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Improved technique for isolation and culture of protoplasts from

young leaves of mangosteen (Garcinia mangostana L.)
Songklanakarin J. Sci. Technol., 2002, 24(2) : 217-225

Improved technique for isolation of protoplasts from young leaves of mangosteen was developed us-

ing dark treatment and varying ages of in vitro-grown leaves. In this experiment different kinds and concen-

trations of cellulase Onozuka R-10, macerozyme R-10 and pectolyase Y-23 were used. One gram fresh weight

of leaf tissue was incubated in a 10 ml of enzyme solution and placed on a gyratory shaker at 40-50 rpm under

darkness for 12 hours.  Yield and viability of protoplasts were compared among those treatments, then the

density was adjusted and cultured in MS medium supplemented with different kinds and concentrations of

growth regulators. The results showed that 8 week-old leaves (after adding liquid culture medium) gave

released protoplasts at 1.9 ××××× 10
5
/gram fresh weight (g fr wt.) This result was obtained when 2% cellulase
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Protoplasts from young leaves of mangosteen
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Onozuka R-10, 1% macerozyme R-10 and 0.1% pectolyase Y-23 were used. Viability of the protoplasts was

77.63%. Pretreatment the leaves in the dark for 24 hours before being subjected to protoplast isolation  re-

sulted in the greatest release of protoplasts at 1 ××××× 106/g fr wt. Viability of the protoplasts was also the highest

(91.35%). The protoplasts at density of 5 ××××× 105/ml could promote cell division at 3.41% in a thin layer of

liquid MS with 0.5 mg/l BA and 0.5 mg/l TDZ.

Key words :  improved technique, isolation protoplasts, mangosteen
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°“√ª√—∫ª√ÿß«‘∏’°“√·¬°‚ª√‚µæ≈“ µå®“°„∫ÕàÕπ¡—ß§ÿ¥‚¥¬°“√‡µ√’¬¡„∫„π∑’Ë¡◊¥°àÕπ°“√·¬°  ·≈–„™â„∫Õ“¬ÿ

µà“ßÊ „π°“√»÷°…“§√—Èßπ’È„™â‡Õπ‰´¡å cellulase Onozuka R-10 , macerozyme R-10 ·≈– pectolyase Y-23 §«“¡

‡¢â¡¢âπµà“ßÊ ∑”°“√Õ‘π§‘«‡∫∑„∫ ¥Àπ—° 1 °√—¡ „π “√≈–≈“¬‡Õπ‰´¡åª√‘¡“µ√ 10 ¡≈  ∫π‡§√◊ËÕß‡¢¬à“·∫∫‰ª¡“

¥â«¬§«“¡‡√Á« 50 √Õ∫/π“∑’ „π∑’Ë¡◊¥‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ®÷ßπ”¡“·¬°‚ª√‚µæ≈“ µå π—∫®”π«π·≈–µ√«® Õ∫§«“¡

¡’™’«‘µ‡ª√’¬∫‡∑’¬∫°—π ®“°π—Èπª√—∫§«“¡Àπ“·πàπ ·≈–‡≈’È¬ß„πÕ“À“√‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ™π‘¥·≈–§«“¡

‡¢â¡¢âπµà“ßÊ æ∫«à“ „∫¡—ß§ÿ¥Õ“¬ÿ 8  —ª¥“Àå À≈—ß‡µ‘¡Õ“À“√‡À≈« „Àâ®”π«π‚ª√‚µæ≈“ µå 1.9 ××××× 10
5

/°√—¡πÈ”Àπ—° ¥

„Àâ§«“¡¡’™’«‘µ Ÿß ÿ¥ 77.63% ‡¡◊ËÕ„™â‡Õπ‰´¡å cellulase Onozuka R-10 2% √à«¡°—∫ marcerozyme R-10 1% ·≈–

pectolyase Y-23 0.1% °“√‡µ√’¬¡„∫¡—ß§ÿ¥‚¥¬°“√‡°Á∫„π∑’Ë¡◊¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß°àÕππ”¡“·¬°™à«¬‡æ‘Ë¡§«“¡ ”‡√Á®

„π°“√·¬°‚ª√‚µæ≈“ µå „Àâ®”π«π‚ª√‚µæ≈“ µå∑’Ë·¬°‰¥â Ÿß∂÷ß 1 ××××× 10
6

/°√—¡πÈ”Àπ—° ¥ ·≈–§«“¡¡’™’«‘µ Ÿß ÿ¥ 91.35%

‡≈’È¬ß‚ª√‚µæ≈“ µå¡—ß§ÿ¥„πÕ“À“√‡À≈« Ÿµ√ MS  ‡µ‘¡ BA 0.5 ¡°/≈ √à«¡°—∫ TDZ 0.5 ¡°/≈  ¥â«¬§«“¡Àπ“·πàπ

5 ××××× 10
5

 ¡°/≈ æ∫°“√·∫àß‡´≈≈å Ÿß ÿ¥ 3.41%

¡—ß§ÿ¥ (Garcinia mangostana L.) ‡ªìπ‰¡âº≈∑’Ë¡’
»—°¬¿“æ„π°“√ àßÕÕ° ·≈–‰¥â™◊ËÕ«à“‡ªìπ√“™‘π’·Ààßº≈‰¡â
‡π◊ËÕß®“°¡’√ À«“π™«π√—∫ª√–∑“π  ‚¥¬ª°µ‘¡—ß§ÿ¥¢¬“¬
æ—π∏ÿå‚¥¬„™â‡¡≈Á¥   à«π°“√¢¬“¬æ—π∏ÿå‚¥¬‰¡à„™â‡æ»  ‡™àπ
°“√µ‘¥µ“ ‡ ’¬∫°‘Ëß ¡’¢âÕ®”°—¥‡π◊ËÕß®“°¡—ß§ÿ¥¡’¬“ß ’‡À≈◊Õß
¡“°´÷Ëß‡ªìπÕÿª √√§„π°“√ª√– “πµ—«¢Õß√Õ¬µàÕ√–À«à“ß
°‘Ëßæ—π∏ÿå°—∫µâπµÕ   ªí®®ÿ∫—π¡’°“√π”‡∑§π‘§°“√‡æ“–‡≈’È¬ß
‡π◊ÈÕ‡¬◊ËÕ¡“„™â„π°“√º≈‘µµâπ°≈â“¡—ß§ÿ¥‰¥â®”π«π¡“°„π√–¬–
‡«≈“ —Èπ  ‚¥¬°“√‡æ“–‡≈’È¬ß™‘Èπ à«πµà“ßÊ ®“°„π·≈–πÕ°
À≈Õ¥∑¥≈Õß Te-chato ·≈– Lim (1999) √“¬ß“π§«“¡
 ”‡√Á®„π°“√™—°π”¬Õ¥‰¥â®”π«π¡“°„π√–¬–‡«≈“ —Èπ‚¥¬
„™â‡¡Õ√‘ ‡µÁ¡¡“µ‘§‚π¥Ÿ≈“·§≈≈— ∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß„∫

ÕàÕπ„πÀ≈Õ¥∑¥≈Õß πÕ°®“°π’È¬—ß√“¬ß“π¢—ÈπµÕπ„π°“√
¢¬“¬æ—π∏ÿå¡—ß§ÿ¥‚¥¬ºà“π°√–∫«π°“√™—°π”‡¡Õ√‘ ‡µÁ¡¡“-
µ‘§‚π¥Ÿ≈“·§≈≈—  (Te-chato and Lim, 2000)

