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� ČǷȓÖƿ06ĮǷȓAÐʘǷȓ5ʈƒžǁō1Ʀň×ǁō5Ľƃ6ɪÌ4Ïł!GF�10

ǹȅA÷Ę325ŉīňǿŘ4Ɋǃ$F1ȋ3DG/1F��5C23ʈƒžǁō1Ʀň×ǁō5

ʏı6ʒʖAɥÖť½325ǈǆǅɉ4Ňǯ"/Ċ×" (Li and Clevers, 2010)'5ÏłƏƌ

5ǞȀ6Ƿȓ5Ǒ×AȊ×321ğš4ɻɢ$F�16ǡõ!G/1F (Cheung and Rando, 2013)�

±37~O^441/ȘǐœÏùĒ5 PTENJƏȔɽĜ$F1ȗȜAȎȜ11,)ǹȅ5ȏč

×6Ƀ?DGF (Zhang et al., 2006)�<)ȘǐœÏùĒ5 cyclin-dependent kinase (CDK)5œÏùĒ0

�F p576ɡȭĮǷȓ5ʈƒžǁō5ǿŘ4ɲȷ0�F�16ăò!G/1F (Matsumoto et al., 

2011)�!D4Ȋ×")~O^5ǮȍĮǷȓ6ʈƒžǁō5DƦň×$Fʏı6ȥ"�«�$F

(Rodgers et al., 2014)��5C24ƍ�3ǈǆǅɉ4Į�ÐʘǷȓ5ʈƒžÏł6č��Ğ�$F

4@ɻID%ǈ¬Ä44�FĮ�ÐʘǷȓ5ɥóAŚÖJɛɐȻĠ$F�16ʉī4úʅ0�F

)?'5�Sm_�4ɻ"/6�Ŷ3Ʒ6Č�ƕ,/1F� 

� Ő�6Ƿȓǲɇ6ŶD543,/4E (Sulston, 1976; Sulston and Horvitz, 1977)¬6ɞŶ0ǈ

�)<<ȻĠ$F�160�FȃȩC. elegansʞ¥��ȃȩ.ʟJǊ1/Į�ÐʘǷȓ5ʈƒžÏ

ł4ɻ�$Fɬ©Ē5ǜǩJ4�3,/�)�Ė×ǗĿ5 1ʝįȩž5ȃȩ6ʓʗƂ§�445

GF1ǒǈJ�Ÿºƒ")<<ŬŲǈē$F�160�F (Johnson et al., 1984) �'5ʁ4ǢǺ

ÐʘǷȓ (PǷȓAQR/QLǷȓ) A�ȒȤňÐʘǷȓ ʞMǷȓʟ đâǈƖǷȓ (Z2/Z3) 11,

)�DBFǹȅ5ĮǷȓAÐʘǷȓ6ʈƒžǁō0ŬŲɺǿŘ!GF (Baugh and Sternberg, 2006; 

Fukuyama et al., 2006; Hong et al., 1998; Zheng et al., 2018)��5C23ǒǈºƒ4N�^��/IGF\

Xl��X(IIS)Ǻɑ6ɲȷ3ļÓJ@-�IISǺɑJœÏ$F daf-18/PTENAIISǺɑ5Ʀň×4

C,/œÏ!GFɓÆùĒJZ�k$F daf-16/FoxO6ʓʗƂ§�44�F P ǷȓAM Ƿȓ1

1,)ƍ�3ÐʘǷȓ5ʈƒžǿŘ4ņʌ0�F�16ăò!G/1F (Baugh and Sternberg, 

2006; Fukuyama et al., 2015; Kaplan et al., 2015)�<)microRNA miR-2356daf-16/FoxO5�Ƨ0

ƏȔ"ʓʗƂ§�44�F P ǷȓAM Ƿȓ325ÐʘǷȓ5ʈƒžǿŘ4ņʌ0�F�16ă

ò!G/1F (Kasuga et al., 2013)� 

� Ő�6�G<04miR-2355ƎǔùĒ1"/hedgehog(hh)-related(hh-r)ɬ©ĒȈ5 grl-5A grl-7

Jíę"miR-2356�GD5 grlɬ©Ē5ǒǅJœÏ$F�10 PǷȓ5ʈƒžJǿŘ$F�1

Jăò"/�) (Kume et al., 2019)�ȃȩ5 hh-rɬ©ĒȈ6¢5Öƿǧ5Hh1í#ɣ×ǔɎƳJ
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@-�16�ƑɮÍƙɕ4CEţö!G/4E�Ƒƌɡ5ɨ15D grdA grlwrtqua11,

)[vX��w4Ëʑ!GF (Aspöck et al. 1999; Hao et al. 2006b; û.1)� 

� <)PTR (Patched related)/PTCHD (Patched domain containing)c�qWɍ6Z�^h���ɖɜ

4ɻ�$Fm�~��tfWǎ C Ā (NPC)1 c�qWɍAHh c�qWɍ5Ëơ4ɻ�$F

Dispatchedc�qWɍ1íƍ4xf]{fX5éĝ¬0�F Patched1ʑª")ȶŬøțɌɠʍā

J@- (Burke et al., 1999; Carstea et al., 1997; D’Angelo et al., 2015; Kuwabara et al., 2000; Loftus et al., 

1997)��5ȶŬøțɌɠʍā46Z�^h���5ǻìA`�\�X4ɻ�$F^h���`�

\�Xk�N�(SSD)6ēþ$F(Kuwabara et al., 2000)��GD5c�qWɍȈ6X��ʀňǷȢ

5ŞÉj��^}�c�0�F resistance, nodulation, and division (RND) j��^}�c�Jð>

RND ^�q�uK���4ħ"RND j��^}�c�5j��^}�c�Ʀň4ɲȷ0�F

GXXDD�e�uAGXXXD/E�e�u6PatchedADispatchedNPC1PTR/PTCHD5ȶŬøț

Ɍɠʍā4@ēþ$F (Tseng et al., 1999)�PTR/PTCHDc�qWɍ6ȃȩ5Drj4ȞF<05

Öƿǧ0ȸÉ!GF@55'5ǈǆƏȔ46ſǛ5Ʒ6Č1�rj ptchd1ɬ©Ē5ĊǍAƐť6

ȝɸǏ^zWj��Ǐ¹ȈAĔȉʂĜČÖň�ƣŋƐďʂĜ5ŊȌ0ȸÉ!G/1F (Chaudhry et 

al., 2015; Filges et al., 2011; Marshall et al., 2008; Noor et al., 2010; Pinto et al., 2010; Torrico et al., 2015)�<

)ptchd1Ɛť~O^06ČÖň�ƣŋƐďʂĜƍ5ȱǅĀJñ$F�15D~O^0@ǢǺǒ

ǈǒɧʂĜ5âù43EŁF�16ţö!G/1F (Wells et al., 2016)��ű\�O]�OpP5

ptr5 nullĊǍ¬6ȒňȟƔJǡ$ (Bolatto et al., 2015)�ȃȩ06 PTRJZ�k$F daf-66ʎɭ

5ŌȹǢǺ5ĺŏ4ɻ�$F�16ǛDG/1F (Perens and Shaham, 2005)�ĂʕǷȓJǊ1)Ě

ʙCEPTCHD6 Hh\Xl��XǺɑ4ɻ�$FêȔň6ǡõ!G/4EPatchedofWLO

j~O^5ȑ¡4ǋƃ$FȃǿȡǷȓ (MEFs)441/Patched5¤IE4 PTCHD1JɦÒǒǅ"

/@Gli5ɓÆƦňJœÏ"31 (Ung et al., 2018)�"5"36DHhŌéňǷȓ0�F 10T1/2Ƿ

ȓ441/PTCHD1 A PTCHD4 5ɦÒǒǅ6 Gli 5ɓÆƦňJœÏ$F�16ăò!G/1F  

(Chung et al., 2014; Noor et al., 2010)�-<EPTCHD16 Patched5ƏȔJ¤Ż0�31@55

Patched1íƍ4Hh\Xl�©ɧǺɑJœÏ$FêȔň6ǡõ!GF� 

� ȃȩ6Hh A Smoothened 11,) Hh \Xl��XǺɑJƌŏ$FȶŬ5ɬ©ĒJ@)31  

(Bürglin and Kuwabara, 2006)�"5"36Dȃȩ6PATCHEDA PTR/PTCHDJ'G(GZ�k
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$F ptcA ptrɬ©Ē4Ô3¢5Öƿ5Hh1ɣ×ǔ4ɎƳ6í#0�F1ȋ3DG/1Fxf]

{fXɻɢɬ©ĒȈ hh-relatedJ@- (Aspöck et al., 1999)��GD5 ptcA ptrhh-r5ƐĎĊǍ¬A

Feeding RNAi44�FƏȔɽĜ441/ȖǕJė�0�31ȱǅĀJǡ$�16ăò!G/1F  

(Hao et al., 2006b; Zugasti et al., 2005)�<)PTRJZ�k$F ptr-24ɬ©Ē6ʖ0�FčșȢ5

¤ɆǇć4Ň#)ȕɍ5ȦǨJœÏ$F54ġ"/hh-r 0�F grl-21 6ȕɍ5ȦǨJµɣ$F 

(Lin and Wang, 2017)�C,/ô�Öƿ5 PTCHD1ʑª"/ȃȩ44�F ptr1 hh-r5ǘ�¯

Ǌ6ŢƲ!GF6'5�Sm_�5ɂǷ4ɻ"/6�Ŷ3Ʒ6Č1� 

� �øǣ6 PTR /PTCHDc�qWɍJZ�k$F ptr-18ɬ©Ē6PǷȓAMǷȓ11,)Ð

ʘǷȓ5ɋƇʕƂ§�44�FʈƒžǿŘ4ņʌ0�F�1JȸÉ")�<)ptr-18 ĊǍ¬0=

DGF PǷȓ5Ʀň×4�ɚ")¿Ȯǜǩ4/miR-235Ǝǔɬ©Ē0 PǷȓ5Ʀň×5µɣ4

ɻ�$F hh-r0�F grl-5A grl-75Ʀň6ņʌ0�F�15Dptr-186�GD5 grlɬ©ĒȈ

JœÏ$F�16ǡõ!G)�grl-5A grl-74Ô3/grl-2A grl-4grl-10grl-14grl-15grl-21�

grl-2711,)ȶŬ5 grlɬ©ĒȈ6ȱǕǷȓ0ǒǅ$F�16�}�c�ɬ©ĒJ@+1)¿

Ȯǜǩ0ǡõ!G/1F6 (Hao et al., 2006a)'5�0@ grl-276grl-5A grl-71íƍ4ptr-18

ĊǍ¬44�F PǷȓ5Ʀň×4Ğ�$F�1JȸÉ")�<)PTR-181GRL-75�}�c�

c�qWɍJ@+1)ȼƄ4CE�GD5c�qWɍ6Ė×ǗÐ5Ȓ0żÎ4ȱǕǷȓ5ʋ

Ǭțɘ¼4Ħþ"'5ĿP�k[Nj�\^J "/Äþ×"�aa��0Ëȼ!GFêȔň

6ǡõ!G)�!D4ptr-18ĊǍ¬06Ė×Ŀ4@ȱǕǷȓ5ʋǬ»4Ëơ!G)GRL-7�}

�c�c�qWɍ5ȦǨ6Ƀ?DGF�15DPTR-186GRL-7'"/4'D�GRL-5AGRL-27

11,)˚ę5 GRL c�qWɍȈJĖ×$FÐ4P�k[Nj�\^J "/Ƿȓċ5DèE

ɿ��14C,/�ņȷ3 PǷȓ5Ʀň×Jſƹ4ɼ101FêȔň6ǡõ!G)�� <)�

ɚ")ǻƅ4Ô3GRL16�Ƒƌɡ6Ǎ3FHh-rc�qWɍJZ�k$Fgrd-51grd-10@ptr-18

ĊǍ¬44�F PǷȓ5Ʀň×4Ğ�$F�1!D4grlA grd11,) hh-rɬ©ĒȈ4Ô3

N�^��ƍzwekJZ�k ins-4ɬ©ĒA sorting nexinJZ�k$F snx-132@ptr-184C

F PǷȓ5ʈƒžÏł4ɻ�$F�1Jǡõ$FǛȸJȸÉ")50ƁɅů5ĿÚ0ɈɅ$F� 
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2-1. ou�B� 

� ȃȩ5Ăʕ�ǿŘ6ęƢ(Brenner, 1974)4ŀ1¥�5űƢ0Ȯ,)�NGM Ăÿ (NaCl 3 g, Bacto 

Peptone 2.5 g, Ager Powder 20 g, 1 M KPO4 25 mL, 1 M MgSO4 1 mL, 1 M CaCl2 1 mL, 5 mg/mL 

cholesterol 1 mL, double distilled water (DDW) 1 L)Jƣ1* 35 mm1 60 mm5w��j1 4¸ɴ5

Bacto peptoneJÔ3)NGM ĂÿJƣ1* 100 mmw��j (4x peptone)4čșȢ (OP50)Jąĩ

")@5JǊ1/ 15A 2025˚C0Ăʕä8ǿŘJ4�3,)�ȃȩ5ǽ¤ʔȐ6ŕá")ʄʃ

í¬ŏȩJ 10Ø 60 mmw��j4ǥ"ʥ�5ŲĿ4Ɖ3ǽ�J4�3,)�°Ǌ")ƈ6¥�

5ȱ4ȿ$� 

-6f��Y 

CF1038 daf-16(mu86) I�  

MT17997 mir-235(n4504) I 

MY1 ptr-8(WBVar01902623) II 

NC300 wdIs5 

PK172 ptc-1(ok122) unc-4(e120)/mnC1 dpy-10(e128) unc-52(e444) II 

RB1693 ptr-10(ok2106) I 

RB2223 grd-10(ok3008) IV 

RB2393 ptr-20(ok3263) II 

RB2542 ptr-18(ok3532) II 

VC1067 ptr-5(gk472) X 

VC1110 +/szT1[lon-2(e678)] I ; ptr-4(ok1576)/szT1 X 

VC20409 ptr-11(gk100342) I 

VC20514 ptr-3(gk333566) II 

VC3219 ptr-23(ok3663) I 

VC40042 ptr-12(gk105502) I 

VC851 ptr-2(ok1338)/szT1 [lon-2(e678)] I ; +/szT1 X 

YB1812 ayIs6 X 
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YB2891 ptr-18(ok3532) II 

