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°“√æ—≤π“‰ª‡ªìπµâπÕàÕπ®“°‚ª√‚µæ≈“ ¢Õßæ◊™µ√–°Ÿ≈°–À≈Ë”

„π ¿“æ in-vitro

In-vitro Plant Regeneration from Protoplast

in Brassica Family

Õ√‘¬“¿√≥å  æß…å√—µπå

Ariyaporn Pongrat

ABSTRACT

Nine  species of Brassica family were studied for the genetic control of in vitro regenerability from

protoplast. In Brassica family, the protoplast culture should be kept in the dark after the protoplast isolation

for the first three days to reduce the phenols as they affected cell division and growth of cells during the

culture. The callus formation did not depend on the genotype since the protoplasts of all examined species

showed a high microcallus and callus formation in V-KM and on MS-media, respectively. The protoplast

regeneration of Brassicaceae was strongly dependent on the genotype. The examined species with the A-

genome, namely Brassica campestris (AA), B. juncea (AABB)  and B. napus (AACC) showed low capability

of regeneration. Probably, the A-genome has an inhibitory effect on the regeneration in Brassica species. The

genomes of B. nigra (BB) and   B. oleracea (CC) had high frequency of protoplast regeneration. Their interaction

enhanced the ability to regenerate since B. carinata (BBCC) showed the best regenerability from protoplasts.

Moreover, Erucia sativa, Raphanus sativus and Sinapis alba could not form shoot from protoplasts.

Key words : Brassicaceae, Erucia sativa, protoplast regeneration,  Raphanus sativus, Sinapis alba
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∫∑§—¥¬àÕ

®“°°“√»÷°…“æ—π∏ÿ°√√¡∑’Ë§«∫§ÿ¡§«“¡

 “¡“√∂„π°“√æ—≤π“‰ª‡ªìπµâπÕàÕπ (regeneration)

®“°‚ª√‚µæ≈“ ¢Õßæ◊™µ√–°Ÿ≈°–À≈Ë” 9 ™π‘¥ (species)

æ∫«à“ §«√‡æ“–‡≈’È¬ß‚ª√‚µ√æ≈“ ¢Õßæ◊™µ√–°Ÿ≈π’È

„π∑’Ë¡◊¥π“π 3 «—πÀ≈—ß®“°°“√·¬°‚ª√‚µ√æ≈“ ‡æ◊ËÕ

‡ªìπ°“√≈¥ª√‘¡“≥ “√æ‘… (toxic substance) ‡™àπ phenol
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´÷Ëß®–¡’Õ‘∑∏‘æ≈µàÕ°“√·∫àß‡´≈≈å·≈–°“√‡®√‘≠‡µ‘∫‚µ

¢Õß‡´≈≈å„π√–À«à“ß°“√‡æ“–‡≈’È¬ß  ”À√—∫°“√‡®√‘≠

¢Õß‡´≈≈å‰ª‡ªìπ·§≈≈— ‰¡à¢÷ÈπÕ¬Ÿà°—∫æ—π∏ÿ°√√¡‡π◊ËÕß

®“°‚ª√‚µ√æ≈“ ¢Õßæ◊™∑’Ë»÷°…“∑ÿ°™π‘¥ “¡“√∂

‡®√‘≠‰ª‡ªìπ‰¡‚§√·§≈≈— ·≈–·§≈≈— ‰¥â¥’∑—Èß„π

Õ“À“√ Ÿµ√ V-KM ·≈– MS  à«π°“√æ—≤π“‰ª

‡ªìπµâπ¢Õß·§≈≈— π—Èπ∂Ÿ°§«∫§ÿ¡¥â«¬æ—π∏ÿ°√√¡ ‚¥¬

®’‚π¡ A ¡’Õ‘∑∏‘æ≈‰ª¬—∫¬—Èß°“√æ—≤π“‰ª‡ªìπµâπ¢Õß

‚ª√‚µæ≈“  ‡π◊ËÕß®“°·§≈≈— ¢Õß Brassica campestris

(AA), B. juncea (AABB) ·≈– B. napus (AACC)