‚ª√‚µæ≈“ µå‡ªìπ‡´≈≈åæ◊™∑’Ëºà“π°√–∫«π°“√¬àÕ¬
‡Õ“ºπ—ß‡´≈≈åÕÕ°¥â«¬«‘∏’°≈À√◊Õ°“√„™â‡Õπ‰´¡å¬—ß§ß‡À≈◊Õ
‡¬◊ËÕÀÿâ¡‡´≈≈åÀàÕÀÿâ¡ à«πµà“ßÊ ¢Õß‡´≈≈å‰«â ‚ª√‚µæ≈“ µå
 “¡“√∂·¬°‰¥â®“° à«πµà“ßÊ ¢Õßæ◊™ ™‘Èπ à«π∑’Ëπ‘¬¡„™â„π
°“√·¬°‚ª√‚µæ≈“ µå §◊Õ „∫·≈–‡´≈≈ǻ — ‡æπ™—π ‡π◊ËÕß®“°
„Àâ®”π«π ·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå Ÿß  Õ¬à“ß‰√
°Áµ“¡ ªí®®ÿ∫—π°“√™—°π”‡´≈≈å´— ‡æπ™—π„π¡—ß§ÿ¥À√◊Õæ◊™
„π °ÿ≈ Garcinia ¬—ß‰¡àª√– ∫§«“¡ ”‡√Á® ¬—ß§ß¡’‡æ’¬ß
√“¬ß“π°“√™—°π” friable callus ®“°°“√‡æ“–‡≈’È¬ß‡¡≈Á¥
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„π °ÿ≈ Garcinia ∫“ß™π‘¥‚¥¬  ¡ªÕß ·≈–™«πæ‘» (2543)

Õ¬à“ß‰√°Áµ“¡·§≈≈— ∑’Ë √â“ß¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µµË”·≈–
‰¡à “¡“√∂™—°π”‡´≈≈ǻ — ‡æπ™—π‰¥â  °“√·¬°·≈–‡æ“–‡≈’È¬ß
‚ª√‚µæ≈“ µå¢Õßæ◊™„π °ÿ≈π’È®÷ß¡’‡æ’¬ß°“√„™â„∫ÕàÕπ„π
À≈Õ¥∑¥≈Õß¢Õß¡—ß§ÿ¥ (Te-chato, 1998) „∫ÕàÕπ â¡·¢°
(Garcinia atroviridis Griff.)  (Te-chato, 1997;  ≈—¥¥“-
«—≈¬å, 2543) ·≈–„∫ÕàÕπ¡—ß§ÿ¥  â¡·¢° ·≈–æ–«“ (Te-chato

et al., 2000) πÕ°®“°π’È ‚ª√‚µæ≈“ µå¬—ß‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë
 ”§—≠„π°“√ª√—∫ª√—ßæ—π∏ÿå ‡™àπ  √â“ß≈—°…≥–∑’Ë¥’∑“ß°“√
‡°…µ√  ‡æ◊ËÕµâ“π∑“π‚√§„π â¡æ—π∏ÿå∑’Ë„™â‡ªìπµâπµÕ®”π«π
8  “¬æ—π∏ÿå (Louzada et al., 1992)  °“√√«¡‚ª√‚µæ≈“ µå
√–À«à“ß™π‘¥¢Õßæ◊™„π °ÿ≈ Garcinia ‡æ◊ËÕ¬â“¬≈—°…≥–∑’Ë
¥’®“°æ◊™æ—π∏ÿåªÉ“  ‡™àπ ≈—°…≥–∑π·≈âß  Ÿà¡—ß§ÿ¥ “¡“√∂
‡ªìπ‰ª‰¥â    ‚¥¬‡©æ“–‚ª√‚µæ≈“ µå â¡·¢°´÷Ëß¡’°‘®°√√¡
°“√·∫àß‡´≈≈å§àÕπ¢â“ß Ÿß (Te-chato, 1997) °“√„™â‡∑§π‘§
°“√√«¡‚ª√‚µæ≈“ µå¢Õßæ◊™ ÕßÀ√◊Õ “¡™π‘¥ Õ“®¡’°“√
 àß‡ √‘¡°—π∑”„Àâæ—≤π“‡ªìπ·§≈≈— À√◊Õæ◊™µâπ„À¡à À√◊Õ‰¥â
≈Ÿ°º ¡∑’Ë¡’≈—°…≥–∑’ËµâÕß°“√‰¥â πÕ°®“°π’ÈÕ“®„™â‚ª√‚µ-
æ≈“ µå‡ªìπ‡§√◊ËÕß¡◊Õ„π°“√ª≈Ÿ°∂à“¬¬’π∑’Ë ”§—≠ ‡™àπ ¬’π
∑π·≈âß  ∑π‡§Á¡  À√◊Õµâ“π∑“π‚√§·≈–·¡≈ß Ÿà¡—ß§ÿ¥‰¥â
·¡â«à“ Te-chato (1998) ‰¥â√“¬ß“π°“√·¬°‚ª√‚µæ≈“ µå
¡—ß§ÿ¥°Áµ“¡  ·µà‰¡à‰¥â√“¬ß“πªí®®—¬∑’Ë¡’º≈µàÕ®”π«π·≈–
§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå  πÕ°®“°π’È ®”π«π‚ª√‚µ-
æ≈“ µå∑’Ë·¬°‰¥âπâÕ¬ ‰¡à‡æ’¬ßæÕµàÕ°“√»÷°…“µàÕ‰ª ¥—ßπ—Èπ
∫∑§«“¡π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ªí®®—¬¢—Èπµâπ„π°“√
·¬°‚ª√‚µæ≈“ µå∑’Ë¡’™’«‘µ®”π«π¡“°„Àâ‡æ’¬ßæÕµàÕ°“√
»÷°…“°“√‡æ“–‡≈’È¬ßÀ√◊Õæ—≤π“°“√¢Õß‚ª√‚µæ≈“ µå®“°
„∫ÕàÕπ¡—ß§ÿ¥

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

«— ¥ÿæ◊™

„™â„∫ÕàÕπ¡—ß§ÿ¥®“°°≈ÿà¡¬Õ¥∑’Ë‡≈’È¬ß∫πÕ“À“√ Ÿµ√
WPM ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% PVP 500 ¡°/≈ ·≈– “√
§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ BA 0.1 ¡°/≈ ‡ªìπ‡«≈“ 2  —ª¥“Àå
·≈â«‡µ‘¡Õ“À“√‡À≈« Ÿµ√ MS ∑’Ë≈¥§«“¡‡¢â¡¢âπ¢ÕßÕß§å
ª√–°Õ∫≈ß§√÷ËßÀπ÷Ëß (1/2 MS)  ‡µ‘¡πÈ”µ“≈´Ÿ‚§√   3%

PVP 500 ¡°/≈  NAA 0.06 ¡°/≈  TDZ 0.03 ¡°/≈

·≈– BA 0.03 ¡°/≈ ª√‘¡“µ√ 7.5 ¡≈ À≈—ß®“°‡æ“–‡≈’È¬ß
‡ªìπ√–¬–‡«≈“ 4, 8 ·≈– 12  —ª¥“Àå  ·≈â«µ—¥„∫¡“·¬°
‚ª√‚µæ≈“ µå

«‘∏’°“√·¬°‚ª√‚µæ≈“ µå

À≈—ß®“°Õ‘π§‘«‡∫∑™‘Èπ à«π„∫„π “√≈–≈“¬‡Õπ‰´¡å
·≈â«π”¡“°√Õßºà“πºâ“°√Õß¡‘√“§√Õ∑¶à“‡™◊ÈÕ¢π“¥™àÕß 77

