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Muramoto, T., Takeda, S., Furuya, Y., Urushihara, H. (2005) 'Reverse genetic analyses of gamete-enriched genes revealed a novel regulator of the cAMP signaling pathway in Dictyostelium discoideum.' Mech Dev 122:733-43 (dictyBase reference_no = 11084)

	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code
	With

	tmcB
	C
	16021
	integral to membrane
	11084
	ISS
	CBS: TMHMM

	tmcB
	P
	6396
	RNA processing
	11084
	ISS
	InterPro: IPR009107

	tmcB
	C
	5622
	intracellular
	11084
	ISS
	InterPro: IPR009107

	tmcC
	C
	16021
	integral to membrane
	11084
	ISS
	CBS: TMHMM

	tmcC
	P
	6396
	RNA processing
	11084
	ISS
	InterPro: IPR009107

	tmcC
	C
	5622
	intracellular
	11084
	ISS
	InterPro: IPR009107

	"Both genes contain two HAT domains (SMART accession # SM00386; Letunic et al., 2004) known to be present in several RNA processing proteins (Preker and Keller, 1998) as well as 13 predicted transmembrane domains."




	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	tmcB
	P
	7276
	gametogenesis
	11084
	IMP

	tmcC
	P
	7276
	gametogenesis
	11084
	IMP

	"When the gamete-phase cells of KAX3-derived and V12-derived knockout mutants of each gene were mixed for sexual development, considerable numbers of peripheral cells were observed at an early precyst stage after 24 h of development, the time after which normally very few single cells remained (Fig. 2A,B)."



	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	tmcB
	P
	30814
	regulation of cAMP metabolism
	11084
	IMP

	"PDE activity was elevated in the knockout mutant whereas that of the wild type was suppressed. Accordingly, the external cAMP level did not increase in the mutant as much as in the wild type."



	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	tmcB
	F
	5554
	molecular function unknown
	9851
	ND

	tmcC
	F
	5554
	molecular function unknown
	9851
	ND

	No information regarding molecular function is available.
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Rehberg, M., Kleylein-Sohn, J., Faix, J., Ho, T. H., Schulz, I., Graf, R. (2005) 'Dictyostelium LIS1 is a centrosomal protein required for microtubule/cell cortex interactions, nucleus/centrosome linkage, and actin dynamics.' Mol Biol Cell 16:2759-71 (dictyBase reference_no = 11080)

	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	lis1
	C
	15630
	microtubule cytoskeleton
	11080
	IDA

	"DdLIS1 was localized along microtubules and at the centrosome throughout the entire cell cycle (Figure 2, B-D)."


	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	lis1
	C
	31592
	centrosomal corona
	11080
	IDA

	· "Confocal images of isolated centrosomes labeled with anti-DdLIS1 antibodies clearly revealed that DdLIS1 is part of the centrosomal corona (Figure 2D)."

· See SourceForge item 1295796.




	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	lis1
	P
	51642
	centrosome localization
	11080
	IMP

	lis1
	P
	51645
	Golgi localization
	11080
	IMP

	· "The centrosome circulated rapidly and continuously, often close to the cell cortex, with most of the microtubules dragged behind like a comet tail."

· "...the microtubule phenotype was also accompanied by a dispersal of the Golgi apparatus (Figure 4)."

· Microtubule organization is also affected, however, this is a secondary effect of centrosome localization.

· See SourceForge item 1298935.




	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code
	With

	lis1
	F
	5515
	protein binding
	11080
	IPI
	mtaA

	lis1
	F
	45504
	dynein heavy chain binding
	11080
	IPI
	dhcA

	lis1
	F
	17048
	Rho GTPase binding
	11080
	IPI
	rac1A

	dhcA
	F
	5515
	protein binding
	11080
	IPI
	lis1

	mtaA
	F
	5515
	protein binding
	11080
	IPI
	lis1

	rac1A
	F
	5515
	protein binding
	11080
	IPI
	lis1

	· "MBP-DdLIS1 fusion protein clearly coprecipitated with DdCP224 using anti-DdCP224 antibodies."