‰¡à “¡“√∂æ—≤π“‰ª‡ªìπµâπÕàÕπ‰¥â„πÕ“À“√∑’Ë»÷°…“

∑ÿ°™π‘¥ „π¢≥–∑’Ë®’‚π¡ B ¢Õß B. nigra (BB) ·≈–

®’‚π¡ C ¢Õß B. oleracea (CC) ¡’Õ‘∑∏‘æ≈µàÕ°“√

æ—≤π“‰ª‡ªìπµâπ¢Õß‚ª√‚µæ≈“ ‰¥â¥’ ·≈–®’‚π¡

Õ“®¡’ªØ‘°‘√‘¬“ —¡æ—π∏å°—π∑”„Àâ§«“¡ “¡“√∂„π°“√

æ—≤π“‡ªìπµâπÕàÕπ‡æ‘Ë¡ Ÿß¢÷Èπ ‡π◊ËÕß®“° B. carinata

(BBCC)  “¡“√∂æ—≤π“‰ª‡ªìπµâπ®“°‚ª√‚µæ≈“ 

‰¥â¥’∑’Ë ÿ¥  à«π Erucia sativa, Raphanus sativus ·≈–

Sinapis alba ‰¡à “¡“√∂æ—≤π“‰ª‡ªìπµâπ‰¥â„π

Õ“À“√∑’Ë»÷°…“∑ÿ°™π‘¥

§”π”

„πªí®®ÿ∫—πæ◊™µ√–°Ÿ≈°–À≈Ë” (Brassica) ¡’

§«“¡ ”§—≠∑“ß¥â“π‡»√…∞°‘®‡ªìπÕ¬à“ß¡“° ∑—Èß°“√

∫√‘‚¿§„π√Ÿª¢Õßº—° ¥ À√◊Õπ”¡“ª√ÿßÕ“À“√ ‡™àπ B.

oleracea (‡™àπ §–πâ“ °–À≈Ë”ª≈’ °–À≈Ë”ª¡) B.

campestris (À—«‡∑Õ√åπ‘∫) Raphanus sativus (·√¥¥‘™)

·≈– B. juncea (¡— µ“√å¥) Erucia sativa (¡— µ“√å¥)

·≈– Sinapis alba (¡— µ“√å¥™π‘¥ ’¢“«, ¥”·≈–‡À≈◊Õß)

πÕ°®“°π’È¬—ßπ”¡“„™â„πÕÿµ “À°√√¡¢Õß°“√º≈‘µ ’

πÈ”¡—πÀ≈àÕ≈◊Ëπ ·≈–ºß´—°øÕ° ‡™àπ B. napus B.

campestris ·≈– B. carinata ‡ªìπµâπ

„π°“√‡√àß√–¬–‡«≈“°“√æ—≤π“§«“¡°â“«Àπâ“

¢Õß°“√ª√—∫ª√ÿßæ—π∏ÿåæ◊™µ√–°Ÿ≈°–À≈Ë” ‰¥â¡’°“√π”

‡∑§‚π‚≈¬’™’«¿“æ¡“„™â ‡™àπ °“√∂à“¬¬’π °“√ √â“ß

 “¬æ—π∏ÿå‡ªìπÀ¡—π °“√ √â“ß “¬æ—π∏ÿå·∑â®“° haploid

´÷Ëß‡√’¬°«à“ dihaploid (DH) ‡æ◊ËÕ„™â„π°“√ √â“ß≈Ÿ°º ¡

(hybrid) °“√§—¥‡≈◊Õ° “¬æ—π∏ÿå„Àâ∑π∑“πµàÕ‚√§

·¡≈ß·≈– ‘Ëß·«¥≈âÕ¡∑’Ë‰¡à‡À¡“– ¡ ·µàÕ¬à“ß‰√°Áµ“¡

‡∑§π‘§°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ‚¥¬‡©æ“–®“° à«π¢Õß

‚ª√‚µæ≈“  ‡ªìπªí®®—¬Àπ÷Ëß∑’Ë®”°—¥§«“¡‡ªìπ‰ª‰¥â

¢Õß‡∑§π‘§°“√∂à“¬¬’π‡∑à“π—Èπ ®“°°“√»÷°…“∑’Ëºà“π¡“

æ∫«à“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈µàÕ°“√‡æ“–‡≈’È¬ß‚ª√‚µæ≈“ 

‰¥â·°à æ—π∏ÿ°√√¡  à«π¢Õßæ◊™∑’Ëπ”¡“„™â·¬°‚ª√‚µ

æ≈“  ·≈–‡∑§π‘§°“√‡≈’È¬ß‚ª√‚µæ≈“ 

Koornneef et al. (1987) æ∫«à“ §«“¡

 “¡“√∂„π°“√æ—≤π“‰ª‡ªìπµâπ¢Õß‚ª√‚µæ≈“ 

¢Õß¡–‡¢◊Õ‡∑»∂Ÿ°§«∫§ÿ¡‚¥¬¬’π¢à¡ 2 µ—«  à«π„π B.

campestris (AA-genome) ·≈– B. napus (AACC-

genome) ‡ªìπ species ∑’Ë¡’§«“¡ “¡“√∂µË”¡“°À√◊Õ

‰¡àª√“°Æ°“√°“√æ—≤π“‰ª‡ªìπµâπ¢Õß‚ª√‚µæ≈“ 

(Narasimhulu et al., 1988, Vamling and Glimelius,

1990)