YB3028 ptr-18(ok3532) II; ayIs6 X 

YB3092 
ptr-18(ok3532) II; tdEx2021[pMF826.1(100 ng/µl) + pMF435.1(50 ng/µl) +pRF4 (50 

ng/µl)] 

YB3093 
ptr-18(ok3532) II; tdEx2022[pMF826.1(100 ng/µl) + pMF435.1(50ng/µl) +pRF4 

(50ng/µl)] 

YB3094 
ptr-18(ok3532) II; tdEx2023[pMF826.1(100 ng/µl) + pMF435.1(50 ng/µl) +pRF4 (50 

ng/µl)] 

YB3127 
ptr-18(ok3532) II; tdEX2046[pCH1.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)] 

YB3128 ptr-18(ok3532) II; tdEx2047[pCH1.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 ng/µl)] 

YB3129 ptr-18(ok3532) II; tdEx2048[pCH1.1(100ng/µl) + pMF435.1(50ng/µl) + pRF4 (50ng/µl)] 

YB3131 
ptr-18(ok3532) II; tdEX2051[pCH15.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)] 

YB3132 
ptr-18(ok3532) II; tdEX2052[pCH15.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)] 

YB3133 
ptr-18(ok3532) II; tdEX2053[pCH15.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)] 

YB3149 tdEx2064[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH31.1 (10 ng/µl)] 

YB3150 tdEx2065[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH31.1 (10 ng/µl)] 

YB3151 tdEx2066[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH31.1 (10 ng/µl)] 

YB3154 tdEx2069[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH32.1 (10 ng/µl)] 

YB3155 tdEx2070[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH32.1 (10 ng/µl)] 

YB3156 tdEx2071[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH32.1 (10 ng/µl)] 

YB3216 tdEx2096[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH30.1 (10 ng/µl)] 

YB3217 tdEx2097[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH30.1 (10 ng/µl)] 
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YB3218 tdEx2098[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH30.1 (10 ng/µl)] 

YB3219 tdEx2099[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH33.1 (10 ng/µl)] 

YB3220 tdEx2100[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH33.1 (10 ng/µl)] 

YB3221 tdEx2101[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH33.1 (10 ng/µl)] 

YB3228 tdEx2108[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH48.1 (10 ng/µl)] 

YB3229 tdEx2109[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH48.1 (10 ng/µl)] 

YB3230 tdEx2110[pRF4 (50 ng/µl) + pMF435.1 (50 ng/µl) + pCH48.1 (10 ng/µl)] 

YB3231 ptr-18(ok3532) II; tdEX2111[pCH29.1(1 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 ng/µl)] 

YB3232 ptr-18(ok3532) II; tdEX2112[pCH29.1(1 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 ng/µl)] 

YB3233 ptr-18(ok3532) II; tdEX2113[pCH29.1(1 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 ng/µl)] 

YB3287 ptr-18(ok3532) II 

YB3287 ptr-18(ok3532) II 

YB3289 grl-7(ok2644) V 

YB3291 grd-10(ok3008) IV 

YB3293 ptr-18(ok3532) II;grd-10(ok3008) IV 

YB3295  ptr-18(ok3532)�;grl-7(ok2644) V 

YB3304 grd-5(td98[Pgrd-5::gfp::loxp-sec-loxp::grd-5]) V 

YB3317 
ptr-18(ok3532) II; tdEX2172[pHK497.1(1 ng/µL) + pHK497.1(10 ng/µL) + pCH51.1(1 

ng/µL) + pKM66.1(25 ng/µL) + pRF4(50 ng/µL)] 

YB3318 
ptr-18(ok3532) II; tdEX2173[pHK497.1(1 ng/µL) + pHK497.1(10 ng/µL) + pCH51.1(1 

ng/µL) + pKM66.1(25 ng/µL) + pRF4(50 ng/µL)] 

YB3319 
ptr-18(ok3532) II; tdEX2174[pHK497.1(1 ng/µL) + pHK497.1(10 ng/µL) + pCH51.1(1 

ng/µL) + pKM66.1(25 ng/µL) + pRF4(50 ng/µL)] 

YB3349 tdEx2198[pMF435.1 (50 ng/µl) + pCH54.1 (50 ng/µl)] 

YB3398 grd-5(td101) V 

YB3581 ptr-18(ok3532) II;grd-5(td101) V 
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YB3582 tdEx2258[pRF4 (10 ng/µl) + pMF449.1 (1 ng/µl) + pCH82.1 (10 ng/µl)] 

YB3587 tdEx2260[pRF4 (10 ng/µl) + pMF449.1 (1 ng/µl) + pCH85.1 (10 ng/µl)] 

YB3603 

tdEx2261[pRF4 (50 ng/µl) + pMF846.2 (10 ng/µl) + pCH82.1 (10 ng/µl) + Pstr-1::gfp (10 

ng/µl)] 

YB3608 

tdEx2263[pRF4 (50 ng/µl) + pMF846.2 (10 ng/µl) + pCH85.1 (10 ng/µl) + Pstr-1::gfp (10 

ng/µl)] 

YB3644 ptr-18(ok3532) II;tdEx2258[pRF4 (10 ng/µl) + pMF449.1 (1 ng/µl) + pCH82.1 (10 ng/µl)] 

YB3645 ptr-18(ok3532) II;tdEx2260[pRF4 (10 ng/µl) + pMF449.1 (1 ng/µl) + pCH85.1 (10 ng/µl)] 

YB3753 mir-235(n4504) I;tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3754 daf-16(mu86) III;tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3786 grl-2(ok2721) V 

YB3788 grl-4(ok1076) IV 

YB3790 grl-5(ok2671) V 

YB3793 grl-21(ok2791) IV 

YB3793 grl-21(ok2791) IV 

YB3795 ptr-18(ok3532) II; tdEx2269[pCH27.1(5 ng/µl) + pMF435.1(5 ng/µl) + pRF4(25 ng/µl)] 

YB3806 ptr-18(ok3532) II; tdEx2269[pCH27.1(5 ng/µl) + pMF435.1(5 ng/µl) + pRF4(25 ng/µl)] 

YB3807 ptr-18(ok3532) II; tdEx2269[pCH27.1(5 ng/µl) + pMF435.1(5 ng/µl) + pRF4(25 ng/µl)] 

YB3808 tdEx2303[pMF846.2(10 ng/µl) + pCH98.1(1 ng/µl) + pRF4(50 ng/µl)] 

YB3809 
tdIs54[pMF846.2(10 ng/µl) + pDP#MM51(50 ng/µl)]; tdEx2274[pCH83.1(1 ng/µl) + 

pRF4(100 ng/ µl)] 

YB3820 tdEx2314[pMF846.2(5 ng/µl) + pCH93.1(0.5 ng/µl) + pRF4(50 ng/µl)] 

YB3842 
ptr-18(ok3532) II; snx-1(tm847) X; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + 

pRF4(10 ng/µl)] 

YB3843 snx-1(tm847) X; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3844 ptr-18(ok3532) II; snx-3(tm1595) I; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + 



 12 

pRF4(10 ng/µl)] 

YB3847 grl-15(ok3455) III 

YB3892 
ptr-18(ok3532) II; snx-9(tm2423) IV; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + 

pRF4(10 ng/µl)] 

YB3893 snx-9(tm2423) IV; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3894 
ptr-18(ok3532) II; snx-17(tm3779) X; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) 

+ pRF4(10 ng/µl)] 

YB3895 snx-17(tm3779) X; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3896 tdEx2347[pMF846.2(10 ng/µl) + pCH101.1(1 ng/µl) + pRF4(50 ng/µl)] 

YB3897 tdEx2347[pMF846.2(10 ng/µl) + pMF875.1(1 ng/µl) + pRF4(50 ng/µl)] 

YB3921 
ptr-18(ok3532) II; snx-13(tm2404) V; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) 

+ pRF4(10 ng/µl)] 

YB3922 snx-13(tm2404) V; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3923 
ptr-18(ok3532) II; snx-27(tm5356) I; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + 

pRF4(10 ng/µl)] 

YB3924 snx-27(tm5356) I; tdEx2259[pMF449.1(1 ng/µl) + pCH83.1(10 ng/µl) + pRF4(10 ng/µl)] 

YB3949 tdEx2388[pMF826.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 ng/µl)] 

YB3954 tdEx2394[pCH106.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 ng/µl)] 

YB3957 tedEx2397[pCH107.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 ng/µl)] 

YB3967 tdEx2406[pCH110.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 ng/µl)] 

YB4026 tdIs56[pCH83.1(1 ng/µl) + pRF4(100 ng/ µl)] 

YB4050 tdEx2438[pCH115.1(100 ng/µl) + pCH83.1(10 ng/µl) + pRF4(50 ng/µl)] 

YB4053 
ptr-18(ok3532) II; tdEx2441[pMF826.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4057 
ptr-18(ok3532) II; tdEx2445[pCH106.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 
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YB4058 
ptr-18(ok3532) II; tedEx2446[pCH107.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4122 
ptr-18(ok3532) II; tdEx2438[pCH115.1(100 ng/µl) + pCH83.1(10 ng/µl) + pRF4(50 

ng/µl)] 

YB4143 
ptr-18(ok3532) II; tdEx2393[pCH106.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4144 
ptr-18(ok3532) II; tdEx2394[pCH106.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4145 
ptr-18(ok3532) II; tedEx2396[pCH107.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4146 
ptr-18(ok3532) II; tedEx2397[pCH107.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4147 
ptr-18(ok3532) II; tdEx2405[pCH110.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4148 
ptr-18(ok3532) II; tdEx2406[pCH110.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4149 
ptr-18(ok3532) II; tdEx2407[pCH110.1(20 ng/µl) + pMF435.1(20 ng/µl) + pRF4(10 

ng/µl)] 

YB4313 tdEx2561[pCH121.1(10 ng/ µl) + pMF450.1(1 ng/ µl) + pRF4(10 ng/µl)] 

YB4339 ptr-18(ok3532) II; tdEx2561[pCH121.1(10 ng/ µl) + pMF450.1(1 ng/ µl) + pRF4(10 

ng/µl)] 

YB4359 ptr-18(ok3532) II; tdEX2046[pCH1.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)]; tdIs56[pCH83.1(1 ng/µl) + pRF4(100 ng/ µl)] 

YB4360 ptr-18(ok3532) II; tdEX2047[pCH1.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 

ng/µl)]; tdIs56[pCH83.1(1 ng/µl) + pRF4(100 ng/ µl)] 

YB4361 ptr-18(ok3532) II; tdEX2048[pCH1.1(100 ng/µl) + pMF435.1(50 ng/µl) + pRF4 (50 
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ng/µl)]; tdIs56[pCH83.1(1 ng/µl) + pRF4(100 ng/ µl)] 

 

2-2. ou��2FA�?H 

� Nested PCRƢJ@+1/ȃȩ5ɬ©ĒĀJíę")�ĊǍ¬5ȃȩJWorm lysis buffer (50 mM 

KCl, 10 mM Tris-HCl pH 8.3, 2.5 mM MgCl2, 0.45 % NP-40, 0.45 % Tween 20, 0.001 % gelatin, 50 µg/ml 

Proteinase K :100 µl; (Wicks et al., 2001)�) J°Ǌ"8ɢ PCR e��v4øç"60 ˚C , 60 Ë�95 ˚C, 

15 Ë4/ȃȩJƵȼ$F�10ɵĀ43FYo� DNAJŖÉ")��5ɵĀ13FYo� DNA

J out primerJǊ1/ Sapphire Amp Fast PCR Master Mix (TAKARA)J@+1/ PCRJ4�3,)�

�5 PCRƵƫJɵĀ4in primerJǊ1/íƍ4!D4 PCRJ4�3,)�<)delta primer0

@íƍ4 PCRJ4�3,)�żĿ4LT��^ʆƚƤÖ0 in primer1 delta primer05ǉƿ5ɷ!