· "DdLIS1 also coprecipitated with the dynein heavy chain (Figure 8)."

· "The interaction between DdLIS1 and Rac1A was specific as we detected no coprecipitation when the cytosolic extracts were incubated with GST alone."
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Bosgraaf, L., Waijer, A., Engel, R., Visser, A. J., Wessels, D., Soll, D., van Haastert, P. J. (2005) 'RasGEF-containing proteins GbpC and GbpD have differential effects on cell polarity and chemotaxis in Dictyostelium.' J Cell Sci 118:1899-910 (dictyBase reference_no = 11088)

	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	gbpC
	P
	7163
	establishment and/or maintenance of cell polarity
	11088
	IMP

	gbpC
	P
	50920
	regulation of chemotaxis
	11088
	IMP

	gbpD
	P
	7163
	establishment and/or maintenance of cell polarity
	11088
	IMP

	gbpD
	P
	50920
	regulation of chemotaxis
	11088
	IMP

	· "When placed in a spatial gradient of cAMP, gbpC- cells failed to become elongated and moved much more slowly and less persistently than wild-type cells (see Table 1 and Fig. 1A)."

· "gbpD- cells appeared very polar and moved with increased speed and efficiency towards the cAMP source (see Table 1 and Fig. 1A)."


	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	gbpD
	P
	31275
	regulation of lateral pseudopod formation
	11088
	IMP

	· "gbpD- cells made on average 0.46 lateral pseudopodia per 10 minutes, a significant decrease compared to wild-type cells that made 1.33 lateral pseudopodia in 10 minutes."




	Gene
	Qualifier
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	gbpC
	 
	F
	30553
	3',5'-cGMP binding
	11088
	IMP

	gbpD
	NOT
	F
	30552
	3',5'-cAMP binding
	11088
	IMP

	gbpD
	NOT
	F
	30553
	3',5'-cGMP binding
	11088
	IMP

	· The corresponding truncated GbpC-GFP fusion protein, which is homologous to GbpD, retains its ability to bind cGMP (Fig. 6B).
· "...we could not measure any significant increase in cAMP or cGMP binding activity in the lysates of gbpC-/gbpD-/GbpDOE cells when compared to the control cell line (Fig. 6A)."


	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	gbpC
	P
	31589
	cell-substrate adhesion
	11088
	IMP

	gbpD
	P
	31589
	cell-substrate adhesion
	11088
	IMP

	· See Figure 7.
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Lakshmikanth, G. S., Warrick, H. M., Spudich, J. A. (2004) 'A mitotic kinesin-like protein required for normal karyokinesis, myosin localization to the furrow, and cytokinesis in Dictyostelium.' Proc Natl Acad Sci U S A 101:16519-24  (dictyBase reference_no = 10188)

	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code
	With

	kif12
	P
	22
	mitotic spindle elongation
	10188
	ISS
	UniProt: Q02241

	kif12
	F
	3777
	microtubule motor activity
	10188
	ISS
	UniProt: Q02241

	kif12
	C
	5871
	kinesin complex
	10188
	ISS
	UniProt: Q02241

	"...the motor domain has sequence similarity to human (50%)..."




	Gene
	Qualifier
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	kif12
	coloc_with
	C
	5634
	nucleus
	10188
	IDA

	kif12
	coloc_with
	C
	5737
	cytoplasm
	10188
	IDA

	kif12
	coloc_with
	C
	31616
	spindle pole centrosome
	10188
	IDA

	kif12
	coloc_with
	C
	5819
	spindle
	10188
	IDA

	kif12
	coloc_with
	C
	30496
	midbody
	10188
	IDA

	· "During interphase, most of the GFP-Kif12 was localized in punctate spots associated with nuclei (Fig. 2)."

· "...metaphase, GFP-Kif12 appeared to completely leave the nucleus and was found diffuse in the cytoplasm."

· "...onset of anaphase, GFP-Kif12 localized to the centrosomes and along the spindle fibers."

· "After anaphase, the GFP-Kif12 showed some concentration in the midbody."