Glimelius (1984) ·π–π”«à“  à«π¢Õßæ◊™∑’Ë

π”¡“„™â·¬°‚ª√‚µæ≈“ §«√π”¡“®“°µâπæ◊™∑’Ë‡®√‘≠

‡µ‘∫‚µ„π ¿“æ·«¥≈âÕ¡∑’Ë ¡Ë”‡ ¡Õ ·≈–æ∫«à“æ◊™

µ√–°Ÿ≈°–À≈Ë”®”‡ªìπ®–µâÕßπ”µâπæ◊™¡“∑” pre-

treatment „π™à«ß —Èπ Ê °àÕππ”¡“·¬°‚ª√‚µæ≈“ 

(Vamling and Glimelius, 1990) ‡™àπ æ◊™§«√Õ¬Ÿà„π∑’Ë

¡◊¥ 1-2 «—π °àÕππ”‰ª·¬°‚ª√‚µæ≈“  ‡æ◊ËÕ∑’Ë®–„Àâ

‰¥â‚ª√‚µæ≈“ ∑’Ë¡’™’«‘µ·≈–·¢Áß·√ß®”π«π¡“° πÕ°

®“°π’È‚ª√‚µæ≈“ ∑’Ë·¬°¡“®“° à«π¢Õß hypocotyl

¢ÕßµâπÕàÕπ∑’Ë¡’Õ“¬ÿ 4-6 «—π ®–¡’§«“¡ “¡“√∂„π

°“√æ—≤π“‰ª‡ªìπµâπ‰¥â¥’ (Glimelius, 1984;

Narasimhulu et al., 1992) ·µàÕ¬à“ß‰√°Á¥’°“√„™â à«π

¢Õß hypocotyl ®”‡ªìπ®–µâÕß∑”°“√‡æ“–‡¡≈Á¥„À¡à

∑ÿ°§√—Èß ´÷Ëß¬ÿàß¬“°·≈–∑”„Àâ‡ ’¬‡«≈“ ·≈–Õ“®æ∫
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§«“¡‰¡à§ßµ—«∑“ßæ—π∏ÿ°√√¡„π°√≥’∑’Ëæ◊™π—Èπ¬—ß‰¡à‡¢â“ Ÿà

homozygous

Kao and Michayluk (1975) ·π–π”«à“

Õ“À“√∑’Ë„™â„π°“√‡æ“–‡≈’È¬ß‚ª√‚µæ≈“ „π√–¬–‡√‘Ë¡

µâπ§«√¡’«‘µ“¡‘π πÈ”µ“≈ °√¥Õ‘π∑√’¬å °√¥Õ–¡‘‚π„π

ª√‘¡“≥∑’Ë Ÿß µ≈Õ¥®π¡’πÈ”¡–æ√â“«ÕàÕπ‡ªìπÕß§å

ª√–°Õ∫ πÕ°®“°π’Èæ◊™µ√–°Ÿ≈°–À≈Ë”¬—ßµâÕß°“√ 2,4-

D „πª√‘¡“≥ Ÿß„π™à«ß√–¬– —Èπ Ê ‡æ◊ËÕ°“√æ—≤π“

¢Õß·§≈≈—  (Vamling and Glimelius, 1990)

µâÕß°“√ª√‘¡“≥ cytokinin ‡æ‘Ë¡ Ÿß¢÷Èπ ·≈– auxin

≈¥≈ß‡æ◊ËÕ°“√æ—≤π“‡ªìπµâπÕàÕπ (Glimelius, 1984)

°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕµâÕß°“√

∑√“∫ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß°—∫°“√æ—≤π“‰ª‡ªìπµâπ®“°

