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ოᕥ༬ოᕥ༬ოᕥ༬ოᕥ༬(glyphosate)ת᛾תܒ᛾תܒ᛾תܒ᛾ܒɯɯɯɯ 
(2)ᚕ૩Ϟܒתᐠڙᚕ૩Ϟܒתᐠڙᚕ૩Ϟܒתᐠڙᚕ૩Ϟܒתᐠڙ 

 

଀ऍ़ 

ᄢᄢᄢᄢ啶 啶啶 啶啶 啶啶 啶 ौौौौ 

ოᕥ༬ (glyphosate) ࣏ Ӓ౨ٺҢശලႇޟຂࡣଶ૩ᏘȂՌѿ୵о20پԑϱϚ

ෆ ี ҡ ת ᛾ ܒ ᚕ ૩ Ȃ ഋ Ӌ Ᏸ ޱ ௰ ก џ ૖ Ӱ ࣏ ო ᕥ ༬ ޟ ኿ ޟ ሕ શ

5-enolpyruvylshikimate-3-phosphate synthase(EPSPS)ᡐ౴ࡣȂӣਢོ६ճሕશᇄڏ

PEPڧ፴ޟᗤ๖ȂٺுේੁฒݲԆࣀȄณՄ۝ό഍ϴѧܻ2002ԑॶ࡙ᜌ݂଻پՙ

࣏в๐૩(Eleucine indica (L.) Gaertn.)ܒתޟٳ EPSPSี ҡᡐ౴Ϟ࢈ȄՍϬӒ౨ӓ

Ԥ23ᆍᚕ૩ю౪תოᕥ༬ҡ࠮ސȂڏϛ༉в๐૩ȃ࿅ρ༃ഫ૩(Lolium rigidum 

Gaudin)ȃဎσց༃ഫ૩(L. Multiflorum Lam.)ȃё਌σፀ(Conyza canadensis (L.) 

Cronq.)ȃछࢸ୅ፀ(C. Bonanensis Retz.)ȃ್ًߝ(Amaranthus palmeri S. Wats.)ȃ༵

ು್(A. Tuberculatus (Moq.) Sauer)Ѕ㉤߆ᓸӥੵ(Hedyotis corymbosa (L.)Lam)้ 8

ᆍᚕ૩ച៉ԤܒתᐠڙϞࣺᜰंـȂџᘪઽ࣏3ᆍհҢᐠڙȂѓࢂEPSPSஅӰए

ᡐȃEPSPSஅӰٔࢀኵቨёȂоЅოᕥ༬ܻේᡝ֜ԝܖ༈ᏲПԒ׽ᡐȄ 

ᓸӥੵȂ߆в๐૩ȃ࿅ρ༃ഫ૩ȃဎσց༃ഫ૩Ѕ㉤ޟϛܻEPSPSஅӰएᡐڏ

ࣱܻࣺᄇ՝ည಑106107ܖএರੋሖ (proline)ีҡᡐ౴ȂϷտ׽ᡐ࣏๛ੋሖ

(serine)ȃឃੋሖ(threonine)ܖеੋሖ(alanine)ȂࣱџᏲमEPSPSᇄოᕥ༬ޟᒑڷΨ

६ճȂܒתڏ஼࡙ӨϚࣺӣȂϭܻ2~100ॻϞ໢ȇ್ًߝЅ༵ು್ӰEPSPSٔࢀኵ

(copy No.)ቨёՄԤ3~8ॻܒתȂԪ࣏ᚕ૩ת᛾ཱིޟܒᑗᐠڙȇё਌σፀЅछࢸ୅

ፀࠌӰოᕥ༬༈ᏲПԒ׽ᡐܖ᛾శೝᒯଚՍశफႤᚔȂܒתघቨё8~13ॻȄڏϛ

3ᆍұҏऋܒת૩ࣱܻEPSPSᡐ౴ܖოᕥ༬༈ᏲПԒ౰ҡӻኺޟܒҡ࠮ސȂڎԤ2

ᆍоΰܒתޟᐠڙȂԪ౪ຫ஠࢐ოᕥ༬ܻᚕ૩ݽ٩ΰޟ१ौࡎራȂᔖ։ԞᎈҢϚ

ӣᐠڙϞଶ૩ᏘȂᗗջܒתේੁϞ៉ࡻᡐ౴ЅᖅॊȄҬࠉᇃᢊϛȃࠒഋݎ༪Ѕߨ

ેӴϐю౪תოᕥ༬ޟв๐૩Ѕ㉤߆ᓸӥ ȂੵԪ2ᚕ૩ࣱ࣏EPSPS಑106107ܖএರ 
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ੋሖϷտᡐ౴࣏еੋሖЅ๛ੋሖȂ᛾ܚࢳϐ࡚ҳmultiplex  RT-PCRЅPCR-RFLP

้ϷυᠦۡПݲȂџഀפᔮกੁܒתȂᗗջתოᕥ༬ᚕ૩៉ࡻᘗඹȂٮџڞօת

 Ϟᅿ௡Ѕᆓ౩Ȅސҡܒ

Ιȃოᕥ༬Ѕڏ኿ޟሕશEPSPS 

ოᕥ༬(glyphosate)࣏ ܻଶ૩ᏘȂҥछ୽۝ό഍ϴѧ(Monsanto)ࡣຂܒᒵᐅߨ

1974ԑंีΰѿϞԤᐠᕥ᜸᛾ᏘȂϽᏰӪ࣏N-(phosphonomethyl) glycineȂΙૡҤ

໢Ң໔࣏1.6~2.5 kg ai ha-1ȂџԤਝ٩ଶΙԑҡЅσഋӋӻԑҡᚕ૩ȂӵѮᢊϐิ

଄ܻ14ᆍкौհސȃӄ໣ӴЅેߨӴٺҢȂ࣏؀Ҥശ१ौϞຂࡣଶ૩Ꮨ(າ้

2010)Ȅ ო ᕥ ༬ к ौ հ Ң ՝ ည ࣏ ૩ ೂ ሖ (shikimic acid)ф ᗂ ၯ ৷ ϛ

5-enolpyruvylshikimate-3-phosphate synthase(EPSPS)(EC 2.5.1.19)ሕશȂഅԙή෬ॄ

еੋሖ(phenylalanine)ȃႎੋሖ(tyrosine)ЅՓੋሖ(tryptophan)้ 3ᆍ޿ॷఊₕஅሖ

֤໔६ճȂኇ៪ේސೖҩ፴ϞҡӫԙЅғலҡߝ(Jaworski 1972, Amrhein et al. 