	Gene
	Aspect
	GO ID
	GO term
	Reference_no
	Evidence Code

	kif12
	P
	912
	cytokinesis, formation of actomyosin apparatus
	 10188
	IMP

	kif12
	P
	280
	nuclear division
	 10188
	IMP

	· "...kif12 [null] cells expressing GFP-myosin II failed to localize GFP-myosin II to the cleavage furrow (Fig. 4A)."
· Nuclear separation occurred in the delta-kif12 cells, but the rate was slowed compared with wild-type cells, and the separation was no longer linear with time (22) (Fig. 3B).
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Knol, Engel, Blaauw, Visser & van Haastert (2005) 'The Phosducin-Like Protein PhLP1 Is Essential for G{beta}{gamma} Dimer Formation in Dictyostelium discoideum.' Mol Cell Biol 25:8393-400; dictybase ref_no 11170
Genes addressed: phlp1, gpbA, gpgA

· GO: 
	Gene
	Qualifier
	GO Term
	Evidence
	“with”

	phlp1
	
	cytosolic (GO: 5829)
	IDA
	

	Support: "Confocal microscopy revealed that PhLP1-GFP is localized predominantly in the cytosol, without indications for any membrane enrichment  "

	phlp1
	
	regulation of protein modification (31399)
	IMP
	

	Support: "Triton X-114 partitioning suggests that GFP-G{gamma} is not prenylated in phlp1– cells"


	Gene
	Qualifier
	GO Term
	Evidence
	“with”

	phlp1
	
	regulation of protein heterodimerization 

(GO: 43497)

new term, see SF 1332104 
	IMP
	

	Support: "Confocal microscopy revealed that PhLP1-GFP is localized predominantly in the cytosol, without indications for any membrane enrichment  "
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Liu, Cheng, Chen, Huang & Chang (2005) 'LrrA, a novel leucine-rich repeat protein involved in cytoskeleton remodeling, is required for multicellular morphogenesis in Dictyostelium discoideum.' Dev Biol 285:238-51.; dictybase ref_no 11149
Genes addressed: lrrA, acaA, cadA, carA, csaA, ecmA, pdsA, pspA, rnlA

· GO: 
	Gene
	Qualifier
	GO Term
	Evidence
	“with”

	lrrA
	
	Ras GTPase binding (GO:17016)
	ISS
	

	Support: "There is a distinctive subgroup of LRRs that are 23 amino acids in length instead of 24 and which contain additional consensus residues, especially proline (Fig. 1). These proteins have in common an ability to associate with the Ras family of signaling GTPases (Buchanan and Gay, 1996), such as the middle-repetitive repeat region in Saccharomyces cerevisiae adenylyl cyclase (Cyr1p) mediates interaction of the cyclase with RAS proteins (Field et al., 1990 and Suzuki et al., 1990), and the LRR protein SUR-8 in Caenorhabditis elegans and mammals acts as a scaffold and forms a complex with Ras and Raf (Sieburth et al., 1998 and Li et al., 2000)  "

	lrrA
	
	cytoplasm (GO:5737)
	IDA
	

	Support: " Localization of the GFP fusion protein in both the act15-lrrA-gfp and act15-lrrAΔ-gfp transformants was uniform throughout the cells at all times during development (Fig. 2B). These results were consistent with LrrA being a cytosolic protein "

	Note: In this case, the text was misleading. The staining is in the entire cell, not just the cytosol.

	lrrA
	
	culmination during fruiting body formation (GO: 31154)
	IMP
	


	Support: " the mounds failed to form apical tips both on bacterial lawns (data not shown) and on KK2 agar "

	lrrA
	
	cell-substrate adhesion (GO:31589)
	
	

