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C. elegans Caenorhabditis elegans 

cDNA  Complementary DNA 

CFP  Cyan fluorescent protein 

cGMP  Cyclic guanosine monophosphate 

cRNA  Complementary RNA 

DEG/ENaC Degenerin/epithelial sodium channel 

DMSO  Dimethyl sulfoxide 

DNA  Deoxyribonucleic acid 

dNTPs  Deoxynucleotide triphosphates 

DsRedm  Discosoma sp. Red 

EGFP  Enhanced green fluorescent protein 

FAD  Flavin adenine dinucleotide 

FOXO  Forkhead box-containing protein, O sub-family 

FRET  Fluorescence resonance energy transfer 

GCaMP  GFP-calmodulin fusion protein 

GFP  Green fluorescent protein 

GMP  Guanosine monophosphate 

GPCR  G protein coupled receptor 

HEPES  2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethane sulfonic acid 

H2DCF-DA 2', 7'-dichlorofluorescin diacetate 



HSP  Heat shock protein 

HSF  Heat shock factor 

LB  Luria-Bertani 

mRNA  Messenger RNA 

PCR  Polymerase chain reaction 

SNP  Single nucleotide polymorphism 

TRP  Transient receptor potential 

NAD  Nicotinamide adenine dinucleotide 

NGS  Next generation sequencer 

NGM  Nematode growth medium 

PBST  Phosphate buffered saline with Tween 20 

rGC  Receptor guanylyl cyclase 

RFP  Red fluorescent protein 

RNA  Ribonucleic acid 

ROS  Reactive oxygen species 

XDH  Xanthine dehydrogenase 

XO  Xanthine oxidase 

XOR  Xanthine oxidoreductase 

YC  Yellow cameleon 

YFP  Yellow fluorescent protein 

 

 



  

 

1.1 C. elegans 

 

4

4  (Murray et al., 2007) 1 .

3 .

1 4

 (Nakamura, 2011) 3

4

4 1  

. C. elegans

C. elegans

4 1 mm .

×

. C. elegans L1 L2 L3 L4 4

4. 20 3

4 1

0.1% 4 .

 (Brenner, 1974) . GFP



 (in vivo) 2 4

.  (Zhang et al., 2004)

1 Ca2+ 4 YC3.60

GCaMP ×± in vivo 2

4  (Miyawaki et al., 2013; Nakai et al., 2001)

959 302 .

4 3  (Cook et al., 

2019; White et al., 1986)

100 Mb . 1998 4  (C. elegans Sequencing 

Consortium, 1998) 3 36%4

. C. elegans 3 3

3 C. elegans

.

1  

 

 

1.2  

 

4.

2

.



3 ×

 (HSP) 4 4 4

 (Tsumiki et al., 2010)

C. elegans HSP ×  (HSF) 4

4 4 3

4  

 

 

1.3 C. elegans  

 

C. elegans 13 27 . 1 30

L1 4 ×

4  (Barr, 2003) × 4

2 × 4

3 4

 (Hu, 2007)  

C. elegans C. elegans

1 15 N2 2

1 4 20 25 2 1

1 (Ohta et al., 2014; Okahata et al., 2019; Sonoda et al., 2016; 

Ujisawa et al., 2018) ASJ ADL



2 × 4 4

3 2 (Ohta et al., 2014; Okahata et al., 2019; Sonoda et al., 2016; Ujisawa 

et al., 2018) ASJ 3

FOXO

42 2 (Ohta et al., 2014)

2 ± 3

3 ASJ × ×± 4 4

2 (Sonoda et al., 2016) ASJ ADL × 2

.  (Ohta et al., 2014; Sonoda et al., 2016; Ujisawa et al., 2018)

4 .  

C. elegans

2

3 3 2

 

 

 

1.4 ± × XDH  

 

2 ×  (XOR) 2

± × ± × ±

± ×  (XDH) × ±4



×  (XO) 2  (Xi et al., 2000)

2 XDH

3 3

3 4 (Moriya and Satoh, 2016; Wang et al., 2016; Xi et al., 2000)

NADH 4 4 (Xi et al., 2000) XDH

FAD ± 3 ±

4 FAD NAD .

± .

± .  

2 XDH 2  (Chung et 

al., 1997) 3 XDH

4 3

 (Saidak et al., 2018) 2 XDH

4 4  (Saidak et al., 2018)

XDH 2 × × . XO

2 XDH 4

XO XDH 4 XO 4

. 4.  (Saksela et al., 1999; Terawaki et al., 2017)

XOR XDH  (Terawaki et al., 2017) C. elegans

XDH . 1  

 

 



 

1.5  

 

3 2 TRP

4 ×  (Dhaka et al., 2006) TRP

. TRPC TRPV TRPM TRPA TRPN TRPP TRPML

7 × 1 6 ±

4 TRP 3

2 3

 (Venkatachalam and 

Montell, 2007) 2 4. TRP TRPV

TRPM TRPA × 3 9 4 2

4  (Dhaka et al., 2006; Talavera et al., 

2008; Tominaga and Caterina, 2004; Venkatachalam and Montell, 2007) 1

4 TRPV1 42 TRV2

52  (Dhaka et al., 2006) TRPM8 TRPA1

TRP 2 TRPM8 26

TRPA1 17  (Dhaka et al., 2006)  

TRP

1 ± G  (GPCR) 4

4 2 ±

4 3 ± 4

4  (Shen et al., 2011) C. elegans AFD



× × ×  (rGC) 

4 4 1  (Takeishi et al., 2016)

rGC 4 3 ASE ×

1 ASE × 4

 (Takeishi et al., 2016) C. elegans 2

rGC 4 4

3 3

 

 

 

1.6 DEG/ENaC  

 

DEG/ENaC ×

3  (Chen et al., 2016; Geffeney et al., 2011; Waldmann et al., 1996)

. 5 (Geffeney et al., 

2011; Zhong et al., 2010) DEG/ENaC 3

4 3 DEG/ENaC

 (Chandrashekar et al., 

2010; Liu et al., 2003; Ugawa et al., 2003)

 (Wemmie et al., 

2003; Wemmie et al., 2002; Wemmie et al., 2004; Zha et al., 2006; Ziemann et al., 2009)

C. elegans DEG/ENaC DEG-1 3 ×



2  

(Geffeney et al., 2011; Hall et al., 1997; Wang et al., 2008) DEG-1

. MDEG1 4

MDEG1 × . MDEG2 (ASIC1) 4

4 4 3  (Askwith et al., 

2001) 3 4 DEG/ENaC 4

3 3  

 

  



 

 

2.1  

 

C. elegans

2 2

2 DNA 15 25 3

4 4

× GEO: GSE81409 (Sonoda et al., 2016) 15

RB2575 flp-17(ok3587) 

2 4 6 4 flp-

17 flp-17(n4894) 2

3 7 RB2575 flp-

17(ok3587) N2 3 flp-17

2 4 RB2575 4 3

8 3 RB2575 4 DNA

flp-17(ok3587) ± × ×

4 RB2575 4

DNA × × (NGS) 

RB2575 DNA × ×

×: DRA 002599 RB2575

N2 652 SNP 4



SNP RB2575 4

2 4

9 4

1 #bc5-1 #bc5-2 KHR066 KHR066 3 flp-17

ok3587 KHR069 10a

SNP × 4

4 6.13 cM 3 16.24 cM

4. 4 3 4

5 10b 4 3

4 2

3 irg-6 RB2575

irg-6 . 3 2

2 F55B11.1 RB2575

4 11

F55B11.1 RB2575 F55B11.1

4 12 13

1 KHR066 KHR069 F55B11.1(ok3234) 

14 RB2575 KHR066 KHR069

F55B11.1 4 4

. 4

chr1 13  

 



2.2 ± ×  (XDH-1) 

 

F55B11.1 ± ×  (XDH) 

(NP_000370) ×± xdh-

1 C. elegans × × WormBase (https://wormbase.org) 

15 XDH NAD  (FAD) 

 ( ) 4 XDH

. 3 (Moriya and 

Satoh, 2016; Wang et al., 2016; Xi et al., 2000) C. elegans XDH-1 XDH

± 4 37 57 52 67

15

15 16; 1 2 chr1

± XDH

1 4. 1 2 3

. × 4 13

16 ok3234 NAD 4 . 13

16 . 1 xdh-

1(ok3234)  

 

 

 



2.3 xdh-1 ROS  

 

XDH 2

XDH .

 (ROS)  (Moriya and Satoh, 2016; Xi et al., 2000)

XDH .  (Boardman et al., 

2019) XDH 4 4

ROS 4 4 1 2 XDH-

1 4 ROS ROS

4. ROS

ROS × ×H2DCF-DA xdh-1

ROS 2

ROS 4 xdh-1 4

17 × ROS 4 4

daf-2 17 (Larsen, 1993; McElwee et al., 

2004; Murphy, 2006; Panowski et al., 2007; Vanfleteren, 1993) ROS

3 4 ROS

3 18

3 ROS 4 1

1 2 ROS

H2DCF-DA 2



xdh-1 ROS .

xdh-1 1 2 ROS 4

 

 

 

2.4 xdh-1 4  

 

xdh-1 4 4 3

1 8 1

× xdh-1 4

4 3 . 24 1 2

xdh-1 3 1 1

4 55% 2 1 80% 4

19 2 100% 19  

xdh-1 4

xdh-1 L4 xdh-1 4

3 15 xdh-1

L4 2 1 L4

2 1

xdh-1 4 L4 xdh-

1 20  

 



2.5 xdh-1  

 

3 ASJ × 4

± 4 3  

(Ohta et al., 2014) xdh-1

tax-4; xdh-1 daf-2; xdh-1

TAX-4 ASJ 4 cGMP 4

cGMP . Ca2+

ASJ 4  (Ohta et al., 2014) DAF-2

2 . 2 ×

4  (Ohta et al., 2014) 15

N2 tax-4 2 daf-2 1

4 xdh-1 21 tax-4; xdh-1

21 daf-2; xdh-1

3 daf-2 4 xdh-1

21  

 

 

2.6 xdh-1 2  

 

XDH-1 4 xdh-1 2

×



AWA ×

AWC ×

± × 4 ×

2 × . AWA

TRP 4 osm-9 4

xdh-1

22b AWC cGMP 4 tax-

4 tax-4; xdh-1 AWC ±

3 xdh-1 ±

22c ±

XDH-1 4  

C. elegans

× 1 2 ×

1 4 XDH-1 4

4 XDH-1

× daf-2 ×

2 × daf-2 20

L1 3 L2 × 20 23 25

daf-2 × 4

xdh-1 × 4 3 23 daf-2

× xdh-1

23 4 XDH-1 × 4



 

1 daf-2; xdh-1 × 4

3 XDH-1 DAF-2 4 ×

4 3  

 

 

2.7 XDH-1  

 

xdh-1 × × GFP ±

xdh-1 × × xdh-1 cDNA GFP ±

XDH-1 GFP AIN AVJ

× 3  (Excretory 

cell) 4 24 25 xdh-1 ×

2 2 AIN

inx-17 × × YFP ±

xdh-1p::dsRedm YFP DsRedm

2 4 AIN ×

24c AVJ hlh-34 × ×

DsRedm ± xdh-1p::xdh-1 cDNA::gfp

AVJ × 2 GFP DsRedm 4

24d 2 hlh-34 4 C. elegans × × WormBase 2

AVJ 1 4 4

hlh-34 × × AVJ ×



 (Cunningham et al., 2012) hlh-34p::dsRedm

DsRedm AVJ × 4

3 26 hlh-34

× × AVJ × × . 1  

 

 

2.8 xdh-1  

 

2 XDH-1 4 4

xdh-1 × × xdh-1 cDNA GFP ±

xdh-1 27

xdh-1 4 4 3

xdh-1 × × 4. 3

GFP 27 4 xdh-1

× × 428 bp 952 bp 1,772 bp 2 3,346 bp XDH-1::GFP

2 xdh-1 4

4 27b GFP × × 4

3 4 × 2

. 27a 3 XDH-1 2

xdh-1 3 428 bp × ×

4 27  

2 xdh-1 4 4 .



3 xdh-1 2 xdh-1

2 28 1

× XDH-1 4 xdh-1

4 28 1; xdh-1; Ex[unc-14p::xdh-1 cDNA] xdh-1

 (Excretory cell) xdh-1

3 28 1 xdh-1 2

× ×

× × xdh-1 xdh-1

2 29 30 2 3 xdh-1 2 XDH-1 70

×  (Ex35) 2 4

29 2 30 × XDH-1

Ex36 2 xdh-1 4 Ex36

eat-4 × × unc-42 × × xdh-1

eat-4 × × unc-42 × × xdh-1

Ex38 Ex39 Ex38 Ex39

4 29 2 eat-4 × × unc-42 × ×4

× 2 × ×

ASH AIN AVJ 3 × . 3 ×

XDH-1 4 Ex42 Ex46 2 xdh-1

4 4 30 3 3 ASH AIN

AVJ 3 × ASH × XDH-1



Ex47 xdh-1 3 30 3

3 AIN × AVJ × XDH-1

xdh-1 4 4 1 inx-17 ×

×2 hlh-34 × × xdh-1 AIN AVJ

xdh-1 4 30 3; Ex52

Cre/LoxP AIN AVJ XDH-1

xdh-1 4 31

AIN AVJ 3 XDH-1 xdh-1 4

3 30 3; Ex53, 54  

 

 

2.9 xdh-1 2 AIN AVJ Ca2+ ×  

 

XDH-1 4 2 AIN AVJ 2 ×

4 xdh-1 2 AIN AVJ ×

4 3 Ca2+ × Ca2+

× × Ca2+ 4 ×

 (YC3.60) xdh-1 AIN AVJ YC3.60

1 AIN AVJ

Ca2+ 10 3 17

1 AIN × 2 YC3.60 4 8% 32

xdh-1 AIN Ca2+ 4



32 AVJ × 10 3 17 1

4% 3 4

xdh-1 10% Ca2+

4 33 xdh-1 AIN AVJ ×

2 Ca2+ xdh-1 AIN AVJ xdh-1

32 33  

  

 

2.10 DEG-1 

 

xdh-1 XDH-1 4 AIN × AVJ ×

Ca2+ 4 3

4 AIN × AVJ × × .

AIN AVJ × × 4

× 4 AIN AVJ ×

4 1 AIN AVJ ×

× C. elegans × × × C. elegans Neural Network 

(http://wormweb.org/neuralnet#c) 9 × 4.