JȼƄ$F�10ĊǍ¬Jíę")�ëɬ©Ē5ȼƄ4°Ǌ")w�N~�6¥�5ȱ4ǡ$� 

-6f�� primer 

ptr-18(ok3532)� 

KM328 out primer ATTTGCCGAAGTTGCATAGG 

KM329 out primer TTCACAAAATGCGACCATCT 

KM330 in primer AAATCACATTTTTCGGAGCTT 

KM331 in primer TGAAGAATTCTGGCAAATATCG 

KM391 delta primer CAGGCACTCAGTGCGCGACC 

KM394 delta primer AGTGGGAGAAGTGGCGAGTCG 

grl-7(ok2644)� 

KM267 out primer CTTTGAATGGCAGTGTGACG 

KM268 out primer AGACCCTCCGTACCTGGTTT 

KM269 in primer CTATTGCATAACCGCCCATC 

KM270 in primer AAGCTCGGAAGCGTGCTG 

KM273 delta primer TGCTCAAACCACATCAGCAT 

KM274 delta primer GAACTTGAGCTGGAGCAACC 

grl-2(ok2721)� 
CH312 out primer GGCTCCTCCACCTCTTATCC 

CH313 out primer ATTTTCTATCGCCTGGCCTT 
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CH314 in primer GCTCCAGTATCTGCTCCATCA 

CH315 in primer CTTTTTCACAACCGGGAATC 

CH316 delta primer CCACCAATGCCAATTGTGAC 

CH317 delta primer GGTGCCATTCCTTCCAGACT 

grl-4(ok1076)� 

MF1802 out primer AGTGATCAGAGATGGGCTGG 

MF1803 out primer AAGCCACGTAACAAAATCCG 

MF1804 in primer GGCAATGTCGAGAAGGAAAC 

MF1805 in primer TACTGTCCAGGGGAGATTCG 

MF1815 delta primer GAGGTAATGGAGGCGGTGCC 

MF1816 delta primer GGGCTTCCACATCTGCAGCA 

grl-5(ok2671)� 

CH318 out primer TGTAAATGTTGTTCCACCGC  

CH319 out primer TTTTTCCCTCTTTATCCCGC 

CH320 in primer AAACTTTCTGCAAAATGCTCTACA 

CH321 in primer CCAGCCCAACCTAAGCCTAA 

CH322 delta primer CAGCACAGCAATCATCCTTC 

CH323 delta primer TGTTTGAAAGCGAAGCACGTGG 

grl-10(td193)� 

CH416 out primer CCAACATCCATCCCTCATTC 

CH417 out primer ACAATGCCAAGAGACGCCAC 

CH418 in primer GAGGAGAGAAACACGACCCA 

CH419 in primer TCTAAGCTGCTGATCGGTCA 

CH420 delta primer AGAGCTGCTGCATTTGGAGT 

CH421 delta primer ACCCTCAGCTGCTAGGTTGA 

grl-15(ok3455)	 

CH324 out primer AGCGAAAGTCTCGAGAAACG  

CH325 out primer AAGCCGTCAAAGTGGTGAAA  

CH326 in primer CCACAAAGAGGCGGAGTCTA 

CH327 in primer CACCTTTTTCATGATTGCCA 
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CH328 delta primer AGGTGCCTTGGATTCTTGGA 

CH329 delta primer GTGCTACAGTGTCACTACAG 

grl-17(ok3017)� 

CH330 out primer CTACGTTCAAAGCGGAGGAG  

CH331 out primer TGATTGGCACATAGTCGGAA 

CH332 in primer GAAAAACATGGCAACCTTCC  

CH333 in primer AAATGACAGATTGAAGCGGG 

CH334 delta primer GGAGGTGGAGGTAAGGCTTC 

CH335 delta primer TTGTGCTGCGATGTCTTCTC 

grl-21(ok2791)� 

MF1798 out primer TCTGAAGGTTCTAGGGGGTC 

MF1799 out primer CTGAATCGGAAGAAGCGAGG 

MF1800 in primer TCCTGCGCAATGACGCGACG 

MF1801 in primer CGAATGGCTGCTTTGTGCAG 

MF1809 delta primer GTTACAGCACTGGCGGTCAC 

MF1810 delta primer GACTTGGCTCTGTATGGTCC 

grl-27(tm10640)� 

CH336 out primer TATAGCCCTCCGATTTGTTC  

CH337 out primer AATGGTTCCGCCAAGCGCT  

CH338 in primer AACGCCCTTCAGAACATCAC 

CH339 in primer TGCACATCACATCCTGGTCT 

CH340 delta primer ATGAGAAGGGAGGATTGCA 

CH341 delta primer CGTGGTGAGACCATTTCGCA 

grd-10(tm3008) IV 

MF1846 out primer TATAGCCCTCCGATTTGTTC  

MF1847 out primer AATGGTTCCGCCAAGCGCT  

MF1848 in primer AACGCCCTTCAGAACATCAC 

MF1849 in primer TGCACATCACATCCTGGTCT 

MF1850 delta primer ATGAGAAGGGAGGATTGCA 

MF1851 delta primer CGTGGTGAGACCATTTCGCA 
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grd-5(td101)� 

MF2009 out primer CTCCACCACTCTCTCAGACTGTCCG 

MF2010 out primer ATGTGCTTAGATCTCCAGTCGCTGC 

MF2011 in primer CCTTGTGTTCTTCTCTTACCCGGATCG 

MF2012 in primer GCTCCAGGATATGCTCAAGGATACGC 

MF2013 delta primer TGCTACATCAATGACAGCGG 

MF2014 delta primer GTCATCGAGAGCGACGACAG 

mir-235(n4504) I 

hk314 out primer GGTTCCATAGCCACCATCAC 

hk315 out primer CCACGTCTGATTATCGATGC 

hk316 in primer CAAGAACCGGACCTAATTTGT 

hk317 in primer CAGGAATGCACATTCTTCTGAG 

hk318 delta primer GAAAAACCTACCGTAGCACGA 

hk319 delta primer TTCGTTTGCTGAAAATCGTC 

daf-16(mu86) I 

MF396  out primer TGTCTCTCTATCGGCCACCA 

MF425  out primer TCGAAGAAGTGGATTCTGAGCA 

MF397  in primer ACGCAACACACTAATAGTGA 

MF424 in primer TGGTATGATGGTGGTGGAGCA 

MF445  delta primer TCACTCGTTCTTCTACCAACCT 

MF446  delta primer TGGGACTCGAGTTGAGTGGT 

MF447  delta primer TCCTCCAATCGCAACTTGTTCT 

MF448  delta primer TTGGCCACGTATTGCACCG 

snx-1(tm874) X 

 CH352 out primer TTGTTCAGCGACGACTGCGA 

 CH353 out primer CATACACAGCAGAGACGTTC 

 CH354 in primer ACTGCGATGAGATCAACTTG 

 CH355 in primer TCTCAGTGACGTCGGTCAGT 

 CH356 delta primer GAACTAGCGGGAACACTCCA 

 CH357 delta primer TTGAACTCCGAAGCTCACCT 
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snx-3(tm1595) I 

 CH358 out primer CGTTCGTCCTGAATATCCTA 

 CH359 out primer ACCCATTCTCGTTCGCCGGT 

 CH360 in primer TAGACCCGTAGGGGTGCAAG 

 CH361 in primer GTACTTTGTCCCCATCACCA 

 CH362 delta primer AGTCGAATCTCCCCGTTTTC 

 CH363 delta primer GCCAGGCACGTAGTTTTTGT 

snx-9(tm2423) IV 

 CH370 out primer TGACCTCAGCCGTAGCCACT 

 CH371 out primer GCACTGGTTCCATGTCATTC 

 CH372 in primer GTAGCCACTCGGAACACGGT 

 CH373 in primer TTCGTGTGCGCATCGAATA 

 CH374 delta primer CAAAGCTGAAAGGGCTGAAG 

 CH375 delta primer CCGTTGGAATCGTTCAACTT 

snx-13(tm2404) IV 

 CH376 out primer ACGTTCCCTTGTCCCCGAGA 

 CH377 out primer GAGTATACTCGTGGCTCGCA 

 CH378 in primer ACATTCGGTTCAACCGGTCT 

 CH379 in primer CTCGTGGCTCGCAAATCTAC 

 CH380 delta primer GAGGCTCTGCTGAAAAATGG 

 CH381 delta primer CTTCCGACACTGACCAACAA 

snx-17(tm3779) X 

 CH382 out primer CCAGCGGATAAGACAACGTT 

 CH383 out primer CGTAGGAGTATGTCGAGAGT 

 CH384 in primer CCGGATACGAAGACACTAGT 

 CH385 in primer TGCGGAGGAACTGTAACTAA 

 CH386 delta primer TTTCAGGCTTACAATATTCAC 

 CH387 delta primer GTTGTTTTCTCGCCATTTC 

snx-27(tm5356) I 
 CH388 out primer TATTCCCCCCATATCCAGTC 

 CH389 out primer TCGTAGACTTACCGTATACC 
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 CH390 in primer GCCGTTCGATGATTTATGTG 

 CH391 in primer CCATATGCCATTGAACTCTC 

 CH392 delta primer CATCTCGATCAGACACAGCC 

 CH393 delta primer TCGTCAACTCATCACCACCA 

 

2-3. q�yS 

� ŕá")ʄʃí¬5ŏȩ (P0)J 100 mmw��j (4x peptone)4 30~80Øǥ"20 	C5ŉƱƏ

0 4~5ŲɺĂʕJ4�3,)�ĂʕĿM9ȄȰƫ0ŏȩ43,) F1ȃȩJ 15 ml5}�w�t�

�e��v4øç"ʈȇ$F�10ŏȩJƞƗ!&'5�ƮJq^g��tzfj0ŝ/)�

ƞƗ")ȃȩ4 5 ml5 bleachƵƫ (10 % Ƒ�Ćǵɰ, 0.5 M KOH)JÔ3ȃȩ6ǳÚŬ;2Ƶ�

)5Jʐńɶ0ǠɃ")ĿM9J 5mlÔ3ĸ�śEȒJƸȢǔ4èEÉ")�!D43,000 rpm

4˚ C1 Ë5Ƃ§0ɩŅƏ45�/ȒJƞƗ!&/iSh�\��4/�ƮJŝ/M9J 10 ml

Ô3/ĸ�śFƥƨJʤøȆEə")�żĿ5ƥƨ5Ÿ4M9J 10 mlÔ3/Ŏƶ"tzfj0

2 µlJèEÉ"ʐńɶ0Ȓ5ŬJƲę"/ 10 embryo/µl43FC24tzfj0Ʉǰ")� 

 

2-4. qieV�m~wI 

� Ȓ5ǺɦȻĠJ$F)?42-3.5űƢ0ȒJɄȵ"M9ȄȰƫJ 10 ml5Z�^h���/Pc

o��u��5Complete SƵƫ (100 mM NaCI, 50 mM potassium phosphate pH 6.0, 10 mM potassium 

citrate pH 6.0, 0.5 mM EDTA, 0.25 mM FeSO4, 0.1 mM MnCl2, 0.1 mM ZnSO4, 0.01 mM CuSO4, 3 mM 

CaCl2, 3 mM MgSO4; Lewis and Fleming, 1995)4ȇŤ"20 ˚CROTAMIX (ATR)0 30~40 rpm5Ƃ

§0Ăʕ")�Ăʕɹđ5D 9ŸɺĿ5D 17ŸɺĿ<05ʢŸɺ 14 1 mlJøç"5 ml[�

w�e��v4ǥ"2,000 rpm4 	C1 Ë5Ƃ§0ɩŅ"/ȒJƞƗ!&/'GJȻĠ4Ǌ

1)� 

 

2-5. ��W10	�� 1�Ju�wI 

� ʓʗƂ§�5Ěʙ062-3.5űƢ0ȒJɄŭ"Complete SƵƫ4ȇŤ"/ 100,000 embryo20 

˚CROTAMIX (ATR)0 30~40 rpm0øɓ!&FƂ§01~5Ųɺʓʗ!&)[�w�JȻĠ4Ǌ1
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)�Ė×ǗĿ5įȩ5ȻĠ46v��eĿ 24ŸɺŸƷ5 1ʝįȩJȻĠ4Ǌ1)� 

 

2-6. R�W10	�� 1�Ju�wI 

 ŦʒƂ§�5Ąì2-3.5űƢ0ȒJɄŭ"Z�^h���/Pco��u��5 Complete S0

ROTAMIX (ATR)0 30~40 rpm0øɓ!&FƂ§0 24ŸɺĂʕ"3,000 rpm4 ˚ 1 Ë5Ƃ§

0ɩŅƏ45�/ƞƗJq^g��tzfjøç"100 mmw��j (4x peptone)4 100,000ØÁ

G/ 20 	C5ŉƱƏ0Ăʕ"ɪĹ3Ÿɺ4tfW0øç")[�w�JȻĠ4Ǌ1)� 

 

2-7. q�wI 

� ŕá") 30 Ø5ŏȩJ100 mmw��j (4x peptone)4ǥ"20 	C0 4~5ŲɺĂʕ"M9

ȄȰƫJǊ1/įȩ1ŏȩJƥ1Ƨ"w��j4ƕ,) F1 5ȒJčșȢ1Ã4^q�h�

JǊ1/øç"M9ȄȰƫ6Á,) 15 ml }�w�t��e��v5�4ǥ")�čșȢJèE

ɿ�)?42,000~3,000 rpm 4 ˚C1 Ë5Ƃ§0ɩŅƏ45�/�ƮJiSh�\��0ɿ

�M9 ȄȰƫJƣ�ƥƨũ¯J 5 ø4�3,)�5 øƥƨĿ�ƮJiSh�\��0ɿ�Ŭ

Ëɺʈȇ"/ƞƗ"/�)ȒJȻĠ4Ǌ1)� 

 

2-8. Feeding RNAi 

 rab-51 rab-7ɬ©Ē5 Feeding RNAi5Ěʙ6ORFeome-RNAi v1.1 library (Reboul et al., 2003)J@

+1/ęƢ (Kamath et al., 2000)4ŀ,)�Ǝǔɬ©Ē4ġŇ")čșȢJĢÁ"ĺɍɓŤ")čș

ȢJ Feeding RNAiǊ5NGM plate4ąĩ"ěƱ0 4ŲɺĂʕ!&)@5J Feeding RNAi4Ǌ1

)� 

� Ė×ǗĿ44�F�}�c�c�qWɍ5ȼƄ06PTR-18::GFP A GRL-7::mCherry

GRL-7::VENUS32Jǒǅ$F 4ʝįȩJFeeding RNAiǊ5NGM plate4ǥ"20 	C0 1ŲĂ

ʕ")�2-3.5űƢ0ȒJɄǰ"Z�^h���/Pco��u��5Complete SƵƫ0ROTAMIX  

(ATR)J@+1/ 30~40 rpm0 24ŸɺĂʕ"Ė×Ŀ44�F�}�c�c�qWɍ5ĦþJȼƄ

")� 
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2-9. �-$*�wIT  ̂

� ƺƟ"/Ƶ5")LT�qfj (4 % bacto agar in DDW)Jȧ�Ů1)^�NkT�^4ȃȩJ�

&/ńËĭƯʐńɶ Zeiss Axio Imager M1 microscope system (Zeiss)JǊ1/ȻĠ")�<)ȒAį

ȩ5ŧĻ5ʁ46ʛɯȨ1"/ 0.05 % (w/v)5L]×lj�O�JǊ1)� 

 

2-10. eGcaH 

� 2-3.5Ǌɟ0Ʉȵ")ȒJZ�^h���/Pco��u��5Complete SƵƫ�0ROTAMIX 

(ATR)0 30~40 rpm5Ƃ§0 10ŲɺĂʕ"ŬÙ µlJ 60 mm w��j4ǥ"/ 1ʝįȩ5ȁŬJ

ȽƲ")�ŬŲĿ4øŃ"Ö1/1Fįȩ5ŬJǈē"/1F·¬1"/ȽƲ"ǈē"/1F·

¬5ÓìJƝ?)� 

 