1980, Marshall et al. 1994)Ȃႀԙ٩ଶᚕ૩ϞҬޟȄҥܻოᕥ༬հҢϞshikimate 

pathwayфᗂၯ৷༉Ԇӵܻଽ้ේސȃઍ຃ȃಠ຃ᇄ᝽᜸้ҡސ(Bradshaw et 

al.1997)ȂӰԪȂოᕥ༬ᄇ঳ٰଢ଼ސȃ݀ᙫȃന᜸Ѕധ᜸้ҡڎސճܒࢳϞ੫ᘈȂ

ԙ࣏ҬࠉӒ౨ٺҢ໔ശӻޟຂࡣଶ૩ᏘȄ 

ოᕥ༬ޟкौ኿ޟሕશEPSPSհҢܻshikimic acidфᗂၯ৷಑6؏᡽Ȃ་Ͻ

phosphoenol pyruvate(PEP)Ѕshikimate-3-phosphate(S3P)౰ҡ5-enolpyruvylshikimate- 

3-phosphate(EPSP)Ѕฒᐠᕥ (Pi)(Bentley 1990)Ȅҥσဗజ຃ (Escherichia coli) 

EPSPSවᡝ๖ᄺᡗҰȂEPSPSೖҩ֕౪2এ౨ୢ࠮໢Ȃо2న๕ᜦޑഋӋࣺ೿௥(ყ

1. A.)(Stalling et al. 1991)Ȃ໌Մี౪ҥS3Pӑᗤ๖ܻEPSPSȂ2ٺ౨ୢ࠮໢ϣࣺᎬ

ఱ੊அޟS3Pٺཌު໢ޟԙלȂߖ (hydroxyl group)ܾ ܻᇄPEPᗤ๖ (ყ 1. 

A.)(Schonbrunn et al. 2001)Ȅოᕥ༬ޟհҢкौӰ࣏ოᕥ༬ᇄڧ፴PEPҳᡝ๖ᄺྃ

ࣺխȂഅԙᇄPEPџଛϞᝯڙ׻ܒތȂՄฒלݲԙή෬EPSP౰ސȇӣਢოᕥ༬һ

ᗍೖҩࠉ)Хpre-EPSPSߢོ )ၼಋՍဨᆦᡝ (shikimic acidфᗂІᔖޟफᏢ ) 

(Amrhein et al. 1980)ȂՄഅԙshikimic acidфᗂၯ৷ߢڧȄ 

(Ι)EPSPS੫ܒᇄ᜸տ 

Ȃџ஠EPSPSୢܒఃཐ࡙৯౴ޟEPSPSᄇოᕥ༬ٷ Ϸ࣏2᜸ȈΙૡේސ

ЅσഋӋ८៌Ъഛܒಠ຃ޟEPSPS឴ ܻ಑1᜸EPSPSȂԃσဗజ຃ЅჃ༌൱

ڙ׻Ъ຃(Salmonella typhimurium)Ȃ༉ኵཌኞᅭ(µM)ᐨ࡙Ϟოᕥ༬։џߞؓ
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ሕશܒࣀȇᄇოᕥ༬ڎЈณञޟޱܒڧEPSPS឴ ܻ಑2᜸Ȃԃၻజ຃

(Agrobacterium sp. strain CP4)ȃғฒՓజ຃(Achromobacter sp. LBAA)Ѕ୅

൐फ຃(Pseudomonas sp. PG2982 )(Barry et al. 1992)ȂоЅσഋӋ८៌Ъ໨

އ޲జ຃ߞಠ຃EPSPSȂԃؓܒ (S. pneumonia)Ѕߜ༁Փိຉ౨຃

(Stahylococcus aureus) (Priestman et al. 2005)Ȃოᕥ༬ᐨ຺࡙ႆኵయኞᅭ(mM)