5 × 2

4

× 4

2



. mec-1 mec-2 mec-3 mec-

4 mec-5 mec-7 mec-8 mec-14 mec-15 deg-1 let-2 pezo-1 2

4 34 35 mec-8 mec-15 deg-1

4 34 35 mec-8 RNA

mec-15 F- /WD × ± deg-1 DEG/ENaC

×± DEG/ENaC

deg-1 3 35

DEG/ENaC .

DEG-1 2  

 

 

2.11 ASG × 2 DEG-1  

 

deg-1 2 xdh-1 4

XDH-1 . AIN AVJ ×

deg-1 WormBase C. elegans Neural Network 3

× 1

ASG × . ASG DEG-1 4 4 3

× .  (Hall et al., 1997; Wang et al., 2008) AIN

× AVJ × ×

ASG × 4 AIN AVJ

deg-1



Ca2+ × 1 ASG ×

Ca2+ 10 3 17 1

ASG YC3.60 4 8%

deg-1 Ca2+ . 36

deg-1 ASG × deg-1

ASG deg-1

36 13 3 27 1

37 DEG-1 4 4

AVG PVC × Ca2+ ×

2 3 38 DEG-1

4 × × 4

1  

 

 

2.12 2 ASG ×  

 

DEG-1 4 ASG Ca2+

4 4 ASG × 4 ×

ASG

4 . 3 3 Ca2+ ×

2



±  (SNB-1) .

Ca2+ × snb-1(md247) ASG

36  

 

 

2.13 deg-1 2 AIN AVJ ×  

 

DEG-1 4 ASG × 4

ASG × AIN × AVJ

× × 3

ASG × 4 DEG-1 AIN AVJ

4 1 deg-1 2

1 AIN AVJ × Ca2+ 4

4 1 1 deg-1

2 AIN AVJ × Ca2+ Ca2+ ×

1 deg-1 AIN

× 2 0% . 32 deg-1

AVJ × 12% Ca2+

33 deg-1 AIN AVJ

xdh-1 AIN AVJ

deg-1 ASG deg-1

AIN AVJ Ca2+ 4 32 33  



deg-1 xdh-1 xdh-1; 

deg-1 2 xdh-1; deg-

1 15 2

4 . 39  

 

 

2.14 DEG-1  

 

DEG-14ASG × 4

DEG-1 4 3

× ASE DEG-1

ASE × Ca2+

DEG-1 ASE 4

Ca2+ 4 DEG-1 4 ASE

3 40  

DEG-1

2 2 4

DEG-1 2

2 DEG-1

. MDEG1 deg-1 cDNA 2

MDEG1 cDNA cRNA

2 deg-1 cRNA 2



MDEG1 cRNA 2 4

41 42 × . DEG-1 MDEG1

3 41a 42a; 

DEG-1

DEG/ENaC ±

43 ×

DEG-1 MDEG1 4

DEG-1 32.0 ± 0.8°C  = 8

41c MDEG1 31.0 ± 0.3°C  = 8

42c   



 

 

 

3.1  

 

15

3 RB2575 6 RB2575

4 3 7 flp-

17 RB2575 4 3 3 8

RB2575 4 ± × × 4

. 1 DNA × × snip-SNPs

3 xdh-1

chr1 . 4 13 14 DNA ×

×3 × chr1 xdh-1 2

. 1 1 XDH-1

± 13 16

chr1 xdh-1 2 xdh-1

2 3 .

× . mRNA

4 1 13 16

KHR066 KHR069 chr1 2

± × XDH-1 . NADH



FAD ± 4 xdh-1(ok3234) 

14 3 chr1 XDH-1

. 1 xdh-1(chr1) 

xdh-1(ok3234) 4 xdh-1

3 xdh-1 4

4 12 xdh-1(ok3234) 3 1

4 3 19 XDH-1

2 . 1  

 

 

3.2 XDH-1 AIN AVJ × 2  

 

XDH-1 AIN AVJ

× 3 .

24 25 xdh-1

XDH-1 AIN × AVJ ×

4 29 30 31 2 3 xdh-1 4

ASJ 2 tax-4 .

3 21 4 1  

Ca2+ × xdh-1

AIN × AVJ × 4 3

32 33 AIN × AVJ ×



4 . 1 XDH-1

xdh-1 2 4

4 1 4.

4 (Ya et al., 2018) 2 4

. XDH-1 ROS 4

3  (Moriya and Satoh, 2016; Xi et al., 2000)

.  (Boardman et al., 2019) XDH-1 .

ROS 4 1 XDH-

1 ROS ROS

4 1 ROS 4 3

3 3

ROS 4 × 4. 4

 (Lee et al., 2017) 3 xdh-1 XDH-1 AIN

AVJ × 2 ROS

3 34

4 4 1

× × xdh-1 AIN AVJ ×

ROS 4 . 1

3 ROS

ROS 1

1  



3.3  

 

Ca2+ × DEG/ENaC DEG-1 4

AIN AVJ × 4 32 33

DEG-1 4 ASG × Ca2+

36 37 DEG-1 AIN AVJ ×

3  (Hall et al., 1997; Wang et al., 2008) 2

DEG-1 ASG × 2 AIN AVJ ×

4 1 deg-1 ASG deg-1

deg-1 AIN AVJ

Ca2+ 4 3 4.

1 32 33 10 3 17 1

deg-1; Ex[ASGp::deg-1 cDNA] AVJ 2

Ca2+4 33 deg-1 ASG

deg-1 4 ASG ×

2 DEG-1 4 1 4 1

ASG DEG-1 4 AIN AVJ

1 1 3 deg-1

xdh-1 1 3

39 ASG × 4 AIN AVJ ×

1  

 



3.4 DEG/ENaC DEG-1  

 

2 ASG × 2 DEG-1 4

AIN AVJ × . 32 33

ASG × 4

3 36 ASG × 1

DEG-1 ASE

× 3 40

2 DEG-1 4

4 1 Ca2+ × Ca2+ .

Na+ DEG/ENaC . DEG-1

3 Na+ Ca2+

DEG-1 ASE ×

Ca2+ DEG-1 . 1  

3

4 41a 42a; DEG-1

MDEG1 10 3 35

Na+ 4 30 32

41 42

DEG-1 DEG/ENaC .

± 1 3 43 DEG-1 4

. 1 3 DEG-1



. 4 2

4 1 4

. DEG-1 4

DEG-1 TRP

4. 32 4

. 4 1 DEG-1

4. DEG-1 ASE ×

ASE ×

3

40 ASE × DEG-1

× Ca2+ × ×GCaMP8 DEG-1

Na+ . 3 DEG-1 3

2 DEG-1 4

3 4 1  

DEG-1 32 C. elegans

4 13 27 . C. elegans

2 DEG-1 3 1 (1) C. 

elegans (2) 

2 (3) DEG/ENaC 4

1 4 4

DEG-1 4

DEG-1 3 3 4 4



1 DEG-1 ASE × 13

3 27 3

. 1 40

3 C. elegans 4 15 25

2  (Ohta et al., 2014)

DEG-1 2

4 1

 



 

 

3 C. elegans ± ×  (XDH-1) 4

3 2 × AIN AVJ

4 3 AIN AVJ ×

ASG × 4 2 DEG/ENaC

DEG-1 4 4

3 C. elegans

4

3 3  (Ohta et al., 2014; Okahata et al., 2019; Sonoda et 

al., 2016; Ujisawa et al., 2018) 2 3

3 3 3 Degenerin/epithelial sodium channel 

(DEG/ENaC) DEG-1 4 ASG AIN

AVJ 4 4

44  

 DEG/ENaC 2

4 4 DEG/ENaC 4

4 × . 4

3 DEG-1 DEG/ENaC

4 1

TRP DEG/ENaC

4 3 4 DEG-1



1 DEG-1 4

. 3

. 4

3 3 4 1

MDEG1 4 3 3

4 4 1

3  

  



 .

 

C. elegans × The Nematode Caenorhabditis 

elegans  (Wood and Researchers, 1988)  

 

 

N2 (Bristol ) 

KHR066/RB2575 flp-17(ok3587) xdh-1(chr1), KHR067/RB2379 xdh-1 

/F55B11.1(ok3234), VC883 tag-273(gk371), FX07280 tbc-9(tm7280), KHR069 xdh-

1(chr1), CB1066 mec-1(e1066), CB75 mec-2(e75), CB1338 mec-3(e1338), CB1339 

mec-4(e1339), CB1340 mec-5(e1340), CB1472 mec-6(e1342), CB2477 mec-7(e1343), 

CB398 mec-8(e398), CB1515 mec-10(e1515), CB3284 mec-12(e1605), TU55 mec-

14(u55), TU75 mec-15(u75), TU265 mec-17(u265), TU228 mec-18(u228), TU38 deg-

1(u38), NC279 del-1(ok150), DH246 let-2(b246), VC1812 tab-1(gk858), MT1098 unc-

105(n506), VC2633 degt-1(ok3307), FX010725 pezo-1(tm10725), PT8 pkd-

2(sy606); him-5(e1490), TQ296 trp-4(sy695), CB49 unc-8(e49), xdh-1(ok3234); deg-

1(u38), RB791 hsp-16.48(ok577), FX05192 acox-3(tm5192), FX02994 hrg-4(tm2994), 

WM159 T23D8.7(tm1163), FX03455 mak-1(tm3455), RB2207 mak-1(ok2987), VC3059 

ZK6.11(ok3738), FX04022 sms-3(tm4022), RB2549 sms-3(ok3540), FX07132 gad-

3(tm7132), FX03007 C52B11.5(tm3007), VC1290 nhr-125(gk578), FX01987 lipl-

1(tm1987), FX06528 cnnm-1(tm6528), MT15933 flp-17(n4894), CB1370 daf-2(e1370), 

FX00776 sod-1(tm776), FX03294 gst-4(tm3294), CB767 bli-3(e767), TK22 mev-1(kn1), 



 

CX0010 osm-9(ky10), FK127 tax-4(p678), tax-4(P678); xdh-1(ok3234), daf-2(e1370); 

xdh-1(ok3234), N2; Ex [xdh-1p::gfp, pRF04], N2; Ex[hlh-34p::dsRedm, xdh-1p(1,772 

bp)::xdh-1 cDNA::gfp], N2; Ex[xdh-1p::dsRedm, inx-17p::yc3.60::let-858UTR], xdh-

1(chr1); Ex[irg-6p::irg-6 genomic gene, pAK62, pKDK66], xdh-1(ok3234); Ex[pRF04], 

xdh-1(chr1); Ex[xdh-1p::xdh-1 genomic gene::gfp, pRF04], xdh-1(ok3234); Ex[xdh-

1p::xdh-1 genomic gene::gfp, pRF04], xdh-1(ok3234); Ex[pAK62, pKDK66], xdh-

1(ok3234); Ex[unc-14p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[pgp-

12p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ges-1p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[xdh-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); 

Ex[dat-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[osm-6p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[osm-6p::xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-

1p::xdh-1 cDNA, unc-8p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[unc-

47p::xdh-1 cDNA, acr-2p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[osm-

6p::xdh-1 cDNA, ncs-1p::xdh-1 cDNA, glr-1p::xdh-1 cDNA, unc-8p::xdh-1 cDNA, unc-

47p::xdh-1 cDNA, acr-2p::xdh-1 cDNA, eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[eat-4p::xdh-1 cDNA, unc-42p::xdh-1 cDNA, 

pAK62, pKDK66], xdh-1(ok3234); Ex[unc-86p::xdh-1 cDNA, pAK62, pKDK66], xdh-

1(ok3234); Ex[eat-4p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[unc-

42p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ocr-4p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ceh-10p::xdh-1 cDNA, sra-6p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ocr-4p::xdh-1 cDNA, lim-4p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[ser-2p::xdh-1 cDNA, ocr-4p::xdh-1 cDNA, lim-4p::xdh-1 



cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[ceh-10p::xdh-1 cDNA, pAK62, pKDK66], 

xdh-1(ok3234); Ex[sra-6p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[glr-

1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[inx-17p::xdh-1 cDNA, hlh-

34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex[inx-17p::xdh-1 cDNA, pAK62, 

pKDK66], xdh-1(ok3234); Ex[hlh-34p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); 

Ex[hlh-34p::xdh-1 cDNA, ges-1p::xdh-1 cDNA, pAK62, pKDK66], xdh-1(ok3234); Ex 

[ceh-10p::nCre, inx-17p::LoxP::xdh-1 cDNA::LoxP, hlh-34p::LoxP::xdh-1 

cDNA::LoxP], N2; Ex[hlh-34p::yc3.60, pRF04], xdh-1(ok3234); Ex[hlh-34p::yc3.60, 

pRF04], deg-1(u38); Ex[hlh-34p::yc3.60, pRF04], N2; Ex[inx-17p::yc3.60::let-

858UTR], xdh-1(ok3234); Ex[inx-17p::yc3.60::let-858UTR], deg-1(u38); Ex[inx-

17p::yc3.60::let-858UTR], N2; Ex[gcy-21p::yc3.60], deg-1(u38); Ex[gcy-21p::yc3.60], 

deg-1(u38); Ex[gcy-21p::yc3.60, gcy-21p::deg-1 cDNA], N2; Ex[flp-6p::GCaMP8, gcy-