‰¡‚§√‡¡µ√  ´÷Ëß«“ß„π°√«¬æ≈“ µ‘°¢π“¥‡ âπºà“π»Ÿπ¬å
°≈“ß 4 ´¡ ºà“π‰ª¬—ßÀ≈Õ¥ªíòπ¢π“¥ 15 ¡≈  π”‰ªªíòπ∑’Ë
§«“¡‡√Á«√Õ∫ 800 √Õ∫/π“∑’  π“π 3 π“∑’  ¥Ÿ¥‡°Á∫‡Õπ‰´¡å
·≈–≈â“ßµ–°Õπ‚ª√‚µæ≈“ µå¥â«¬ “√≈–≈“¬≈â“ß  ª√‘¡“µ√
5 ¡≈  §àÕ¬Ê ¥Ÿ¥‡ªÉ“„Àâ‡¢â“°—π  ·≈â«≈Õ¬∫π “√≈–≈“¬
´Ÿ‚§√  21% ‡æ◊ËÕ·¬°‚ª√‚µæ≈“ µå®“°µ–°Õπ‡´≈≈å ‚¥¬
ªíòπ∑’Ë§«“¡‡√Á«√Õ∫ 1,000 √Õ∫/π“∑’ π“π 5 π“∑’ ¥Ÿ¥‡°Á∫
‚ª√‚µæ≈“ µå®“°µÕπ°≈“ß√–À«à“ß·¡ππ‘∑Õ≈·≈–´Ÿ‚§√ 
·≈â«≈â“ß¥â«¬ “√≈–≈“¬≈â“ß 2-3 §√—Èß µ√«®π—∫®”π«π‚ª√-
‚µæ≈“ µå  ª√—∫§«“¡Àπ“·πàπ¥â«¬Õ“À“√‡≈’È¬ß‡æ◊ËÕ‡≈’È¬ß
µàÕ‰ª

°“√µ√«® Õ∫§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

„™â “√≈–≈“¬‚ª√‚µæ≈“ µå 100 ‰¡‚§√≈‘µ√ ¬âÕ¡
¥â«¬ FDA (fluoresceindiacetate) 0.1% ª√‘¡“µ√ 100

‰¡‚§√≈‘µ√‡∑à“°—π  ¥Ÿ¥‡ªÉ“„Àâ‡¢â“°—π„π ‰≈¥åÀ≈ÿ¡  ∑‘Èß‰«â
ª√–¡“≥ 10-15 π“∑’ ªî¥¥â«¬°√–®°ªî¥ ‰≈¥å ¥Ÿ°“√‡√◊Õß
· ßÕ—≈µ√“‰«‚Õ‡≈Áµ¿“¬„µâ°≈âÕßø≈ŸÕÕ‡√ ‡´π å π—∫®”π«π
‚ª√‚µæ≈“ µå∑’Ë‡√◊Õß· ß ’‡¢’¬«-‡À≈◊Õß  µàÕ®”π«π‚ª√‚µ-
æ≈“ µå∑—ÈßÀ¡¥  §”π«≥‡ªìπ‡ªÕ√å‡´Áπµå§«“¡¡’™’«‘µ¢Õß
‚ª√‚µæ≈“ µå

°“√»÷°…“™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡åµàÕ®”π«π·≈–

§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

„π°“√»÷°…“π’È·¬°‚ª√‚µæ≈“ µå®“°„∫¡—ß§ÿ¥Õ“¬ÿ
7  —ª¥“ÀåÀ≈—ß‡µ‘¡Õ“À“√‡À≈« ¥â«¬‡Õπ‰´¡å cellulase

Onozuka R-10  1 ·≈– 2% ·µà≈–§«“¡‡¢â¡¢âπ„™â√à«¡°—∫
macerozyme R-10  1% ·≈– pectolyase Y-23  0.1,   0.5

·≈– 1.0% ‡ª√’¬∫‡∑’¬∫°—∫‡Õπ‰´¡å cellulase Onozuka

RS  4% √à«¡°—∫ macerozyme R-10  2% ·≈– pectolyase

Y-23  1% ‚¥¬Õ‘π§‘«‡∫∑„∫ ¥ 1 °√—¡„π “√≈–≈“¬‡Õπ‰´¡å
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ª√‘¡“µ√ 10 ¡≈ ∫π‡§√◊ËÕß‡¢¬à“·∫∫‰ª¡“∑’Ë§«“¡‡√Á«√Õ∫
50 √Õ∫/π“∑’ „π∑’Ë¡◊¥∑’ËÕÿ≥À¿Ÿ¡‘ 26±0.5o C π“π 12 ™—Ë«‚¡ß
∑”°“√·¬°‚ª√‚µæ≈“ µåµ“¡«‘∏’°“√∑’Ë°≈à“«·≈â«¢â“ßµâπ  π—∫
®”π«π·≈–µ√«® Õ∫§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå ‡ª√’¬∫
‡∑’¬∫°—π„π·µà≈–™π‘¥ ·≈–§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å

°“√»÷°…“Õ“¬ÿ„∫µàÕ®”π«π·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µ-

æ≈“ µå¡—ß§ÿ¥

„π°“√»÷°…“π’È„™â‡Õπ‰´¡å   cellulase  Onozuka

R-10  2%  √à«¡°—∫  macerozyme R-10  1%  ·≈–
pectolyase Y-23  0.1% ·¬°‚ª√‚µæ≈“ µå®“°„∫¡—ß§ÿ¥∑’Ë
¥Ÿ·≈„πÕ“À“√ Õß™—Èπ‡ªìπ‡«≈“µà“ßÊ  §◊Õ 4, 8, ·≈– 12

 —ª¥“Àå À≈—ß®“°Õ‘π§‘«‡∫∑‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ∫π‡§√◊ËÕß
‡¢¬à“·∫∫‰ª¡“∑’Ë§«“¡‡√Á«√Õ∫ 50 √Õ∫/π“∑’ „π∑’Ë¡◊¥ ∑’Ë
Õÿ≥À¿Ÿ¡‘ 26±0.5o C ∑”°“√·¬°‚ª√‚µæ≈“ µå π—∫®”π«π
·≈–µ√«® Õ∫§«“¡¡’™’«‘µ‡ª√’¬∫‡∑’¬∫°—π„π·µà≈–Õ“¬ÿ„∫

°“√»÷°…“°“√‡µ√’¬¡„∫¡—ß§ÿ¥∑’Ëπ”¡“„™â·¬°‚ª√‚µæ≈“ µå

µàÕ®”π«π·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

„π°“√»÷°…“π’È„™â„∫Õ“¬ÿ 8  —ª¥“Àå ‡µ√’¬¡„∫¡—ß§ÿ¥
∑’Ë®–π”¡“·¬°‚ª√‚µæ≈“ µå 2 «‘∏’ §◊Õ µ—¥„∫·≈â«‡°Á∫‰«â„π
∑’Ë¡◊¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß  ·≈–µ—¥„∫·≈â«·™à„π “√≈–≈“¬
≈â“ß‚ª√‚µæ≈“ µå∑’Ëª√–°Õ∫¥â«¬·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å  ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß °àÕππ”¡“·¬°‚ª√‚µæ≈“ µå‡ª√’¬∫‡∑’¬∫
°—∫„∫ ¥∑’Ë‰¡àºà“π°“√‡µ√’¬¡¥â«¬«‘∏’°“√„¥Ê Õ‘π§‘«‡∫∑„∫
∑’Ë‡µ√’¬¡¥â«¬«‘∏’°“√∑’Ë·µ°µà“ß°—π∑—Èß 3 «‘∏’„π “√≈–≈“¬
‡Õπ‰´¡å cellulase Onozuka R-10  2% √à«¡°—∫ mace-

rozyme R-10  1% ·≈– pectolyase Y-23  0.1% ∫π
‡§√◊ËÕß‡¢¬à“·∫∫‰ª¡“∑’Ë§«“¡‡√Á« 50 √Õ∫/π“∑’ „π∑’Ë¡◊¥ ∑’Ë
Õÿ≥À¿Ÿ¡‘ 26±0.5o C ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ∑”°“√·¬°‚ª√-
‚µæ≈“ µå ∫—π∑÷°®”π«π ·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå
‡ª√’¬∫‡∑’¬∫°—π„π·µà≈–«‘∏’°“√‡µ√’¬¡„∫