ϗџܒࣀڏڙ׻(Funke et al. 2009)Ȅ 

ოᕥ༬ΰѿ20ߖԑоپȂӒ౨Ґෆю౪ܒת૩ȂഋӋᏰޱᇯ࣏࢐EPSPS

ᡐ౴ࡣȂџ૖ӣਢ६ճሕશᇄڏPEPڧ፴ޟᗤ๖ȂٺுේੁฒݲԆࣀϞ࢈Ȅ

ӰԪȂച៉ԤоᑢᒵܖΡ࣏ᘈएᡐПԒ௤ଆოᕥ༬ᇄEPSPSᗤ๖ᄺ࠮Ϟं

ञოᕥ༬एᡐੁaroAڏЪ຃(឴಑1᜸EPSPS)ȂߞȂՌ1983ԑଔҥჃ༌൱ؓـ

அӰጡጆޟEPSPSܒࣀၶഏҡᆍޱଽȂкौ৯౴࣏एᡐੁEPSPS՝ܻₕஅሖ

಑101ޟರੋሖ(proline)׽ᡐ࣏๛ੋሖ(serine) (P101S) (Stalker et al. 1985)Ȅ

ငցҢx-rayᙓৢ׬೚ுޣPro101ٮϚ՝ܻሕશୢܒࣀȂष஠Proည඲࣏๖ᄺ

ωܻLeuޟₕஅሖȂӰҳᡝᄺ׽࠮ᡐȂٺGly96ЅThr97ಋөოᕥ༬ޟᗤ๖՝

ညȂഅԙনυ໢௶ҌΨ(repulsive forces)Ϟ࢈Ȃᗶณܒתแ࡙ၶճȂ༉౱ኇ

៪PEPᇄEPSPSϞᗤ๖(Healy-Fried et al. 2007)ȄѪܻσဗజ຃EPSPSޟ

G96Aᡐ౴ੁȂี౪ڏᄇოᕥ༬ڎԤၶଽܒתȂкौӰ࣏еੋሖޟҦஅժю

ܻოᕥ༬ޟᗤ๖೎Ȃ६ճEPSPSᇄოᕥ༬ޟᒑܒڷȂծζኇ៪ᇄPEPޟᗤ

๖ȂՄڙ׻EPSPSܒࣀޟ(Eschenburg et al. 2002)Ȅ 

ҥܻEPSPSӵP101SܖG96Aޟᡐ౴ȂᄇܒתЅEPSPSՌ٘ޟܒࣀਝݎ

Ө౴Ȃ໌ՄԤ፝ӻंـցҢӻᘈएᡐ׬೚Ȃ௤ଆџӣਢڎԤᄇოᕥ༬ଽת

T97I/P101Sޟϛоσဗజ຃EPSPSڏкौᗤ๖՝ᘈȄޟEPSPSܒࣀЅଽܒ

ᚖᘈएᡐਝݎശٹ(ყ1. B.) (Funke et al. 2009)ȂԪएᡐEPSPSһᙏᆎ࣏TIPS 

EPSPȂҥවᡝ๖ᄺᡗҰԪᚖᘈएᡐкौ࣏Ile97ሉᚔڧ፴Ϟᗤ๖՝ညȂցܻ

PEP (Km=0.1 mM)ᇄEPSPS೿๖ȂӣਢGly96ಋөოᕥ༬ȂՄ६ճოᕥ༬ᇄ

EPSPSޟᒑڷΨ(Ki=2.4 mM)Ȃष༉൐ΙT97Iᡐ౴Ȃڏᄇოᕥ༬ܒתޟЅᄇ

PEPޟᗤ๖ϫၶ৵ȂѪӔёΰP101Sޟ၄஼հҢȂԪTIPS EPSPџᆰࡻଽ་

ϽܒࣀЅᄇოᕥ༬ܒתޟ(Funke et al. 2009)Ȅ 

ၻజ ຃ (Agrobacterium tumefaciens strain CP4)Ϟ EPSPS࣏ ಑ 2᜸

EPSPSȂڏAla100ЅLeu105ࣺ ᄇܻσဗజ຃ޟGly96ЅPro101(ყ1. C.)Ȃҥ
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ܻAla100ޟҦஅ(methyl group)ਐਔოᕥ༬ᕥሖਲ਼Ϟ1੊নυȂϓᘙოᕥ༬ᇄ

EPSPSޟᗤ๖(ki>6 mM)ȂӣਢCP4 EPSPSᇄPEPޟᒑڷΨၶ಑1᜸EPSPSޱ

஼(Funke et al. 2006)Ȅ 

(A)

(C)(B)
Pro101 Ser101

Ile97

Gly96 Gly96

Ile97

Leu105

Ala100

 

ყ1. оσဗజ຃ EPSPSවᡝϞᄺٽ࣏࠮Ȃ዁ᔣܒת EPSPSᇄოᕥ༬ϞϷυᗤ๖

ᜰ߽Ȅ(A)σဗజ຃ EPSPSϞ2এ౨࠮໠ܹୢ໢ȂN ᆒ՝ܻήПԸᆦՓୢ໢Ȃ

C ᆒ՝ܻΰП෋Փୢ໢(Ѿყ)Ȃင S3Pڧ፴ᗤ๖ࡣȂ2ୢ໢ϣࣺᎬߖȂցܻ

PEPڧ፴(ᆦՓ)ܖოᕥ༬(༁Փ)ёΣᗤ๖(ѡყ)Ȅ(B)תოᕥ༬ T97I EPSPS(Ѿ
ყ)൐ᘈएᡐᇄ TISP EPSPS(ѡყ)Ϟᄺ࠮Ȅ(C)ၻజ຃ CP4 EPSPSᇄოᕥ༬

ᗤ๖Ȃڏ Ala100Ѕ Leu105ࣺ ᄇܻσဗజ຃ޟ Gly96Ѕ Pro101Ȃოᕥ༬࣏༁

Փȃᇄოᕥ༬ᗤ๖ࣺᜰϞₕஅሖ෤அ࣏औՓȃЫϷυ࣏షᙢՓ༫౨Ȅ 

 
Πȃᚕ૩Ϟתოᕥ༬ᐠڙ 

ΙૡՄِȂᚕ૩Ӱቢࢊଶ૩ᏘՄᅚ౰ҡܻҡᄘȃҡϽЅᒸ༈ϞᎌᔖܒȂഅԙ

मȄܚଶ૩ᏘޟӣࣺڙӻᆍհҢᐠܖҢ1ᆍٺਢ෈ߝԙȂσ഍Ӱ࣏לޟᚕ૩ܒ᛾ת

ᔆΨᇄ਻ᆍПԒՄ؜ȃଶ૩ᏘᒵܒЅᒸ༈੫ސҡޟᚕ૩ٷ౥லഀޟේੁ౰ҡܒת

ۡȂڏϛоᚕ૩Ռ٘ޟᆍυ໔ȃܾᡐܒЅӻ࣏ܒ࠮१ौϱӵӰશȄ೽லΙԑҡᚕ

૩ҡࣀѬ฻ȃᆍυ໔ӻȃᆍϱ౴߆௲઱ᐠ౥ଽȂܾีҡஅӰҺ඲ᇄ१ಢ౪ຫȂυ

фᒸ༈፴ޟӻܒ࠮ଽȂӰԪܾင᛾Ꮨቢࡣࢊᑢᒵюת᛾ޟҡ࠮ސ(Caseley et al. 

1991, Putwain and Collin 1998)Ȅ 

౪໦ࢲӒ౨ϐԤ209ᆍᚕ૩388ޟএҡתڎ࠮ސଶ૩Ꮨ੫ܒ(Heap 2012)Ȃᘪઽ
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ȂѪΙܒתᡐഅԙϞ׽ሕશޟџୢϷ࣏Π᜸տȂΙ᜸࣏ଶ૩Ꮨ኿ڙհҢᐠޟܒת

᜸࣏ߨ኿ޟሕશ׽ᡐഅԙϞܒתȂޱࠉ኿ޟሕશ׽ᡐޟџ૖নӰ࣏அӰएᡐȃஅ

ӰٔࢀኵቨёܖmRNAᙽᓃቨёȇߨޱࡣ኿ޟሕશӰશޱȂԃ᛾Ꮨܻේᡝ֜ԝȃ

ᒯᏲ׽ᡐȂܖೝфᗂȃߢႤȂमٺ᛾శฒݲшӋܰႀ኿ޟ೎Մ౰ҡܒת౪ຫȄ 

Ҭתࠉოᕥ༬ᚕ૩ӓԤ23ᆍȂีٷҡ໷וϷտ࣏࿅ρ༃ഫ૩(Lolium rigidum 

Gaudin)ȃв๐૩(Eleucine indica (L.)Gaertn)ȃё਌σፀ(Conyza Canadensis Retz.)ȃ

ဎσց༃ഫ૩(L. Multiflorum Lam.)ȃछࢸ୅ፀ(C. Bonanensis Retz.)ȃߝဨٙࠉ૩

(Plantago lanceolata L.)ȃέນဨ፪૩(Ambrosia Trifida L.)ȃ፪૩(A. artemisifolia L.)ȃ

ሚጲຆ(Parthenium hysterophorus L.)ȃ್ًߝ(Amaranthus palmeri S. Wats.)ȃ༵ು್

(A. tuberculatus Moq.)ȃ஼ҡ૩ (Sorghum halepense L.)ȃұҏऋේސ (Digitaria 

insular)ȃًጌ(Echinochloa colona L.)ȃӴጳ(Kochia scoparia (L.) Schrad)ȃӻԑҡ༃

ഫ૩(L. Perenne L.)ȃұҏऋේސ(Urochloa panicoides P. Beauv)ȃഏ₰ᇉ(Conyza 

sumatrensis Retz.)ȃԞዣұ(Poa annua L. Bluegrass)ȃұҏऋේސ(Chloris truncata 

R.Br.ȃLeptochloa virgata (L.)P. Beauv.)ȃ㉤߆ᓸӥੵ(Hedyotis corymbosa (L.)Lam)