5p::tag-rfp], N2; Ex[flp-6p::GCaMP8, gcy-5p::tag-rfp, gcy-5p::deg-1 cDNA], flp-

17(ok3587) xdh-1(chr1); Ex[pAK62, pKDK66], flp-17(ok3587) xdh-1(chr1); Ex[flp-

17p::flp-17 genomic gene, pAK62, pKDK66], N2; Ex[xdh-1p::gfp], N2; Ex[xdh-1p::gfp, 

pgp-12p::dsRedm], xdh-1(ok3234); Ex[pRF04], xdh-1(ok3234); Ex[xdh-1p(3,346 

bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(ok3234); Ex[xdh-1p(1,772 bp)::xdh-1 cDNA::gfp, 

pRF04], xdh-1(ok3234); Ex[xdh-1p(952 bp)::xdh-1 cDNA::gfp, pRF04], xdh-1(ok3234); 

Ex[xdh-1p(428 bp)::xdh-1 cDNA::gfp, pRF04], N2; Ex[hlh-34p::dsRedm, xdh-1p(1772 

bp)::xdh-1 cDNA::gfp], N2; Ex[nmr-1p::yc3.60, pRF04] 

 

 



 

OP50 : NGM ×  

 

 

 SZX12 (Olympus Corporation, Japan) 

 SMZ18 (Nikon Corporation, Japan) 

IX81  (Olympus Corporation, Japan) 

 ×  (FV1000, GaAsP PMT) (Olympus 

Corporation, Japan) 

 

NGM ×  (1000 ml) 

NaCl 3 g 20 g Bacto Peptone (Becton 

Dickinson, USA) 2.5 g H2O 975 ml

MADIA CLAVE10 (INTEGRA Biosciences, Switzerland) 20

121 60 3 Cholesterol (5 mg/ml in EtOH) 

1 ml 1 M CaCl2  1 ml 1 M MgSO4  1 ml 1 M Potassium Phosphate (pH6.0) 

 25 ml 1 6 cm × 14 ml  (FH-

10SS; ) 

3.5 cm × 6 ml  

 

 

 



×  (1000 ml) 

20 g H2O 1000 ml MADIA CLAVE10 

(INTEGRA Biosciences, Switzerland) 20 121

4 50 3 1 M CaCl2  1 ml 1 M MgSO4

 1 ml 1 M Potassium Phosphate (pH6.0)  25 ml 1

9 cm × 12 ml  (FH-10SS; ) 

 

 

LB ×  

H2O 500 ml LB Broth Lennox (Becton Dickinson, USA) 10 g

10 g ×

× 4 50 3

 (100 mg/ml) 1000 μl 1 9 cm × 12 ml

 

 

LB  (200 ml) 

H2O 200 ml LB Broth Lennox (Becton Dickinson, USA) 4 g ×

×  

 

M9 × (1000 ml) 

KH2PO4 3 g Na2HPO4 6 g NaCl 5 g H2O 1000 ml × ×

1 M MgSO4  1 ml 1  



× ± 

M9 × 5 μl Agarose 1200 (PH Japan, Japan) 0.1 g 15 ml

× 7 8 H2O 100 ml × ×

Agarose 4 × ±

3 ± 3  

 

in vivo Ca2+ × × ± 

M9 × 5 μl Agarose 1200 (PH Japan, Japan) 0.1 g 15 ml

× 7 8 H2O 100 ml × ×

Agarose 4 × 24 × 24 ×

3 24 × 24 × 3  

 

× ± 

Agarose 1200 (PH Japan, Japan) 0.05 g  2.4 ml 15 ml

× 7 8 H2O 100 ml × ×

Agarose 4 × ×

3 × 3 Agarose 4 ×

× 60 1  

 

H2DCF-DA 

H2DCF-DA (0.2 mol) (Thermo Fisher Scientific, USA) 100 mg DMSO 

(Molecular Probes, USA) 2 ml 3 10 μl 200 μl ×  -20



50 μM

DMSO  

 

C. elegans Freezing Solution (2000 ml) 

NaCl 10.85 g KH2PO4 9.8 g Na2HPO4 6 g Glycerol 300 g 1 M NaOH  5.6 ml

1 H2O 2000 ml ×

× 1 M MgSO4  1.3 ml 1  

 

 

1 NGM ×  (3.5 cm) 4 C. elegans

1 2 OP50 4 2% (w/v) NGM ×

1 2 4 P0 P0 15℃ 16 24

1 P0 F1 4

15℃ 144 150 × F1 70 150 4

NGM × 20

2 × × (CRB-41A; Hitachi, Japan) 1 96

1

15 1 ×

2 × 3

 (Ujisawa et al., 2014)  

 

 



 

± 2% (w/v) × ± 100 mM 

 (NaN3) 10 µl 5 6

× 3 ×  (FV1000, GaAsP 

PMT) FV10-ASW software (Olympus Corporation, Japan)  

 

 

2

 (Mello et al., 1991) × ±

× 3 3 ×

±

5 100 ng/µl × × pKDK66 ges-1p::nls::gfp 50 

ng/µl pAK62 AIYp::gfp 30 ng/µl pRF4 rol-6gf 50 ng/µl

GFP 4 F1

× × 1 NGM × 20°C

F2 × ×4

 

 

×  

N2 L4 P0 × 30 40 30 8

1 P0 3 NGM ×

20 2 2 × 3  (F1) 



4 × OP50

N2 5 4

F2 50% 4  

 

: RB2575 xdh-1(chr1) flp-17(ok3587)  

RB2575 xdh-1(chr1) flp-17(ok3587) P0 N2; ExUDA17[pAK62 

AIYp::gfp, pKDK66 ges-1p::nls::gfp] (P0)

chr1 4 4 F1

F1 chr1 N2 4

F2 F2 NGM × F3 F6

2 1/4 chr1

4 1/4 4 4

2

± × ×  

 

: xdh-1(ok3234)  

xdh-1(ok3234) P0 N2; ExUDA17[pAK62 AIYp::gfp, pKDK66 ges-

1p::nls::gfp] (P0) ok3234 4

F1 F1 ok3234

N2 4 F2 F2 NGM ×

F2 3

PCR 2 ok3234 N2



ok3234 2

ok3234 ± × ×  

 

snip-SNPs : RB2575 xdh-1(chr1) flp-17(ok3587)  

RB2575 xdh-1(chr1) flp-17(ok3587) 2 4 4

± × × 4

1 RB2575 xdh-1(chr1) flp-17(ok3587) 

DNA × × snip-SNPs

2 1 5 X SNP

2  

snip-SNPs   

C. elegans N2 CB4856  (SNP) 

× × 2

 (snip-SNPs ) 4  (Wicks et al., 2001) snip-SNPs

RB2575 xdh-1(chr1) flp-17(ok3587) P0

N2 P0 2 F2

RB2575 F2 3

SNP 4 N2

. 3 RB2575 . 3 3

DNA PCR SNP SNP

N2 RB2575

± × 4. ×



1 3 PCR

RB2575 xdh-1(chr1) flp-

17(ok3587) SNP 3 4  

 

: daf-2(e1370); xdh-1(ok3234)  

daf-2(e1370) P0 xdh-1(ok3234); ExUDA17[pAK62 AIYp::gfp, pKDK66 ges-

1p::nls::gfp] (P0) e1370 ok3234 4

4 F1 F1

e1370/+;+/+, e1370/+; ok3234/ok3234, e1370/+; ok3234/+, +/+; +/+ , +/+; 

ok3234/ok3234, +/+; ok3234/+, e1370/e1370; +/+, e1370/ e1370; ok3234/ ok3234, 

e1370/ e1370; ok3234/+ 4 F2 F2 1 NGM

× F2 3 1

PCR 2

1/16 e1370/e1370; ok3234/ok3234

4 4 4 F3 5 6

3 PCR

 

 

ROS  

× ROS 4 . daf-2(e1370) 

2 1 N2 6 xdh-1(ok3234) 6

daf-2(e1370) 8 15 16 P0 1 P0



 

F1 4 15 5 5 1

250 5 M9 3

M9 PBST 400 μl PBST

× 4

4 10,000 × g 15

1.5 ml × 100 μl 2 4

8 × 8 ×

× PBST 100 mM 

H2DCF-DA 50 μM 0.5 μl

CFX96 Real-Time System (Bio-Rad, USA) 1 10

485 nm 535 nm  

 

 

3

± × × 4

4 3

× × GFP 30 3 ×

1  

 

 

 



DNA × ×  

×DNA × DNA 1 3

2.5 μl dH2O Electro Ligase Reaction

× (New England Biolabs, Japan) 2.5 μl Electro Ligase (New England 

Biolabs, Japan) 0.5 μl 1 25 30 60

Electro Ligase 65 15  

 

DNA × ×  

×DNA × DNA 1 3

×DNA × DNA

Ligation high Ver. 2 ( ) 15

× × 60 ×  

 

× ± DNA  

-80 . DH10β ×

20 3 2

20 μl ± DNA 1 2 μl

4 MicroPulser (Bio-

Rad, USA) × Setting Bacteria Pulse

3 4 180 μl LB

LB 50 μl

LB × 37  



× ± DNA  

-80 . DH10β × 20

3 20 μl ± DNA 1

2 μl 42 45 × 1 ×

2 50 μl

LB × 37  

 

In-Fusion 

PCR ×DNA

15 × DNA × 5'

PCR 10 μl × DNA PCR 10 ng/μl

5 × In-Fusion HD Enzyme Premix (Takara Bio, Japan) 2 μl

×DNA 5 ng/μl dH2O 10 μl

50℃ 15 In-Fusion  

 

DNA × DNA  

3 6 cm × 20 4 1

15 8 20 5 dH2O 800 μl 15 ml

dH2O 4 ml 3 2,000 rpm 3 4

30 dH2O 1 ml 1

1.5 ml × 13,000 16,000 rpm 3 4

30 Cell 



Lysis Solution 600 μl 1 1.5 ml × DNAase

20 mg/ml Puregene Protein K 3 μl × 25

Puregene Protein K 4 × 4

3 3 55 × 4

Cell Lysis Solution 600 μl 1,200 μl

1 2 55 × Cell 

Lysis Solution RNase A Solution 

3 μl 1 × 25 15 1 37

× × 1 Protein Precipitation Solution 

200 μl 20 ×± 13,000 16,000 rpm

3 4 ×

× ×  600 μl 1

1 50 3 13,000 16,000 rpm 1 4

DNA 4 10 15

4 DNA Hydration 

Solution 100 μl 65 1 × DNA Hydration 

Solution DNA 4 Nanodrop (Thermo Fisher Scientific, USA) 

260/280 260/280 4 1.8 2.0

100 ng/μl DNA 100 μl DNA ×  

 

 

 



22a  

2

(Bargmann et al., 1993) 3 6 cm NGM × 20

P0 20 1 F1

 (150 300 ) M9 × 1 ml

4

M9 × 2 ×

3

4 × 1 M 

NaN3  1 μl . 4 μl

± 4 μl × 1 M NaN3  1 μl

×  4 μl 60

4 × 1

3 ×

1 3

1  

 

in vivo Ca2+ ×  

2  (Kuhara et al., 2011; Ohnishi et al., 2011) 2% 

(w/v) × ± 1

A M9 ×

× 3 ×



× 3 2 IX81

 (Olympus Corporation, Japan) ± ITO

×  (Tokai Hit, Japan) ×

±  (Tokai Hit, Japan) W-View gemini 

(Hamamatsu photonics, Japan) EM-CCD

Evolve 512 (Photometrics, USA) EM  10 300  

10 300 ms 1 × 1 1 300

MetaMorph Image Analysis Software (Molecular Devices, USA) 

Ca2+ ×  (YC3.60) 

acceptor/donor ( ) GCaMP8 tag-RFP 

(pKOB006 gcy-5p::tag-rfp (Kobayashi et al., 2016)) acceptor/donor (

) × N CFP C

YFP Ca2+ . ×

Ca2+ 4 440 nm

4 Ca2+ 4 CFP YFP

4 nm 440 nm . FRET

× 4

Ca2+ GCaMP8

EGFP N C M13

. Ca2+4

M13 EGFP

EGFP 4 Ca2+



4 4

4 tag-RFP GCaMP8 GCaMP8 tag-RFP

Ca2+  

 

2  

deg-1 cRNA MDEG1 cRNA  (Xenopus oocyte) 

2 3 6 18

-80 mV 100 mM NaCl 2 mM MgCl2

10 mM HEPES (pH7.3) × Oocyte 

Clamp (OC-725C; Warner Instruments, USA) pClamp software (Molecular 

Devices, USA) 2

lab-made temperature controller 10 35

×  (DIGITAL THERMOMETER PTC-401; UNIQUE 

MEDICAL, Japan) x

 (1,000/K) y  (log) 

2

3 ×

DEG/ENaC . ±

500 μM ± Sigma-Aldrich, USA

18 48 ×  

 

 



 

standard error of the mean (SEM) 

. Tukey-

Kramer Dunnett 4 2 t

 (Welch) Tukey-Kramer Dunnett

Dunnett × ×

2 2 t  (Welch)  (*)  (**) 

p < 0.05 p < 0.01  (Okahata et al., 2019) t  (Welch) 

× × Excel ± Tukey-Kramer Dunnett

ver. 2 ( )  

 