2-11. 8hXt 

� ǈƖĮǷȓ (Z2/Z3) 6 �co��ʡL`j�Ƣ4CEȃȩJüę" (Duerr, 2006)anti-PGL-1 

Ŕ¬J@+1/íę") (Kawasaki et al., 1998)�<%^�NkT�^4 0.1 % }�-L-�\�Ƶƫ

ʞSigma-AldrichʟJȣ1"10 Ë;2ʈȇ")ĿÔƼ"/�ƽ!&)�'5�9ȃȩ5Ŏƶƫ

Jȣ1"Sp�T�^JȲ&)Ŀz�q�cR�JǊ1/Sp�T�^1^�NkT�^5ɺ

5®Ë3ƛËJɿ�}�-L-�\�4įȩJšǙ!&)�àĲ4ƫ¬Ǫǵ0Èǻ"Sp�T�^

JSfc�5ÊJǊ1/ċ")��5ũ¯4CEšǙ") 1ʝįȩ5DU�hMW�ƌɡ6ɭË

ǔ4Ñ6!GF�Ƒ4^�NkT�^J -20 ˚C5�co��4 5 ËƑ10 -20 ˚C5L`j�4

5 ËƩ"żĿ4ȝƹ�ƽ$F�14C,/üęJȮ,)�üę!G)ȃȩ4 anti-PGL-1 Ŕ¬J

4 % BSAJð>PBSƵƫ4 40,000 ¸Īɱ")@5JɪɴÔ3Sp�T�^Jȇ�humid chamber

�4/ 4 	C0�Źʈȇ")��ƑŔ¬æŇJǸ3)[�w�J PBS Ä4Ʃ"/Sp�T�^Jȣ

1"5 Ë4�4 PBSJÁGŻ33 øƥƨ")�ʣƑŔ¬46Alexa Fluor 568 goat anti-rabbit IgG 

(H+L) *highly cross-adsorbed* (invitrogen) J 4 % BSA Jð> PBSƵƫ4 2,000 ¸Īɱ")@5JÔ

3/ÅıSp�T�^J5&humid chamber�4/ 37 	C0 30Ëʈȇ")�'5ĿPBS 0ƥ

ƨũ¯J 3ıȮ1żĿ4DAPI ʞ4',6-diamidino-2-phenylindoleʟJ 1 µg/mL13FC24ƭÔ") 

Mountant Permafluor (Thermo) 4/~O�j"/1Ÿɺ¥�ěƱ0ɫÀʈȇ"/ǟ×!&)[�w
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�JȻĠ")� 

2-12. ou�Kz|Q 

� (Mello et al., 1991)5űƢ4ŀ1ȃȩ5ĺɍɓŤJ4�3,)� 

 

2-13. qRT-PCR 

� total RNAJøç$F)?42-3.5Ŀű0ȒJɄȵ"ʓʗƂ§� (2-4.)AŦʒƂ§� (2-5.)0Ă

ʕ"100 µl5Acid washed beads (SIGMA; diameters 425-600 µm)5Á,) 1.5 mle��v4ǥ")�

15,000 rpm4 	C5 Ë5Ƃ§0ɩŅ45�)Ŀ4�ƮJèEɿ1)�'"/900 µl 5 QIAzol 

(Quiagen)JÔ3/Ŏƶ")@5Jƫ¬Ǫǵ0ÈD&°Ǌ$F<0-80 	C 0¶ē")�ƵȼĿ

15 ËɺěƱ0|�hfW^45�/ȃȩJǞǝ"200 µl5W��{��JƭÔ"!D4ěƱ0

10 ǤɺǦı|�hfW^45�2�3 ËěƱ0ʈȇ!&)�¥�RNeasy® Lipid Tissue Mini Kit 

(Quiagen)5w�jZ�4ŀ,)�Ƒ4 12,000 xg0 4 	C5Ƃ§0 15 ËɺɩŅ")Ŀ4�ƮJ 1.5 

mle��v4øç")�600 µl5 70 % EtOHJÔ310 ǤɺǦěƱ0|�hfW^45�/Ŏƶ

!&)�RNAJǱȵ$F)?4ƵƫJRNeasy mini spin Column4 700 µl ÁG/ 8,000 xgěƱ

5Ƃ§0 15 ǤɺɩŅ"collection tube4ƴ<,)ĳƫJŝ/F¯ƋJƵƫ5ÂɴËJ4�3,)�

'"/Yo�DNAJèEɿ�)?4 700 µl5Buffer RW1JÔ3/8,000 xgěƱ5Ƃ§0 15 

ǤɺɩŅ45�/ĳƫJŝ/500 µl5RPEJÔ3/íƍ5¯ƋJ 2ø4�3,)�żĿ4 1.5 ml

e��v4¿;2°Ǌ"/1) RNeasy mini spin ColumnJ`fj"/ 50 µl5ɏǴƛJÔ3/

8,000 xg0ěƱ5Ƃ§0 3ËɺɩŅ$F�10ƵÉ")� 

� ReverTra Ace qPCR RT Master Mix with gDNA Remover (TOYOBO)JǊ1/RNA5ɝɓÆJ4�

3,)�øç")RNAJƜ�01 µg/12 µl43FC24DDW0Ʉǰ" 65 	C5Ë0Ʊ?)

Ŀ4$�4Ɯ�0ÇA")�4 µl5 4x DN Master MixJÔ337 	C0 5 ËɺæŇ!&)�żĿ4

Ɯ�04 µl5 5x RT Master Mix IIJÔ3/ɝɓÆæŇ(37 ˚C 15Ë� 50 ˚C 5 Ë� 98 ˚C 

5 Ë)J4�31°Ǌ$F<0-20 	C0¶ē")�qRT-PCR4°Ǌ") primer6¥�5ȱ4ȿ$� 

- qRT-PCR46f�� primer 

grd-5 
CH174 CCGCTTTGGCTGTTACTGTC 

CH175 GCGACGACAGTCTCGAATTT 
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grd-10 
CH85 ATGAGGGAGGCTTCACATGCT 

CH86 GACCCTTCTGCTCCCTTTTG 

grd-3 
CH133 GGCACCAGTCTCTGCAAGTT 

CH134 AGGTGCTTGGAAACTGATGG 

grd-13 
CH87 CGAAAACCGAATCGACATGC 

CH88 CTGGTTGGTGAACTTGATGCTG 

wrt-10 
CH99 GAACTGAACAAGGAGGAGTTCG 

CH100 TTCCTCTGCTTCTTCCTCCA 

ins-3 
CH455 GTTCTGAAAATGGTGATGGTAATG 

CH456 GCGATGTTCTCATTCGTTGA  

ins-4 
CH457 TCTGGTCAACCTGTGGAGAAC 

CH458 CTGTGTTGTGCAGCAAACTGT 

ins-6 
CH459 CGAGCAAGACGTGTTCCAG 

CH460 TCGCAA TGTCCTTTCCTTC 

daf-28 
CH461 CTCGTTCCGTATGTGTGGAGT 

CH462 GTGTTGCGATGTCAATTCCTT 

 

2-14. �,."-�	���-� (� �Zk 

� PCR46Prime Star GXL DNA polymerase (Takara)JǊ1/DNAŰƾJĈĬ!&)�PCR

ǉƿ5Y�Ǳȵ46Wizard SVgel and PCR clean up system (Promega)Z�/KMIn\`rbmq�S

UHLigation high Ver. 2 (TOYOBO)WNEBuilder® HiFi DNA (New England Biolabs inc.)Z/JMIVMH

grd-5Wgrl-7Hgrd-10Hgrl-5Hptr-18RQTpkrdrB��T<'SUpCH82.1WpCH83.1HpCH85.1H

pCH111.1HpMF846.2 Ui]clej^dr  (WRM0632dE03�WRM0615cE01�WRM064cH11�

WRM0631aE09�WRM0613dH03.1)Zoaqhf[oq_. (Tursun et al., 2009)SXNO �KMI�/K

M plasmid P primerU��;S=LI 
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-6f�� plasmid 

pCH1.1 Phlh-3::ptr-18 cDNA::venus::unc-54 3UTR 

pCH15.1 Plin-48::ptr-18 cDNA::venus::unc-54 3UTR 

pCH27.1 Pdct-5::ptr-18 cDNA::venus::unc-54 3UTR 

pCH29.1 Pdpy-7::ptr-18 cDNA::venus::unc-54 3UTR 

pCH30.1 Pdpy-7::grd-3(cDNA)::unc-54 3'UTR 

pCH31.1 Pdpy-7::grd-10(cDNA)::unc-54 3'UTR 

pCH32.1 Pdpy-7::grd-13(cDNA)::unc-54 3'UTR 

pCH33.1 Pdpy-7::wrt-10(cDNA)::unc-54 3'UTR 

pCH48.1 Pdpy-7::grd-5(cDNA)::unc-54 3'UTR 

pCH51.1 5×QUAS::ptr-18(cDNA)::venus::unc-54 3UTR 

pCH54.1 Pgrd-10::GFP::unc-54 3'UTR 

pCH82.1 grd-5::mCherry::3xFlag 

pCH83.1 grl-7:mCherry::3xFlag 

pCH85.1 grd-10::mCherry::3xFlag 

pCH93.1 Pdpy-7::mCherry::rab-5 cDNA::unc-54 3UTR 

pCH98.1 Pdpy-7::mCherry::rab-7 cDNA::unc-54 3UTR 

pCH101.1 Pdpy-7::lmp-1 cDNA::mCherry::unc-54 3UTR 

pCH102.1 grl-10 sgRNA  (N terminal) 

pCH103.1 grl-10 sgRNA2 (C terminal) 

pCH104.1 grl-10 Knock out repair template 

pCH106.1 Pptr-18::ptr-18 cDNA(D337A, D338A)::venus::unc-54 3UTR 

pCH107.1 Pptr-18::ptr-18 cDNA(G746A, D750A)::venus::unc-54 3UTR 

pCH110.1 Pptr-18::ptr-18 cDNA(�837-895)::venus::unc-54 3UTR 

pCH111.1 grl-5::mCherry::3xFlag 

pCH121.1 Pgrl-7::grl-7::venus::grl-7 3UTR 
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pKM189.1 Pptr-18::mCherry::unc-54 3UTR 

pMF435.1 Ppgp-1::mCherry::unc-54 3UTR 

pMF449.1 Pdpy-7::GFP::unc-54 3UTR 

pMF450.1 Pdpy-7::mCherry::unc-54 3UTR 

pMF674.1 Phlh-3::enhancer::gfp::unc-54 3UTR 

pMF826.1 Pptr-18::ptr-18 cDNA::venus::unc-54 3UTR 

pMF846.2 ptr-18::GFP 

pMF848.1 grd-5 sgRNA (N terminal)  

pMF861.1 grd-5 sgRNA (C terminal) 

pMF867.1 grd-5 Knock out repair template 

pMF875.1 Pdpy-7::mCherry::rab-11 cDNA ::unc-54 3UTR 

 

-�-� (� �Zk6f�� primer 

lin-48 promoter 
CH50 ATCCTGCAGCCTGCATTTTTTTCAGAGTC   

CH51 ATCCCCGGGCTGAAATTGAGCAGAGCTGAA  

dct-5 promoter 
CH83 ATCCTGCAGTTTCAACGGGAATTGAACTTTTG 

CH84 ATCCCCGGGTATATATGGGTCCCAACTTTCAA 

grl-7::mCherry  

recombineering 

CH264 ACTGCCAAGAGACCAAAGGGGATATCTCATGCTACACCTACC

GTCAATTGATGGTCTCAAAGGGTGAAGAAGATAAC 

CH265 TTTCTATATTGCACTTGGAACACTGTTTTTGAAATCTTTGATTT

CTATAT TTACTTGTCATCGTCATCCTTG 

grl-5::mCherry  

recombineering 

CH422 GTGAGACTGAGAAGGACGGAACCACGTGCTTCGCTTTCAAAC

AATCTTCT-ATGGTCTCAAAGGGTGAAGAAGATA 

CH423 TTAAAGGTATTTGAATAAGAAATTATTAGTTCAAAAGTACAC

CAGTCTTC-TTACTTGTCATCGTCATCCTTGTAA 

Pptr-18::ptr-18 CH400 GCAGCTGTGTTCATTTTTATTCACG 
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cDNA(D337A, 

D338A)::venus::

unc-54 3UTR 

CH401 TACCCCGATCGACAAAATTAAGAAGGGA 

Pptr-18::ptr-18 

cDNA(G746A, 

D750A)::venus::

unc-54 3UTR 

CH402 GCATTCTCTGTAGCTTTTGTAGCACATATTACGT  

CH403 GATGGCCATGAGAAGTGTGG 

Pptr-18::ptr-18 

cDNA(Δ837-895)

::venus::unc-54 

3UTR 

CH408 GCTAGTATGGTGAGCAAGGG  

CH409 TGTGAATGGGAGGGCTGAGA 

rab-5 cDNA 
CH300 ATCACTAGTATGGCCGCCCGAAACGCAGGAACCGC 

CH301 ATCGCTAGCTTTACAGCATGAACCCTTTTGTTGCT 

rab-7 cDNA 
CH348 ATCACTAGTATGTCGGGAACCAGAAAGAAGGCGCT 

CH349 ATCACTAGTACAATTGCATCCCGAATTCTGCTGGT 

rab-11 cDNA 
MF1995 ACGT ACTAGT ATGGGCTCTCGTGACGATGAATACG 

MF1996 GCAT GCTAGC TGGGATGCAACACTGCTTCTTTGGT 

lmp-1 cDNA 
CH350 ATCCCCGGGATGTTGAAATCGTTTGTCATCTTGTT 

CH351 ATCACCGGTGACGCTGGCATATCCTTGTCTCTTTG 

Venus cDNA  
MF1432 GC ACTAGT ATGGTGAGCAAGGGCGAGGAGC 

MF1433 GAC GCTAGC CTTGTACAGCTCGTCCATGCCG 

ptr-18 promoter 
KM342 GGGGAACTAGTGTGAATGGGTGATTG 

KM339 ACCCCCGGGGTCAAGGCTCAGGCTCAATCAACTGC 

ptr-18 cDNA 
KM340 TCCCCCGGGATGAAATCAATATCACAATGTCTTGGCAAC 

KM341 ACCCCCGGGGCTAGCAGCCCGCTCAGCGCTCCGAACGGAT 

ptr-18 MF1813 CAACAAAAGAGGAACCAGTTGAAAAATCCGTTCGGAGCGCT
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recombineering GAGCGGGCT ATGAGTAAAGGAGAAGAACTTTTCA 