Ѕσࡵഠഫ(Bromus diandrus Roth)้ (଀ 2012, Heap 2012)Ȅ 

ᚕ૩༉Ԥв๐૩ȃ࿅ρ༃ഫ૩ȃဎσց༃ഫ૩ȃё਌σޟϐೝᜌᄂڙᐠܒת

ፀȃछࢸ୅ፀȃ್ًߝȃ༵ು್Ѕ㉤߆ᓸӥੵ้8ᆍᚕ૩(1ߒ.)ȂڏтσഋϷᚕ૩

૩ϚܒתϐೝᜌᄂՍЍԤ3ᆍ዁ԒȂՄиܒתޟოᕥ༬ࠉϫϚ݂ጂȄҬڙᐠܒתޟ

ӣҡ࠮ސџ૖Ԇӵ1ᆍоΰܒתޟᐠڙȂѓࢂEPSPSஅӰएᡐȃEPSPSஅӰٔࢀኵ

ቨёȂоЅოᕥ༬ܻේᡝ֜ԝܖ༈ᏲПԒ׽ᡐϞ࢈ȂϚӣϞܒתᐠܒתڏڙ஼࡙

һԤ݂ᡗ৯౴ȂоήϷտӖᖞᇳ݂Ȅ 

 ڋᐒ܄ל8ᅿᚇ૛ϐ჏ᕗ༞ .1߄

 ૛ Ў᝘܄ל ڋᐒ܄ל

EPSPS Фโ૛(Eleucine indica) Baerson et al. 2002 
୷Ӣँᡂ  Ng et al. 2005 
  ૲฻ 2005b 
 ྷγ໵ഝ૛(Lolium rigidum) Powles et al. 1998 
  Preston et al. 2009 
  Wakelin & Preston 2006 
  Simarmata & Penner 2008 
  Yu et al. 2007 

ကεճ໵ഝ૛(L. Multiflorum) Jasieniuk et al. 2008 
  Perez-Jones et al. 2007 
 ゾ޸ᓪӗ੧(Hedyotis corymbosa) Yuan et al. (҂ว߄) 
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 ૛ Ў᝘܄ל ڋᐒ܄ל

EPSPS୷Ӣ ؽߏಿ(Amaranthus palmeri) Gaines et al. 2010 
 ኧቚу  Gressel et al. 2011نࡲ
 ༧ಳಿ(A. tuberculatus) Tranel et al. 2011 
 у৾εጲ(Conyza Canadensis)(1) Dinelli 2006 
 ऍࢪଷጲ(C. Bonanensis)(1) Dinelli 2008 
 
჏ᕗ༞໺Ꮴ܈ у৾εጲ Koger & Reddy 2005 
֎ԏБԄׯᡂ  Dinelli et al. 2006 
 ऍࢪଷጲ Dinelli et al. 2008   
 ྷγ໵ഝ૛ Wakelin et al. 2004 
   Perez-Jones et al. 2007  
 ကεճ໵ഝ૛ (ᐞࢪ) Perez et al. 2004 
 ကεճ໵ഝ૛ (ඵճ)(2) Perez et al. 2007  