‚ª√‚µæ≈“ ¢Õßæ◊™µ√–°Ÿ≈°–À≈Ë”∫“ß™π‘¥ ·≈–‚ª√

‚µæ≈“ ¢Õßæ◊™™π‘¥„¥„πµ√–°Ÿ≈°–À≈Ë” “¡“√∂

æ—≤π“‰ª‡ªìπµâπ®“°‚ª√‚µæ≈“ ‰¥â¥’ ‡æ◊ËÕπ”¡“™à«¬

„π°“√ª√—∫ª√ÿßæ—π∏ÿå¢Õßæ◊™™π‘¥‡¥’¬«°—π ·≈–µà“ß

™π‘¥°—π·µàÕ¬Ÿà¿“¬„πµ√–°Ÿ≈‡¥’¬«°—π ‡™àπ ‡æ◊ËÕ„™â‡ªìπ

µ—«‡™◊ËÕ¡„π°“√∂à“¬∑Õ¥≈—°…≥–§«“¡‡ªìπÀ¡—π®“°

Raphanus sativus ‰ª¬—ß species Õ◊Ëπ Ê ∑’Ë‰¡à “¡“√∂

æ—≤π“‰ª‡ªìπµâπ‰¥â®“°‚ª√‚µæ≈“  µ≈Õ¥®π„™â„π

°“√§—¥‡≈◊Õ° “¬æ—π∏ÿå‡æ◊ËÕ∑π∑“πµàÕ ¿“æ·«¥≈âÕ¡∑’Ë

‰¡à‡À¡“– ¡ ∑π∑“πµàÕ‚√§ ‡ªìπµâπ πÕ°®“°π’È¬—ß¡’

ª√–‚¬™πå„™â„π°“√»÷°…“¢∫«π°“√∑“ß™’«‡§¡’¢Õß

æ◊™Õ’°¥â«¬

Õÿª°√≥å ·≈–«‘∏’°“√

„π°“√»÷°…“§√—Èßπ’È„™âæ◊™∑—ÈßÀ¡¥ 9 ™π‘¥ (Table

1) ´÷Ëß‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“° Institute for Plant

Genetics and Crop Plant Research, Gatersleben; the

Norddeutsche Pflanzenzucht (NPZ), Hohenlieth

ª√–‡∑»‡¬Õ√¡—π

π”‡¡≈Á¥æ◊™∑—Èß 9 ™π‘¥π’È¡“¶à“‡™◊ÈÕ‚¥¬·™à„π

ethanol 70% (V/V) π“π 1 π“∑’ À≈—ß®“°π—Èππ”‰ª

·™à„π “√≈–≈“¬ sodium hypochlorite ∑’Ë¡’§«“¡‡¢â¡

¢âπ 5% π“πª√–¡“≥ 10-15 π“∑’ ·≈–π”‰ª≈â“ß

¥â«¬πÈ” –Õ“¥∑’Ëºà“π°“√¶à“‡™◊ÈÕ·≈â« 3 §√—Èß π”‡¡≈Á¥∑’Ë

‰¥âπ’È‰ª‡æ“–∫πÕ“À“√·¢Áß™π‘¥ B5 (Gamborg et al.,

1968) ∑’Ë‡µ‘¡«ÿâπ 8% ·≈â«π”µâπÕàÕπ∑’Ë‰¥â¡“‡≈’È¬ß„π

Õ“À“√ Ÿµ√ MS (Murashige and Skoog, 1962) ‡æ◊ËÕ

‡æ‘Ë¡®”π«πµâπ ”À√—∫„™â„π°“√»÷°…“µàÕ‰ª

Table 1 List of the plants which were used in this study. (Data taken from Prakash and Chopra, 1991)

Species Chromosome number Genome code Reference

Brassica campestris L. 20 AA Morinaga, 1934

B. nigra (L.) Kock 16 BB Morinaga, 1934

B. oleracea L. 18 CC Morinaga, 1934

B. juncea (L.) Czern 36 AABB Morinaga, 1934

B. napus L. 38 AACC Morinaga, 1934

B. carinata A.Br 34 BBCC Morinaga, 1934

Erucia sativa Mill. 22 - -

Raphanus sativus L. 18 RR Sageret, 1926

Sinapis alba L. 24 - -
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°“√·¬°·≈–°“√‡≈’È¬ß‚ª√‚µæ≈“  : π”ª≈“¬