MF1814 GGAAAAAAATTTAAAAAATAAATAAAAAATTACGGAAAACA

AAAAAGTTATTTGTATAGTTCATCCATGCCATG 

grd-10 cDNA 
CH131 ATCCCCGGGATGCGCTCTCTCGTCGTGCTA 

CH135 ACTACTAGTTTATGGCTGCCAGGCAAGTGCA 

grd-13 cDNA 
CH120 ATCCCCGGGATGAGCCGTTTTCTCCTTCTCAC 

CH136 ACTACTAGTTCAAACGTTGCGTGGATCCTT 

grd-3 cDNA 
CH138 ATCCCCGGGATGAAGTTTCTACTCCTTCTT 

CH139 ACTACTAGTTTAGCGTCCGAAGAATCCTC 

wrt-10 cDNA 
CH118 ATCCCCGGGATGCTCCTTGTTTCTGTTATTTC 

CH137 ACTACTAGTTTAAGCTCTACGGATTCCAG 

grd-5 cDNA 
CH170 ATCCCCGGGATGCGTTCACTCATCGTGCTCG 

CH171 ACTACTAGTTTATGGCTGCCATGCAAGAG 

grd-10  

recombineering 

CH266 AATCGTGCAAAGTCGAGAAGGACGGACAGTATGCACTTGCCT

GGCAGCCAATGGTCTCAAAGGGTGAAGAAGATAAC 

CH267 AGAAGATCGTCAAAAAGTCGCTGAAACCAGTAAAAACAAAA

TACAAGAAC TTACTTGTCATCGTCATCCTTG 

grd-5  

recombineering 

CH268 AATCTTGCAAGATCGAGAAGAACGGACAATACGCTCTTGCAT

GGCAGCCAATGGTCTCAAAGGGTGAAGAAGATAAC 

CH269 TGAAAGTCGCTGGAACCAGTAAAGAAAACGAAAGGATATAA

GCCAACTGC TTACTTGTCATCGTCATCCTTG 

 

2-15. CRISPR-cas9^��\EDg4�5N 

� grd-5A grl-10ɬ©Ē5ORFJƐĎ!&)n�ĊǍ¬6(Dickinson et al., 2015)5űƢ4ŀ,/4

�3,)� 
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3-1. ptr-18�Plr��]VnP�v
�� 

� Ő�5�G<05ǜǩ0ʓʗƂ§�5 mir-235ƐĎĊǍ¬44�FǢǺÐʘǷȓ (PǷȓ)5Ʀ

ň×4hh-rɬ©Ē0�F grl-5A grl-76Ğ�$F�1Jăò"/�) (Kume et al., 2019)�Ț»ċ

»�4 6ġ�F PǷȓ6Ė×ǗĿAʓʗƂ§�06ʈƒžǁō0ǿŘ!G/4EŦʒ4CEƦ

ň×$F�14C,/Ț»Ɠ�ȃ�4�FɥÖǢǺɘ¼4ǥÖ$F (û. 3)�¢5Öƿǧ441/

Hh6'5éĝ¬0�F PatchedJœÏ$F�10�Ƨ4\Xl�J©3F�16C�ǛDG/1

F (D.M. et al., 1996; Forbes et al., 1993; Marigo et al., 1996)�"5"36Dȃȩ06hh-rɬ©ĒȈ1

Patched JZ�k$F ptc ɬ©Ē15ɬ©Ĕǔ�F16ǈ×Ĕǔǘ�¯Ǌ5ŽƸ6�Ŷ0�F 

(Kuwabara et al., 2000; Soloviev et al., 2011)�'�0Ő�6ȃȩ5 ptc6 PǷȓ5ʈƒžǁō5D5

Ʀň×JÏł$FêȔňJƊȾ")�ȃȩ441/Patched c�qWɍJZ�k$Fɬ©Ē6ʣ

-ēþ"'G(G ptc-11 ptc-31C7GF (Kuwabara et al., 2000)�@"grl-5A grl-76ptc-1

�F16 ptc-3ɬ©ĒJœÏ$F�10 PǷȓJƦň×$F50�G7ptc-1�F16 ptc-3JƏ

ȔɽĜ$F1grl-5A grl-7JɦÒǒǅ!&)Ąì1íƍ4ʓʗƂ§�441/ PǷȓ6Ʀň×

ǁō$F1�Ʋ0�F�"5"36Dptc-1ƐĎĊǍ¬A ptc-3ƐĎĊǍ¬J'G(GʓʗƂ§�

441/@P Ƿȓ5Ʀň×6ƊÉ!G35,) (û.4A)�ptc-1 {�ĊǍ¬6�Đ5ŏȩ13F 

(Kuwabara et al., 2000)�C,/ptc-1xh�ĊǍ¬4ǋƃ$F{�ĊǍ¬5 1ʝįȩ6ƘȺǋƃ

5 ptc-1 ɬ©ĒǉƿJĶ�ǽ101FêȔň6�F�!D4ptc-3{�ĊǍ¬6Ė×ÐĿ4ȟƔ

13F (Soloviev et al., 2011)�¥�5C23ǆǋ61ʝįȩ441/ ptc-1A ptc-3ƦňJėÂ4Ď

,)ʁ5ȱǅĀ5Ɂ³Júʅ4"/1F�C,/� ptcɬ©Ē6 PǷȓ5ʈƒžÏł4Ğ�$F

êȔň6Şɿ0�31� 

� <)^h���`�\�Xk�N� (SSD)J@- 12øțɌɠĀc�qWɍ112Ʒ0 Patched

4ʑª"/1F PTR/PTCHDȪǓɍ4@Ǚǖ")�ŴȩAȃȩ5 patched-related (ptr)ɬ©ĒAô�Ö

ƿ5 ptchdɬ©Ē6ɣ×ǔ4¶ē!G) PTR/PTCHDȪǓɍJZ�k$F (Zhong et al., 2014)�ȃ

ȩ06ȶŬ5 ptrɬ©ĒA hh-rɬ©Ē5ƏȔɽĜ6ȖǕ�Â5ȱǅĀJǡ$�15D�ɬ©

Ē6D55ɦǦ4ÛɄǔ4ƏȔ$FêȔň6ɈɅ!G/1F (Bürglin and Kuwabara, 2006)�'G

4ġ"/hh-rɬ©Ē0�F grl-216ș44�Fȕɍ5ȦǨJµɣ$F54ġ"/patched-related 

(ptr)JZ�k$F ptr-246'G16æġ5ƏȔJ@-�16ǡõ!G/1F (Lin and Wang, 2017)�
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'5)?ptrɬ©Ē1 hh-rɬ©Ē5ǘ�¯Ǌ4ɻ"/6Ǡǫ!G/13156ǅǁ0�F� 

� '�0Ő�6ptr ɬ©ĒȈ5ƏȔɽĜ5ʓʗƂ§�44�F P Ƿȓ5ʈƒž95ĻʊJƊȾ

")�ptr-18ƐĎĊǍ¬06ʓʗƂ§�4@ɻID% PǷȓ5Ʀň×Jǡ$·¬6ʚʏı0Ƀ?

DG) (û.4)�C,/ʓʗƂ§�4�F ptr-18ƐĎĊǍ¬06Ʀň×") PǷȓ6ŦʒƂ§�

1íƍ5ǷȓɥóJ)2F�16ǡõ!G) (Winnier et al., 1999)�-<E ptr-186ʓʗƂ§�4

41/ŦʒŸ4Ʀň×$F PǷȓ5ǒǈw�X��JœÏ$FƏȔJ@-�16ǡõ!GF�<

)ʓʗƂ§�44�F ptr-18ƐĎĊǍ¬06 PǷȓ4Ô3/�ȒȤňÐʘǷȓʞMǷȓʟ6Ʀ

ň×"Ëȳ$F�16Ƀ?DG) (û.5)�'G4ġ"/ǈƖĮǷȓʞZ2/Z3 Ƿȓʟ6ʓʗƂ§

�441/ɳǈĀ1íƍ4 ptr-18ƐĎĊǍ¬441/@Ëȳ&%4ʈƒžǁō0ǿŘ!GF�

16Ð¨Ȍ5Ěʙ0ŶD54!G/1) (û.6)�¥�CEptr-18 ƐĎĊǍ¬6N�^��Ǻ

ɑ0ƏȔ$Fdaf-16Amir-235ƐĎĊǍ¬1ʉī4ʑª")ȱǅĀJñ$F�16ǡ!G) (Baugh 

and Sternberg, 2006; Fukuyama et al., 2015; Kasuga et al., 2013)�<)daf-16ƐĎĊǍ¬06ʓʗƂ

§�44�FǈēǄ5«�6ȸDGF54ġ"/ptr-18ƐĎĊǍ¬06Ƀ?DG35,) (û.7)�

C,/ptr-186daf-16/FoxO16Ǎ3EʓʗƂ§�44�FǈēǿŘ46Ğ�"316PǷ

ȓ5ʈƒžǿŘ4ɲȷ3ļÓJ@-�16ȋ3DGF� 

 

3-2. ���(��#. PTR-18! P��)�����(��#. 

� PTR-18c�qWɍ5ǒǅqc��JȼƄ$F)?4ptr-18ɬ©ĒĲJð>ǳ 35 kbp5Yo�

DNA ŰƾJŨ$FuQ^�kyWc� (WRM0613dH03.1)5 ptr-18 ɬ©ĒĲ5ºƒZk�ǗÐ4

gfpɬ©ĒJ�Z�smL��XƢ (Tursun et al., 2009)JǊ1/ŜÁ")�}�c�ɬ©ĒJ¯ŏ

")��5�}�c�ɬ©Ē5Dǒǅ$F PTR-18 1ȂȠȫÀc�qWɍ (GFP)15Ȭìc�qW

ɍ(PTR-18::GFP)5ǒǅqc��JȼƄ")� 

� PTR-18::GFP5ǒǅ6ȒǒǈžĿÚ5 3-foldž5Ȓ441/Âɒ5 PǷȓJð>ȱǕǷȓȈ

0Î?/Ƀ?DG) (û.8)�<)�}�c�ɬ©ĒJ@- 3-foldž5Ȓ46ȱǕǷȓʋǬ»5

Ƿȓțɘ¼0�ƍ4 PTR-18::GFP6Ëĩ$F·¬AǷȓÄ0ģȓǁ4 PTR-18::GFP5ĦþJǡ$

·¬PTR-18::GFP 5ǒǅ6ƊÉ0�31·¬5ʤ-5cNw6Ƀ?DG) (û.9)��GD5Ǎ3

Fǒǅqc��6ǒǈ^h�]1ɢÖ"/1FêȔňJƊɀ$F)?4PTR-18::GFPǒǅƈ5ŏ
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ȩ5¬Ä4�FǉáÐ5ÎžȒJèEÉ"ÎžȒ6ȒǒǈĿž4Ĩ"ş5FĂʕɹđĿ 9Ÿɺ5

D 16Ÿɺ44�F2-foldž4C8 3-foldž5Ȓ1 1ʝįȩ5Óì (û.10)ä8 3-foldž5Ȓ6ǡ

$ PTR-18::GFP5ǒǅƍĵ5ÓìJʢŸɺ 14ȽƲ") (û.11)� ĂʕJɹđ"/5D 9ŸɺĿ

062-foldž1 3-foldž5Ȓ1ʝįȩ6Ƭþ"/4E10ŸɺĿ¥ɾ06 2-foldž5Ȓ5Óì

6ưĤ"3-foldž5Ȓ6ĈÔ$F¾î6Ƀ?DGF�Ăʕ 14ŸɺĿJć43-foldž5Ȓ5Óì

6ưĤ"1ʝįȩ5Óì6ʐȥ4�ŵ$F�16ŸɺĿ061ʝįȩ"5ƊÉ!G3�3,)�

$3I+Ȓ6ŸɺǺɦ11@4íɄǔ4ǒǈɣȮ$F�16Ƀ?DG) (û.10)� 

� !D4ĂʕJɹđ"/ 9 ŸɺĿ5D 16 ŸɺĿ5'G(G5ŸƷ05 3-fold ž5Ȓ52+

PTR-18::GFP6ʋǬ»Ƿȓț 4Ħþ$F@5�F16ģȓǁ4Ħþ$F@5PTR-18::GFP5ǒ

ǅ6ƊÉ0�31@55ÓìJȼƄ") (û.11)�Ăʕ 9 ŸɺĿ06 PTR-18::GFP 5Ħþ6ʋǬ»

Ƿȓț�F16ģȓǁ4ƊÉ!GFȒ1ǒǅ6ƊÉ0�31Ȓ6Ƭþ$F�Ăʕ 10ŸɺĿ06 9

ŸɺĿCE@ʋǬ»Ƿȓț0ĦþJǡ$Ȓ5Óì6�ŵ$F11@4ǒǅ6ƊÉ0�31Ȓ5Ó

ì6ưĤ$F�!D4Ăʕ 12 ɺĿJć4ʋǬ»Ƿȓț0ĦþJǡ$Ȓ5Óì6ưĤ"đ?Ă

ʕ 14ŸɺĿ06ģȓǁ4ǡ$Ȓ5Óì6�ɦǔ4�ŵ"Ăʕ 16ŸɺĿ46ƊÉ0�31Ȓ6

Â/JÞ?) (û.11)�¥�5�15DPTR-18::GFP6 3-foldž5Îž0ǒǅ"ʋǬ»5Dģȓ

ǁ4ĦþJdNl�fW4Ċ×!&/Ė×Ð46Ëȼ$F�16ǡõ!G)� 

� !D4ʓʗƂ§�0Ė×!&ĂʕJǾ�)Ąìǒǈºƒ") 1ʝįȩ065ŲɺĂʕ"/

@ PTR-18::GFP 5ǒǅ6Ƀ?DG35,) (û.12)�Ė×Ŀ4Ŧʒ!&) 1 ʝįȩ06ŦʒĿʢ

Ÿɺ5D 10Ÿɺ<0 PTR-18::GFP5ǒǅ6ƊÉ!G35,)6ŦʒĿ 11Ÿɺ441/ƊÉ!G�

(û.13)seamǷȓ (û.14B: ǚĥ)AȱǕǷȓȈ� (û.14B: ǚß)P ǷȓȈ5ĒĕǷȓ(û.14C: ǚ

ß)Ǘș5 UKF Ƿȓ325ʋǬ»Ƿȓț0 PTR-18::GFP 6ƊÉ!G)(û.14C: ǚĥ) �<)P

ǷȓAȱǕǷȓseamǷȓ4¥ċ4@PTR-18::GFP6ųž 1ʝįȩž441/ŞƠȔJ@-

excretory ductǷȓ� (û.14A: ǚĥ)1G1 poreǷȓ� (û.14A: ǚß) 441/ńķ4ƊÉ!G)� 

 

3-3. ptr-18* P��'$)��)����&��#. 

