“√∂„π°“√ª≈Ÿ°∂à“¬¬’π
æ∫«à“™‘Èπ à«π„∫·≈–≈”µâπÕàÕπ„Àâ·§≈≈— À≈—ßª≈Ÿ°∂à“¬¬’π
‰¥â‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ ·µà°“√„™â„∫ÕàÕπ ’·¥ß¡’·π«‚πâ¡
„Àâ·§≈≈— ∑’Ëµâ“π∑“πµàÕ§“π“¡—¬ ‘́π Ÿß°«à“°“√„™â à«π¢Õß
≈”µâπ ‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß¢Õß Sangwan ·≈–§≥–
(1991) ∑’Ë∑¥≈Õßº≈¢Õß°“√ª≈Ÿ°∂à“¬¬’π„π≈”‚æß ‚¥¬°“√
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„™â™‘Èπ à«π¢Õß≈”µâπ °â“π„∫ ·≈–√“°  æ∫«à“™‘Èπ à«π„∫„Àâ
·§≈≈— ∑’Ëµâ“π∑“πµàÕ “√ªÆ‘™’«π–À≈—ß°“√ª≈Ÿ°∂à“¬¬’π‰¥â
 Ÿß°«à“  „π¢≥–∑’Ë Lin ·≈–§≥– (1994) æ∫«à“°“√ª≈Ÿ°
∂à“¬¬’π°—∫≈”µâπ‡Àπ◊Õ„∫‡≈’È¬ß·≈–„∫‡≈’È¬ß¢Õß¬“ Ÿ∫ª√– ∫
º≈ ”‡√Á® Ÿß°«à“°“√„™â√“°  à«π°“√ª≈Ÿ°∂à“¬¬’π„π â¡‚¥¬
Pena ·≈–§≥– (1995°, ¢) æ∫«à“°“√„™â à«π¢Õß≈”µâπ¡’
ª√– ‘∑∏‘¿“æ„π°“√ª≈Ÿ°∂à“¬¬’π‰¥â Ÿß∑’Ë ÿ¥

°“√∑¥≈Õß§√—Èßπ’È‰¡à “¡“√∂µ√«®æ∫°‘®°√√¡¢Õß
GUS ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°¬’π∑’Ë àß‡¢â“ Ÿà‡´≈≈å¢Õß„∫¡’πâÕ¬
‡°‘¥¢÷Èπ∫√‘‡«≥√Õ∫‡π◊ÈÕ‡¬◊ËÕ·≈–‰¡à “¡“√∂æ—≤π“°“√µàÕ‰ª
‰¥âÀ√◊Õ¬’π∑’Ë∂Ÿ° àß‡¢â“‰ªÕ“®∂Ÿ°¬àÕ¬¥â«¬‡Õπ‰´¡å∑’Ë √â“ß‚¥¬
‡´≈≈å¢Õß„∫ Õ¬à“ß‰√°Áµ“¡°“√ √â“ß·º≈„Àâ°—∫·ºàπ„∫°Á‡ªìπ
«‘∏’Àπ÷Ëß„π°“√ àß‡ √‘¡°“√ª≈Ÿ°∂à“¬¬’π„Àâª√– ∫º≈ ”‡√Á®
∑”„Àâ°“√ àß T-DNA ∑’ËÕ¬Ÿà∫πæ≈“ ¡‘¥¢ÕßÕ–‚°√·∫§∑’‡√’¬
‰¥âßà“¬¢÷Èπ (Kingsman and Kingsman, 1988; Kosuge,

et al., 1982) ‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß¢Õß Norelli ·≈–
§≥–, (1994) ∑’Ë∑”°“√ª≈Ÿ°∂à“¬¬’π„Àâµâ“π∑“πµàÕ‚√§„∫
‰À¡â°—∫„∫ÕàÕπ¢Õß·Õª‡ªîô≈‚¥¬°“√°√’¥·ºàπ„∫ 3-4 √Õ¬
æ∫«à“ª√– ∫º≈ ”‡√Á®„π°“√ª≈Ÿ°∂à“¬¬’π‰¥â Ÿß°«à“°“√„™â
„∫∑—Èß„∫∑’Ë‰¡à¡’°“√ √â“ß·º≈‚¥¬°“√°√’¥·ºàπ„∫ ‡π◊ËÕß®“°
‰¡à “¡“√∂µ√«®æ∫°‘®°√√¡¢Õß GUS ®÷ß¬—ß‰¡à¡’§«“¡
™—¥‡®π„π°“√ª≈Ÿ°∂à“¬¬’πÀ√◊Õ°“√ àß∂à“¬ T-DNA ‡¢â“ Ÿà„∫
¡—ß§ÿ¥ „π°“√»÷°…“π’ÈÕ“»—¬¬’π∑’Ë¡’§«“¡µâ“π∑“πµàÕ§“π“-
¡—¬´‘π´÷Ëß‡ªìπ¬’π‡§√◊ËÕßÀ¡“¬„π°“√§—¥‡≈◊Õ° ´÷Ëß “¡“√∂„™â
‡ªìπµ—«™’È°“√ª≈Ÿ°∂à“¬¬’π‰¥â‡ªìπÕ¬à“ß¥’  Õ¬à“ß‰√°Áµ“¡ ™‘Èπ
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