	Support: " Wild-type cells adhered more than did the lrrA− cells (Fig. 4A) "

	lrrA
	
	establishment and/or maintenance of cell polarity (GO:7163)
	IMP
	

	Support: lrrA− cells exhibited a rounded and nonpolar morphology (Fig. 4B) "

	lrrA
	
	regulation of actin filament polymerization (GO:30833)
	IMP
	

	Support: " The levels of F-actin in the lrrA− cells were dramatically elevated with respect to the wild-type cells (Fig. 4G), "

	lrrA
	
	cell-cell adhesion (GO:11149)
	IMP
	

	Support: "When D. discoideum cells were washed free of growth medium, resuspended in non-nutrient buffer and shaken in suspension, large cell agglomerates formed (Varney et al., 2002). The agglomerates formed by lrrA− cells starved in KK2 buffer for 6 h were significantly smaller and looser than those formed by wild-type cells (Fig. 4E). "

	lrrA
	
	chemotaxis to cAMP (GO:31127)
	IMP
	

	Support: Fig5

	lrrA
	
	chemotaxis to folate (GO:31126)
	IMP
	

	Support: Fig6

	lrrA
	
	aggregation during fruiting body formation (GO:31152)
	IMP
	

	Support: Fig 7: cells fail to aggregate in submerged monolayers


PMID 15715993
Gundersen, You, Rauch, Farnham, McCarty, Willis & Prince (2005) 'Loss-of-function mutations identified in the Helical domain of the G protein alpha-subunit, G alpha2, of Dictyostelium discoideum.' Biochim Biophys Acta 1722:262-70. dictybase ref_no 11053

Genes addressed: gpaB, acaA, gca, sgcA, carA, carB, carC, carD
· GO: 
	Gene
	Qualifier
	GO Term
	Evidence
	“with”

	gpaB
	
	chemotaxis
	IMP
	

	Support: Table 3: some mutants are deficient in chemotaxis 

	gpaB
	
	aggregation during fruiting body formation
	IMP
	

	Support: Table 3: some mutants are deficient in aggregation  

	gpaB
	
	positive regulation of guanylate cyclase activity
	IMP
	

	Support: Table 4: some mutants cannot induce adenylate cyclase 

	gpaB
	
	positive regulation of adenylate cyclase activity
	IMP
	

	Support:  Table 4: some mutants cannot induce guanylate cyclase 

	gpaB
	
	G-protein signaling, adenylate cyclase activating pathway
	IMP
	

	Support: Table 4: some mutants cannot induce adenylate cyclase 


PMID 15908944
Schirenbeck, Bretschneider, Arasada, Schleicher & Faix (2005) 'The Diaphanous-related formin dDia2 is required for the formation and maintenance of filopodia.' Nat Cell Biol 7:619-25
Genes addressed: forH (dia2), rac1A, proB

GO Curation

	Gene
	Aspect
	GO ID
	GO Term
	Evidence
	“with”

	forH
	function
	5522 
	profilin binding
	IPI
	proB

	Support: 2-hybrid assay and pull-down Fig. 1c/d 

	forH
	function
	17049 
	GTP-Rho binding
	IPI
	rac1A

	Support: IP with GST-rac1A and GFP-rac1A (Fig. 1d/e)

The authors also tested racC and racE for forH binding and found they did not bind. I thought about adding ‘NOT’ annotations for these, because they are Rho-GTPases and it was a real possibility that they would bind. But these experiments are not. Had they shown it along with the rac1A binding I might have added the NOT annotations

	forH
	function
	51015 
	actin filament binding
	IDA
	 

	Support: double stain (IF) actin / GFP-forH (Fig 3d)

	forH
	process
	30838 
	Positive regulation of actin filament polymerization
	IDA
	 

	Support: forH “promotes actin polymerization” (Fig. 2d) by making the barbed ends available through removal of capping protein.

	forH
	process
	51638
	barbed-end actin filament uncapping
	IDA
	

	Support: removal of capping protein shown in Fig.2d. This was a new term request

	forH
	process
	45010 
	actin nucleation
	IDA
	 

	Support: forH “promotes actin polymerization” (Fig 2b)