°“√»÷°…“§«“¡Àπ“·πàπ„π°“√‡≈’È¬ß‚ª√‚µæ≈“ µåµàÕ

æ—≤π“°“√¢Õß‚ª√‚µæ≈“ µå

„π°“√»÷°…“π’È‡≈’È¬ß‚ª√‚µæ≈“ µå¡—ß§ÿ¥¥â«¬§«“¡
Àπ“·πàπ  5 × 104,     1 × 105,     1.5 × 105,     2.5 × 105,

5 × 105,  ·≈– 1 × 106 ‚ª√‚µæ≈“ µå/¡≈ „πÕ“À“√‡À≈«

 Ÿµ√ MS ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% BA 0.5 ¡°/≈ √à«¡°—∫
TDZ 0.5 ¡°/≈   ·≈– “√≈–≈“¬·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å
ªî¥®“π‡æ“–‡≈’È¬ß¥â«¬æ“√“øî≈å¡  π”‰ª‡æ“–‡≈’È¬ß„π∑’Ë¡◊¥∑’Ë
Õÿ≥À¿Ÿ¡‘ 26±0.5o C ∫—π∑÷°°“√ √â“ßºπ—ß‡´≈≈å  °“√·∫àß
‡´≈≈å ·≈–°“√·µ°ÀπàÕ‡ª√’¬∫‡∑’¬∫°—π„π·µà≈–§«“¡Àπ“
·πàπ∑’Ë‡≈’È¬ß À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 À√◊Õ 2  —ª¥“Àå

°“√»÷°…“ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µµàÕæ—≤π“°“√¢Õß

‚ª√‚µæ≈“ µå

„π°“√»÷°…“π’È‡≈’È¬ß‚ª√‚µæ≈“ µå∑’Ë·¬°®“°„∫¡—ß§ÿ¥
„πÕ“À“√‡À≈« Ÿµ√ MS ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3%  “√≈–≈“¬
·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å  2,4-D  §«“¡‡¢â¡¢âπµà“ßÊ   §◊Õ
0.5,  1.0,  1.5,  ·≈–  2.0 ¡°/≈ ·µà≈–§«“¡‡¢â¡¢âπ„™â
√à«¡°—∫ BA 1.0 ¡°/≈  ª√‘¡“µ√Õ“À“√∑’Ë„™â‡≈’È¬ß 3 ¡≈ ·≈–
‡≈’È¬ß¥â«¬§«“¡Àπ“·πàπ 1 × 105 ‚ª√‚µæ≈“ µå/¡≈  πÕ°
®“°π’È¬—ß»÷°…“º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ NAA 1,

2  ·≈–  3 ¡°/≈  √à«¡°—∫ BA 1 ¡°/≈  (‡≈’È¬ß¥â«¬§«“¡
Àπ“·πàπ 5 × 104 ‚ª√‚µæ≈“ µå/¡≈) ‡ª√’¬∫‡∑’¬∫°—∫°“√
‡æ“–‡≈’È¬ß„πÕ“À“√‡µ‘¡ BA 0.5 ¡°/≈ √à«¡°—∫ TDZ 0.5

¡°/≈ §à“µ—«·ª√∑’Ë„™â„π°“√‡ª√’¬∫‡∑’¬∫§◊Õ°“√æ—≤π“¢Õß
‚ª√‚µæ≈“ µå (°“√·∫àß‡´≈≈å ·≈–°“√·µ°ÀπàÕ) À≈—ß®“°
‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1 À√◊Õ 2  —ª¥“Àå

º≈

º≈¢Õß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡åµàÕ®”π«π·≈–

§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

®“°°“√·¬°‚ª√‚µæ≈“ µå„∫¡—ß§ÿ¥  ¥â«¬‡Õπ‰´¡å
cellulase Onozuka R-10 À√◊Õ cellulase Onozuka RS

·≈–  pectolyase Y-23 §«“¡‡¢â¡¢âπµà“ß Ê  æ∫«à“ ‡Õπ‰´¡å
cellulase Onozuka R-10 2%  √à«¡°—∫  macerozyme

R-10 1% ·≈– pectolyase Y-23 0.1%  „Àâ®”π«π·≈–
‡ªÕ√å‡´Áπµå§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå Ÿß ÿ¥ 5.6 × 105/
°√—¡πÈ”Àπ—° ¥ ·≈– 65.63% µ“¡≈”¥—∫ (Table 1)

º≈¢ÕßÕ“¬ÿ„∫µàÕ®”π«π·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

®“°°“√·¬°‚ª√‚µæ≈“ µå„∫¡—ß§ÿ¥  Õ“¬ÿ  4,  8  ·≈–
12  —ª¥“Àå À≈—ß°“√‡µ‘¡Õ“À“√‡À≈«¥â«¬‡Õπ‰´¡å cellu-
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lase Onozuka R-10 2% √à«¡°—∫ macerozyme R-10

1% ·≈– pectolyase Y-23 0.1% ∫π‡§√◊ËÕß‡¢¬à“·∫∫
‰ª¡“∑’Ë§«“¡‡√Á«√Õ∫ 50 √Õ∫/π“∑’   „π∑’Ë¡◊¥ ‡ªìπ‡«≈“
12 ™—Ë«‚¡ß æ∫«à“  „∫¡—ß§ÿ¥Õ“¬ÿ  12  —ª¥“Àå  „Àâ®”π«π
‚ª√‚µæ≈“ µå Ÿß ÿ¥ 2.7 × 105/°√—¡πÈ”Àπ—° ¥ ·≈–§«“¡¡’
™’«‘µ 68.12%  Õ¬à“ß‰√°Áµ“¡¡—ß§ÿ¥Õ“¬ÿ„∫ 8  —ª¥“Àå „Àâ
®”π«π‚ª√‚µæ≈“ µå„°≈â‡§’¬ß°—π §◊Õ 1.9 × 105/°√—¡πÈ”Àπ—°
 ¥ ·µà„Àâ‡ªÕ√å‡´Áπµå§«“¡¡’™’«‘µ Ÿß ÿ¥ 77.63% (Table 2)

·¬°‚ª√‚µæ≈“ µå‡ª√’¬∫‡∑’¬∫°—∫„∫ ¥ ‚¥¬Õ‘π§‘«‡∫∑„π
 “√≈–≈“¬‡Õπ‰´¡å cellulase Onozuka R-10 2% √à«¡
°—∫ macerozyme R-10 1% ·≈– pectolyase Y-23 0.1%

∫π‡§√◊ËÕß‡¢¬à“·∫∫‰ª¡“∑’Ë§«“¡‡√Á«√Õ∫ 50 √Õ∫/π“∑’ „π
∑’Ë¡◊¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 26±0.5 o C ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß æ∫«à“
°“√µ—¥„∫·≈â«‡°Á∫„π∑’Ë¡◊¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß „Àâ®”π«π
‚ª√‚µæ≈“ µå Ÿß ÿ¥ 1 × 106/°√—¡πÈ”Àπ—° ¥ ·≈–§«“¡¡’
™’«‘µ Ÿß ÿ¥ 91.35% (Table 3, Figure 1)