¬Õ¥¢Õßæ◊™∑’Ëª≈Ÿ°„π ¿“æª≈Õ¥‡™◊ÈÕ¡“®”π«π 4-6 ¬Õ¥

¡“µ—¥‡ªìπ™‘Èπ‡≈Á° Ê ¢π“¥ 0.5-1.0 ¡¡. ·≈–∫à¡„π

 “√≈–≈“¬‡ÕÁπ‰´¡åª√‘¡“µ√ 12 ¡≈. ´÷Ëßª√–°Õ∫¥â«¬

Rohament PC 3% sorbitol 0.5 M ·≈– Ca(NO3)2 5

mM π“π 7-8 ™¡. „π∑’Ë¡◊¥Õÿ≥À¿Ÿ¡‘ 25°´ À≈—ß®“°

π—Èππ”¡“·¬°‚ª√‚µæ≈“ ÕÕ°®“° “√≈–≈“¬‡ÕÁπ‰´¡å

‚¥¬°“√°√Õßºà“πµ–·°√ß≈«¥™π‘¥ V4A ¢π“¥ 40

‰¡‚§√‡¡µ√ ·≈â«π”‰ªªíòπ (centrifuge) ¥â«¬§«“¡‡√Á«

800 rpm π“π 5 π“∑’ ‚ª√‚µæ≈“ ®–µ°µ–°Õπ∑’Ë

°âπÀ≈Õ¥

π”‚ª√‚µæ≈“ ∑’Ë·¬°‰¥â¡“‡≈’È¬ß„πÕ“À“√ Ÿµ√

V-KM (Binding and Nehls, 1977) ‚¥¬π”‡Õ“‚ª√

‚µæ≈“ ∑’Ë·¬°‰¥â¡“ª√—∫„Àâ¡’§«“¡Àπ“·πàπ‡ªìπ 105

- 106 ‚ª√‚µæ≈“ µàÕ 1 ¡≈. ·≈â«π” “√≈–≈“¬‚ª√

‚µæ≈“ ª√‘¡“µ√ 10-20 ‰¡‚§√≈‘µ√º ¡°—∫Õ“À“√ V-

KM ∑’Ëª√–°Õ∫¥â«¬«ÿâπ agarose 2% ∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 38-

40°´ ·≈â«À¬¥‡ªìπÀ¬¥‡≈Á° Ê ´÷Ëß‡√’¬°«à“ lense µ—Èß

∑‘Èß‰«â√Õ®πÕ“À“√·¢Áßµ—« ·≈â«π”‡Õ“Õ“À“√‡À≈« V-

KM ¡“‡µ‘¡®π∑à«¡ à«π¢Õß lense ·≈â«π”‰ª‡≈’È¬ß„π

µŸâ∫à¡∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 25°´ „ÀâÕ¬Ÿà„π ¿“æ¡’· ß·≈–‰¡à¡’

· ß (‡©æ“– 3 «—π·√°) „π ¿“æµŸâ¡’· ß§«“¡‡¢â¡

¢Õß· ß‡∑à“°—∫ 3-5 µmol m-2s-1 ‡ª≈’Ë¬πÕ“À“√‡À≈«

∑ÿ° Ê 3-4 «—π µàÕ¡“À≈—ß®“°‡≈’È¬ß‰¥â 7-14 «—π  à«π¢Õß

lenses ®–∂Ÿ°¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√ Ÿµ√ B5 ∑’Ë‡µ‘¡πÈ”

¡–æ√â“« 5% (B5C), MS ∑’Ë‰¡à‡µ‘¡ “√§«∫§ÿ¡°“√

‡®√‘≠‚µ (MS) ·≈– MS ∑’Ë‡µ‘¡ 2-4, D 0.5 µM (MSD)

‡æ◊ËÕ™—°π”„Àâ‡°‘¥°“√æ—≤π“‡ªìπµâπÕàÕπ ·≈–„π°√≥’

∑’Ë à«π¢Õß·§≈≈— ‰¡à “¡“√∂æ—≤π“‡ªìπµâπ‰¥â¿“¬„π 6

 —ª¥“Àå °Á®–π”‰ª‡≈’È¬ß„πÕ“À“√ Ÿµ√ B5 ∑’Ë‡µ‘¡πÈ”

¡–æ√â“« 5% , 0.05 °./≈. IAA, BAP 1.0 °./≈. ·≈–

zeatin 1.0 °./≈. (B5CBZI) ‡æ◊ËÕ°√–µÿâπ°“√™—°π”„Àâ

æ—≤π“‡ªìπµâπµàÕ‰ª

º≈·≈–«‘®“√≥å

º≈®“°°“√»÷°…“ æ∫«à“‚ª√‚µæ≈“ ¢Õßæ◊™

„πµ√–°Ÿ≈°–À≈Ë”™π‘¥µà“ß Ê ∑’Ëπ”¡“»÷°…“ à«π„À≠à

 “¡“√∂·∫àß‡´≈≈å§√—Èß·√°‰¥â¿“¬À≈—ß®“°°“√‡æ“–

‡≈’È¬ß∫πÕ“À“√‡À≈« Ÿµ√ V-KM ‰ªπ“π 24 ™¡.

·≈–‡´≈≈å “¡“√∂®–æ—≤π“‡ªìπ‰¡‚§√·§≈≈— ´÷Ëß¡’√Ÿª

§≈â“¬¥“« (star shape) ¿“¬À≈—ß®“°°“√‡æ“–‡≈’È¬ß‰ª

π“πª√–¡“≥ 10-14 «—π (Figure 1a, 1b) Õ‘∑∏‘æ≈

¢Õß· ß„π™à«ß 3 «—π·√°¢Õß°“√‡≈’È¬ß‚ª√‚µæ≈“ 

„πÕ“À“√‡À≈«®–¡’º≈µàÕ°“√‡®√‘≠·≈–æ—≤π“¢Õß

‡´≈≈å‰ª‡ªìπµâπÕàÕπ ®“°°“√»÷°…“æ∫«à“„π ¿“æ∑’Ë¡’