ଷጲࢪу৾εጲϷऍ܄ל(1 EPSPS mRNAၨགޣ܄ቚу 2७Ƕ 
2)໻ඵճޑကεճ໵ഝ૛܄לᐒࣁڋ֎ԏໆׯᡂǶ 

 
(Ι)EPSPSஅӰएᡐ 

ҬࠉӰEPSPSஅӰ׽ᡐՄю౪תოᕥ༬ҡޟ࠮ސᚕ૩Ȃԃв๐૩ȃ࿅ρ

༃ഫ૩ȃဎσց༃ഫ૩Ѕ㉤߆ᓸӥੵ้4ᆍ(2ߒ.)ȄശԞൢᏲתޟოᕥ༬ᚕ૩

࣏࿅ρ༃ഫ૩ȂณՄॶ࡙ೝᜌᄂӰEPSPSஅӰีҡएᡐՄתڎოᕥ༬੫ޟܒ

ᚕ૩࣏଻پՙݎٳ༪ޟв๐૩Ȃת᛾10~8࣏ܒॻ(Lee and Ngim 2000)Ȃ۝ό

഍ंีღ໥໌Ι؏եᆗܒתघ࣏2~4ॻȂӣਢᜌ݂ੁܒתEPSPSஅӰีҡᘈ

एᡐȂܻ಑319এਯ㧿ሖᢃஅफ⤉℻(C)ᡐ࣏૓ဝ⤉℻(T)ȂڏጡጆϞₕஅሖܻ

಑106ޟರੋሖ(proline)׽ᡐ࣏๛ੋሖ(serine)ȂP106Sࣺ ᄇܻσဗజ຃ޟ

P101S೎(2ߒ.)( Baerson et al. 2002)ȂϞܻࡣ଻پՙٳϚӣӴୢܒתв๐૩ఊ

တȂһี౪ԤPro106ᡐ౴࣏ឃੋሖ(threonine)ޟේੁ(Ng et al. 2005)Ȅငҥᔮ

กתოᕥ༬в๐૩ᄇოᕥ༬ki঄ޟቨё౪ຫȂ௰፣ੁܒתEPSPSܻ Pro106ޟ

 .Ψ(Baersaon et alڷᒑޟȂ໌Մ६ճᇄოᕥ༬ᗤ๖לᄺޟᡐȂኇ៪EPSPS׽

2002)ȂѪҥੁܒתᒸ༈੫ܒϷݙȂᡗҰEPSPS P106Sޟᡐ౴࢐ငҥഋӋᡗܒ

൐ΙஅӰ፡௡ (Ng et al. 2004)ȂԪ࣏в๐૩ޟкौܒתᐠڙȄ 

ოᕥ༬࢐ᇃᢊၻӴٺҢ໔ശӻޟຂࡣଶ૩ᏘȂघ2000ԑфܻߑᇃᢊࠒ

ഋݎ༪ȂӰငலቢࢊოᕥ༬һีҡฒׇݲӒ٩ଶޟв๐૩Ȃ᛾ܚࢳငოᕥ

༬᛾ਝกۡȂџ݂ᡗୢտתЅཐܒේੁȂܒתघ࣏5ॻȂӔငШᄇEPSPSஅ

ӰוӖȂ๖ݎζੁܒת࢐ܻPro106ี ҡᡐ౴Ȃծₕஅሖ׽ᡐ࣏еੋሖ

(alanine)(2ߒ.)(଀้ 2005b)ȂϚӣܻ଻پՙٳв๐૩ޟ๛ੋሖܖឃੋሖȂ໌
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Ι؏ϐ࡚ҳmultiplex RT-PCRϷυᠦۡПݲȂџഀפᔮกੁܒת(ყ2. A.)Ȅ

घ࣏10ॻȂܒתᓸӥੵȂ߆㉤ޟოᕥ༬תӴһю౪ેߨഋࠒԑܻᇃᢊϛȃߖ

࠮в๐૩(P106S)ȂԪ࣏಑ΙএᗯဨٳՙپP107S EPSPSᡐ౴೎ࣺᄇܻ଻ڏ

ᚕ૩ӰEPSPSᡐ౴ܒתޟ૩Ȃҥܻ㉤߆ᓸӥੵҡࣀѬ฻Ȃຂ4໊~3ࡣ߃ ։໠

ܒתቨёϛȂۣငҥ؁඲ଶ૩Ꮨᆍ᜸ȂႀԤਝ६ճ៉ࡻේੁϫܒת࢈Ȃ߆

ҡ࠮ސఊတȂϐ࡚ҳPCR-RFLPПݲ(ყ2. B.)ȂџഀפᔮกੁܒתȄ 

ԪѴȂתოᕥ༬࿅ρ༃ഫ૩ζ࢐ܻ಑106এₕஅሖีҡᡐ౴Ȃᐬܒתࢸ

 P106SϚӣᡐ౴(WakelinܖLD50(R/S)ϭܻ7~20Ϟ໢ȂEPSPS ԤP106Tޟੁ

and Preston 2006, Preston et al. 2009)ȇߨࠒЅछ୽ੁܒתLD50(R/S)Ϸտ࣏14

Ѕ100ȂEPSPSࠌᡐ౴࣏P106AЅP106S (Yu et al. 2007, Simarmata and Penner 

घቨё5ॻȂEPSPSܒתȂޱოᕥ༬ဎσց༃ഫ૩ܻසցю౪תȄ(.2ߒ)(2008

ᡐ౴࣏P106SȂՄܻछ୽ϞੁܒתȂܒתϭܻ5~15ॻϞ໢ȂEPSPSᡐ౴࣏

P106SܖP106A (Perez-Jones et al. 2007, Jasieniuk et al. 2008) (2ߒ.)Ȅ 

 ᜢữ୷ለׇӈϐКၨ࣬܄לᙯ୷Ӣᆶނբׯ჏ᕗ༞ᚇ૛EPSPSϷ୷ל .2߄

ᚇ૛܈୷ׯ วғ୯ ғ܄ל (1)ࠠނ EPSPS೽ҽׇӈ  
բނ(ᙯ୷Ӣ)    ७ኧ           

                                                          106 

Фโ૛ ᆵ᡼ S 0     ---GNAGTAMRPLTAAVTA--- 
  R 5 ---------------------A---------------- 
 ଭٰՋ٥ S 0 --------------------------------------- 
  R1 2-4 ---------------------S---------------- 
  R2 - ---------------------T---------------- 
ྷγ໵ഝ૛ ᐞࢪ S 0 ----------------------------------V--- 
  R1 20 ---------------------T-----------V--- 
  R2 7-14 ---------------------S-----------V--- 
 ऍ୯ R 100 ---------------------S-----------V--- 
  ---R 14 ---------------------A-----------V ߚࠄ 
ကεճ໵ഝ૛ ඵճ S 0 ----------------------------------V--- 
  R 5 ---------------------S-----------V--- 
 ऍ୯ R1 5 ---------------------S-----------V--- 
  R2 5-15 ---------------------A-----------V--- 
ゾ޸ᓪӗ੧(2) ᆵ᡼ S 0 ----------------------------------V--- 
   R 10 ---------------------S-----------V--- 
ҏԯ GA21سࠔ  R - -------------I-------S----------------- 
(TIPS EPSPS)   
εل GTS 40-3-2  R - -----------A--------L----------------- 
(CP4 EPSPS)(3)          

1)Sࣁჹ჏ᕗ༞௵ག෌ਲ਼ǴR܄לࣁਲ਼Ƕ 
2)ゾ޸ᓪӗ੧ག܄ਲ਼proline܄ל܈ਲ਼serineࣁಃ107ঁ ữ୷ለǶ 
3)ᆶלᛰ࣬܄ᜢϐЬा2ữ୷ለǶ 



 - 8 - 

 

300

600
R

S

(bp)

1  2   3   4   5   6   7  8   9  10 11 12 13 14

300

600
R

S300

600
R

S

(bp)

1  2   3   4   5   6   7  8   9  10 11 12 13 14S R 1 2 3 4 5 6 7 8 9 10 11 12

R S 1 2 3 4 5 6 7 8 9 10 11 12

(bp)

(bp)

300

300

500

700

500

700

R

R

S

S

(A)

(B)

 

ყ ЕυоܒᓸӥੵϞϷυᠦۡȄ(A)ցҢடΙ߆ოᕥ༬в๐૩Ѕ㉤ת .2 multiplex 
RT-PCR׬೚ᔮกתЅཐܒв๐૩Ȃ(B)ցҢ Hae III 酶३ڙ о PCR-RFLP׬೚ᔮ