� ptr-18 625Ƿȓ0ƏȔ$F5JƊɀ$F)?4ptr-18 ɬ©Ēȝɒ5w���c�A

PTR-18::GFP6ƊÉ!G)ȱǕǷȓA PǷȓexcretory ductǷȓUKFǷȓG1 poreǷȓ0'G



 32 

(Gǒǅ$Fw���c�Jptr-18::venusɬ©Ē4Ȭì!&)Z�^j�WjJptr-18ƐĎĊǍ

¬4'G(GĢÁ"� (û.15A)25ǹȅ0ǒǅ$F ptr-18ɬ©Ē6ɋƇʕƂ§�44�F PǷȓ

5ʈƒžǿŘ4Ğ�$F5ƊȾ")�ptr-18 ɬ©ĒA P Ƿȓ1ȱǕǷȓ0ǒǅ$F dpy-7 ɬ©Ē�

(Gilleard et al., 1997)5w���c�JǊ1/PTR-18::VENUSJǒǅ!&F1ptr-18ƐĎĊǍ¬

5ȱǅĀ6œÏ!G)�'5�ű0G1 poreǷȓ0ǒǅ$Fdct-5ɬ©Ē� (Parry and Sundaram, 2014)

A excretory ductAUKFǷȓ0ǒǅ$F lin-48ɬ©Ē� (Wang and Chamberlin, 2002) 5w���c�

0 PTR-18::VENUS Jǒǅ!&/@ptr-18 ƐĎĊǍ¬5ȱǅĀ95Ļʊ6Ƀ?DG35,)

(û.15B)�!D4hlh-3 ɬ©Ē� (Doonan et al., 2008)5w���c�J@+1/ P Ƿȓ*�0�

(û.16A)�F16Q system (Wei et al., 2012)JǊ1/ȱǕǷȓȈ0� (û.16B)'G(G˚Ǎǔ4

PTR-18::VENUS Jǒǅ!&F1'G(G0ptr-18ƐĎĊǍ¬5ȱǅĀ6œÏ!G)� (û.16C) �

-<Eptr-186 PǷȓ0Ƿȓȝľǔ4�F16ȱǕǷȓȈ0Ƿȓʉȝľǔ4ƏȔ$F�1J

ǡ$�¥�CEptr-186 grl-5A grl-7326ǒǅ$FȱǕǷȓA PǷȓ0ǒǅ$F�15D�

GD5ɬ©Ēǉƿ6ɘ¼0ƏȔ$FêȔň6ǡõ!G)� 

� <)ptr-18ɬ©ĒJð> PTCHDJZ�k$FțɌɠĀȪǓɍ6PatchedADispatched325

C244·ǖ1 10·ǖ5țɌɠk�N�4 GXXXDD�F16 GXXXD/E �e�u5�ɭ6¶

ē!Gdaf-606Ɠī3ƏȔAĦþ4ɲȷ0�FêȔň6ǡõ!G/1F(Perens and Shaham, 2005)�

<)Patched 5 C ƀǬ»5ǷȓÄk�N�5Ɛď4CE'5ƏȔAǷȓÄ95Äþ×4Ǎī6

ǈ#F�16ǡõ!G/1F� (Lu et al., 2006)�Ő�6�GD5 PatchedADispatched5ƏȔ4ɲ

ȷ3k�N�6PTR/PTCHD5Ɠī3ƏȔ4@ņʌ5JƊɀ")�GXXXDD�F16GXXXD/E

�e�u5¶ē!G/1FX�\�1L^q�V�ɰJL�m�4ȇŤ"PTR-18 5ƏȔ4

GXXXD/E �e�u6ɲȷ5ï5JƊȾ")� (û.17)�!D4TMHMMCE� (Krogh et al., 2001)

ptr-185 CƀǬ»5ǷȓÄk�N�Jíę" (û.18)'GJƐď")ĄìPatched1íƍ4ƏȔ

AĦþ4Ǎī6ǈ#F55JƊȾ")�<%Ő�6�GD5c�qWɍʍā5ĊǍ6

PTR-18::VENUS5Ħþ425C24Ļʊ6ÉF55JɁ³")�3-foldžA 1ʝįȩĿž441/

PTR-18::VENUS 6 P ǷȓAȱǕǷȓ5ʋǬ»Ƿȓț0ƊÉ!GF6'G4ġ"/ N ƀǬ»5

GXXXDD �e�u4ĊǍJĢÁ") PTR-18 (D337A,D338A)::VENUS 6ǷȓɍÂ¬4Ħþ6Ċ×

$F�16Ƀ?DG)��ű0C ƀǬ»5 GXXXD/E �e�u4ĊǍJĢÁ") PTR-18 
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(G746A,D750A)::VENUS1CƀǬ»5ǷȓÄk�N�JƐĎ!&) PTR-18 (
837-895)::VENUS

6PTR-18::VENUS1íƍ4ʋǬ»Ƿȓț0ƊÉ!G) (û.19)�<)PTR-18::VENUSJǒǅ!

&F�10ptr-18ƐĎĊǍ¬5ʓʗƂ§�44�F PǷȓ6Ʀň×"/"<2ȱǅĀ6œÏ!G

F54ġ"/PTR-18 (D337A,D338A)::VENUS A PTR-18 (G746A,D750A)::VENUSPTR-18 (


837-895)::VENUS 32Jǒǅ!&/@'5ȱǅĀ5œÏ6Ƀ?DG35,) (û.20)�$3I+

ptr-185Ɠī3ĦþAƏȔ4GXXXDD�F16GXXXD/E�e�uACƀǬ»5ǷȓÄk�N�

6ɲȷ0�FêȔň6ǡõ!GF�<)PTR-18::GFP6 3-foldž5Ŀž5DĖ×ǗÐ45�/Ä

þ×"ƊÉ0�3�3F¾îJǡ$C24 (û.9-11)PTR-18::VENUS 6Ė×ǗĿ06ʋǬ»Ƿȓ

ț0ƊÉ$F�160�31��ű03-fold ž441/ʋǬ»Ƿȓț0ƊÉ!G) PTR-18 

(G746A,D750A)::VENUS1 PTR-18 (
837-895)::VENUS6Ė×ǗĿ441/ʋǬ»Ƿȓț0ƊÉ

!GF(û.21)� 

� ¥�5ǻƅCEPTR-185GXXXDD�F16GXXXD/E�e�uACƀǬ»5ǷȓÄk�N�6

Ɠī3ĦþAÄþ×4ņȷ0�F11@4PTR-186ɪÌ3Ÿž4ʋǬ»Ƿȓț5DÄþ×$F�

16ƏȔ4ɲȷ0�FêȔň6ǡõ!GF� 

 

3-4. ptr-18* grl-5, grl-7 grl-270��#. 

� PǷȓ5Ʀň×Jµɣ$FƏȔJ@- grl-5ɬ©ĒA grl-7ɬ©Ē5ƐĎĊǍ¬6ŦʒƂ§�4

41/ɳǈĀ1íƍ4ǒǈ$F�15D¢5 grl ɬ©ĒȈ1ÛɄǔ4ƏȔ$FêȔňJȋ3/1

F�'�0grl-5A grl-7D1íƍ4ȱǕǷȓȈA PǷȓȈ0�}�c�ɬ©Ē5ǒǅ6ăò!G

/1F grlɬ©ĒȈ (Hao et al., 2006a)1 ptr-185ɬ©Ĕǔǘ�¯ǊJƊȾ")�ʓʗƂ§�441

/ ptr-18ƐĎĊǍ¬6 PǷȓ6Ʀň×"/"<254ġ"/grl-5A grl-7grl-275ƐĎĊǍJĢ

Á$F�10ptr-18 ƐĎĊǍ¬5ȱǅĀ6ʐȥ4œÏ!GF�16Ƀ?DG) (û.22) �'5�

ű0grl-2A grl-4grl-10grl-14grl-15grl-215ƐĎĊǍ6ptr-18ĊǍ¬5 PǷȓ5Ʀň×5

ȱǅĀJœÏ$F�1635,) (û.22)�-<Eptr-186 grl-5A grl-7grl-27325˚ę5 grl

ɬ©ĒȈJœÏ$FêȔň6ȋ3DGF� 
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3-5. GRL-7�PTR-18��3��id#�.-�j� 

� hh-rɬ©Ē5w���c�4 gfpɬ©ĒJȬì!&)�}�c�ɬ©Ē5ȼƄ5Dgrl-5A grl-7

326ȱǕǷȓA seamǷȓPǷȓ0ǒǅ"/1F�16ăò!G/1F6 (Hao et al., 2006a)

GRL-5AGRL-7c�qWɍ5ǒǅŸžAĦþËĩ6ŶD5031�PTR-18::GFP5�}�c�ɬ©

Ē1íƍ4grl-5 ɬ©ĒĲA grl-7 ɬ©ĒĲJ'G(GŨ$FuQ^�kyWc�0�F

WRM0631aE091WRM0615cE01JŪĊ"'GDɬ©Ē5ºƒZk�ǗÐ4mCherryJŜÁ"

)Z�^j�WjJǊ1)�<%6GRL-75ĦþAƏȔ$Fǒǈ^h�]JƊȾ$F)?4â

șȒž5D 3-fold ž<05Ȓǒǈž44�F GRL-7::mCherry 5ǒǅȼƄJ")�âșȒž5D

2-foldž45�/ GRL-7::mCherry5ǒǅ6ƊÉ!G3163-foldž5Ȓ0ǒǅ6ƊÉ!GÂɒ

5ȱǕǹȅ5ʋǬ»Ƿȓțɘ¼4Ħþ") (û.23)�<) 3-fold ž5Ȓ06GRL-7::mCherry 6

ȱǕǹȅ5ʋǬ»Ƿȓțɘ¼ (û.24; ʋǬ»Ƿȓț)4Ô3ǷȓÄ0ģȓǁ (û.24; ģȓ)4Ëĩ$

F�16ƊÉ!G)�'�0GRL-7::mCherry5ĦþĊ×6ǒǈ^h�]1ɢÖ$F55JƊȾ$

F)?4û.10-111íƍ5ĚʙJȮ,) (û.25-26)�Ăʕ 12ŸɺĿ06GRL-7::mCherry6ģȓ

ǁ4ĦþJǡ$·¬5ÓìCE@ʋǬ»Ƿȓț4ĦþJǡ$·¬5Óì6Č154ġ"/Ăʕ 16

Ÿɺ06åű5Óì6ɝɓ") (û.26)�C,/GRL-7::mCherry 5Ħþ6Ė×6ɘ.�4-G

ʋǬ»Ƿȓț5Dģȓǁ9Ċ×$F¾î6Ƀ?DGF (û.24-26)� 

� Ƒ41 ʝįȩž05 GRL-7::mCherry 5ĦþĊ×4-1/ȼƄJ")ǻƅŦʒĿʢŸɺ5D

10Ÿɺ<05Ÿž06GRL-7::mCherry6ȱǕǷȓÄģȓǁ4ƊÉ!G) (û.27A) �"5"Ŧʒ

Ŀ 11Ÿɺ43F1GRL-7::mCherry5Ħþ6ǷȓÄ0ģȓǁ4ƊÉ!G)54Ô3 (û.27B; ǚĥ)

'GD5ǹȅ5ʋǬ»05Ħþ@Ƀ?DG)  (û .27B; ǚß)�<)GRL-5::mCherry 1

GRL-7::mCherry6 3-foldž441/�ɦǔ4ȱǕǷȓA PǷȓ5ʋǬ»Ƿȓț0ƊÉ!GFƷA

ŦʒĿ 11 Ÿɺ441/ P Ƿȓ5ʋǬ»Ƿȓț0ƊÉ!GFƷ0ʑª")ǒǅqc��Jǡ$�

(û.28-29)� 

� C,/GRL-7AGRL-56ȒǒǈžAĖ×Ŀǒǈž441/ PTR-181ʑª")ǒǅŸžAĦþ

Ċ×Jǡ$� 
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3-7. PTR-18'GRL-7*���)�&��
#. 