	forH
	process
	46847 
	filopodium formation
	IMP
	 

	Support: forH “is required for the formation of filopodia” Fig. 3f,g,h

	forH
	process
	31589
	cell-substrate adhesion
	IMP
	

	Support: Cell attachment in wild-type and mutant cells Fig. 4b

	forH
	process
	6928
	cell motility
	IMP
	

	Support: Quantification of cell motility in wild-type and mutant cells Fig. 4e

	forH
	component
	30175 
	filopodium
	IDA
	 

	Support: forH “localizes to filopodial tips” Fig. 3d/e

	forH
	component
	15629 
	actin cytoskeleton
	IDA
	 

	Support: Colocalization Fig. 3e

	rac1A
	function
	5515 
	protein binding
	IDA
	forH

	Support: IP with GST-rac1A and GFP-rac1A Fig. 1d/e

	proB
	function
	5515
	protein binding
	IDA
	forH

	Support: 2-hybrid assay Fig. 1c
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Lardy, B., Bof, M., Aubry, L., Paclet, M. H., Morel, F., Satre, M., Klein, G. (2005) 'NADPH oxidase homologs are required for normal cell differentiation and morphogenesis in Dictyostelium discoideum.' Biochim Biophys Acta 1744:199-212

Genes addressed: noxA, noxB, noxC, cybA (p22phox), ncfA (p67phox), pefB (alg-2B)

GO Curation
	Gene
	Aspect
	Qualifier
	GO ID: Term
	Evid.
	"with"

	noxA
	function
	
	16175: superoxide-generating NADPH oxidase activity
	IGI
	noxB

	noxB
	function
	
	16175: superoxide-generating NADPH oxidase activity
	IGI
	noxA

	noxB
	function
	
	16175: superoxide-generating NADPH oxidase activity
	IMP

IDA?
	

	Support: XTT assay of superoxide generation; noxB mutants have a reduced XTT reduction (IMP) and noxA/B double mutants an even stronger reduction (IGI) Table 2

	noxC
	function
	
	16175: superoxide-generating NADPH oxidase activity
	ISS
	Hs NOX2 (CYBB)

	Support: Fig. 1a alignment with human nox2 (cybb)

	noxA
	function
	
	50660: FAD binding
	ISS
	Hs NOX2

	noxA
	function
	
	50661: NADP binding
	ISS
	Hs NOX2

	noxA
	function
	
	20037: heme binding
	ISS
	Hs NOX2

	noxB
	function
	
	50660: FAD binding
	ISS
	Hs NOX2

	noxB
	function
	
	50661: NADP binding
	ISS
	Hs NOX2

	noxB
	function
	
	20037: heme binding
	ISS
	Hs NOX2

	noxC
	function
	
	50660: FAD binding
	ISS
	Hs NOX2

	noxC
	function
	
	50661: NADP binding
	ISS
	Hs NOX2

	noxC
	function
	
	20037: heme binding
	ISS
	Hs NOX2

	Support: Fig. 1a alignment with human nox2 (cybb), domains marked

	noxA
	process
	
	42554: superoxide release
	ISS
	

	noxC
	process
	
	42554: superoxide release
	ISS
	

	Support: although the assays do largely not work to show this process, authors stress these are NADPH oxidases and this is what they do

	noxB
	process
	
	42554: superoxide release
	IMP
	

	Support: this is what they show in the XTT assay – superoxide generation/release Table 2

	noxA
	process
	
	30587: fruiting body formation (sensu Dictyosteliida)
	IMP
	

	noxA
	process
	
	30435: sporulation
	IMP
	

	noxB
	process
	
	30587: fruiting body formation (sensu Dictyosteliida)
	IMP
	

	noxB
	process
	
	30435: sporulation
	IMP
	

	noxC
	process
	
	30587: fruiting body formation (sensu Dictyosteliida)
	IMP
	

	noxC
	process
	
	30435: sporulation
	IMP
	

	Support: Fig. 5 and in text, p 206, result section 3.6 “No spores were ever produced”

	noxC
	function
	
	5509: calcium ion binding
	ISS
	IPR002048

	Support: Fig. 2a,b EF-hands and alignment with human NOX5

	noxA
	component
	
	16021: integral to membrane
	ISS
	

	noxB
	component
	
	16021: integral to membrane
	ISS
	

	noxC
	component
	
	16021: integral to membrane
	ISS
	

	Support: Fig. 1a alignment with human nox2 (cybb), TMs marked

	noxA
	component
	
	43020: NADPH oxidase complex
	ISS
	

	noxB
	component
	
	43020: NADPH oxidase complex
	ISS
	

	noxC
	component
	
	43020: NADPH oxidase complex
	ISS
	

	cybA
	component
	
	43020: NADPH oxidase complex
	ISS
	

	Support: in intro authors discuss the subunits of the complex

	cybA
	function
	Contr._to 
	16175: superoxide-generating NADPH oxidase activity
	ISS
	