º≈¢Õß§«“¡Àπ“·πàπ„π°“√‡≈’È¬ß‚ª√‚µæ≈“ µåµàÕæ—≤π“-

°“√¢Õß‚ª√‚µæ“ µå

°“√‡≈’È¬ß‚ª√‚µæ≈“ µå¡—ß§ÿ¥ ¥â«¬§«“¡Àπ“·πàπ
µà“ßÊ „πÕ“À“√‡À≈« Ÿµ√ MS ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% BA

0.5 ¡°/≈ √à«¡°—∫ TDZ 0.5 ¡°/≈ ·≈–·¡ππ‘∑Õ≈ 0.7

‚¡≈“√å æ∫°“√·∫àß‡´≈≈å§√—Èß·√° Ÿß ÿ¥ 7.69% ‡¡◊ËÕ‡≈’È¬ß
¥â«¬§«“¡Àπ“·πàπ 1.5 × 105 ‚ª√‚µæ≈“ µå/¡≈  Õ¬à“ß‰√
°Áµ“¡°“√·∫àß‡´≈≈å‡ªìπ·∫∫∑’Ë‰¡à ¡¡“µ√¡’°“√·µ°ÀπàÕ Ÿß
4.67% „π¢≥–∑’Ë°“√‡æ“–‡≈’È¬ß¥â«¬§«“¡Àπ“·πàπ‡æ‘Ë¡¢÷Èπ
‡ªìπ 5 × 105 ‚ª√‚µæ≈“ µå/¡≈ æ∫°“√·∫àß‡´≈≈å§√—Èß·√°
À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1  —ª¥“Àå   „°≈â‡§’¬ß°—π   §◊Õ
3.41 %  (Table 4,  Figure 2A)  ·≈–¡’°“√·µ°ÀπàÕµË”
2.57 % Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡æ“–‡≈’È¬ßµàÕ‰ª‡ªìπ‡«≈“ 2  —ª¥“Àå
‚ª√‚µæ≈“ µå à«π„À≠à‡À’Ë¬« ‡¡◊ËÕ≈¥§«“¡‡¢â¡¢âπ¢ÕßÕÕ -
‚¡µ‘§—¡≈ß‡ªìπ 0.6 ‚¡≈“√å  æ∫«à“ ‚ª√‚µæ≈“ µå à«π„À≠à
‡À’Ë¬«·≈–‰¡à¡’°“√æ—≤π“„¥Ê ·≈–µ“¬„π∑’Ë ÿ¥ (Figure 2B)

Table 1. Effect of various enzyme combinations on yield and viability of mesophyll

protoplasts.

    Enzyme (%)

CRS   CR-10   MR-10    PY-23

4 0  2 1 0.6 44.00
0 1           1  0.1 0.5 73.17
0 2 1 0.1 5.6 65.63
0        2 1 0.5        Burst, not  purified 0.00
0 2 1 1        Burst, not  purified 0.00

CR-10 = cellulase Onozuka R-10 CRS = cellulase Onozuka RS

MR-10 = macerozyme R-10 PY-23 = pectolyase Y-23

Yield of protoplasts/g fr wt (××××× 10
5
)       Viability (%)

Table 2. Effect of age of leaves on yield and viabil-

ity of mesophyll protoplasts.

Age of leaves after    Yield of protoplasts/     Viability

  overlay (weeks)           g fr wt (××××× 10
5
)    (%)

  4     0.3   72.97
  8     1.9   77.63
12     2.7   68.12

º≈¢Õß°“√‡µ√’¬¡„∫¡—ß§ÿ¥∑’Ëπ”¡“·¬°‚ª√‚µæ≈“ µåµàÕ

®”π«π·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå

°“√·¬°‚ª√‚µæ≈“ µå®“°„∫¡—ß§ÿ¥®“°°≈ÿà¡¬Õ¥∑’Ë
‡≈’È¬ß∫πÕ“À“√ Õß™—ÈπÕ“¬ÿ 10  —ª¥“ÀåÀ≈—ß®“°‡µ‘¡Õ“À“√
‡À≈« ‚¥¬„™â„∫∑’Ëµ—¥‰«â„π∑’Ë¡◊¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À√◊Õµ—¥
„∫·≈â«·™à„π “√≈–≈“¬≈â“ß‚ª√‚µæ≈“ µå∑’Ëª√–°Õ∫¥â«¬
·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß °àÕππ”¡“
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Moosikapala,  L. and Te-chato,  S.

º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µµàÕæ—≤π“°“√¢Õß

‚ª√‚µæ≈“ µå

À≈—ß®“°‡æ“–‡≈’È¬ß‚ª√‚µæ≈“ µå¡—ß§ÿ¥„πÕ“À“√‡À≈«
 Ÿµ√ MS ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% ·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å
·≈–‡µ‘¡ 2,4-D §«“¡‡¢â¡¢âπµà“ßÊ §◊Õ  0.5,  1,  1.5 ·≈–

Table 3. Effect of leaf pretreatment on yield and viability of mesophyll protoplasts.

Leaf pretreatment    Yield of protoplasts/g fr wt (××××× 105)       Viability (%)

No pretreatment (fresh leave)   1   80.49
Kept in the dark for 24 hr. 10   91.35
Soaked in the washing solution and
    kept in dark for 24 hr Very few, not purified       -

    - Not detected

Figure 1. Fresh mesophyll protoplasts isolated

from young leaves which pretreated in

the dark for 24 hours before incubated

with 2% cellulase Onozuka R-10, 1%

macerozyme R-10 and 0.1% pectolyase

Y-23 (××××× 300).

Table 4. Effect of density of protoplasts in the cul-

ture on the percentage of normal division

and budding at 7 days after culture.

       Density              Normal

(protoplasts/ml)           division (%)

        5 × 104   4.05   3.43
        1 × 105   6.55   4.76
     1.5 × 105   7.69   4.67
     2.5 × 105   5.72   4.45
        5 × 105   3.41   2.57
        1 × 106   2.45   0.00

Budding(%)

Figure 2. The culture of mesophyll protoplasts in

MS medium supplemented with 3%

sucrose, 0.5 mg/l  BA,  0.5 mg/l TDZ and

0.7 M mannitol at 5 ××××× 10
5
 protoplasts/ml

(A) first division at 7 days of culture (arrow) (××××× 300)

(B) plasmolysis at 2 weeks of culture (××××× 300)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 24 ©∫—∫∑’Ë 2 ‡¡.¬.-¡‘.¬. 2545
°“√ª√—∫ª√ÿß‡∑§π‘§°“√·¬°·≈–‡æ“–‡≈’È¬ß‚ª√‚µæ≈“ µå®“°„∫ÕàÕπ¡—ß§ÿ¥

≈—¥¥“«—≈¬å ¡Ÿ ‘°–ª“≈– ·≈–  ¡ªÕß ‡µ™–‚µ223

2 ¡°/≈ √à«¡°—∫ BA 1 ¡°/≈ ¥â«¬§«“¡Àπ“·πàπ 1 × 105

‚ª√‚µæ≈“ µå/¡≈  æ∫«à“‚ª√‚µæ≈“ µå∑’Ë‡≈’È¬ß„πÕ“À“√‡µ‘¡
2,4-D 0.5 ¡°/≈ √à«¡°—∫ BA 1 ¡°/≈  à«π„À≠à·µ° ·≈–
‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß 2,4-D ‡æ‘Ë¡¢÷Èπ àßº≈„Àâ‚ª√‚µæ≈“ µå
·µ°·≈–µ“¬À¡¥À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1  —ª¥“Àå
 à«π°“√‡æ“–‡≈’È¬ß„πÕ“À“√‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ
BA 0.5 ¡°/≈ ·≈– TDZ 0.5 ¡°/≈ æ∫°“√·∫àß‡´≈≈å§√—Èß
·√° 6.93% À≈—ß®“°‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1  —ª¥“Àå  „π
¢≥–∑’Ë NAA √à«¡°—∫ BA ∑ÿ°§«“¡‡¢â¡¢âπ ‚ª√‚µæ≈“ µå
 à«π„À≠à·µ° Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡≈’È¬ßµàÕ‰ªÕ’°‡ªìπ‡«≈“ 2