กתЅཐܒ㉤߆ᓸӥ ȄੵRЅS࣏ငოᕥ༬᛾ᏘІᔖୢտϞתЅཐܒ ȃੁጡဴ 1~12
 Ҥ໢௴໱Ϟᚕ૩ኺࠢȄ࣏ޱ
 

(Π)EPSPSஅӰٔࢀኵቨё 

Ԟ෈Ԥᜰოᕥ༬࢐ܒתޟငҥΡ࣏ПԒᇶᏲ౰ҡȂԃоಠफܖಢᙑஉ

Ꮄᅚ໌ቨёოᕥ༬᛾Ꮨ໔ȂџᇶᏲ౰ҡ35~24ת mMოᕥ༬ޟनᡎጿ

(Daucus carota L. subsp. sativus)ಠफੁȂՄഏҡ࠮ಠफܻ1 mM։ԫι

(Nafziger et al. 1984)Ȃޟܒתڏቨёкौ࣏EPSPSٔࢀኵ(copy No.)ቨё

4~25ॻȂиEPSPSೖҩ፴ቨё12ॻȂѪܻ࿤౞вȃ๶૩(Nicotiana tabacum 

L.)ȃσْЅाፂ(Medicago sativa L.)ಠफһԤࣺխ౪ຫȂڏϛEPSPSٔࢀኵ

ՍЍቨё20ॻ(Pline-Srnic W 2006)ȄณՄԪ้ಠफੁܻฒ᛾ᏘᔆΨϞήȂ

EPSPSٔࢀኵ։݂ᡗ෵ЍȂυф໠ۖᅚൊѶܒת(Pline-Srnic W 2006)Ȅ 

छ୽ൖٳݽԎෝ߆Ҥܻ2004ԑю౪תოᕥ༬್ًߝޟఊတȂᄇოᕥ༬

ЅཐܒתᡗҰȂـंܒघ࣏6~8ॻ(Culpepper et al. 2006)ȂငEPSPS੫ܒתޟ

EPSPSࣱޟੁܒ ࣏ᄇოᕥ༬ఃཐޟሕશȂ໌Ι؏ցҢۡ໔PCRᜌ݂ੁܒת

EPSPSٔࢀኵ࣏ཐ160~5ޟੁܒॻȂиEPSPSೖҩ፴֤໔घቨё20ॻȂӣਢ
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EPSPSٔࢀኵЅೖҩ፴֤໔ቨёࣱᇄڎܒתғࣺᜰܒȂငҥFISH׬೚ᢎᄆ

ቨёޟEPSPSஅӰϷҀܻӨࢗՓᡝϛ(ყ3.)ȂԪӰհޱ௰፣್ًߝӰEPSPS

ܒ᛾תȂԪ࣏ᚕ૩(Gaines et al. 2010)ܒתኵσ໔ቨёՄᄇოᕥ༬౰ҡٔࢀ

։ϐีࠉȂघܻ20ԑڙ᛾ᐠתᙫ݀ޟኵቨёٔࢀȂณՄӰஅӰڙᑗᐠཱིޟ

ҡ(Devonshire and Field 1991)ȄԪ้ҥܻᒵܦᔆΨഅԙஅӰኵ໔ቑቨȂ࣏ේ

ოޟԃ຺໔ҡ౰EPSPSሕશȂ։џ໢௥ใភಠफϛٽΙᆍПԒȂޟᅋϽސ

ᕥ༬ᐨ࡙Ȃиџ૖ਖ਼Ѕ᛾ᏘଛცᇶᏲџಋଢ଼ᒸ༈ϯશ(ԃᙽ՝υ)ȂٺEPSPS

ඁнџܻܚԤࢗՓᡝϛቨ෥(ყ3.)ȂԪ้ቨёEPSPSஅӰኵڎ֏࢐ᒸ༈ᛧۡ

ು್һԤ༵ܒתޟϫϚ݂ጂ(Powles 2010, Gasquez et al. 1995)Ȅӣ឴ܒ

EPSPSٔࢀኵቨёൢޟᏲ(Tranel et al. 2011)Ȃё਌σፀЅछࢸ୅ፀޟੁܒת

EPSPS mRNAߒ౪໔࣏ཐ2ޟੁܒॻȂ࢐֏ᇄEPSPSٔࢀኵቨёԤᜰȂۦฒ

໌Ι؏ंـ(Dinelli 2006, 2008)ȂѪܻᇃᢊϛഋ఩༪Ѕိຉ༪ี౪ޟञოᕥ

༬๼Ξᓞ྾υ૩(Diclipera chinensis (L.) Juss)һԤEPSPS mRNAߒ౪໔ၶଽ

౪ຫ(Yuan et al. 2002)Ȅ 

(έ)ოᕥ༬ܻේ֜ސԝȃ༈ᏲПԒ׽ᡐ 

ଶ૩Ꮨ࢐֏џܻ֜ԝࡣ༈ᏲՍ኿ޟሕશȂல࣏ኇ៪٩ଶਝ౥ޟ१ौӰ

શȂოᕥ༬кौհҢޟ૩ೂሖфᗂഊ৷Ȃоේސਲ਼Ԍܖഥఙޟҡߝᘈܒࣀ

ശଽȂӰԪ᛾ᏘሯџᒯଚՍࣺᜰ՝ညȂПџႀശٹ᛾ਝȄოᕥ༬឴ܻᚖө

ᒯᏲ(ambimobile)᛾ᏘȂ᛾శငဨ֜ߒԝ໌Σ໵ҪഋࡣȂԃӣጵᑥܻේᡝϱ

ᒯଚПԒȂ឴ܻྛ৲ᜰ߽(sink-source relationship)Ϟ዁ԒȂषოᕥ༬๖ᄺޟ

ಋଢ଼ਝ౥ޟේᡝϱܻڏ६ճོࠌȂܒᚔυ(zwitterionic)੫ܒڍڏᡐኇ៪׽

(Shaner 2009)Ȅ 

ოᕥ༬ҥಠफӓ፴ᡝ(symplasm)໌ Σ໵ҪഋȂџԤ2ᆍПԒȂΙ࣏င፴

ᘗඹ(mass diffusion)ՍဨՈಠफȂӔငনҡ፴๛(plasmodesmata)໌Σ໵Ҫࢺ

ഋȂѪΙ࣏кଢ଼ၼᒯȂ໌ΣဨՈಠफܖբಠफȂӔоᘗඹПԒငনҡ፴๛

໌Σ໵ҪഋȂოᕥ༬Ιҍ໌ΣᑢᆓȂӰڏՌ٘ޟᒑЫܒȂ៮ٺөᎴϷкौ

ᇋᑖޟಢᙑᒯଚ(Shaner 2009)(ყ4.)ȄငցҢ14C-ოᕥ༬௤ଆ᛾Ꮨܻܒתᚕ

૩֜ԝᇄ༈ᏲϞंـȂσഋӋᡗҰ᛾శ໌Σᄇოᕥ༬ఃཐේੁޟဨаࡣȂ

᛾శкौୄ੼ܻ೎౩ޟੁܒתಠωဨ૕ȇՄܖ᛾೎ࢊՄᒯଚՍҐࢺᇑඹٷ

ဨ७ϱȂҐ໌Σಠωဨ૕(Preston and Wakelin 2008)Ȅ 
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ܻछ୽ኈࡄܜԎσْҤю౪תޟოᕥ༬ё਌σፀȂ࣏ܒתఃཐේੁޟ