� '�0PTR-18::GFP1GRL-7::mCherry5ÃǒǅƈJ¯ŏ"3-foldž5Ȓ44�FĦþĊ×4

Ǚǖ"/ȼƄJ4�3,)�ųž 3-foldž5Ȓ06PTR-18::GFP1GRL-7::mCherry5�Ȍ6ʋǬ

»Ƿȓț4ĦþJǡ"�5ŸPTR-18::GFP5ċ»4 GRL-7::mCherry6ƊÉ!G)ʞû.30Aʟ�

<)PTR-18::GFP1GRL-7::mCherry6íŸž4ģȓǁ5Ħþqc��Jǡ"'GD6Ħőǔ4

ÃĦþ$F�16Ƀ?DG)ʞû.30Bʟ�!D4Anne SpangÝĉD15Ãíǜǩ4CE3D-SIMʐ

ńɶʞDeltaVision OMX Optical Microscope (version 4)JǊ1/ȻĠ")1�HPTR-18::GFP 1

GRL-7::mCherry6í�5ģȓ4Ħþ$F�16Ƀ?DG)� (û.31)�'�0Ƒ4PTR-18::GFP6

25ǷȓÄģȓ4Ħþ$F5ƊȾ$F)?4P�ka��A�aa��~�S�15ÃĦþJƊ

Ⱦ") (Chen et al., 2006; Hermann et al., 2005; Treusch et al., 2004)� 

 

3-8.PTR-18,GRL-7*2873169450�"%���(	-�+/. 

PTR-18::GFP JÎžP�ka��4Ħþ$F mCherry::RAB-5 A (û.32A)ĿžP�ka��~

�S�4Ħþ$FmCherry::RAB-7 (û.32B) �aa��4Ħþ$F LMP-1::mCherry (û.32C)1'

G(GÃǒǅ!&F1PTR-18::GFP6'G(G5~�S�1ÃĦþ$F�16Ƀ?DG)�<)

�ɭ5ģȓ0�[NW�P�kb��~�S�4Ħþ$FmCherry::RAB-111@ÃĦþ@ǡ") 

(û.32D)�C,/PTR-18::GFP 6P�k[Nj�\^J "/Äþ×$FêȔň6ǡõ!G)�

'�0ÎžP�ka��5ĺŏ4ɲȷ3 rab-5 (Grant and Hirsh, 1999)J Feeding RNAi0ofWd

O�"Ė×ǗĿ44�F GRL-7::mCherry 1 PTR-18::GFP 5ĦþJȼƄ")�ɳǈĀ06'GD

5�}�c�c�qWɍ6Ė×ǗÐ4Äþ×$F¾î6�F54ġ"�rab-5 ɬ©ĒJofWdO

�$F�14C,/PTR-18::GFP 6Ė×Ŀ0@Ëȼ!G%ʋǬ»Ƿȓțɘ¼4Ħþ" (û.33)

GRL-7::mCherry@íƍ4ʋǬ»0ƊÉ!G) (û.34)�C,/PTR-181GRL-76Ė×Ð441/

P�k[Nj�\^!GP�ka��A�aa���0ÃĦþ$F�16ǡõ!G)� 

 

3-9. ptr-18�GRL-7�9@=�:x�7}�� 

� !D4ptr-18 6 GRL-7 5ĦþĊ×4Ğ�$F5ï5JƊɀ$F)?4Ė×ǗĿ44�F

GRL-7::mCherry5Ħþ4Ǚǖ"/ȼƄJ4�3,)�ɳǈĀ44�F GRL-7::mCherry5Ħþ6
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Ė×ǗÐ4ʋǬ»Ƿȓțɘ¼5DǷȓÄģȓ9Äþ×$F¾îJǡ" (û.24-26)Ė×ǗĿ06

GRL-7::mCherry 6ģȓǁ5=0ƊÉ!GF·¬5Óì6Č�JÞ?) (û.35)�'G4ġ"/Ė

×ǗĿ5čɭË5 ptr-18ƐĎĊǍ¬06GRL-7::mCherry6Äþ×!G/4D%ʋǬ»Ƿȓț

ɘ¼0ƊÉ!G) (û.35)�<)grl-7JœÏ$FN�^��Ǻɑ5 daf-16A'5�ƧùĒ0�F

mir-2355ƐĎĊǍ¬06ɳǈĀ1íƍ4 GRL-7::mCherry5Äþ×6Ƀ?DG) (û.36)�<)

Ė×ǗĿ5 ptr-18ƐĎĊǍ¬06GRL-7::mCherry5ʋǬ»4ĦþJǡ"ɳǈĀCE@Äþ×6

ɤĴ$F6ʓʗƂ§� (û.37A)AŦʒƂ§� (û.37B)5åű0ŸɺǺɦ11@4$:/5·

¬0ģȓǁ4Ħþ6ƊÉ!GFC243,)��5�15DGRL-75Äþ×4ɻ"/ ptr-18¥ċ

5ùĒ@Ğ�$FêȔň6ȋ3DGF� 

� <)mCherryc�qWɍ6�aa��0Ëȼ!G4��Ȭìc�qWɍ5Ëȼ5ȻĠ46�

ɪÌ0�F (Katayama et al., 2008)�'�0�aa��4ǥȮ$F�10ȫÀ6ƪĎ$F�16

ǛDG/1F GFP4ǋƃ$F VENUSc�qWɍ4ȇŤ") GRL-7::VENUS5ĦþȼƄJ4�3

,) (û.38)�3-foldž441/GRL-7::VENUS6ȱǕǷȓA PǷȓ5ʋǬ»Ƿȓț0ƊÉ!GF5

4ġ"/Ė×ǗĿ5ɳǈĀ06č�3Óì0'G6ƊÉ$F�160�3�3,)��ű0Ė×

ǗĿ5 ptr-18ƐĎĊǍ¬06GRL-7::VENUS6ʋǬ»Ƿȓțɘ¼0ƊÉ!GF·¬5Óì6Č�

Þ?) (û.38B)�<)ĿžP�ka��5ŏƻ4ɲȷ3 rab-7ɬ©ĒJ(Poteryaev et al., 2007)

Feeding RNAi4C,/ofWdO�$F�10GRL-7::VENUS5Äþ×6ɤĴ"ʋǬ»Ƿȓț

AƪĎ&%4ģȓǁ0ƊÉ!GF·¬5Óì6ĈÔ") (û.39)�-<EGRL-7 6Ė×45�

/P�k[Nj�\^!G�aa��4ȦǨ$FêȔň6ǡõ!GF� 

� ptr-18ƐĎĊǍ¬44�FǷȓċ4ƕǌ")GRL-71 PǷȓ5�ņȷ3Ʀň×15ǘɻɻ´J

ƊȾ$F)?4ptr-18ƐĎĊǍ¬5 PǷȓ4PǷȓ5ȱǅĀJūÕ$F PTR-18::VENUSJǒǅ

!&GRL-7::mCherry5ĦþJȼƄ")�'5ǻƅPǷȓ*�0 PTR-18::VENUSJǒǅ!&F

�10ptr-18ƐĎĊǍ¬1ƙɕ"/GRL-7::mCherry6ʋǬ»Ƿȓț0ƊÉ!GF·¬5Óì6

ʐȥ4ưĤ") (û.40)�¥�CE ptr-186Ė×Ð4ȱǕǷȓċ4ȦǨ")GRL-7c�qWɍJ

P�k[Nj�\^J "/èEɿ�Ė×")�ʝįȩ6ʓʗƂ§4źʇ!G/@ PǷȓ6Ʀň

×"31C24$FƏȔJ@-�16ǡõ!G) (û.41)� 
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3-10. ��W10	�� grd-5� grd-10�~<id�Plr�_M=�� 

� �G<05ȼƄ06ʓʗƂ§�05 ptr-18ƐĎĊǍ¬06grl-5A grl-7grl-275Ʀň×J 

"/�ņȷ3 P Ƿȓ5Ʀň×6ǈ#F�16ǡ!G)�"5"36DŦʒƂ§�06

grl-5;grl-7;grl-27�ɲĊǍ¬6PǷȓ5Ʀň×cN��X6ɳǈĀ1ƙɕ"/Ĩ6Ƀ?DG31

�15D (û.42)�GD5ɬ©Ē6ŦʒƂ§�44�F P Ƿȓ5ʈƒž5D5Ʀň×4ņʌ0

31�16ŶD513,)�C,/grl-5A grl-7grl-276¢5 hh-rɬ©ĒD1ÛɄǔ4ƏȔ$

FêȔň6ȋ3DGF��F16�4ǡ") GRL-5A GRL-75�}�c�c�qWɍ5ǒǅq

c��5Dȋ3F1grl-5A grl-7grl-276ŦʒŸ44�F PǷȓ5Ʀň×46Ǘšǔ4Ğ�"3

1êȔň@ȋ3DGF�ȱǕǷȓA seamǷȓPǷȓ320�}�c�ɬ©Ē6ǒǅ$F hh-rɬ

©ĒȈ52+ (Hao et al., 2006a)grd-3A grd-10grd-13wrt-106Ė×Ŀ5D PǷȓ6Ʀň×$

F<04ǒǅ6ĈÔ$F�16 DNA ~NW�L�NJǊ1)ȼƄ0ŶD513,/1F� (Baugh 

et al., 2009)�'GD5ǒǅɴ5ǽŸĊ×J qRT�PCR0ȼƄ")ǻƅPǷȓ6Ʀň×$FŦʒ 8Ÿ

ɺĿ<04ī4ǒǅ�ŵ6Ƀ?DG)� (û.43)� 

� '�0grd-3A grd-10grd-13wrt-10JȱǕǷȓA PǷȓ0ɦÒǒǅ"ʓʗƂ§�441/

PǷȓJ�ņȷ4Ʀň×!&F hh-rɬ©ĒJŠǶ")�ɳǈĀ6ʓʗƂ§�441/PǷȓ6ʈ

ƒžǁō0ǿŘ!GF54ġ"/grd-10Jǒǅ!&F�10ʓʗƂ§�4@ɻID%PǷȓ6

Ʀň×$F�16Ƀ?DG)� (û.43A)�'5�ű0grd-3A grd-13wrt-1032JɦÒǒǅ!&

/@PǷȓ5Ʀň×6Ƀ?DG35,) (û.43)�<)grd-105q��X4grd-56�F� (û.45A)�

'GD5w���c�5�Ƨ4 GFP JȬì")�}�c�ɬ©ĒJ@+1/ǒǅJɄ:F1

grd-106seamǷȓ5=0grd-56seamǷȓ1ȱǕǷȓ0w���c�Ʀň6Ƀ?DG)� (û.45B)�

grd-5� mRNA 6P Ƿȓ6Ʀň×$FÐ4ʐȥ3ĈÔJǡ$I�0631@55 (û.46)ȱǕ

Ƿȓ0ɦÒǒǅ!&F1grd-10 1íƍ4ʓʗƂ§�44�F P Ƿȓ5Ʀň×6Ƀ?DG)�

(û.43)�'�0grd-10A grd-56Ŧʒ4Ňǯ") PǷȓ5Ʀň×4Ğ�$F5grd-5;grd-10�ɲ

ĊǍ¬J¯ŏ"PǷȓ5Ʀň×cN��XJƊȾ"/=)6ɳǈĀ15ʐȥ3Ĩ6ȸDG35

,)� (û.47)�C,/grd-5A grd-10¥ċ5Ǎ3F[vuK���5 hh-rɬ©Ē@ PǷȓ5Ʀň

×4Ğ�$F�16ȋ3DGF� 
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3-11. GRD-5�GRD-10�GRL-7��g��id#�.-�j� 

� GRD-5AGRD-10625Ÿž4Ëơ!GF55JƊɀ$F)?4PTR-18AGRLɬ©Ē5�}

�c�ȼƄ1íƍ4grd-5A grd-105ɬ©ĒĲJŨ$FuQ^�kyWc�� (WRM0632dE03

WRM064cH11)JǊ1/'GD5ɬ©Ē5ºƒZk�5ǗÐ4mCherryJŜÁ")Z�^j�W

jJ¯ŏ")�<%Ȓǒǈž44�F GRD-5::mCherry1 GRD-10::mCherry5ǒǅŸžJȼƄ"

)ǻƅGRD-5::mCherry6 3-foldž441/ȱǕǷȓA PǷȓseamǷȓ5Ƿȓɍ0ƊÉ!G

)� (û.48)�'5�ű0GRD-10::mCherry6Ȓǒǈ 3-foldž5ȱǕǷȓA PǷȓseamǷȓ325

ʋǬ»Ƿȓț0ƊÉ!G) (û.49)�<)Ė×Ð06Ƿȓɍ0ƊÉ!G)GRD-5::mCherry6Ė×Ŀ

5ŦʒƂ§�441/ǷȓÄ0ģȓǁ4ƊÉ!GF11@4ʋǬ»Ƿȓț0ƊÉ!G) (û.50)�

grd-56Ė×Ŀ5D PǷȓ6Ʀň×$FŦʒĿ 8Ÿɺ<00mRNA5ǒǅśÖ5�ŵ6ʐȥ06

35,)6ʞû.46ʟǒǅ6ƊÉ!G)�'G4ġ"/GRD-10::mCherry6ī4ȱǕǷȓA seam

ǷȓPǷȓ5ʋǬ»Ƿȓț0ƊÉ!G)� (û.51)�-<EGRD-5AGRD-106Ė×Ð4ʋǬ»

Ƿȓț4Ëơ!GĖ×Ŀ4Äþ×$F¾î631Ʒ0GRL-7::mCherry16Ǎ3,)ǒǅqc�

�Jǡ$� 

 

3-12. grd-5� grd-10� ptr-18�0`
[s�� 

� <) grl-716ǒǅqc��6Ǎ3F grd-5A grd-106ʓʗƂ§�05 ptr-18ƐĎĊǍ¬5 P

Ƿȓ5Ʀň×4Ğ�$F55JƊȾ$F)?4ČɲĊǍ¬5ȼƄJ4�3,)�ptr-18 ƐĎĊǍ

¬6ʓʗƂ§�441/P Ƿȓ6Ʀň×"/"<254ġ"/grd-5 A grd-10 5ƐĎĊǍJĢ

Á$F�10grl-7 5ƐĎĊǍJĢÁ")Ÿ1íǭ4ptr-18 ƐĎĊǍ¬5ȱǅĀ6œÏ!G)�

(û.52)�-<Egrd-5A grd-106 ptr-184C,/œÏ!GFêȔň6ǡõ!GF�"5"36D

3-foldž0 PTR-18::GFP6ʋǬ»Ƿȓț0ƊÉ!GFŸGRD-5::mCherryAGRD-10::mCherry6ʋ

Ǭ»Ƿȓțɘ¼0ÃĦþ$F�1635,)� (û.53)�<)Ė×Ŀ5ɳǈĀ1 ptr-18ƐĎĊǍ¬

44�F GRD-5::mCherryA GRD-10::mCherry5Ħþ4Ċ×6�F5ï5ǱƆ")6Ċ×6Ƀ?