· ßµ≈Õ¥„π™à«ß 3 «—π·√° ®–æ∫·ºàπøî≈¡å∫“ß Ê

≈Õ¬Õ¬Ÿà∫πº‘«¢ÕßÕ“À“√·≈–∑”„Àâ‡°‘¥≈—°…≥– ’

πÈ”µ“≈¢÷Èπ∑’Ë‰¡‚§√·§≈≈—  ®÷ß®”‡ªìπ®–µâÕß‡ª≈’Ë¬π

Õ“À“√‡À≈«∫àÕ¬§√—Èß¢÷Èπ ÷́Ëß®–æ∫‡ÀÁπÕ¬à“ß™—¥‡®π„π B.

napus ‡¡◊ËÕπ”‰ª‡≈’È¬ßµàÕ°Á®–æ∫«à“‰¡‚§√·§≈≈— ¢Õß

æ◊™∑’Ë∑”°“√»÷°…“∑ÿ°™π‘¥‡®√‘≠‡ªìπ·§≈≈— ‰¥â ·µà

·§≈≈— ®–‡ª≈’Ë¬π‡ªìπ ’πÈ”µ“≈Õ¬à“ß√«¥‡√Á« ·≈–‰¡à

 “¡“√∂æ—≤π“‰ª‡ªìπµâπ‰¥â∫πÕ“À“√∑’Ë∑”°“√∑¥ Õ∫

∑ÿ°™π‘¥ (Table 2)  à«π°“√‡≈’È¬ß‚ª√‚µæ≈“ „π∑’Ë¡◊¥

3 «—π·√° ·≈â«π”¡“‡≈’È¬ßµàÕ„π ¿“æª°µ‘ æ∫«à“

·§≈≈— ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’ ·≈–‡ª≈’Ë¬π‡ªìπ ’πÈ”µ“≈

Õ¬à“ß™â“ Ê ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√‡≈’È¬ß„π ¿“æ∑’Ë„Àâ

· ßµ≈Õ¥„π™à«ß 3 «—π·√° ·≈–·§≈≈— „πæ◊™

µ√–°Ÿ≈°–À≈Ë”∫“ß™π‘¥ “¡“√∂‡®√‘≠·≈–æ—≤π“‰ª

‡ªìπµâπ‰¥â‡¡◊ËÕπ”‰ª°√–µÿâπ¥â«¬ŒÕ√å‚¡π IAA, BAP

·≈– zeatin (Figure 2, Table 3) ¥—ßπ—Èπ®–‡ÀÁπ«à“°“√

‡≈’È¬ß‚ª√‚µæ≈“ §«√®–‡≈’È¬ß„π∑’Ë¡◊¥π“π 3 «—π À≈—ß

®“°∑”°“√·¬°‚ª√‚µæ≈“  ∑—Èßπ’ÈÕ“®®–‡π◊ËÕß®“°«à“

· ß¡’Õ‘∑∏‘æ≈µàÕ°“√º≈‘µ “√æ‘…¢Õß‚ª√‚µæ≈“  ‡™àπ

phenol (Schenck and Hoffmann, 1979) ´÷ËßÕ“®®–

‰ª¡’º≈µàÕ membrane ¢Õß‚ª√‚µæ≈“  (Krens et al.,

1990) ·≈–¥â«¬‡Àµÿπ’È‡Õß®÷ß∑”„Àâ§«“¡ “¡“√∂„π°“√
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a b

Figure 1 a. Ten days old microcallus derived from protoplast of B. carinata. 370X

b. Fourteen days old microcallus with anthocyanin derived from protoplast of B. carinata.

370X

Figure 2 Somatic embryo regenerated from

protoplast of B. carinata.

æ—≤π“‰ª‡ªìπµâπ Ÿ≠‡ ’¬‰ª Narasimhulu et al. (1992)

‰¥â∑”°“√»÷°…“æ∫«à“ phenols ¡’Õ‘∑∏‘æ≈µàÕ°“√·∫àß

‡´≈≈å·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈åæ◊™™π‘¥ B. carinata

°“√æ—≤π“‰ª‡ªìπµâπÕàÕπ®“°‚ª√‚µæ≈“ 

¢Õßæ◊™µ√–°Ÿ≈°–À≈Ë”π—Èπ¡’§«“¡·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫

™π‘¥¢Õßæ◊™ ·≈–Õ“À“√∑’Ë∂Ÿ°π”¡“„™â„π°“√‡æ“–‡≈’È¬ß

®“°°“√»÷°…“æ∫«à“ B. carinata ·≈– B. nigra ¡’