 —ª¥“Àå‚ª√‚µæ≈“ µå‡√‘Ë¡‡À’Ë¬« ‡¡◊ËÕ≈¥§«“¡‡¢â¡¢âπ¢ÕßÕÕ -
‚¡µ‘§—¡‡ªìπ 0.6 ‚¡≈“√å ‚ª√‚µæ≈“ µå‰¡à¡’æ—≤π“°“√„¥Ê
·≈–µ“¬„π∑’Ë ÿ¥

«‘®“√≥å

™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß‡Õπ‰´¡å¡’º≈µàÕ®”π«π
·≈–§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå∑’Ë·¬°®“°„∫¢Õß¡—ß§ÿ¥
Te-chato  (1998)   √“¬ß“π«à“‚§√ß √â“ß¢Õß„∫¡—ß§ÿ¥
§àÕπ¢â“ß‡Àπ’¬« ·≈–¡’Õß§åª√–°Õ∫¢Õß¬“ß¡“° ∑”„Àâ·¬°
‚ª√‚µæ≈“ µå‰¥â¬“°®”‡ªìπµâÕß„™â‡«≈“„π°“√Õ‘π§‘«‡∫∑„π
 “√≈–≈“¬‡Õπ‰´¡åπ“π¢÷ÈπÀ√◊Õ„™â “√≈–≈“¬‡Õπ‰´¡å∑’Ë¡’
§«“¡‡¢â¡¢âπ·≈–°‘®°√√¡ Ÿß  ‚¥¬‡©æ“–  cellulase Ono-

zuka RS ·≈–®”‡ªìπµâÕß„™â “√≈–≈“¬‡Õπ‰´¡å pectolyase

Y-23 √à«¡¥â«¬ ®“°√“¬ß“π°“√·¬°‚ª√‚µæ≈“ µå„∫ÕàÕπ
 ’·¥ß¢Õß¡—ß§ÿ¥„πÀ≈Õ¥∑¥≈Õß¥â«¬‡Õπ‰´¡å cellulase

Onozuka  RS 4%  √à«¡°—∫  marcerozyme R-10 2%

·≈– pectolyase Y-23 1%  „Àâ®”π«π‚ª√‚µæ≈“ µå ‡æ’¬ß
5 × 104/°√—¡πÈ”Àπ—° ¥ „π¢≥–∑’Ë°“√»÷°…“π’È „™â‡Õπ‰´¡å
cellulase  Onozuka  R-10 2%  √à«¡°—∫ macerozyme

R-10 1% ·≈– pectolyase Y-23 0.1% „Àâ®”π«π‚ª√-
‚µæ≈“ µå®“°„∫¡—ß§ÿ¥ Ÿß°«à“ (5.6 × 105/°√—¡πÈ”Àπ—° ¥)
∑’Ë√“¬ß“π‚¥¬  Te-chato (1998) ®“°§«“¡·µ°µà“ßπ’È  Õ“®
‡π◊ËÕß®“° “√≈“¬‡Õπ‰´¡å∑’Ë„™â §◊Õ  cellulase  Onozuka

R-10 ‡ªìπÕ—πµ√“¬µàÕ‡´≈≈åπâÕ¬°«à“ ·≈–·¡â«à“®–¡’°‘®°√√¡
µË”°«à“ cellulase Onozuka RS ·µà¡’§«“¡∫√‘ ÿ∑∏‘Ï°«à“
πÕ°®“°π’È °“√‡æ‘Ë¡√–¬–‡«≈“„π°“√Õ‘π§‘«‡∫∑‡ªìπ 12

™—Ë«‚¡ß  ∑”„Àâ‰¥â®”π«π‚ª√‚µæ≈“ µå‡æ‘Ë¡¢÷Èπ¥â«¬  °“√

‡µ√’¬¡„∫°àÕππ”¡“·¬°‚ª√‚µæ≈“ µå¡’º≈µàÕ®”π«π·≈–
§«“¡¡’™’«‘µ¢Õß‚ª√‚µæ≈“ µå „π°“√»÷°…“π’È æ∫«à“ °“√
µ—¥„∫¡—ß§ÿ¥‰«â„π∑’Ë¡◊¥°àÕππ”¡“·¬°‚ª√‚µæ≈“ µå‡ªìπ‡«≈“
24 ™—Ë«‚¡ß „Àâ®”π«π·≈–§«“¡¡’™’«‘µ Ÿß ÿ¥ (1 × 106/°√—¡
πÈ”Àπ—° ¥ ·≈– 91.35% µ“¡≈”¥—∫) ´÷Ëß Ÿß°«à“°“√·¬°
®“°„∫ ¥„πÀ≈Õ¥∑¥≈Õß (1 × 105/°√—¡πÈ”Àπ—° ¥ ·≈–
§«“¡¡’™’«‘µ 80.49%)  à«π°“√µ—¥„∫·™à„π “√≈–≈“¬≈â“ß
‚ª√‚µæ≈“ µå∑’Ë¡’·¡ππ‘∑Õ≈‡ªìπÕß§åª√–°Õ∫ 0.7 ‚¡≈“√å
‰¡à “¡“√∂·¬°‚ª√‚µæ≈“ µå®“°„∫¡—ß§ÿ¥‰¥â‡≈¬  „π¢≥–∑’Ë
Marchant ·≈–§≥– (1997) √“¬ß“π°“√·¬°‚ª√‚µæ≈“ µå
®“°„∫„πÀ≈Õ¥∑¥≈Õß¢Õß°ÿÀ≈“∫  (Rosa hybrida  L.)

æ—π∏ÿå Abraham Darby ·≈–æ—π∏ÿå Marie Pavie ‚¥¬·™à
„∫„π “√≈–≈“¬≈â“ß‚ª√‚µæ≈“ µå∑’Ë¡’·¡ππ‘∑Õ≈ 0.7 ‚¡≈“√å
(CPW 13 M)  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß   °àÕππ”¡“·™à„π
‡Õπ‰´¡å∑’Ë‡À¡“– ¡«à“„Àâ®”π«π‚ª√‚µæ≈“ µå 1.55 × 106