±  

pNTN020 xdh-1p::xdh-1 genomic gene::gfp N2 PCR

xdh-1 3,346 bp xdh-1 × × 2

xdh-1 ± GFP xdh-1

. 3 2

pNTN026 xdh-1p::gfp N2 PCR 3,346 bp xdh-

1 × × xdh-1 3’UTR 2 xdh-1 × ×

xdh-1 3’UTR GFP pNTN032 pgp-12p::dsRedm pgp-

12 3,500 bp pgp-12 × × : (Zhao et al., 2005)

DsRedm pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp N2

PCR 3,346 bp xdh-1 × × cDNA ×



xdh-1 cDNA 2 xdh-1 cDNA ±

GFP pNTN118 xdh-1p::dsRedm xdh-1 × ×

DsRedm pNTN027 xdh-1 cDNA unc-54

3’UTR 2 pNTN027 xdh-1 cDNA

× × ±

pNTN027 xdh-1 cDNA unc-14p (1.4 kb) pgp-12p (3.5 kb) ges-

1p (3.3 kb) xdh-1p (3.4 kb) dat-1p (0.7 kb) osm-6p (2 kb) ncs-1p (3.1 kb) glr-1p 

(5.4 kb) unc-8p (4.2 kb) unc-47p (0.3 kb) acr-2p (3.4 kb) eat-4p (6.4 kb) unc-42p 

(3 kb) unc-86p (3.6 kb) ocr-4p (4.8 kb) ceh-10p (3.5 kb) sra-6p (3.8 kb) lim-4p 

(3.6 kb) ser-2p (4.1 kb) inx-17p (1.2 kb) hlh-34p (2.5 kb)

pNTN034 035 036 046 047 048 049 050 051 052 053 054 055 057

059 060 061 063 064 067 068 pNTN075 hlh-34p::yc3.60 2.5 

kb hlh-34p yc3.60 pNTN106 gcy-5p::deg-1 cDNA

gcy-5 × × deg-1 cDNA pNTN116

N2 PCR inx-17 × × yc3.60 let-

858 3’UTR  (Altun et al., 2009) pNTN123 gcy-21p::yc3.60

N2 gcy-21 1,403 bp × × PCR

pNTN075 hlh-34p 1 gcy-21p::gfp gcy-

21 × × gcy-21 1 2 4 2

× × GFP ASG

ADL 4  (Ortiz et al., 2006) 3 gcy-21

× ×3 GFP



ASG 4 3

gcy-21 × × ASG × × pNTN126 

gcy-21p::deg-1 cDNA 1,403 bp gcy-21 × × deg-1 cDNA

pMIU34 flp-6p::CeGCaMP8 flp-6 2,680 bp flp-6p C. elegans

± CeGCaMP8 pNTN119

deg-1 cDNA β 5'UTR β 3'UTR

pGEMHE xdh-1 PCR 1 2 3 1,772 

bp 952 bp 428 bp xdh-1 × × xdh-1 cDNA::gfp pNTN058

PCR pNTN125 MDEG1 cDNA

β 5'UTR β 3'UTR pGEMHE

pNTN143 ceh-10p::nCre ceh-10 × × nCre

pNTN144 hlh-34p::LoxP::xdh-1 cDNA::LoxP hlh-34 × ×

± LoxP xdh-1 cDNA pNTN145 inx-

17p::LoxP::xdh-1 cDNA::LoxP inx-17 × × ±

LoxP xdh-1 cDNA pNTN159 nmr-1p::yc3.60 nmr-1

1 5 ± 5 kb × ×

: (Brockie et al., 2001) yc3.60 ± .  

 

Taq DNA × DNA PCR  

× × LifeECO (Hangzhou Bioer Technology, China) Life 

Touch (Hangzhou Bioer Technology, China)  

 



 

Ex Taq (Takara Bio, Japan) PCR 

10 μl 10 × Ex Taq × 1 μl 2.5 mM dNTPs

 0.8 μl 10 μM ×± × 0.5 μl 10 μM × × 

0.5 μl Ex Taq 0.01 μl dH2O 5.65 μl 1.5 ml × ×

DNA 1 μl 1 × × 1

 (94°C 2 ) 42  (94°C 15 58°C 30 72°C 1 kb/1 ) 1

 (15°C )  

 

One Taq (New England BioLabs, Inc., USA) PCR 

10 μl 5 × One Taq × 2 μl 2.5 mM dNTPs

 0.8 μl 10 μM ×± × 0.2 μl 10 μM × × 

0.2 μl One Taq 0.05 μl dH2O 5.75 μl 1.5 ml × ×

DNA 1 μl 1 × × 1

 (94°C 2 ) 42  (94°C 30 64°C 30 68°C 1 kb/1 ) 1

 (68°C 5 ) 1  (15°C )  

 

KOD -Plus- Neo ( ) PCR 

50 μl 10 × KOD -Plus- Neo × 5 μl 2 mM 

dNTPs  5 μl 25 mM MgSO4  3 μl 10 μM ×± × 1.5 μl

10 μM × × 1.5 μl KOD -Plus- Neo 1 μl 1.5 ml ×

× DNA ~200 ng/50 μl

± DNA ~50 ng/50 μl cDNA ~200 ng/50 μl dH2O 4 50 μl



× × 1  (94°C

2 ) 45  (98°C 10 × TM °C 30 68°C 1 kb/30

) 1  (15°C )  

 

KOD -FX- Neo ( ) PCR 

50 μl 2 × KOD -FX- Neo × 25 μl 2 mM 

dNTPs  10 μl 10 μM ×± × 1.5 μl 10 μM ×

× 1.5 μl KOD -FX- Neo 1 μl 1.5 ml × ×

DNA ~200 ng/50 μl ± DNA ~50 ng/50 

μl cDNA ~200 ng/50 μl dH2O 4 50 μl ×

× 1  (94°C 2 ) 45  (98°C

10 × TM °C 30 68°C 1 kb/30 ) 1  (15°C ) 

 

 

LA Taq (Takara Bio, Japan) PCR 

10 μl 10 × LA Taq × 1 μl 2.5 mM dNTPs

 0.8 μl 25 mM MgCl2  0.6~8 μl 10 μM ×± × 0.25 μl

10 μM × × 0.25 μl LA Taq 0.1 μl × DNA  

< 200 ng 1 × dH2O 4 10 μl

× × 1  (94°C

2 ) 40  (94°C 30 × TM °C 30 68°C 1 kb/1

) 1  (15°C )   



 

2

     

      

DNA × ×
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Ơōšőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒƑōŤōŘŖŘŝţōŒŒƑōŤō
ŘŖŘřōŐźƏƑƃƋƒƇƆōƔōƔƇƓƔōŐżƇƍƅƊőőƥ
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JŠ İÈ¡ǆƈƍƑŕřşĩ�Y$ĴǙÊƨƻHw^ŉ

İÈ¡ǪȂȑƬǔåąƴƻƈƍƑŕřşĩ�Y$ĴȠȉțȓȟǵȟŃPBǏȡǙŷŨŚŝşŝæ
íǅd#ƴƤ�¸õ{ǆÎjƭHwƶǖƬǙČ�ƴƻƥŷŨŚŝşŝæíǆ�¸õ{ǆ
ÎjǇHwƴǄƬƾƻŐǜǸǲǞ� Ơōšőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟ
ȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ
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JšōōŷŨŚŝşŝæíǆ�¸õ{Îjǆ8IUÎǙ@]ƶǖƻǐǆƓƏƋƑŕŸŴŶƓČ�
ȠȗȇȏǸȆȝǨȡ

ŷŨŚŝşŝ¡ ȠŶŘȡ ǙİÈ¡ŴŚōȠŶŘȡ ǂ�ư?ǘƸǀ�ƴ�ĬǙƫƱǄƨƤ«jǄ�¸
õ{ǙÙƶæí ȠŬŚ�Ļȡ ǂŷŨŚŝşŝOǆÎjǄ�¸õ{ǙÙƶæí ȠŬŚ�Ļȡ ǂ
ǙuƻƥƹǗƺǗǆæíƬǔǪȂȑǙ�:ƴƤ> þ�ǆ�xī�ǂ�ßī�ǆ
ŸŴŶOƭİÈ¡ŴŚË�ǁƧǖƬŷŨŚŝşŝōƖƆƊŕřŐƅƊƒřő ƈƍƑŕřşŐƐƌśŝŠşőō¡Ë�ǁƧǖ
ƬǙƓƏƋƑŕŸŴŶƓČ�ǅǓƾǀČ�ƴƻƥ&�ÑǅǇƤ>æíƬǔåąƴƻǪȂȑŪŴŧ
ǙĳOǂƴǀƤŶũŷǅǓƾǀŸŴŶǙBǏǪȂȑ�ÁǙTkƴƤŸŴŶǙBǏĬ+ǙđĖ
ƶǖ.ļĭçǁ(Çƴƻƥĩ�YOǇİÈ¡ ȠÐǤȗȑȡƤİÈ¡ŗŷŨŚŝşŝǆȊǺ
ț ȠĀǨȚȟǤȗȑȡƤŷŨŚŝşŝōȠ¾ǨȚȟǤȗȑȡ ǂƴǀăÙƶǖƥ

 þ��ó ĩ�YO

 þ��

ŜśşşŚŞř İÈ¡

ŞŚšŘŜŝŘ İÈ¡/RB2575
řŜŠşŜřŜŚ İÈ¡/RB2575

 þ� Ȣ

ŜşšŝŠŚŘ İÈ¡

ŞšŜŠřŜŝ İÈ¡

řŝŜŘśŘŞ İÈ¡/RB2575

 þ��

ŝšŚŘŚŚ

ŜŝšŜšŠŠ İÈ¡/RB2575
ŠŠŠśŚšŚ İÈ¡/RB2575

 þ��

řšŠřŝŚś İÈ¡/RB2575
şŞŞśšŘŠ İÈ¡/RB2575
řŜŜřŚşşŝ RB2575

 þ��

ŚŞśŠşŚś İÈ¡/RB2575
ŠşşśŘŘŘ İÈ¡/RB2575
řşŘŝşśŠŜ İÈ¡/RB2575

 þ� X
ŚŘŚšŞŞŠ İÈ¡/RB2575
šŚššŚŘś

řśŘŝŜšŜş İÈ¡/RB2575

�




JřŘōōŜÍ þ�ǅĸƶǖĐèǄƓƏƋƑŕŸŴŶƓČ�

Ƞƃȡ ȗȇȏǸȆȝǨǅǓƾǀ8IUÎǆ�óƭŜÍ þ�ǍǁìǔǗƻƻǐƤé��
Ǚ�ąƴƤǓǕĐèǄȏǸȆȝǨǙƫƱǄƩƱǂǁ8IUÎǙŞŖřśōƅųƬǔřŞŖŚŜōƅųǍ
ǁìǕĢǚƼƥűŮŷŘŞŞǇŷŨŚŝşŝæíǙăÆO�§ǅ�ƴ�Ĭƴǀ�ąƴƻæíǁ
ƧǕƤ űŮŷŘŞŞƬǔƈƍƑŕřşĩ�Y�ǆƐƌśŝŠŝUÎǙ:ǕĽƨƻæíƭűŮŷŘŞšǁƧ
ǖƥĩ�YOǇİÈ¡ ȠÐǤȗȑȡƤİÈŗŷŨǆȊǺț ȠĀǨȚȟǤȗȑȡƤŷŨŚŝşŝō
Ƞ¾ǨȚȟǤȗȑȡƤ�Õ ȠǽǸǼȡ ǂƴǀăÙƶǖƥ

ȠƄȡ ŜÍ þ�ǆŞŖřśōƅųƬǔřŞŖŚŜōƅųǆŃPǅǇŜƿǆĩ�Yƭ[Mƴǀƨƻƥĩ
�Y�ǅǇUÎƭŝƿƧƾƻƥ

ĩ�YO

ƅų –12.45 3.38 3.96 4.83 6.13 6.46 9.30 11.87 12.18 16.24
æí irg-6 tbc-9 F55B1.1 tag-273 flp-17
#bc5-1 İÈ¡ İÈ/RB İÈ/RB İÈ/RB �Õ �Õ �Õ RB2575 RB2575 RB2575
#bc5-2 İÈ¡ RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575 RB2575
KHR066 İÈ¡ İÈ¡ İÈ¡ İÈ¡ İÈ¡ �Õ RB2575 RB2575 RB2575 RB2575
KHR069 İÈ¡ İÈ¡ İÈ¡ İÈ¡ İÈ¡ �Õ RB2575 RB2575 �Õ İÈ¡

ĩ�YA UÎǆÝŇ

irg-6 ǰȉȗǞǮȝǨǜǧǲȉǵȟǬǞǼ

tbc-9 ǜȐȂĮó�

F55B11.1 ǰȉȗǞǮȝǨǜǧǲȉǵǬǞǼ
& ǜȐȂĮó�

tag-273 ǜȐȂĮó�

ŜÍ þ�
16.24 cM6.13 cM

�Ąĩ�Y

b

a

	�



Jřř �Ąĩ�YǆUÎ�ǆ�¸õ{Č�

ŜÍ þ�ǆŞŖřśōƅųƬǔřŞŖŚŜōƅųǆŃPǅ[Mƴǀƨƻ�Ąĩ�YǆUÎ�ǆ�
¸õ{Č�ǙƫƱǄƾƻŐǜǸǲǞ� ƠōřŘőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥ ŒŒƑō
ŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥƋƒƉŕŞĩ�YǆUÎ�Ǉ[MƴǄƬƾƻƻǐƤŷŨŚŝşŝæí
ǅİÈ¡Ë�ǆƋƒƉŕŞĩ�YǙd#ƴƻHw^ŉǙƫƱǄƩƱǂǁ¤ďƴƻƥƋƒƉŕŞ
ĩ�YǙd#ƴƻæíǇŷŨŚŝşŝOǆ�¸õ{ÎjǙÙƴƻƥŷŨŚŝşŝæíǂ@ƵƯ
ǔƨrƨ�¸õ{ÎjǙÙƴƻǆǇŬŝŝŨřřŖřUÎ�ǆǎǁƧƾƻƥ
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JřŚ İÈ¡ǆŬŝŝŨřřŖřĩ�Y$ĴǙÊƨƻHw^ŉ