§«“¡µâÕß°“√‡æ’¬ßÕ“À“√ MS À√◊Õ B5C ‡∑à“π—Èπ

‡æ◊ËÕ°“√‡®√‘≠æ—≤π“‡ªìπµâπÕàÕπÀ≈—ß®“°‡≈’È¬ß„π

Õ“À“√ Ÿµ√ V-KM ·µà B. carinata ¡’§«“¡ “¡“√∂

„π°“√æ—≤π“®“°‚ª√‚µæ≈“ ‡ªìπµâπÕàÕπ‰¥â¥’°«à“

§◊Õ¡’§«“¡∂’Ë¢Õßµâπ∑’Ë‡®√‘≠¡“®“°‚ª√‚µæ≈“ ‡∑à“°—∫

1.0×10-4-2.1×10-2 ‚¥¬‡´≈≈å à«π„À≠à “¡“√∂‡®√‘≠

‡ªìπ‰¡‚§√·§≈≈— ∑’Ë¡’√Ÿª√à“ß star shape ¿“¬À≈—ß®“°

°“√‡≈’È¬ß„πÕ“À“√ Ÿµ√ V-KM ‡æ’¬ß 7 «—π ·≈–

 “¡“√∂æ—≤π“µàÕ‰ª‡ªìπµâπÕàÕπ‰¥âÀ≈—ß®“°‡≈’È¬ß∫π

Õ“À“√ Ÿµ√ MS À√◊Õ B5C ª√–¡“≥ 7-10 «—π ·µà B.

nigra ®–„™â‡«≈“„π°“√æ—≤π“π“π°«à“·≈–¡’ª√‘¡“≥
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Table 2 Growth responses from protoplast-derived calli of the Brassicaceae on different media under

light condition.

Growth responses on different media

Species MS B5C MSD MS B5C MSD

B5CBZI B5CBZI B5CBZI

Brassica campestris C C C C C C

B. carinata C C C C C C

B. juncea C C C C C C

B. napus C C C C C C

B. nigra C C C C C C

B. oleracea C C C C C C

Erucia sativa C C C C C C

Raphanus sativus C C C C C C

Sinapis alba C C C C C C

Note: C - callus

Table 3 Growth responses from protoplast-derived calli of the Brassicaceae on different media under

the dark condition for the first three days culture.

Growth responses on different media

Species MS B5C MSD MS B5C MSD

B5CBZL B5CBZI B5CBZI

Brassica campestris C C C C C C

B. carinata E.S E,S C - - C

B. juncea R S,R C R - S,R

B.napus R R R R R R

B. nigra S S C - - R

B. olereacea C C C C C S

Erucia sativa R R R - - -

Raphanus sativus R R C - - C

Sinapis alba C C C C C C

Note: C -callus E -somatic embryos R -root hairs on callus S -shoots - -not tested
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µâπÕàÕππâÕ¬°«à“ B. juncea ·≈– B. oleracea µâÕß

°“√ŒÕ√å‚¡π IAA, BAP ·≈– zeatin  ”À√—∫°“√

æ—≤π“‰ª‡ªìπµâπ¢Õß‚ª√‚µæ≈“  ´÷Ëßº≈∑’Ë‰¥â

 Õ¥§≈âÕß°—∫ß“π∑¥≈Õß¢Õß Narasimhulu et al. (1988)

·≈– Vamling and Glimelius (1990)  à«π B. campestris

·≈– B. napus ®–‰¡à “¡“√∂æ—≤π“‡ªìπµâπÕàÕπ‰¥â

∫πÕ“À“√∑’Ë∑”°“√∑¥ Õ∫∑ÿ°™π‘¥ ®“°À≈—°∞“ππ’È®–

™’È„Àâ‡ÀÁπ«à“§«“¡ “¡“√∂„π°“√æ—≤π“‰ª‡ªìπµâπ¢Õß

‚ª√‚µæ≈“ ®–¢÷ÈπÕ¬Ÿà°—∫®’‚π‰∑øá¡“°°«à“Õ“À“√∑’Ë„™â

„π°“√‡æ“–‡≈’È¬ß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–∑“ßæ—π∏ÿ°√√¡∑’Ë