·≈– 1.87 × 106/°√—¡πÈ”Àπ—° ¥µ“¡≈”¥—∫ Webb ·≈–
§≥– (1994)  ·¬°‚ª√‚µæ≈“ µå®“°„∫ÕàÕπ∑’Ë‰¡à·ºà‡µÁ¡∑’Ë
¢Õß Lactuca  perennis   ‚¥¬π”„∫·™à„π “√≈–≈“¬
CPW13M  ‡æ◊ËÕ„Àâ‡°‘¥°√–∫«π°“√æ≈“ ‚¡‰≈´’  ‡ªìπ‡«≈“
1-2 ™—Ë«‚¡ß    ·≈â«Õ‘π§‘«‡∫∑¥â«¬ “√≈–≈“¬‡Õπ‰´¡å∑’Ë
‡À¡“– ¡  °Á “¡“√∂·¬°‚ª√‚µæ≈“ µå‰¥â Ÿß°«à“·≈–„Àâ
§«“¡¡’™’«‘µ Ÿß°«à“¥â«¬   ‚¥¬∑—Ë«‰ª·≈â«°“√‡°Á∫„∫„π∑’Ë¡◊¥
À√◊Õæ≈“ ‚¡‰≈ ’́ „π “√≈–≈“¬ CPW „π∑’Ë¡◊¥‡ªìπ°“√
≈¥°“√ —ß‡§√“–Àå· ß∑”„Àâ°“√ √â“ß “√ —ß‡§√“–Àåæ«°
πÈ”µ“≈∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß‡´≈≈Ÿ‚≈  ·≈–‡Œ¡‘‡´≈≈Ÿ‚≈ 
‰ª – ¡∑’Ëºπ—ß‡´≈≈å≈¥≈ß ∑”„Àâ‡Õπ‰´¡å¬àÕ¬ºπ—ß‡´≈≈å‰¥â
ßà“¬¢÷Èπ ®”π«π‚ª√‚µæ≈“ µå¡’¡“°¥â«¬  Õ¬à“ß‰√°Áµ“¡„π
°“√»÷°…“π’È „Àâº≈¥’„π°√≥’∑’Ëµ—¥„∫‡°Á∫„π∑’Ë¡◊¥  à«π°“√
æ≈“ ‚¡‰≈ ’́ „Àâº≈µË”∑—Èßπ’È‡æ√“–¡—ß§ÿ¥  ·≈–æ◊™ °ÿ≈π’È¡’
¬“ß ‡¡◊ËÕ®ÿà¡·™à ¬“ßÕÕ°¡“„π “√≈–≈“¬ CPW ¡“°Õ“®
°àÕ„Àâ‡°‘¥§«“¡‡§√’¬¥ Õ“® àßº≈„Àâ¡’°“√ √â“ß “√¡“ – ¡
∑’Ëºπ—ß‡´≈≈å ®÷ß∑”„Àâ‰¡à “¡“√∂·¬°‚ª√‚µæ≈“ µå‰¥â‡≈¬  „π
¢≥–∑’Ë°“√‡°Á∫„∫„π∑’Ë¡◊¥∏√√¡¥“π—Èπ¬“ß®“° à«πºπ—ß‡´≈≈å
∑’Ë‰À≈ÕÕ°¡“ Ÿ≠À“¬ÕÕ°‰ª®“°„∫‡¡◊ËÕπ”¡“À—ËπΩÕ¬·≈–
®ÿà¡·™à„π “√≈–≈“¬‡Õπ‰´¡å·≈â«  ‰¡à¡’ª√‘¡“≥πÈ”¬“ßº ¡
„π‡Õπ‰´¡å °‘®°√√¡¢Õß‡Õπ‰´¡å„π°“√·¬°‚ª√‚µæ≈“ µå
®÷ß Ÿß ∑”„Àâ·¬°‚ª√‚µæ≈“ µå‰¥â Ÿß°«à“°“√·¬°®“°„∫ ¥
¡“°  ¥—ßπ—Èπ„πæ◊™∑’Ë¡’°“√ √â“ß¬“ß¡“°À“°µâÕß°“√·¬°
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Moosikapala,  L. and Te-chato,  S.

‚ª√‚µæ≈“ µå„Àâ‰¥â®”π«π¡“°®”‡ªìπµâÕßµ—¥„∫‡°Á∫‰«â„π
∑’Ë¡◊¥°àÕππ”¡“·™à„π “√≈–≈“¬‡Õπ‰´¡å∑’Ë„™â·¬°‚ª√‚µ-
æ≈“ µå  πÕ°®“°π’ÈÕ“¬ÿ¢Õß™‘Èπ à«π∑’Ëπ”¡“·¬°‚ª√‚µ-
æ≈“ µå¡’º≈µàÕ®”π«π   §«“¡¡’™’«‘µ·≈–æ—≤π“°“√¢Õß
‚ª√‚µæ≈“ µåÀ≈—ß°“√‡æ“–‡≈’È¬ß¥â«¬    ¡ªÕß (2530)

√“¬ß“π«à“ Õ“¬ÿ¢Õß„∫¡’º≈µàÕ§«“¡¬“°ßà“¬¢Õß‡Õπ‰´¡å
„π°“√¬àÕ¬„Àâ‰¥â®”π«π‚ª√‚µæ≈“ µå∑’Ë¡“°πâÕ¬·µ°µà“ß
°—πÕÕ°‰ª Marchant ·≈–§≥– (1997) √“¬ß“π«à“°“√
·¬°‚ª√‚µæ≈“ µå®“°„∫ÕàÕπ°ÿÀ≈“∫„Àâ®”π«π·≈–§«“¡¡’
™’«‘µ Ÿß°«à“„∫∑’Ë·ºà‡µÁ¡∑’Ë Perales ·≈– Schieder (1993)

√“¬ß“π«à“ °“√·¬°‚ª√‚µæ≈“ µå®“°„∫ÕàÕπ·Õª‡ªîô≈À√◊Õ
„∫∑’ËÕ¬Ÿà„π∑’Ë¡’§«“¡‡¢â¡· ßµË” „Àâ®”π«π‚ª√‚µæ≈“ µå Ÿß
°«à“∑’Ë·¬°®“°„∫·ºà‡µÁ¡∑’Ë·≈–„∫®“°¬Õ¥∑’Ë¥Ÿ·≈¿“¬„µâ°“√
„Àâ· ßª°µ‘  ‡π◊ËÕß®“°· ß°√–µÿâπ„Àâ¡’°“√ √â“ß “√≈‘°π‘π
·≈– “√∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õßºπ—ß‡´≈≈åÕ◊ËπÊ   ∑”„Àâ
‡Õπ‰´¡å¬àÕ¬„∫‰¥â¬“°  „π°“√»÷°…“π’È  æ∫«à“·¬°‚ª√‚µ-
æ≈“ µå®“°„∫¡—ß§ÿ¥Õ“¬ÿ 12  —ª¥“Àå  „Àâ®”π«π‚ª√‚µæ≈“ µå
 Ÿß ÿ¥  2.7 × 105/°√—¡   πÈ”Àπ—° ¥ §«“¡¡’™’«‘µ  68.12%

„π¢≥–∑’Ë„∫Õ“¬ÿ 8  —ª¥“Àå  „Àâ®”π«π‚ª√‚µæ≈“ µå„°≈â
‡§’¬ß°—π§◊Õ 1.9 × 105/°√—¡πÈ”Àπ—° ¥ ·µà„Àâ‚ª√‚µæ≈“ µå
¡’™’«‘µ Ÿß ÿ¥ 77.63%  ”À√—∫„∫∑’Ë¡’Õ“¬ÿπâÕ¬À√◊Õ¡“°°«à“
π’È„Àâ®”π«π‚ª√‚µæ≈“ µå≈¥≈ß  ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°„∫∑’Ë
Õ“¬ÿπâÕ¬‡π◊ÈÕ‡¬◊ËÕ¢Õß„∫®–πÿà¡‡π◊ËÕß®“°¬—ß‰¡à¡’°“√ – ¡
 “√ª√–°Õ∫∑’Ë‡ªìπ‚§√ß √â“ß¢Õßºπ—ß‡´≈≈å¡“°π—°∑”„Àâ√Õ¬
µ—¥‰¡à‡√’¬∫  πÕ°®“°π’ÈÕß§åª√–°Õ∫Õ◊ËπÊ ∑’Ë¡’„π‡Õπ‰´¡å
‰¥â·°à ‡Õπ‰´¡åæ«° protease À√◊Õ nuclease  ´÷Ëß‡ªìπ
Õ—πµ√“¬µàÕ‚ª√‚µæ≈“ µåº ¡Õ¬Ÿà¥â«¬  ∑”„Àâ„∫‰¥â√—∫§«“¡
‡ ’¬À“¬¡“°¢÷Èπ   „π¢≥–∑’Ë„∫Õ“¬ÿ¡“°¡’°“√ – ¡ “√
ª√–°Õ∫ æ«° ≈‘°π‘π  ´Ÿ‡∫Õ√å≈‘π  ·≈–§‘«µ‘π ∑’Ëºπ—ß‡´≈≈å
´÷Ëß¬“°·°à°“√¬àÕ¬¥â«¬‡Õπ‰´¡å„πÕ—µ√“  à«π∑’Ë‡À¡“– ¡π’È
Kao ·≈– Michayluk (1975) √“¬ß“π«à“ ®”π«π‚ª√‚µ-
æ≈“ µå‡√‘Ë¡µâπ∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß¡’º≈µàÕª√– ‘∑∏‘¿“æ
°“√‡®√‘≠¢Õß‚ª√‚µæ≈“ µå  ‡π◊ËÕß®“°‚ª√‚µæ≈“ µå·µà≈–
‡´≈≈å¡’°“√·æ√à “√‡¡µ“∫Õ‰≈µå∑’Ë √â“ß≈ß„πÕ“À“√‡≈’È¬ß
·≈– “√‡À≈à“π’È π—∫ πÿπ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‚ª√‚µæ≈“ µå
´÷Ëß°—π·≈–°—π  ®“°°“√»÷°…“π’È ‡æ“–‡≈’È¬ß‚ª√‚µæ≈“ µå
¡—ß§ÿ¥§«“¡Àπ“·πàπ 1.5 × 105 ‚ª√‚µæ≈“ µå/¡≈  „π
Õ“À“√‡À≈« Ÿµ√ MS  ‡µ‘¡  BA 0.5 ¡°/≈  ·≈–  TDZ  0.5