İÈ¡ƬǔåąƴƻŬŝŝŨřřŖřĩ�Y$ĴȠȉțȓȟǵȟŃPBǏȡǙŷŨŚŝşŝæíǂ
ŬŝŝŨřřŖřŐƐƌśŚśŜőōUÎ�ǅd#ƴƤ�¸õ{ǆÎjƭHwƶǖƬǙČ�ƴƻŐǜǸ
ǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑō
ŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŷŨŚŝşŝæíǂŬŝŝŨřřŖřŐƐƌśŚśŜőōUÎ�ǆ�¸õ{Îjƭ
ŬŝŝŨřřŖřĩ�Y$Ĵǆd#ǅǓƾǀHwƴƻƥ

15℃→2℃
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Jřś �¸õ{Îjǆ8Iĩ�YƖƆƊŕřōŐĩ�YǫȟǽŢōŬŝŝŨřřŖř ő

ŷŨŚŝşŝæíƭÙƶ�¸õ{Îjǆ8Iĩ�YƖƆƊŕř Őĩ�YǫȟǽŢōŬŝŝŨřřŖř őō
ǆ¨oJƥřŞ�ǆǡǧǴȝȠ°þȍǸǧǰȡƤǞȝǼțȝȠŻZȡƤ�ßǅźŹŷȠĀǨȚȟ
ȍǸǧǰȡǁĩ�YƭÙƳǗǖȠǰǩȟșȃȟŢōřōƌƄȡƥřÍǡǧǴȝǂśÍǡǧǴȝƬǔ
pƨƻðǇƅƊƒřUÎǙÙƴǀƫǕƤƱǗǇŷŨŚŝşŝæíƤé��æíǆűŮŷŘŞŞƤ
űŮŷŘŞšƭ�ƴǀƨǖUÎǁƧǖƥŠÍǡǧǴȝ�ǅƧǖĚƨȍǸǧǰǇƐƌśŚśŜª�
UÎǙÙƴǀƨǖƥ

32
ok3234ª�UÎ

ǜȐȂĮó� ȠŪōƟ Ŵȡ

ǰȉȗǞǮȝǨǜǧǲȉǵȟǬǞǼ�ǅ¿UÎ
chr1UÎ

xdh-1ĩ�Y
Őĩ�YǫȟǽŢōŬŝŝŨřřŖř ő

1 4 56 7
8

9 10 11 12 13 14 15 16

	�



JřŜ ŬŝŝŨřřŖřŗƖƆƊŕřĩ�YǆUÎ�ǆ�¸õ{

JřŘǁÙƶƤűŮŷŘŞŞæíǂűŮŷŘŞšæíƤƹƴǀŬŝŝŨřřŖřŗƖƆƊŕřĩ�Y�ǅ
ƐƌśŚśŜUÎǙ�ƿUÎ�ǆ�¸õ{ÎjǙ¯ğƴƻ ŐǜǸǲǞ� ƠōřŚőƥűŮŷŘŞŞǇ
ŷŨŚŝşŝǙ�ƴ�Ĭƴǀ�ąƳǗƻæíǁƧǕƤ ƈƍƑŕřşĩ�Y�ǆƐƌśŝŠşUÎǂ
ŬŝŝŨřřŖřĩ�Y�ǆƅƊƒřUÎǙ�ƿƥűŮŷŘŞšǇƤűŮŷŘŞŞǂİÈ¡Ǚ�ư?ǘƸƤ
ƈƍƑŕřşĩ�Y�ǆƐƌśŝŠşUÎǙ:ǕĽƮƤŬŝŝŨřřŖřĩ�Y�ǆƅƊƒřUÎǆǎǙ
�ƾǀƨǖÄ~ǅƴƻæíǁƧǖƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō
§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥűŮŷŘŞŞæíǂűŮŷŘŞšæíƤƹƴǀ
ŬŝŝŨřřŖřŗƖƆƊŕřUÎ�ǆƶǋǀǆæíǁ�¸õ{ÎjƭĈǔǗƻƥČ�ǅÊƨ
ƻİÈ¡ǆǻȟǵǆ�īǙJřŠǂ%�ƴǀƨǖƥ

F55B11.1/xdh-1(ok3234)
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Jřŝ ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮōŐŴŶƂŘŘŘśşŘőōǆǜȐȂĮĬ+¯ğơ

ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǆǜȐȂĮĬ+Ǚ¯ğƴƤÓ@{ǂŇ�{
Ǚ�ÙƴƻƥĬ+$�ǆÓ@{ǇŜşŎƤŇ�{ǇŝšŎǁƧƾƻƥǽȒǞȝƲǂǆÓ@{ǂ
Ň�{ǙƤĲȞØŋ�xȠĀǨȚȟȡƤŬŧŪȠ¾ǨȚȟȡƤȓȘȈǽȉǺȘȝȠǨȚȟȡ ǂþ
*ưƴǀÙƴƻƥĲȞØŋ�xǅǇÈÂÝķǁǂƯǅŊnǅ�[ƳǗǀƨǖ�[Ĭ+
ƭŚá�[MƴƤǃƽǔǆĬ+ǑũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǇŝŘŎ��
ǆÓ@{ǂŠŘŎ��ǆŇ�{ǙÙƴƻƥ

$Ĭ+
Ó@{ : 47%
Ň�{ : 59%

ĲȞØŋ�x FAD ȓȘȈǽȉǺȘȝ

�[Ĭ+ 1 : 58% / 81%
�[Ĭ+ 2 : 74% / 82%

(Ó@{ / Ň�{)

37% / 52% 49% / 60%

57% / 67%

	�



JřŞōũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮōŐŴŶƂŘŘŘśşŘőōǆǜȐȂĮĬ+¯ğƢ

ũŖōƇƍƇƉƃƏƓǆŽŪŮŕřǂŮƐƎƐōƓƃƑƋƇƏƓǆŽŪŮǆǜȐȂĮĬ+Ǚ¯ğƴƤÓ@ǄǜȐȂĮ
Ƞ¾ǨȚȟȡǂŇ�ǆǜȐȂĮȠǨȚȟȡǙ�ÙƴƻƥƅƊƒřǆǜȐȂĮó�ȠĚ�ȡƤǰȉȗ
ǞǮȝǨǜǧǲȉǵȟǬǞǼ�ǆ¿UÎȠŌðȡƤ�[Ĭ+řƤŚȠŁ�ȡƤƐƌśŚśŜª�U
ÎȠȏǳȝǵðȡǆī�ǙƹǗƺǗÙƴǀƨǖƥ

ok3234ª�UÎ

FAD (NADë?ī�)

ȠĮ3Ī!�xȡ

ĲȞØŋ�x

ȓȘȈǽȉǺȘȝ

chr1: 
D29N

chr1: ǰȉȗǞǮȝǨǜǧǲȉǵȟǬǞǼ
�[Ĭ+ ř

�[Ĭ+ Ś

	�



Jřş ŮŚŪũŬŕŪŧǙÊƨƻ³{ĮçÝȠŷŵŸȡȚȋș¹]

ŷŵŸǆǞȝǯǩȟǵȟŮŚŪũŬŕŪŧǅǓǖƖƆƊŕřUÎ�ǆŷŵŸȚȋșǆ¹]ȠǜǸǲǞ
� ƠōřŘȡƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒōƑōŤ ŘŖŘŝţōŒŒōƑōŤ ŘŖŘř ŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ
ǫȝǼțȟșǅǇŷŵŸȚȋșǆ��ƭRCƳǗǀƨǖƆƃƈŕŚUÎ�ǙÊƨƻƥƖƆƊŕř
UÎ�ǆŷŵŸȚȋșǇ«jǁƧƾƻƥ

İÈ¡

xdh-1(ok3234)
daf-2(e1370)
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JřŠ ŷŵŸÉÈĸĦĩ�YǆUÎ�ǆ�¸õ{

ŐƃőōUÎ�ƲǂǆŷŵŸȚȋșǆT·ƥ

ŐƄőōŷŵŸÉÈǅĸǘǖĩ�YǆUÎ�ǆ�¸õ{ǙČ�ƴƻŐǜǸǲǞ� Ơōřřőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥŒŒƑōŤōŘŖŘřō
ŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ�¸õ{ÎjǙÙƶUÎ�ǇÆǗǄƬƾƻƥČ�ǅÊƨƻİÈ
¡ǆǻȟǵǆ�īǙJřŜǂ%�ƴǀƨǖƥ
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Jřš ƖƆƊŕřUÎ�ƭ�¸õ{ÎjǙÙƶ�e�¸/½�ķǆ¤ď

ƖƆƊŕřUÎ�ǇǘƷƬř�ķǆ�¸/½ƭ�ƪǔǗƻƼưǁ�¸õ{ÎjǙÙƴ
ƻŐǜǸǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅř�ŚŜ�ķóƨƻƥǡȗȟȃȟŢō§ºēi
ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐźƏƑƃƋƒƇƆōƔōƔƇƓƔōŐżƇƍƅƊőőƥ

24 hr 8 hr 7 hr 6 hr 5 hr 4 hr 3 hr 2 hr 1 hr

15℃→2℃ (24~1 hr) İÈ¡ xdh-1(ok3234)
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JŚŘ ÏÈľƲǂǆƖƆƊŕřUÎ�ǆ�¸õ{

�ā�ǂmā�ȠŲŜȡǅƫưǖƤƖƆƊŕřUÎ�ǆ�¸õ{Č�ŐǜǸǲǞ� Ơōšőƥ
řŝƞň÷tǅŚƞǅŚŜ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
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JŚř �Õǆ�¸õ{ĩ�YǆUÎ�ǂƖƆƊŕřUÎ�ǆ�įUÎ�Č�

�Õǆ�¸õ{ĩ�YǆUÎ�ƔƃƖŕŜŐƑŞşŠőōǂƆƃƈŕŚŐƇřśşŘőōǙÊƨǀƖƆƊŕřUÎ
�ǂǆ�įUÎ�Ǚ�ąƴǀƤ�¸õ{ǅƫưǖĩ�\Ñĸ�ǙČ�ƴƻŐǜǸǲǞ
� ƠōřŞőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤō
ŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŹŧŽŕŜǇƅŭųŶ�[{ǷȔȁșǁƧǕƤŪŧŬŕŚǇǞȝǰȘȝ;
`�ǁƧǖƥƔƃƖŕŜţōƖƆƊŕř�įUÎ�ǇƔƃƖŕŜUÎ�ǂƖƆƊŕřUÎ�ǆ�ķǆăÆ
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JŚŚ ƖƆƊŕřUÎ�ǆ3\ě{ǺǰǼ

Őƃőō3\ě{ǺǰǼǆ��¨oJƥ
ŐƄőōŧżŧǿȕȟțȝǅǓƾǀ;`ƳǗǖǯǜǲǷșǊǆě{ǺǰǼŐǜǸǲǞ� Ơōšőƥ
ǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥƖƆƊŕřUÎ�Ǉǯǜǲ
Ƿșǅbƴǀ«jǄě{ǙÙƴƻƥ

ŐƅőōŧżũǿȕȟțȝǅǓƾǀ;`ƳǗǖȋȝǱǜșǻȅǽǊǆě{ǺǰǼŐǜǸǲǞ�
ƠōřŚőƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�Ǉȋ
ȝǱǜșǻȅǽǅbƴǀ«jǄě{ǙÙƴƻƥ
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JŚś ƖƆƊŕřUÎ�ǆ¥�ÑǶȜȟs�ŅnČ�

ŽŪŮŕřǂǶȜȟs�©¥ǂǆĸ�ǙĔǋǖƻǐǅƤǶȜȟs�ŅnǆČ�ǙƫƱ
ǄƾƻŐǜǸǲǞ� ƠōřřőƥǫȝǼțȟșǅǇƤ¥�ÑǄǶȜȟs�ÎjǙÙƶƆƃƈŕŚ
UÎ�ǙÊƨƻƥƖƆƊŕřUÎ�Ǉ¥�ÑǄǶȜȟs�ÎjǙÙƳǄƬƾƻƥǍƻƤ
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JŚŜ ƖƆƊŕřĩ�YǆÏÆèøơ

Őƃő ƖƆƊŕřĩ�YǆÏÆèøȄǵȟȝǆ¨oJƥ

ŐƄőōƖƆƊŕřƑŢŢƉƈƑ ǙÊƨƻŽŪŮŕřǆÏÆèøČ�ƥǿȕȟțȝƤúƤµĤLĔãèø
ǁŭŬŶǆĂ"ƭċaƳǗƻȠǰǩȟșȃȟŢōřŘƛƎȡƥ

ŐƅőōƖƆƊŕřƑŢŢƆƓŷƇƆƎ ȠȏǳȝǵȡǂƋƏƖŕřşƑŐŧůŴƑőŢŢƗƈƑ Ƞïȡ ȠǰǩȟșȃȟŢōřŘƛƎȡƥ
Ô6ǇƤŧůŴMǿȕȟțȝǅƫưǖžŬŶǂŪƓŷƇƆƎǆ%ÏÆǙÙƶȠÐȡƥ