	cybA
	process
	
	6801: superoxide metabolism
	ISS
	

	cybA
	component
	
	16021: integral to membrane
	ISS
	

	Support: Fig. 1b alignment with human p22phox

	cybA
	process
	
	30587: fruiting body formation (sensu Dictyosteliida)
	IMP
	

	Support: Fig. 5 p22phox-null (cybA-null) developmental phenotype

	ncfA
	function
	
	16175: superoxide-generating NADPH oxidase activity
	ISS
	Mm p67phox

	ncfA
	process
	
	42554: superoxide release
	ISS
	Mm p67phox

	ncfA
	component
	
	5829: cytosol
	ISS
	

	Support: Fig. 3 and result section 3.2 compare with mouse and human p67phox

	pefB
	process
	
	30587: fruiting body formation (sensu Dictyosteliida)
	IGI
	noxA, noxB, cybB

	Support: Fig. 7 pefB (alg-2B) acts as a supressor of noxA,B and cybA, meaning pefB/noxA,B or cybA double mutants develop normally
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Yumura, Yoshida, Betapudi, Licate, Iwadate, Nagasaki, Uyeda & Egelhoff (2005) 'Multiple Myosin II Heavy Chain Kinases: Roles in Filament Assembly Control and Proper Cytokinesis in Dictyostelium.' Mol Biol Cell 16:4256-66

Genes addressed: ak1, mhcA, mhkA, mhkB, mhkC, mhkD, vwkA

GO Curation
	Gene
	Aspect
	GO ID
	GO Term
	Evidence

	mhkA
	process
	31037
	myosin II filament disassembly
	IMP

	mhkB
	process
	31037
	myosin II filament disassembly
	IMP

	mhkC
	process
	31037
	myosin II filament disassembly
	IMP

	mhkD
	process
	31037
	myosin II filament disassembly
	IMP

	Support: mhk null single (mhkA/B/C/D), double, and triple mutants (mhkA/B/C/) were analyzed in an assay of “myosin assembly into triton-resistant fractions”. The assay on mhkD-null cell lysate only showed a slight, but still significant increase in assembly by this method. The authors conclude that while A/B/C overlap in their direct role in myosin assembly, mhkD must have an indirect role only. Fig. 5

	mhkA
	process
	43519
	regulation of myosin II filament assembly or disassembly
	IMP

	mhkB
	process
	43519
	regulation of myosin II filament assembly or disassembly
	IMP

	mhkC
	process
	43519
	regulation of myosin II filament assembly or disassembly
	IMP

	Support: mhkA/B/C single, double, and triple mutants are tested for myosin turnover, which equals assembly/disassembly, from recovery after photobleaching (FRAP) in the contractile ring and in interphase cells. mhkD does not show any difference from wild-type in this setting. Fig. 6 and 7, Table 1,2

	mhkA
	process
	910
	cytokinesis
	IGI

	mhkB
	process
	910
	cytokinesis
	IGI

	mhkC
	process
	910
	cytokinesis
	IGI

	Support: mhk(A/B/C) double and triple mutants show an additive cytokinesis defect, while single knock-outs are very similar to wild-type, hence IGI. Fig. 9, 10

	mhkB
	component
	5826
	contractile ring
	IDA

	mhkB
	component
	5737
	cytoplasm
	IDA

	Support: GFP-mhkB, Fig.2, 3

	mhkC
	component
	5826
	contractile ring
	IDA

	Support: GFP-mhkC, Fig. 3

	mhkD
	component
	8372
	unknown
	ND

	Support: No component data for mhkD

	ak1
	function
	4674
	protein serine/threonine kinase activity
	ISS

	ak1
	process
	6468
	protein amino acid phosphorylation
	ISS

	Support: Fig. 1 and introduction