DG35,)(û.54)�-<Egrd-5A grd-106 grl-75C24 ptr-184C,/ÏłJé�316

ʓʗƂ§�5 ptr-18ƐĎĊǍ¬44�F PǷȓ5Ʀň×4Ğ�"/1F�16ǡõ!GF� 
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3-13. ptr-18\EDg4
��-�)-�id�/U�� 

� ptr-181 IISǺɑ5ɬ©Ĕǔɻ´JƊɀ$F)?4Ė×ǗĿ5ɳǈĀ1 ptr-18ƐĎĊǍ¬ptr-18

1 grl-75�ɲĊǍ¬44�FN�^��ɬ©ĒȈJZ�k$F ins-3A ins-4ins-6daf-285mRNA

ǒǅɴJƙɕ")�ins-3 A ins-4ins-6daf-28 6ɦÒǒǅ!&F�10ʓʗƂ§�44�F

QR/QLǷȓAMǷȓ5ʈƒžǁōJȼɿ$F�16ăò!G/1F� (Chen and Baugh, 2014; Zheng 

et al., 2018)�ins-45mRNAǒǅɴ6ptr-18ƐĎĊǍ¬5ű6ɳǈĀA ptr-181 grl-75�ɲĊ

Ǎ¬CE@ī4 2¸¥�ʚ1�16Ƀ?DG)� (û.55)�'5�ű0ins-3A ins-6daf-286ɳǈ

Ā1 ptr-18ƐĎĊǍ¬0Ċ×6Ƀ?DG35,)�<)N�^��ɬ©ĒȈ6�4ʎɭ5ǢǺǷ

ȓAșǷȓ0ǒǅ$F�16Ƀ?DG/4Eins-4 5=ȱǕǷȓ0ǒǅ$F� (Chen and Baugh, 

2014)�¥�CEptr-186 grl-7J "/ȱǕǷȓ5DËơ!GF ins-45ÏłJ$FêȔň6ȋ

3DGF� 

 

3-14. ptr�2F�+ ,%.�O;�� 

� ȃȩ5 ptr ɬ©ĒJZ�k$F daf-6 6ʎɭ5ŌȹǢǺǹȅ5ĺōĺŏ4ɲȷ0 (Perens and 

Shaham, 2005)'5œýřƎɬ©Ē1"/�j�~�5ƌŏùĒ0 sorting nexin (snx)JZ�k$F

snx-1A snx-36íę!G/1F� (Oikonomou et al., 2012)�ptr-181 daf-66íƍ5ɬ©ĔǺɑ0ƏȔ

$F1¦ę"ptr-18ɬ©Ē1 snxɬ©ĒȈ5ɬ©Ĕǔǘ�¯ǊJƊȾ")�ptr-18ƐĎĊǍ¬6ʓ

ʗƂ§�441/ PǷȓ6Ʀň×$F54ġ"/snx-15ƐĎĊǍJĢÁ$F�10ptr-18ƐĎ

ĊǍ¬5ȱǅĀ6œÏ!G)� (û.55)�'G4ġ"/snx-9A snx-13snx-17snx-275ƐĎĊǍ

J ptr-18ƐĎĊǍ¬4ĢÁ"/@'5ȱǅĀ6œÏ!GF�1635,)� (û.56)��ű0ptr-18

ƐĎĊǍ¬4 snx-35ƐĎĊǍJÔ3F1{� 2ɲ0ǿŘ$F�160�%ȟƔ5ȱǅĀJñ

$FêȔň6ȋ3DGptr-181 snx-35ɬ©Ĕǔǘ�¯Ǌ6ŶD540�/131�C,/ptr-18

6 daf-61íƍ5ɬ©ĒJ�Ƨ4@-�15Dptrɬ©Ēíĉ6ʑª")ƏȔJ@-êȔň6ǡõ

!GF� 
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4-1. ptr-18� IISm{/mir-235�g��'�"�&
 grl-5� grl-7�O;�� 

Ɓǜǩ4C,/ptr-186ȱǕǷȓA PǷȓ0ƏȔ"PǷȓ5ʈƒžJǿŘ$F�16ǡõ!G

)�ptr-18ƐĎĊǍ¬06PǷȓ5Ʀň×5Ŀ4MǷȓ5Ʀň×6'"/M Ƿȓ5Ʀň×5

Ŀ4ȖǕ6Ɏ�F�íƍ5ȱǅĀ6ȱǕǷȓ1PǷȓ0ŉīƦň×Ā5akt-1JɦÒǒǅ")ʁA

ptr-181íƍ4ȱǕǷȓ0ƏȔ$F mir-2355ƐĎĊǍ¬0@Ƀ?DGF� (Fukuyama et al., 2015; 

Kasuga et al., 2013)�C,/IISǺɑ-mir-235\Xl�ɔ1 ptr-186ȱǕǷȓA PǷȓ0ǒǅ$F

Ãɠ")�Ƨɬ©ĒJ "/ PǷȓ5ʈƒžJÏł$FêȔň6ȋ3DGF�Ő�6'5C23

�Ƨɬ©Ē1"/mir-2355Ǝǔɬ©Ē0�F grl-5A grl-7Jţö"/�)� (Kume et al., 2019)�

Ɓǜǩ6ʓʗƂ§�44�F P Ƿȓ5ʈƒžJÏł$FùĒ1"/ ptr-18 ƐĎĊǍ¬Jíę"

ptr-185�Ƨ0 grl-5A grl-76ƏȔ$F�1Jǡ")�C,/Ɓǜǩ6ȱǕǷȓ5DËơ!G

) GRL-5A GRL-7c�qWɍ6ȱǕǷȓ44�F IISǺɑA ptr-184CFʉǷȓȝľǔ3 PǷ

ȓ5ʈƒžÏłJ þ$FùĒ0�F�1J!D4ȴ£�F�113,)�06ptr-18 1 IIS Ǻ

ɑA mir-235 6í#ɬ©ĔǔǺɑ0ƏȔ$F50�H25ʦƁǜǩ06ptr-18 ƐĎĊǍ¬441

/GRL-7�}�c�c�qWɍ5Äþ×5ɤĴ6Ƀ?DG)54ġ"daf-16Amir-235ƐĎĊǍ

¬06'5C23ȱǅĀ6ȻĠ!G35,)�C,/daf-16Amir-235ƐĎĊǍ¬441/ptr-18

5Ʀň6ưķ"/1FêȔň6«11ȋ3DGF��ű0ʓʗƂ§�05ǈēǄ4Ǚǖ$F1

daf-16 ƐĎĊǍ¬6ʐȥ4ưĤ$F54ġ"/ptr-18 ƐĎĊǍ¬06ɳǈĀ5C24'5¾î6

Ƀ?DG31�C,/ptr-18ƐĎĊǍ¬06daf-16ƐĎĊǍ¬5C24 IISǺɑ6Ǎī�ɣ"/

1FêȔň6«11ȋ3DGF�¥�CEIISǺɑ6mir-235J "/ grl-5A grl-75ǒǅJœÏ

$F�10�ű ptr-186Ƿȓċ4Ëơ!G) GRL-5A GRL-7c�qWɍ5ɪÌ3cN��X0

5Äþ×Jµɣ$F�10PǷȓʈƒž1'G4ɢÖ")MǷȓ5ʈƒžAȖǕJÏł$Fê

Ȕň6ǡõ!GF� 

 

� 4-2.PTR�2F?C��3��[s��	>sM 

� Ő�5ǜǩ06ptr-18 ¥ċ5 ptr ɬ©ĒȈ5ƐĎĊǍ¬0@ʓʗƂ§�0 P Ƿȓ6«ʏı0

6�F@55Ʀň×$F�1JȸÉ"/1F�¿ȮǛȸ0ptr-11 ptr-165 Feeding RNAi4CF

�ɲɽĜ6'G(GÜǂ0ɽĜ$FCE@ȖǕ�ÂAȟƔ5ȱǅĀJǡ$·¬5Óì6ĈÔ$
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F�1Aptr-4A ptr-18ptr-235ƏȔɽĜ06Ƙ¬5șǷȓ5DáƘǷȓ9²Δ!GFáʜc

�qWɍ5èEɗ=60�3�3F11,)�15D(Zugasti et al., 2005)˚ę5 ptrɬ©ĒȈ6í

�5ɬ©ĔǔǺɑ0ÛɄǔ4ƏȔ$FêȔň6ǡõ!G/1F�<)ǅþȃȩ5 ptr ɬ©ĒȈ5

2+ptr-18¥ċ4@ daf-6A ptr-6ptr-235ǒǅǹȅ6ŶD543,/1F(Choi et al., 2016; Perens 

and Shaham, 2005; Rohlfing et al., 2011)�'5�0@ ptr-23ɬ©Ē6ptr-181íƍ4ȱǕǷȓA PǷ

ȓ0ǒǅ6ƊÉ!G/4E(Rohlfing et al., 2011)ptr-23ƐĎĊǍ¬6ʓʗƂ§�441/ PǷȓ

5Ʀň×6«ʏı0�F6ƊÉ!G)ʞû.4ʟ�!D4ptr-23 6ptr-18 1íƍ4ȒǒǈĿž44

1/mRNA5ǒǅɴ6ĈÔ$F�16DNA~NW�L�NJ@+1)ȼƄCEăò!G/1F

(Baugh et al., 2009)�¥�5�15DǒǅǹȅAǒǅŸž6ʑª")ȶŬ5 ptrɬ©Ēíĉ6Ğ�

5Ǧı6Ǎ3F@55ÛɄǔ4˚ę5 hh-r5Ʀň×JÏł$FêȔň6ȋ3DGF� 

 

4-3.bH� ptr�2F�bH� hh-r�2Fp�;L��>sM 

� ȶŬ5hh-rɬ©ĒȈAptrɬ©ĒȈJƏȔɽĜ$F1ȖǕJė�0�31ȱǅĀJñ$F(Hao et 

al., 2006b; Zugasti et al., 2005)��űgrl-211 ptr-24ɬ©Ē6�jZ�k�L5Űƾ×J ")ȕ

ɍ5ȦǨ4ɻ"/4�14ŗŔǔ4ƏȔ$F�16ăò!G/1F� (Lin and Wang, 2017)�C,/

ȃȩ06hh-r ɬ©Ē1 ptr ɬ©Ē6í#ɬ©ĔǔǺɑ0ƏȔ$F�16ŢƲ!GF�\�O]�

OpPA~O^11,)¢5Öƿǧ6�·31"6Ŭ·5 Hhɬ©ĒJŽ$F�'G4ġ"/ȃ

ȩ6 615 hh-rɬ©ĒJ@-� (Bürglin and Kuwabara, 2006)�<)\�O]�OpPA~O^6�

·31"6Ŭ·5 ptrA ptchdɬ©Ē"5@)3154ġ"ȃȩ6 24·@5 ptrɬ©ĒJ@

-� (Bürglin and Kuwabara, 2006) �ȱǕǷȓ0ǒǅ6ǡõ!GF grlA grdɬ©Ē52+grl-5A

grl-7grl-27�grd-5grd-105ƏȔJɽĜ$F1ptr-18ƐĎĊǍ¬5ȱǅĀ6ʐȥ4œÏ!G�

'5�ű06í#C24ȱǕǷȓ0ǒǅ$F grl-2A grl-4grl-10grl-15grl-17grl-2111

,)ɬ©Ē5ƏȔɽĜ6ptr-18ƐĎĊǍ¬5ȱǅĀ4ĻʊJ�331��5�16ʑª")Ÿ

žAí#ǹȅ0ǒǅ$F grdA grl6˚ę5 ptr1Ã4ƏȔ$F�1Jæŷ"/1F55@"G

31� 
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4-4.grd�2F� grl�2F�0`��!*�2���>sM 

� Ő�5ǜǩ4CEgrd-5A grd-10grl-5grl-76PǷȓ5Ʀň×Jµɣ$F�16ǡ!G)�

06�GD5 grdɬ©ĒA grlɬ©Ē625C23ɬ©ĔǔǺɑJ "/ PǷȓJƦň×$F

50�H25�ȃȩ6Hhéĝ¬0�F PATCHEDJZ�k$Fɬ©Ē ptc-11 ptc-3J@-�'

5�0@ ptc-35ƏȔɽĜ6hh-rɬ©ĒA ptrɬ©Ē1íƍ4ȖǕ�Â5ȱǅĀJñ$F�15

D�GD5ɬ©ĒȈ6í#ɬ©ĔǔǺɑ0ƏȔ$FêȔň6ɈɅ!G/1F� (Hao et al., 2006b; 

Zugasti et al., 2005)�C,/PTC-1A PTC-3c�qWɍ6GRDc�qWɍAGRLc�qWɍ5

éĝ¬1"/ƏȔ$FêȔň6ȋ3DGF�"5"36Dptc-1A ptc-35ƏȔɽĜ6'G(G

�ĐAȒňȟƔ5ȱǅĀ4ȞF)?ʓʗƂ§�5 L1įȩ544�F PǷȓ5ʈƒžǿŘ44�

F� ptc ɬ©Ē5ɻ�JƊȾ$F56Œȯǔ4ʉī4úʅ0�F�ô�ÖƿĂʕǷȓ441/

PTCHD1A PTCHD4 (PTCH531@C7GF)5ɦÒǒǅ6Hh\Xl�©ɧǺɑJœÏ$F�16

ăò!G/1F� (Chung et al., 2014; Noor et al., 2010)�ô�Öƿ5 PTCHD@ȃȩ5 PTR-185C

24Hh5P�k[Nj�\^Jµɣ$F�10'5ƦňJœÏ$F55@"G31� 
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