ŐƆőōƖƆƊŕřƑŢŢƖƆƊŕřōƅŪŴŧŢŢƉƈƑ ȠïȡǂƊƍƊŕśŜƑŐŧŻŰƑőŢŢƆƓŷƇƆƎ Ƞȏǳȝǵȡ Ƞǰǩȟș
ȃȟŢōřŘƛƎȡƥÔ6ǇƤŧŻŰMǿȕȟțȝǅƫưǖŭŬŶǂŪƓŷƇƆƎǆ%ÏÆǙÙƶ
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JŚŝ ƖƆƊŕřĩ�YǆÏÆèøƢ

ŐƃőōƖƆƊŕřƑŢŢƉƈƑ ǙÊƨǀŽŪŮŕřǆÏÆèøǙ<ĉ3ƥǿȕȟțȝƤúƤµĤLĔã
èøǁŭŬŶǆĂ"ƭċaƳǗƻȠǰǩȟșȃȟŢōřŘŘƛƎȡƥ
ŐƄőōƖƆƊŕřƑŢŢƉƈƑǅǓǖŽŪŮŕřǆÏÆèøČ�ƥĂ"ǇúǁǇ¤)ƳǗƷƤµĤLĔ
ãèøƭǇƾƮǕǂċaƳǗƻƥƱǗǇȓǭǞǧÆėƭ8IǁƧǖǂôƪǔǗǖȠǰ
ǩȟșȃȟŢōřŘŘƛƎȡƥ

ŐƅőōƖƆƊŕřƑŢŢƉƈƑ Ƞïȡ ǂƑƉƑŕřŚƑŢŢƆƓŷƇƆƎ Ƞȏǳȝǵȡ ȠǰǩȟșȃȟŢōřŘŘƛƎȡƥÐð
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JŚŞōƊƍƊŕśŜƑŢŢƆƓŷƇƆƎǆÏÆèø

ŐƃőōƊƍƊŕśŜƑŢŢƆƓŷƇƆƎǅǓǖŧŻŰǿȕȟțȝǆĂ"Ì ƥŪƓŷƇƆƎǆ1Ĝ"Àcǅ
ǓƾǀƤĂ"ǇŧŻŰǿȕȟțȝÃÎÑǅċaƳǗƻȠǰǩȟșȃȟŢōřŘƛƎȡƥ
ŐƄőōJŚŞƃǆȂȏșǰǦȟÌ ȠǰǩȟșȃȟŢōřŘƛƎȡƥ
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JŚş ȉțȓȟǵȟǆĴƳǙUƪƻƖƆƊŕřUÎ�ǆHw^ŉ

ŐƃőōJŚşƄǆĩ�Yd#æíǙ�ąƶǖǆǅÊƨƻȉȗǰȐǽǒŶũŷ�Áǆ¨oJƥ

ŐƄőōƖƆƊŕřȉțȓȟǵȟǆĴƳǙU�ƴǀƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùèøǁǆ
ÏÆĒdǅyćǄȉțȓȟǵȟŃPǙČ�ƴƻŐǜǸǲǞ� ƠōřŠőƥřŝƞň÷tǅŚƞ
ǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥŜŚŠōƄƑ
ǍǁȉțȓȟǵȟƭÖñƳǗƻæíǁǑƖƆƊŕřUÎ�ǆ�¸õ{ÎjǆHwƭĈ
ǔǗƻƥ
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JŚŠ ƖƆƊŕřŐƐƌśŚśŜőōǆéòÃÎÑHw^ŉ

ƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇÚêæǁƖƆƊŕřĩ�YǙÏÆƳƸǖƱǂǅǓǕHw
ƴƻƥ��ƤƖƆƊŕřUÎ�ǆµĤLĔãèøǒúǁƖƆƊŕřĩ�YǙÏÆƳƸǀǑÎ
jǇHwƴǄƬƾƻƥŐǜǸǲǞ� Ơōšőƥřŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟ
ȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥİÈ¡ǂƖƆƊŕřţōūƖƀƕƏƅŕ
řŜƑŢŢƖƆƊŕřōƅŪŴŧƁōǆǻȟǵǆ�īǇJŚšǂ%�ƴǀƨǖƥ
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JŚš ƖƆƊŕřŐƐƌśŚśŜőōǆèøÃÎÑHw^ŉơ

ƖƆƊŕřUÎ�ǅƫƨǀƤ¦ƦǄÃÎÑȉțȓȟǵȟǙÊƨǀƖƆƊŕřĩ�YǙÏÆƳ
ƸƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùǿȕȟțȝ@]ǙƫƱǄƾƻŐǜǸǲǞ� ƠōŞőƥ
řŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇūƖŚŝŔōŚšŔōśŝŔōśŞŔōśŠŔōśšæíǁH
wƴƻƥİÈ¡ǂƖƆƊŕřţōūƖƀƕƏƅŕřŜƑŢŢƖƆƊŕřōƅŪŴŧƁōŐūƖŚŝőǆǻȟǵǆ�īǙJŚŠǂ
%�ƴǀƨǖƥ
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JśŘ ƖƆƊŕřŐƐƌśŚśŜőōǆèøÃÎÑHw^ŉƢ

ƖƆƊŕřUÎ�ǅƫƨǀƤ¦ƦǄÃÎÑȉțȓȟǵȟǙÊƨǀƖƆƊŕřĩ�YǙÏÆƳ
ƸƤŽŪŮŕřǆ�¸õ{ǅƫưǖ©ùǿȕȟțȝ@]ǙƫƱǄƾƻŐǜǸǲǞ� ƠōŞőƥ
řŝƞň÷tǅŚƞǅŜŠ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆ�¸õ{ÎjǇūƖŜŚŔōŜŞŔōŝŚæíǁHwƴƻƥ
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Jśř ũƒƇŗŲƐƖŶǮǰǺȑǙÊƨƻèøÃÎÑHw^ŉ

ũƒƇŗŲƐƖŶǮǰǺȑǅǓƾǀŧůŴǂŧŻŰÃÎÑǅƖƆƊŕřĩ�YǙÏÆƳƸƻèøÃÎ
ÑHw^ŉŐǜǸǲǞ� ƠōŞőƥřŝƞň÷tǅŚƞǅŠ�ķóƨƻƥǡȗȟȃȟŢō§º
ēi ŐŸūųőƥŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřUÎ�ǆŧůŴǂŧŻŰǁǆǎƖƆƊŕřĩ
�YǙÏÆƳƸǖǂƤ�¸õ{ÎjƭHwƴƻƥ

İÈ¡ xdh-1(ok3234); Ex[ceh-10p::nCre, 
inx-17p::LoxP::xdh-1 cDNA::LoxP, 
hlh-34p::LoxP::xdh-1 cDNA::LoxP]
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JśŚ ŧůŴMǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧůŴMǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŜőƥň÷
¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥƖƆƊŕřUÎ�ǂƆƇƉŕřUÎ�Ǉ
¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƖƆƊŕřUÎ�ǆŧůŴǁƖƆƊŕřĩ�YǙ
ÏÆƳƸƻƖƆƊŕřţōūƖƀƋƏƖŕřşƑŐŧůŴƑőŢŢƖƆƊŕřōƅŪŴŧƁōæíǁǇ9z��ƭHwƴƻƥ
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ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ

b

Ă
"
ġ
n
¯

(%
) 10

8
6
4
2
0

-2
İ
È
¡

xdh-1

NS

deg-1

xdh-1;Ex[A
INp::xd

h-1 cD
NA]

deg-1;Ex[A
SGp::deg-1 cD

NA]

** **

NS15

10

5

0

-5

-10

a

Ă
"
ġ
n
¯

(%
)

İÈ¡ xdh-1 deg-1
xdh-1; Ex[AINp::xdh-1 cDNA]
deg-1; Ex[ASGp::deg-1 cDNA]

0 60 120 180 240

17℃
10℃

30030

¸
n

�ķ (Û)

���



Jśś ŧŻŰMǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧŻŰMǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŞőƥň
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ÏÆƳƸƻƖƆƊŕřţōūƖƀƊƍƊŕśŜƑŐŧŻŰƑőŢŢƖƆƊŕřōƅŪŴŧƁōæíǁǇÎjǄħ³{ƭHw
ƴƻƥǍƻƤƆƇƉŕřUÎ�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřţōūƖƀƉƅƗŕ
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JśŜ ŪūŭŗūŴƃũǵǞȉȒǤȂ;`�ǒ©¢/½|R�ĨĸĦĩ�YǆUÎ�ǆ
�¸õ{Č�

ŪūŭŗūŴƃũǵǞȉǆȒǤȂ;`�Ǚǫȟǽƶǖĩ�YǆUÎ�ǒƤ©¢/½|R�
ĨĸĦĩ�YǆUÎ�ǆ�¸õ{Č� ŐǜǸǲǞ� ƠōřŘőƥřŝƞň÷tǅŚƞǅšŞ
�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥŒƑōŤōŘŖŘŝţōŒŒƑōŤōŘŖŘřōŐŪƕƏƏƇƔƔƝƓōƔƇƓƔőƥ
ƎƇƅŕřŔōƎƇƅŕŚŔōƎƇƅŕśŔōƎƇƅŕŜŔōƎƇƅŕŝŔōƎƇƅŕşŔōƎƇƅŕŠŔōƎƇƅŕřŜŔōƎƇƅŕřŝŔōƆƇƉŕřŔōƍƇƔŕ
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Jśŝ ŪūŭŗūŴƃũǵǞȉȒǤȂ;`�ǂƹǆ�ǆȒǤȂ;`�ĸĦĩ�YǆUÎ�
ǆ�¸õ{Č�

ŪūŭŗūŴƃũǵǞȉ�VǆȒǤȂ;`�Ǚǫȟǽƶǖĩ�YǆUÎ�ǆ�¸õ{ǑČ
�ƴƻ ŐǜǸǲǞ� Ơōřřőƥřŝƞň÷tǅŚƞǅšŞ�ķóƨƻƥǡȗȟȃȟŢō§ºēi
ŐŸūųőƥŒƑōŤōŘŖŘŝţōŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗƜűƒƃƎƇƒőƥƆƇƉŕřŔōƆƇƉƔŕřŔōƕƏƅŕŠǇŪūŭŗūŴƃũǵ
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JśŞ ŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōžũśŖŞŘǙÊƨƻŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōřŜőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
ƆƇƉŕřŐƕśŠőōUÎ�Ǉ¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƆƇƉŕřŐƕśŠőōUÎ
�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřŐƕśŠőţōūƖƀƉƅƗŕŚřƑŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁō
æíǁǇ9z��ƭHwƴƻƥƕśŠUÎǇǽȐǾȝǼȁǥǺǝȈUÎǁƧǖƭƤİÈ
¡OǆƆƇƉŕřĩ�YǙd#ƶǖƱǂǁ©¢/½Ǌǆ9zÎjƭHwƶǖƱǂƭR
CƳǗǀƨǖ ŐũƊƃƍƈƋƇ ƇƔōƃƍŖŔōřššŘőƥƓƏƄŕřUÎ�ǁǇİÈ¡ǂ@àǆ9zƭĈǔ
Ǘƻƥ

ŐƄőōJśŞƃǆřŠŘŕřšřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJśŞƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
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a

0 60 120 180 240

17℃

10℃
30030

�ķ (Û)

İÈ¡

deg-1(u38); Ex[ASGp::deg-1 cDNA]

deg-1(u38)

snb-1

15

10

5

0

Ă
"
ġ
n
¯

(%
)

¸
n

b

de
g-

1(
u3

8)
; E

x[A
SG

p:
:d

eg
-1

 cD
NA

]

İ
È
¡

de
g-

1(
u3

8)

sn
b-

1

**8
6

2
0

4

NS

Ă
"
ġ
n
¯

(%
)

���



Jśş ŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐřśƞƟŚşƞƟřśƞő

ŐƃőōžũśŖŞŘǙÊƨƻŧŸŭ}ĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� ƠōŚŘőƥǡ
ȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
ƆƇƉŕřŐƕśŠőōUÎ�Ǉ¸n/½ǅbƴǀÎjǄ9z��ǙÙƴƻƥƆƇƉŕřŐƕśŠőōUÎ
�ǆŧŸŭǁƆƇƉŕřĩ�YǙÏÆƳƸƻƆƇƉŕřŐƕśŠőţōūƖƀƉƅƗŕŚřƑŐŧŸŭƑőŢŢƆƇƉŕřōƅŪŴŧƁō
æíǁǇ9z��ƭHwƴƻƥƕśŠUÎǇǽȐǾȝǼȁǥǺǝȈUÎǁƧǖƭƤİÈ
¡OǆƆƇƉŕřĩ�YǙd#ƶǖƱǂǁ©¢/½Ǌǆ9zÎjƭHwƶǖƱǂƭR
CƳǗǀƨǖ ŐũƊƃƍƈƋƇ ƇƔōƃƍŖŔōřššŘőƥ

ŐƄőōJśşƃǆŚśŘŕŚŜřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJśşƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
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JśŠ ŧŻŭMǿȕȟțȝǂŶŻũMǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

žũśŖŞŘǙÊƨƻŧŻŭǂŶŻũǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���� Ơōşőƥǡȗȟ
ȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗȇ�ǅĎĠƥ
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Jśš ƖƆƊŕřǂƆƇƉŕřǆĩ�\ÑČ�

ƖƆƊŕřĩ�YǂƆƇƉŕřĩ�Yǆ�įUÎ�Ǚ�ąƴƤ�¸õ{Č�ǙƫƱǄƾƻ
ŐǜǸǲǞ� ƠōřŚőƥřŝƞň÷tǅŚƞǅšŞ�ķóƨƻƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ
ŒŒƑōŤōŘŖŘřōŐŹƕƌƇƗŕűƒƃƎƇƒőƥƖƆƊŕřţōƆƇƉŕř�įUÎ�ǇƹǗƺǗǆ5�UÎ�ǂ
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JŜŘ ŧŸūDĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ

ŐƃőōŭũƃųŶŠǂƔƃƉŕŷŬŶǙÊƨƻŧŸūDĊǿȕȟțȝǆũƃŚœǞȒȟǯȝǨ ŐČ���
� ƠōřšőƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥň÷¸nŢōřŝƞƥ¸n/½ȄǵȟȝǇǨȗ
ȇ�ǅĎĠƥŪūŭŕřǙr.ÑǅÏÆƳƸƻŴŚţōEx[gcy-5p(ASEp)::deg-1 cDNA] ǆ
ŧŸūǇ¸n��ǅ9zǙÙƴƻƥ

ŐƄőōJŜŘƃǆŚśŘŕŚŜřÛǆřřÛķǆĂ"ġn¯ ŐŎőōǆlNǙ£Ǩȗȇǅƴƻƥ£Ǩȗ
ȇǆþǇJŜŘƃǆþǂbzƴǀƨǖƥǡȗȟȃȟŢō§ºēi ŐŸūųőƥ ŒŒƑōŤōŘŖŘřō
ŐŹƕƌƇƗƜűƒƃƎƇƒőƥ
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JŜř ŪūŭŕřǙÏÆƳƸƻǜȇȘǤǹȒǥǡș7®èøǆ¸n/½ǅbƶǖ9z

ŐƃőōJŜřƄǅÙƶŀ´ǂ¸nǆÓĸ{Ǩȗȇ ŐČ�èø� ťōŠƤJǇ�ăřǻȟǵǆǼ
ȚȟǰőƥǜȚǿǟǰȉțǸǼǁâ)ƳǗƻ³{¸nĹ��ģǁŀ´�ǆWƮǄU3
ƭĈǔǗƻƥǞȝǯǠǧǮȖȝǙƫƱǄƾǀƨǄƨ7®èøǁǇ9zǇĈǔǗǄƨȠȏ
ǳȝǵȡƥ
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JŜŚ ųŪūŭřǙÏÆƳƸƻǜȇȘǤǹȒǥǡș7®èøǆ¸n/½ǅbƶǖ9z

ŐƃőōJŜŚƄǅÙƶŀ´ǂ¸nǆÓĸ{Ǩȗȇ ŐČ�èø� ťōŠƤ JǇ�ăřǻȟǵǆ
ǼȚȟǰőƥǜȚǿǟǰȉțǸǼǁâ)ƳǗƻ³{¸nĹ��ģǁŀ´�ǆWƮǄU
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xdh-1; Ex[unc-14p::xdh-1 cDNA]

æíA ƖƆƊŕřĩ�YÏÆéò
15℃→2℃ (48hr)
È[Å (%) (ƙSEM)

Úêæ

xdh-1; Ex[pgp-12p::xdh-1 cDNA] µĤLĔãèø

xdh-1; Ex[ges-1p::xdh-1 cDNA] ú

xdh-1; Ex[xdh-1p::xdh-1 cDNA] ƨƯƿƬǆÚêƤúƤ
µĤLĔãèø

Wild-type

xdh-1(ok3234)

94.0ƙ1.2

1.7ƙ0.3

64.7ƙ3.4

9.7ƙ2.3

4.3ƙ1.1

82.4ƙ2.9

J28Ǩȗȇǆă

ă ř

���



xdh-1; Ex25

æíA

Úêæ

xdh-1; Ex26 ADE, CEP, PDE

xdh-1; Ex28 ADE, ADF, ADL, AFD, AQR, ASE, ASG
ASH, ASI, ASJ, ASK, AWA, AWB, AWC
CEP, FLP, PDE, PHA, PHB, PQR, CEM

xdh-1; Ex29 ADE, ADF, ADL, AFD, AIB, AIN, AIY, AIZ
AQR, ASE, ASG, ASH, ASI, ASJ, ASK, AVA
AVB, AVD, AVE, AVG, AVJ, AVK, AWA
AWB, AWC, BAG, BDU, CEP, DA, DB, DD
DVC, FLP, HSN, PDA, PDB, PDE, PHA
PHB, PVC, PVM, PVQ, RIG, RIM, RIS, RMD
RME, RMG, SAB, SMD, URY, VA, VB, VC
VD, PQR 

Wild-type

xdh-1(ok3234)

98.6ƙ0.3

3.8ƙ0.4

81.0ƙ4.0

8.1ƙ1.5

7.7ƙ1.8

28.5ƙ5.4

ȉțȓȟǵȟ

xdh-1; Ex34 AVL, DA, DB, DD, DVB, IL1, PVQ, RIS 
RMD, RME, VA, VB, VD

xdh-1; Ex35 ADA, ADE, ADF, ADL, AFD, AIB, AIN, AIY
AIZ, ALM, AQR, ASE, ASG, ASH, ASI, ASJ
ASK, AUA, AVA, AVB, AVD, AVE, AVG
AVJ, AVK, AVL, AVM, AWA, AWB, AWC
BAG, BDU, CEP, DA, DB, DD, DVB, DVC
FLP, HSN, IL1, LUA, NSM, OLL, OLQ, PDA
PDB, PDE, PHA, PHB, PLM, PVC, PVD
PVM, PVQ, PVR, RIG, RIM, RIS, RIV, RMD
RME, RMG, SAA, SAB, SIB, SMD, URY, VA
VB, VC, VD, PQR, CEM

xdh-1; Ex36 ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVA
AVD, AVE, AVH, AVJ, AVK, AVM, AWC, DD
FLP, IL1, LUA, NSM, OLL, OLQ, PLM, PVD
PVR, RIV, RMD, SAA, SIB, SMD

xdh-1; Ex37 ADA, AIM, AIZ, ALM, ALN, BDU
FLP, HSN, IL2, NSM, PLM, URY

5.9ƙ2.1

54.5ƙ3.4

72.2ƙ6.5

14.1ƙ1.9

xdh-1; Ex38 ADA, AFD, AIN, ALM, ASH, ASK, AUA, AVJ
AVM, AWC, FLP, IL1, LUA, NSM, OLL, OLQ
PLM, PVD, PVR, 

xdh-1; Ex39 AIN, ASH, AVA, AVD, AVE, AVH, AVJ, AVK
DD, RIV, RMD, SAA, SIB, SMD

41.3ƙ6.5

59.3ƙ6.2

unc-14p

dat-1p

osm-6p

osm-6p, ncs-1p
glr-1p, unc-8p

unc-47p, acr-2p

osm-6p, ncs-1p
glr-1p, unc-8p
unc-47p, acr-2p
eat-4p, unc-42p

eat-4p, unc-42p

unc-86p

eat-4p

unc-42p

ƖƆƊŕřĩ�YÏÆèø

ă Ś
J29Ǩȗȇǆă

15℃→2℃ (48hr)
È[Å (%) (ƙSEM)

���



xdh-1; Ex40

æíA ƖƆƊŕřĩ�YǆÏÆèø

OLQ

xdh-1; Ex42 AIN, AIY, ALA, AVJ, CEP, ASH, ASI, PVQ
RID, RME

xdh-1; Ex43 AWB, OLQ, RID, RIV, RMD, RME, SAA, SIA 

xdh-1; Ex45 AWB, OLL, OLQ, PVD, RID, RIV, RMD
RME, SAA, SIA

Wild-type

xdh-1(ok3234)

92.3ƙ1.1

6.4ƙ1.4

5.5ƙ1.1

58.5ƙ5.1

4.2ƙ1.2

3.2ƙ2.0

ȉțȓȟǵȟ

xdh-1; Ex46 AIN, AIY, ALA, AVJ, CEP, RID, RME

xdh-1; Ex47 ASH, ASI, PVQ

xdh-1; Ex51 AIB, AVA, AVB, AVD, AVE, AVG, AVJ, DVC
PVC, PVQ, RIG, RIM, RIS, RMD, RME
SMD, URY

xdh-1; Ex52 AIN, AVJ, DVA(mā,�), DVC(mā,�)
PVT(mā,�)

66.5ƙ7.4

11.3ƙ1.5

15.5ƙ2.3

76.5ƙ2.3

xdh-1; Ex53 AIN, DVA(mā,�), DVC(mā,�)
PVT(mā,�)

xdh-1; Ex54 AVJ

14.0ƙ2.3

13.4ƙ1.7

ocr-4p

ceh-10p, sra-6p

ocr-4p, lim-4p

ser-2p, ocr-4p
lim-4p

ceh-10p

sra-6p

glr-1p

inx-17p, hlh-34p

inx-17p

hlh-34p

xdh-1; Ex63 AVJ, ú8.0ƙ1.8 hlh-34p, ges-1p

ă ś

J30Ǩȗȇǆă

15℃→2℃ (48hr)
È[Å (%) (ƙSEM)

���



�×Þǁ�ÊƴƻȉȗǞȏȟ

SNP解析用primer

KHR No. 配列(5'-3') 用途 PCR-RFLPに用いたRE

KHR444 cgatgaggttgagaaaattcggg

KHR445 tacatcgtgtagaggaaaagggc

KHR446 ctgatgcctctcattttctctgc

KHR447 gttcagatgcagaatcaaggagc

KHR448 tcctggatgcgagatgctcttcc

KHR449 gccagcgtagattgcccaaagg

KHR450 tctccggaatgaagccagtcac

KHR451 ttgtcgtgaccaggggagatacc

KHR452 cgtaggtgttcacatggcaatgc

KHR453 tattttccagaactcccaacgcc

KHR454 tgttctgtagctctacgaacgac

KHR455 ggatcattcttatcctgcaacgc

KHR460 cggccgggtaaattggattaaatgc

KHR461 ctgccaagtaggtgttatctgtctg

KHR462 gttggatgggccccatatttaatgtc

KHR463 cattgagcagcatagaacgtgtagac

KHR464 tgacttatagtgacgacctgtgtg

KHR465 gtagaatcgacgcatctggaaaagg

KHR466 taatgatcaggtgggtatcgtgtcg

KHR467 gtggaatcaggatcttcttcagtg

KHR468 catccataaccagcttgatgtcac

KHR469 ctgtttggcatacttcttcagtgg

KHR470 tgcttcgtggaagagagatatcag

KHR471 atgggagatagataggggatacgg

KHR498 agattgatcgttgagggcgg

KHR499 gaaatttgtcggcacctcgg

KHR500 tttcctggaagtctttctgggag

KHR501 tgaggagcaaggacatatgactg

KHR502 aagagatggtgttaatgggagtcc

KHR503 gccgaattccctggattgataatcac

KHR504 atgctccttgcttaaaccctagg

KHR505 gatttgcaggacacattctacgg

KHR506 catgtgaattgtgacgagagacag

KHR507 caggttacgagaaaattggtggac

KHR508 attatcgtacaggcaccacatcc

KHR509 gaagagtgtttcaccccttctc

KHR613 accatatttcggatccaggagatgc

KHR614 ccagcaattccatctcctctatcag

KHR615 cttaagtctactgaaatcggctgc

KHR616 ctatcacaactcgaaaatggctcc

KHR760 ctcctcatggcaatatcattggtg

KHR761 cccaatttttcaagttcggagacc

KHR762 tgcttcaagaatcggacgataacc

KHR763 tcagcagagccgatattgattctc

KHR778 gaagctaaagtcttcggaatcgga

KHR779 gctacaagcttctcaatgctttcg

KHR811 aataataaaaaccgcgccgcaggg 

KHR812 taatattctcagcagtaccggatcg

4番染色体_詳細マッピング用(direct sequence)②

4番染色体_詳細マッピング用(direct sequence)③

4番染色体_詳細マッピング用(direct sequence)①

Pvu I

Fok I

Bgl II

Pvu II

Mbo II

4番染色体_詳細マッピング用①

4番染色体_詳細マッピング用②

4番染色体_詳細マッピング用③

Bsm I

Mnl I

BsmA I

EcoRI-HF

Bsr I

Bgl II

4番染色体右腕

Taq I

Mfl I

Ban II

Hind III

Ava I

BssH II

BspH I

Afl III

EcoRI-HF

X染色体右腕

3番染色体左腕

3番染色体中央

3番染色体右腕

4番染色体左腕

4番染色体中央

2番染色体右腕

5番染色体左腕

5番染色体中央

5番染色体右腕

X染色体左腕

X染色体中央

1番染色体左腕 Fok I

1番染色体中央

1番染色体右腕

2番染色体左腕

2番染色体中央

��	



変異検出primer

KHR No. 配列(5'-3') 用途

KHR833 gcattgtttcatcgtttcca

KHR834 cagtttcacgcaattgatttt

KHR1311 caatgtcatcttctcgtcgttgag

KHR400 cctctatgcctaactattgcc

KHR401 gtaatctgtggctccattcc

KHR2061 agagggggagagatgaagattctc

KHR2062 tgtaatttgccgtttatcttctgg

ok3234 変異検出

ok3587 変異検出

u38 変異検出

�×Þǁ�ÊƴƻȉȗǞȏȟ

レスキュー実験用断片増幅primer

KHR No. 配列(5'-3') 用途

KHR687 atctccactatcttcctgaatgcc

KHR705 gtccttgcagctagtaacagtactc

KHR791 gatttcagtgcaagcatcccaaacg

KHR792 gaaagtgtgaactttgatggtggg

KHR1672 ttccgcgttgtctatcttcttctc xdh-1  PCR1 forward primer

KHR1673 aaaaaaacattttctgtttcagcg xdh-1  PCR2 forward primer

KHR1674 gtttgtaaaattttagtggttcggc xdh-1  PCR3 forward primer

KHR1675 gtacggccgactagtaggaaacag xdh-1  PCR1, 2, 3 reverse primer

flp-17 遺伝子全長

irg-6 遺伝子全長

cDNAライブラリーより、xdh-1 cDNA 作成primer

KHR No. 配列(5'-3') 用途

KHR835 gctctagaatgaagaaagaagtaaccgaaatttcatcg

KHR836 agtggtaccttaaacagaagttatccatggtgtataagt
KHR846 atgaagaaagaagtaaccgaaatttca