8~13ॻȂܒתڏᐠڙ։࣏᛾Ꮨܻේᡝϱ༈Ᏺᐠ׽ڙᡐ (Feng et al. 2004, 

Koger and Reddy 2005)Ȅოᕥ༬ܻཐޟੁܒ༈Ᏺкौӵܻ໵ҪഋȂоӓ፴ᡝ

ПԒಋ՗Ȃ᛾శҥುөήಋଢ଼Սਲ਼ഋȂܻ࢈ುЅਲ਼ಣᑖޟ᛾Ꮨ໔࣏ཐੁܒ

ӓ፴ᡝߨܖ༈Ᏺкौ՝ܻУ፴ഋȂо፴Ѵᡝޟੁܒת2ॻȇՄოᕥ༬ܻޟ

(apoplast)ПԒಋ՗Ȃ᛾శҥುజಋөΰഋဨа࣏кȂܻဨаಣᑖޟ᛾Ꮨ໔

࣏ཐ1.6ޟੁܒॻ(Dinelli et al. 2006)Ȅოᕥ༬᛾శܻӣ឴ܒתޟछࢸ୅ፀේ

ᡝϱޟ༈ᏲПԒζࣺխ(Dinelli et al. 2008)ȄଶΟოᕥ༬ޟ༈Ᏺ୰ᚠϞѴȂ

ԑGe้ߖ Ᏸ(2011)ޱо31P-NMR׬೚ᔮกё਌σፀȂᡗҰოᕥ༬ོܻੁܒת

ܒת௰፣џ૖ܻޱ᛾Ꮨᐨ࡙ȂհޟೝႤᚔܻశफȂ६ճ໵Ҫഋಠफϱഀפ

ё਌σፀᡝϱԤΙҐޟޣራᛤސ፴(barrier)ȂԆӵܻဨՈಠफܖ໵ҪഋȂߢ

Хოᕥ༬ᒯଚՍ໵Ҫഋ(Shaner 2009)ȄתБܜϹ(paraquat)ޟ࿅ρ༃ഫ૩ζ

Ԥ᜸խ஠᛾ᏘᒯଚՍశफࣺޟᜰൢᏲ(Qin et al. 2010)Ȅ 

Ѫԃᐬޟࢸ࿅ρ༃ഫ૩ंـᡗҰȂოᕥ༬ϷҀܻཐޟੁܒ೎౩ဨаഥ

ఙЅਲ਼ഋϷտ࣏15%Ѕ20%Ȃ50%࣏ࠌੁܒתЅ6% (Perez-Jones et al. 2007, 

Wakelin et al. 2004)Ȃ࿋Ӵܒתޟဎσց༃ഫ૩ޟ᛾శ༈Ᏺ዁Ԓһࣺխ(Perez 

et al. 2004)ȄณՄܻසցܒתޟЅཐܒဎσց༃ഫ૩Ȃкौޟ৯౴ӵܻ᛾Ꮨ

֜ԝഋӋȂੁܒתဨаᄇოᕥ༬֜ԝ໔ၶཐੁܒЍघ40%Ȃи᛾శ༈ᏲՍ

ဨԌӻܻୄᅗܻࢊ᛾ဨа(Michette et al. 2005)ȄငҥF2υфӱҺ้ᒸ༈Ϸ

࿅ρ༃ഫ૩Ѕё਌σፀܻოᕥ༬᛾శ༈ᏲϞ৯౴Ȃџ૖ࣱҥಠफܒתȂݙ

ਯጡጆޟഋӋᡗܒ൐ΙஅӰܚ௡ڙ(Lorraine-Colwill et al. 2001, Zelaya et al. 

2004)Ȅ 
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ყ3. תოᕥ༬ᚕ૩Ӱ EPSPSٔࢀኵቨёϞᒸ༈፴੫ܒȄ(A)Ѕ(B)Ϸտ࣏ཐܒЅ

ේੁܒת EPSPS(༁Փ)ܻࢗՓᡝЅဨᆦᡝϞϷҀყҰȄ(C)Ս(E)࣏ ოᕥ༬ת

ցҢ(.Amaranthus palmeri S. Wats)್ًߝ FISH׬೚ᔮก EPSPSȂ(C)ಠफ

Ϸນϛ෈ϞࢗՓᡝȂ(D)о EPSPS࣏ ௤ବϞ FISHኇ჋Ȃ(E)࣏ (C)Ѕ(D)ޟ१

᠒ኇ჋Ȃ๖ݎᡗҰσ໔ቨёޟ EPSPSஅӰϷҀܻӨࢗՓᡝϛȄ 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ყ4. ოᕥ༬ȃጵᑥЅЫϷܻේސᡝϱϞᒯଚ዁ԒყȄG ࣏ოᕥ༬ȃS ࣏ጵᑥȂ

ԅᡝЏψߒҰफᏢ໢Ϟࣺᄇᐨ࡙Ȅოᕥ༬ҥಠफӓ፴ᡝفಛ(symplasmic 
system)໌ Σ໵ҪഋȂџԤ2ᆍПԒȂΙ࣏င፴ࢺᘗඹ(mass diffusion)ՍဨՈ

ಠफȂӔငনҡ፴๛(plasmodesmata)໌Σ໵ҪഋȂѪΙ࣏кଢ଼ၼᒯȂ໌Σ

ဨՈಠफܖբಠफȂӔоᘗඹПԒငনҡ፴๛໌Σ໵ҪഋȄ 
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έȃתოᕥ༬அӰܻஅ׽հีंސϞᔖҢ 