§«∫§ÿ¡°“√æ—≤π“‰ª‡ªìπµâπ®“°‚ª√‚µæ≈“ ¢Õßæ◊™

µ√–°Ÿ≈°–À≈Ë” æ∫«à“°“√‡®√‘≠‰ª‡ªìπ·§≈≈— ®–‰¡à

∂Ÿ°§«∫§ÿ¡‚¥¬æ—π∏ÿ°√√¡ ‡π◊ËÕß®“°«à“‚ª√‚µæ≈“ 

®“°∑ÿ° Ê æ◊™∑’Ë»÷°…“ “¡“√∂æ—≤π“‡ªìπ‰¡‚§√

·§≈≈— ·≈–æ—≤π“‡ªìπ·§≈≈— ‰¥â¥’„πÕ“À“√∑—Èß Ÿµ√ V-

KM ·≈– MS  à«π§«“¡ “¡“√∂„π°“√æ—≤π“

‡ªìπµâπ™’È„Àâ‡ÀÁπ«à“ ®’‚π¡ B ¢Õß B. nigra (BB) ·≈–

®’‚π¡ C ¢Õß B. oleracea (CC) ¡’Õ‘∑∏‘æ≈µàÕ≈—°…≥–π’È

·≈–ªØ‘°‘√‘¬“ —¡æ—π∏å (interaction) √–À«à“ß∑—Èß 2

®’‚π¡π’È ®–∑”„Àâ§«“¡ “¡“√∂„π°“√æ—≤π“‰ª

‡ªìπµâππ—Èπ¡’ª√– ‘∑∏‘¿“æ¥’¬‘Ëß¢÷Èπ ∑—Èßπ’È‡π◊ËÕß®“° B.

carinata (BBCC) · ¥ßº≈¢Õß°“√æ—≤π“‰ª‡ªìπµâπ

®“°‚ª√‚µæ≈“ ¥’∑’Ë ÿ¥  à«πæ◊™µ√–°Ÿ≈°–À≈Ë”∑’Ë¡’

®’‚π¡ A ‡ªìπÕß§åª√–°Õ∫ ‡™àπ B. campestris (AA),

B. juncea (AABB) ·≈– B. napus (AACC) ®–‰¡à

· ¥ß§«“¡ “¡“√∂°“√æ—≤π“‰ª‡ªìπµâπÕàÕπ‡≈¬ ´÷Ëß

º≈°“√∑¥≈Õßπ’È  Õ¥§≈â Õ ß°— ∫§”·π–π”¢Õß

Narasimhulu et al. (1988) ´÷Ëß°≈à“««à“ ®’‚π¡ A ®–

¡’Õ‘∑∏‘æ≈µàÕ°“√¬—∫¬—Èß°“√æ—≤π“‰ª‡ªìπµâπ®“°‚ª√

‚µæ≈“ „πæ◊™µ√–°Ÿ≈°–À≈Ë”  ”À√—∫ Erucia sativa,

Raphanus sativus ·≈– Sinapis alba ‰¡à “¡“√∂

æ—≤π“‰ª‡ªìπµâπÕàÕπ‰¥â„π ¿“æ°“√‡≈’È¬ß∫πÕ“À“√

∑ÿ°™π‘¥

 √ÿª

1. ªí®®—¬¢Õß· ß®–¡’º≈µàÕ°“√æ—≤π“‰ª

‡ªìπµâπÕàÕπ®“°‚ª√‚µæ≈“ ¢Õßæ◊™„πµ√–°Ÿ≈

°–À≈Ë”„π™à«ß 3 «—π·√°À≈—ß®“°·¬°‚ª√‚µæ≈“ 

ÕÕ°¡“

2. °“√ ‡®√‘≠‰ª‡ªìπ‰¡‚§√·§≈≈— ·≈–

·§≈≈— ¢Õßæ◊™µ√–°Ÿ≈°–À≈Ë”®–‰¡à∂Ÿ°§«∫§ÿ¡‚¥¬

≈—°…≥–∑“ßæ—π∏ÿ°√√¡

3. °“√æ—≤π“‰ª‡ªìπµâπ®“°‚ª√‚µæ≈“ ∂Ÿ°

§«∫§ÿ¡¥â«¬≈—°…≥–æ—π∏ÿ°√√¡ ‚¥¬∑’Ë®’‚π¡ A ¡’

Õ‘∑∏‘æ≈‰ª¬—∫¬—Èß°“√æ—≤π“‡ªìπµâπÕàÕπ¢Õßæ◊™ ®’‚π¡

B ·≈– C §«∫§ÿ¡°“√æ—≤π“‰ª‡ªìπµâπ¢Õßæ◊™ πÕ°

®“°π’ÈªØ‘°‘√‘¬“ —¡æ—π∏å¢Õß∑—Èß 2 ®’‚π¡®– àß‡ √‘¡

§«“¡ “¡“√∂„π°“√æ—≤π“‰ª‡ªìπµâπ¢Õßæ◊™„Àâ‰¥â¥’¢÷Èπ

§”¢Õ∫§ÿ≥

¢Õ¢Õ∫§ÿ≥ π“ß “«æ‘¡≈æ√√≥ ¡ÿ∏ÿ ‘∑∏‘Ï ∑’Ë
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