KHR847 ttaaacagaagttatccatggtgtat

KHR903 gtcattcattcctccctaaacgac

KHR968 gctctagagtcattcattcctccctaaacgacaacg

KHR969 agtggtacccacattttacccgtgatatcagcgttttcg

KHR970 cacattttacccgtgatatcagcg

KHR1135 gtcattcattcctccctaaacgacaacg

KHR1136 catcattcacacattgattactaattataatctc

KHR1137 ctaaatacattcaaatatgtatccgc

KHR1138 aaaaataaacaaataggggttccgcg

KHR1139 ctaaatacattcaaatatgtatccgctcatgag

KHR1140 aaaaataaacaaataggggttccgcgcac

xdh-1 cDNA 作成

��




Direct sequenceによる配列確認用primer

KHR No. 配列(5'-3') 用途

KHR893 tcatcaagtaacaataactgccag xdh-1 遺伝子 第1エクソン

KHR894 aatgacactggcaacctacttgag xdh-1 遺伝子 第2エクソン

KHR895 tcagcagagccgatattgattctc xdh-1 遺伝子 第3, 4エクソン

KHR896 ggatgctcaagaaaagctagaagg xdh-1 遺伝子 第5, 6エクソン

KHR898 catgttcatgagatgctccattgg xdh-1 遺伝子 第7,8エクソン

KHR899 gtcacaggagcatttttggtgaagc xdh-1 遺伝子 第7,8エクソン

KHR900 tccatttgacggggagtaacaa xdh-1 遺伝子 第9エクソン

KHR901 gcacactacaggagaagctgtata xdh-1 遺伝子 第9エクソン

KHR902 ccagagtgttaaatacatgatagtgc xdh-1 遺伝子 第10エクソン

KHR903 gtcattcattcctccctaaacgac xdh-1 遺伝子 第10エクソン

KHR904 taagaaaaccacttgaaacatgcg xdh-1 遺伝子 第11エクソン

KHR905 cgatgggtgcacaactttgatac xdh-1 遺伝子 第12エクソン

KHR906 ggtgtttcagcatgaaaaccga xdh-1 遺伝子 第13, 14エクソン

KHR907 tctacaatgggaatgacgtcag xdh-1 遺伝子 第15エクソン

KHR908 ggatattcagtgtatggaacggca xdh-1 遺伝子 第15エクソン

KHR909 gtgcacattcatcaacttggtg xdh-1 遺伝子 第16エクソン

KHR2315 tcttgcaattagaacccgttttgc deg-1 cDNA  No. 1

KHR2316 ggcttgcatcagaatgttgtttgc deg-1 cDNA  No. 2

KHR2317 catacggtttggttaacttgatcg deg-1 cDNA  No. 3

KHR2318 atagaagttgcttccaaaatggac deg-1 cDNA  No. 4

KHR2319 caaacatgaatttattgaaatgtg deg-1 cDNA  No. 5

KHR2320 gcacaacatcatcagacaaatggc deg-1 cDNA  No. 6

KHR2321 aaaagaaaaaacccaaagtttccc deg-1 cDNA  No. 7

�×Þǁ�ÊƴƻȉȗǞȏȟ

カルシウムイメージング解析用プラスミド作成primer

KHR No. 配列(5'-3') 用途

KHR2346 gaaatgaaataagctggtacctgcctttgaataaatttgttccc

KHR2347 ccatggtttctaccggaattcagcagaataatatgaaaatgaaatttatttag

KHR2795 gaaatgaaataagctgatgattatggaaccaaactc

KHR2796 ccatggtttctaccgctgatattcggaacatatctg 

KHR1979 gaaatgaaataagctcggtggtggctggagggactgatgc

KHR1980 ccatggtttctaccgttctcaagtggttataagtcaagc

KHR2030 gaaatgaaataagctgcatgcagcttgacaccttgaaaagtttg

KHR2031 ccatggtttctaccggcggccgcaacccagtatcgatcttcatctg

gcy-21 プロモーター

nmr-1 プロモーター

hlh-34 プロモーター

inx-17 プロモーター

���



�×Þǁ�ÊƴƻȉȗǞȏȟ

特異的発現プラスミド作成用primer (プロモータ領域）

KHR No. 配列(5'-3') 用途

KHR1224 ccaagcttgcatgcccctgcaggtcgaggtcgacggtatcg

KHR1225 attctagagtcgacctctagacccggggatcccccgggctgcagg

KHR1201 ccaagcttgcatgccattttctattactcaacctg

KHR1202 attctagagtcgaccgtttaacctatttcagaagaatatctg

KHR1512 ataagcttgcatgcccctgcaggctagaactagtggatccacacg

KHR1513 attctagagtcgacctctagatttctactgtaatttggcatttattgg

KHR1514 ccaagcttgcatgcccctgcaggttgattcgagtgtcccattttgac

KHR1515 attctagagtcgaccgcggccgctttggtggaagaattgagggatgaagc

KHR1538 ccaagcttgcatgcccctgcaggccatgaaatggaacttgaatccag

KHR1539 attctagagtcgaccgcggccgcggctaaaaattgttgagattcgag

KHR1551 ccaagcttgcatgcccctgcagggcatgttatggatactctgaattcc

KHR1552 attctagagtcgaccgcggccgcagatgtatactaatgaaggtaatagc

KHR1570 ccaagcttgcatgcccctgcaggttggaaatgaaataagctttactg

KHR1571 attctagagtcgaccgcggccgcccaatcccggggatccttcttcgc

KHR1572 ccaagcttgcatgcccctgcagggaaataagcttgcatgcctgcagc

KHR1573 attctagagtcgaccgcggccgctgtgaatgtgtcagattgggtgcc

KHR1574 ccaagcttgcatgcccctgcagggcagtcagaagggcttcagctacc

KHR1575 attctagagtcgaccgcggccgcgatcctttttcgaattttgtgccg

KHE1670 ccaagcttgcatgcccctgcaggccaataaactcactatagtcgctg

KHE1671 attctagagtcgaccgcggccgcactgtaatgaaataaatgtgacgc

KHR1713 ccaagcttgcatgcccctgcaggtatgcttcaattcttccaaattat

KHR1714 attctagagtcgaccgcggccgcccggtttctgaaaatgatgatgat

KHR1715 ccaagcttgcatgcccctgcaggtcttcgatgaacggagggagttgtc

KHR1716 attctagagtcgaccgcggccgctgtgtgagtgaaagcggagaaatgtg

KHR1721 ccaagcttgcatgcccctgcagggctatcaaagtagagcagtgag

KHR1722 attctagagtcgaccgcggccgcttttgaagcggttgtcgtcgtc

KHR1740 ccaagcttgcatgcccctgcaggccgtgggccatttcttcaaagac

KHR1741 attctagagtcgaccgcggccgccctaatacaagttagattcagag

KHR1793 ccaagcttgcatgcccctgcaggacttcggtccttcctgccagatac

KHR1794 attctagagtcgaccgcggccgccacaagagaaaagtggctgcttat

KHR1872 ccaagcttgcatgccggatccgaattcgagttgaattagatgggc

KHR1873 attctagagtcgaccggtaccggtgcaacttgtgacagctgc

KHR1880 ccaagcttgcatgccggatccgtaaaagtttagtaaattaactgc

KHR1881 attctagagtcgaccggtacccattatgtgttgtgatgtcacaa

KHR1923 ccaagcttgcatgcccctgcaggagcttgacaccttgaaaagt

KHR1924 attctagagtcgaccgcggccgcctgaagagtttaaaatgttg

KHR1925 ccaagcttgcatgcccctgcaggggtggtggctggagggactg

KHR1926 attctagagtcgaccgcggccgcttctcaagtggttataagtc

KHR2448 attacgccaagcttgcatgtgcctttgaataaatttgttccc

KHR2449 aggtacccggggatccatcagcagaataatatgaaaatgaaatttatt

KHR2049 ccaagcttgcatgcctatacatgaaatacatacatagac

KHR2050 cctctagagtcgaccttttcatcagaataagtaatttttcg

ser-2 プロモーター

inx-17 プロモーター

hlh-34 プロモーター

gcy-21 プロモーター

gcy-5 プロモーター

eat-4 プロモーター

unc-42 プロモーター

unc-86 プロモーター

ocr-4 プロモーター

ceh-10 プロモーター

lim-4 プロモーター

dat-1 プロモーター

osm-6 プロモーター

ncs-1 プロモーター

glr-1 プロモーター

unc-8 プロモーター

unc-47 プロモーター

ges-1 プロモーター

pgp-12 プロモーター

xdh-1 プロモーター

unc-14 プロモーター
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Cre/LoxPシステム プラスミド作成primer

KHR No. 配列(5'-3') 用途

KHR2727 attacgccaagcttgcatgcacttcggtccttcctgcc

KHR2728 ccatggtaccgtcgaccacaagagaaaagtggctg

KHR2732 tcgacggtaccatgggcgcac

KHR2733 catgcaagcttggcgtaatcatgg

KHR2729 acttgagaagcggccgataacttcgtatagcatac pNTN144 作成 forward primer

KHR2730 gagtcgaccgcggccgataacttcgtataatgtatgc pNTN144, 145 作成 reverse primer

KHR2731 actcttcaggcggccgataacttcgtatagcatac pNTN145 作成 forward primer

pNTN143 ceh-10p::nCre  作成

�×Þǁ�ÊƴƻȉȗǞȏȟ

その他プラスミド作成用primer

KHR No. 配列(5'-3') 用途

KHR839 cattatcgagtgtatgcaagaccg 

KHR840 atacattgccatgacgaatccagg

KHR841 ttcatccagttcaggagagacttgcc

KHR842 ccgaatcgagttggtgtcaagtaaattcc

KHR843 ctaaaaatgccgtacctcgtgtg

KHR844 cgtgctcggcaaattttgagatttgc

KHR933 cccagaatattcaggacgacaagac

KHR934 cgccctgcaggttacttgtacagctcgtccatgccg

KHR931 gctagccgccctgcagg attattttttaataactaatttttcag

KHR932 aacagaagttatccatggtgtataagtg

KHR999 agcatggtgagcaagggcgaggagc

KHR1000 cttcattttctactgtaatttggc

KHR1727 tggataacttctgttgctagcatgagtaaaggagaagaactt

KHR1728 caataccatggtaccgcgcgcctatttgtatagttcatccatg

KHR1729 ggtaccatggtattgatatctgag

KHR1730 aacagaagttatccatggtgtataagtg

pNTN026 xdh-1p::gfp 作成

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp 作成

pNTN020 xdh-1p::xdh-1 genomic gene::gfp 作成
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発現細胞解析

プラスミド番号

pNTN020 xdh-1p::xdh-1 genomic gene::gfp

pNTN026 xdh-1p::gfp

pNTN032 pgp-12p::dsRedm

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp

pNTN118_xdh-1p::dsRedm_unc-54UTR

細胞特異的発現実験

プラスミド番号

pNTN034_pgp-12p::xdh-1cDNA_unc-54UTR

pNTN035_ges-1p::xdh-1cDNA_unc-54UTR

pNTN036_xdh-1p::xdh-1cDNA_unc-54UTR

pNTN046_unc-14p_xdh-1cDNA_unc-54UTR

pNTN047_dat-1p_xdh-1cDNA_unc-54UTR

pNTN048_osm-6p_xdh-1cDNA_unc-54UTR

pNTN049_ncs-1p_xdh-1cDNA_unc-54UTR

pNTN050_glr-1p_xdh-1cDNA_unc-54UTR

pNTN051_unc-8p_xdh-1cDNA_unc-54UTR

pNTN052_unc-47p_xdh-1cDNA_unc-54UTR

pNTN053_acr-2p_xdh-1cDNA_unc-54UTR

pNTN054_eat-4p_xdh-1cDNA_unc-54UTR

pNTN055_unc-42p_xdh-1cDNA_unc-54UTR

pNTN057_unc-86p_xdh-1cDNA_unc-54UTR

pNTN058 xdh-1p (3,346 bp)::xdh-1 cDNA::gfp

pNTN059_ocr-4p_xdh-1cDNA_unc-54UTR

pNTN060_ceh-10p_xdh-1cDNA_unc-54UTR

pNTN061_sra-6p_xdh-1cDNA_unc-54UTR

pNTN063_lim-4p_xdh-1cDNA_unc-54UTR

pNTN064_ser-2p_xdh-1cDNA_unc-54UTR

pNTN067_inx-17p_xdh-1cDNA_unc-54UTR

pNTN068_hlh-34p_xdh-1cDNA_unc-54UTR

pNTN106_gcy-5p(Iino)::deg-1cDNA_unc-54UTR

pNTN143_ceh-10p::nCre_unc-54UTR

pNTN144_hlh-34p::LoxP::xdh-1cDNA::LoxP_unc-54UTR

pNTN145_inx-17p::LoxP::xdh-1cDNA::LoxP_unc-54UTR
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カルシウムイメージング解析

プラスミド番号

pNTN075_hlh-34p::yc3.60_unc-54UTR
pNTN116_inx-17p::yc3.60_let-858UTR
pNTN123_gcy-21p::yc3.61_unc-54UTR
pNTN159_nmr-1p::yc3.60_unc-54UTR
pMIU34 flp-6p::CeG-CaMP8
pKOB006 gcy-5p::tag-RFP (Kobayashi et al., 2016)
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アフリカツメガエルの卵母細胞を用いた電気生理学的解析

プラスミド番号

pNTN119_deg-1cDNA_in_pGEMHE
pNTN125_MDEGcDNA_in_pGEMHE
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