(Ι)಑Ι᜸EPSPSᡐ౴ࡣցҢ 

ოᕥ༬ᚕ૩ȂณՄԞ෈ंתޟኵቨёٔࢀ಑1এӰEPSPSஅӰ್ً࣏ߝ

ኵቨё20ٔࢀ։ԤବᄇσْЅाፂȂо᛾Ꮨᅚ໌೎౩ȂՄᑢᒵюEPSPSـ

ॻܒתޟಠफੁȂծӰԪ้ಠफੁܻฒ᛾ᏘᔆΨϞήȂEPSPSٔࢀኵ։݂

ᡗ෵ЍȂυф໠ۖᅚൊѶܒת(Pline-Srnic W 2006)ȂӰԪቨσஅӰٔࢀኵϞ

๊౱ȂٮҐೝᔖҢܻհޟސஅӰ׽അȄ 

в๐૩ȃ࿅ρ༃ഫ૩Ѕဎσց༃ഫ૩ࣱӰPro106ᡐ౴ՄܒתڎȂ༉Ԫ

൐ΙᘈएᡐȂо6ϴЀ/ϴദ 41%ოᕥ༬Ꮨ໔ቢܒתࢊв๐૩ȂᗶҐ૖ׇӒ

һෆ௃ฬशـΡंࠉȄ(଀้2005a)ޑȂծϫԤ50%оΰϞ༌৛኉ݽ٩

(Lycopersicon esculentum Mill)ȃݶຊ(Brassica napus L.)ȃσْ(Glycine max 

(L) Merrill)ȃҝԽЅܜߡղ߈(Arabidopsis thaliana (L.) Heynh)้ հސȂᑢᒵ

юଽܒתएᡐಠफੁȂᗶณEPSPSᡐ౴ࡣᄇოᕥ༬Ϟki঄݂ᡗቨёȂծᄇ

PEPޟkm঄ζቨёኵॻȂٺுEPSPSܒࣀ६ճ(Padgette et al. 1996)ȂӰԪҐ

ೝցҢܻܒתᙽஅӰհސϞ໠ีȄငҥӻᘈएᡐ௤ଆȂоσဗజ຃EPSPS

EPSPSᆎޟࡣȂԪငওႺ(Funke et al. 2009)ٹശݎT97I/P101Sᚖᘈएᡐਝޟ

Ϟ࣏TIPS EPSPȂӑғႀϴѧ(Syngenta Seeds, Inc.)஠Ԫন౩ᔖҢܻҝԽՌ٘

EPSPSஅӰᢃஅϞওႺȂٮ໠ี࣏תოᕥ༬அ׽ҝԽGA21ࠢف(GM crop 

Database from Center for Environmental Risk Assessment 2012)(ყ1. B., ߒ

2.)Ȃࡶ៉ࡣՆϴѧ(Bayer CropScience Inc.)άоҝԽޟTIPS EPSPS࣏ ᙽஅ

ӰȂ໠ีෝ߆GHB614ཱི  Ȅݎოᕥ༬ਝתԁيڎȂࣱفࠢ

(Π)಑Π᜸EPSPSϞցҢ 

୤ՃஅӰ׽അհސၥਟ৲ (GM crop Database from Center for 

Environmental Risk Assessment 2012)ଉ਀ȂҬࠉϐΰѿתოᕥ༬அ׽հޟސ

35এࠢفȂѓࢂσْ3ࠢف(ԃGTS 40-3-2)ȃҝԽ17ࠢ 7߆ȃෝ(ԃNK603)ف

ȂоЅाፂȃ଻ႛفȃ౯ຊ2ࠢ(ԃGT200)فຊ3ࠢݶȃ(ԃMON888913)فࠢ

ᖦᇄωഫӨ1ࠢفȂкौࣱ࢐ցҢၻజ຃CP4 EPSPS࣏ ᙽஅӰȂԪEPSPS឴ ܻ

಑2᜸EPSPSȂڏAla100ЅLeu105ࣺ ᄇܻσဗజ຃ޟGly96ЅPro101(ყ1. C., 

፴Ϟᗤ๖ၶ಑ڧΨྃճȂӣਢᇄPEPڷᒑޟȂCP4 EPSPSϚ༉ᇄოᕥ༬(.2ߒ

Ι᜸EPSPSޱ஼Ȃ࢈оҝԽNK603ॊҡفཱིࠢޟᅚቨӻ(Funke et al. 2006)Ȅ 
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๖๖๖๖啶 啶啶 啶啶 啶啶 啶 ᇭᇭᇭᇭ 

ҬࠉӒ౨תოᕥ༬23ޟᆍᚕ૩Ȃڏϛघ50%࣏ ҤސȂଶΟܻհޱ5ԑϱีҡߖ

ୢଽᓜ౥ЅငலٺܒҢოᕥ༬ଶ૩ᏘϞѴȂѪΙ१ौনӰ࣏תოᕥ༬அ׽հސ਻

ᆍ७ᑖ៉ࡻቨёи༉ቢࢊოᕥ༬൐Ι᛾ᏘȂᏲमܒתᚕ૩ഀפՄσ໔ቨёȄ౪໦

в๐૩ȃ࿅ρ༃ഫޟϛܻEPSPSஅӰएᡐڏၶ࣏݂ጂȂڙᐠܒתޟ༉Ԥ8ᆍᚕ૩ࢲ

૩ȃဎσց༃ഫ૩Ѕ㉤߆ᓸӥੵȂϷտ׽ᡐ࣏๛ੋሖȃឃੋሖܖеੋሖȂԪ3ᆍₕ

அሖࣱ࣏ωϷυₕஅሖȂٺEPSPSᇄოᕥ༬ޟᒑڷΨ६ճȂܒתڏ஼࡙ӨϚࣺӣȇ

Ӱოᕥ༬ᒯଚПԒࠌ୅ፀࢸኵቨёȇё਌σፀЅछٔࢀЅ༵ು್ӰEPSPS್ًߝ

෈߆ȂЎо໠ࣀϫџԆ࢈᛾శೝᒯଚՍశफϛȂᇄဨᆦᡝ้फᏢႤᚔȂܖᡐȂ׽

؁݂ᡗቨ஼Ȅ࿅ρ༃ഫ૩ȃဎσց༃ഫ૩ȃё਌σፀܒת୅ፀࢸё਌σፀЅछޟ

Ѕछࢸ୅ፀੁܒתϛԆӵϚӣܒתᐠڙȂџ૖Ӱ࣏1ԑҡұ૩ܖຆऋᚕ૩ҡࣀѬ

฻ȃᆍυ໔ӻȃᆍϱ౴߆௲઱ᐠ౥ଽȂܾีҡஅӰҺ඲ᇄ१ಢȂоमӣਢԆӵ2

ᆍоΰܒתᐠޟڙᚕ૩ംᅚቨёȂ஠ٺுოᕥ༬ݽ٩ޟਝݎσൽ६ճȂᔖҳ։؁

඲ٺҢϚӣհҢᐠޟڙଶ૩ᏘȂоЅ଩ӫഀפϞϷυᔮก׬೚ȂПџԤਝתڙ׻

 ЅᘗඹȄߝฅޟఊတܒ
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