¡°/≈    àß‡ √‘¡°“√·∫àß‡´≈≈å§√—Èß·√° Ÿß ÿ¥ 7.69%  Õ¬à“ß‰√
°Áµ“¡¡’°“√·∫àß‡´≈≈å·∫∫·µ°ÀπàÕ Ÿß 4.67% „π¢≥–∑’Ë
‡≈’È¬ß¥â«¬§«“¡Àπ“·πàπ 5 × 105 ‚ª√‚µæ≈“ µå/¡≈ „Àâ
°“√·∫àß‡´≈≈å„°≈â‡§’¬ß°—π 3.41% ·≈– ¡’°“√·µ°ÀπàÕµË”
2.57% ·≈–‡¡◊ËÕ‡≈’È¬ßµàÕ‰ª‡ªìπ‡«≈“ 2  —ª¥“Àå  ‚ª√‚µ-
æ≈“ µå‡√‘Ë¡‡À’Ë¬«  ∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ‡≈’È¬ß‚ª√‚µæ≈“ µå
‡ªìπ√–¬–‡«≈“π“π¢÷Èπ   ‚ª√‚µæ≈“ µå·µà≈–‡´≈≈å¡’°“√
·æ√à “√‡¡µ“∫Õ‰≈µå∑’Ë √â“ß≈ß„πÕ“À“√‡≈’È¬ß¡“°¢÷Èπ À√◊Õ
‚ª√‚µæ≈“ µå¡’°“√¥Ÿ¥πÈ” Õ“À“√ ‡æ◊ËÕ°“√·∫àß‡´≈≈å  Õ“®
 àßº≈„Àâ√–¥—∫ÕÕ ‚¡µ‘§—¡„πÕ“À“√‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
(‡æ‘Ë¡¢÷Èπ)  ¥—ßπ—Èπ „π°“√»÷°…“µàÕ‰ªÕ“®¡’°“√»÷°…“°“√
≈¥ÕÕ ‚¡µ‘§—¡  ‚¥¬°“√‡µ‘¡Õ“À“√‡À≈«∑’Ë≈¥ÕÕ ‚¡µ‘§—¡
‡æ◊ËÕ„Àâ‚ª√‚µæ≈“ µå¡’°“√æ—≤π“°“√µàÕ‰ª    ™π‘¥ ·≈–
§«“¡‡¢â¡¢âπ¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë‡µ‘¡„πÕ“À“√
‡æ“–‡≈’È¬ß¡’º≈µàÕæ—≤π“°“√¢Õß‚ª√‚µæ≈“ µå  æ◊™·µà≈–
™π‘¥µÕ∫ πÕßµàÕ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ·µ°µà“ß°—π
ÕÕ°‰ª   Te-chato (1998)  √“¬ß“π«à“  °“√„™â BA 0.5

¡°/≈ ·≈– TDZ 0.5 ¡°/≈ ´÷Ëß àß‡ √‘¡°“√ √â“ß·§≈≈— 
®“°°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ·≈â«¬—ß àß‡ √‘¡°“√·∫àß‡´≈≈å¢Õß
‚ª√‚µæ≈“ µå∑’Ë·¬°®“°„∫¢Õß¡—ß§ÿ¥Õ’°¥â«¬ ‡™àπ‡¥’¬«°—π
„π°“√»÷°…“π’Èæ∫«à“ °“√„™â BA 0.5 ¡°/≈  ·≈– TDZ  0.5

¡°/≈   àß‡ √‘¡°“√·∫àß‡´≈≈å§√—Èß·√° Ÿß ÿ¥ 3.41% À≈—ß®“°
‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 1  —ª¥“Àå  „π¢≥–∑’Ë NAA √à«¡°—∫
BA  ‰¡à àß‡ √‘¡°“√·∫àß‡´≈≈å„π‚ª√‚µæ≈“ µå¢Õß¡—ß§ÿ¥
„π¢≥–∑’Ë  Te-chato (1997)  √“¬ß“π«à“  °“√‡µ‘¡ 2,4-D

0.5 ¡°/≈ √à«¡°—∫ BA 5 ¡°/≈  àß‡ √‘¡°“√·∫àß‡´≈≈å¢Õß
‚ª√‚µæ≈“ µå¢Õß„∫ â¡·¢° Ÿß ÿ¥  34.5%   À≈—ß°“√‡≈’È¬ß
π“π 7 «—π ®“°§«“¡·µ°µà“ßπ’È  Õ“®‡π◊ËÕß®“°„∫ÕàÕπ¡—ß§ÿ¥
¡’Õß§åª√–°Õ∫¢ÕßÕÕ°´‘π§àÕπ¢â“ß Ÿß °“√‡µ‘¡ “√§«∫§ÿ¡
°“√‡®√‘≠‡µ‘∫‚µ„π°≈ÿà¡ÕÕ°´‘π≈ß„πÕ“À“√  àßº≈„Àâ¬—∫¬—Èß
°“√·∫àß‡´≈≈åÀ√◊Õ°“√ √â“ß·§≈≈—  (Te-chato, 1998)

Õ¬à“ß‰√°Áµ“¡∫∑§«“¡π’È√“¬ß“π∂÷ß°“√·¬°·≈–‡æ“–‡≈’È¬ß
‡√‘Ë¡µâπ‰¥â‚ª√‚µæ≈“ µå∑’Ë¡’°“√·∫àß‡´≈≈å§√—Èß·√°‡∑à“π—Èπ
µàÕ‰ªÕ“®¡’°“√»÷°…“°“√‡æ“–‡≈’È¬ß‡æ‘Ë¡¢÷Èπ  ‡™àπ  »÷°…“
™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ™π‘¥
Õ◊ËπÊ »÷°…“°“√‡µ‘¡Õ“À“√‡À≈«‡æ◊ËÕ°“√≈¥ÕÕ ‚¡µ‘§—¡ À√◊Õ
‡µ‘¡ “√ªÑÕß°—π°“√‡°‘¥ ’πÈ”µ“≈≈ß„πÕ“À“√‡≈’È¬ß  ‡æ◊ËÕ àß
‡ √‘¡°“√·∫àß‡´≈≈å·≈–æ—≤π“°“√¢Õß‚ª√‚µæ≈“ µåµàÕ‰ª
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