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ariemirp	alep	uecerapa	aneP	o£Ã§Ãulove	,otnemivlovnesed	,acim´Ãneg	,acit©Ãneg	,elep	ed	ecidnªÃpa	,anep	.asiuqsep	ed	seµÃ§Ãerid	sarutuf	sa	somitucsid	,etnemlaniF	.laicoc-©Ãrp	e	laicirtla	seva	ertne	sanep	ed	otnemivlovnesed	on	sair³Ãtaluger	sa§Ãnerefid	sa	e	seic©Ãpse	sa	ertne	o£Ã§Ãafrom	ed	sa§Ãnerefid	sa	e	megamulp	ad	roc	a	odniulcni
,sair¡Ãiva	seic©Ãpse	sa	ertne	sanep	ed	edadisrevid	)3	e	;sanep	ed	aruturtse	an	e	sanep	ed	o£Ã§Ãiubirtsid	an	,sanep	ed	o£Ã§Ãatneiro	an	,lanoiger	edaditnedi	an	uo	anep	ad	otnemirpmoc	on	,o£Ã§Ãatnemgip	ed	o£Ãrdap	on	seµÃ§Ãairav	odniulcni	,sadacitsemod	seva	ed	sa§Ãar	setnerefid	ertne	sanep	ed	edadisrevid	)2	;sanep	ed	opit³Ãfrom	od	edadisreviD
)1	:socip³Ãt	setniuges	so	iulcni	o£Ãsiver	atse	,etnemacificepsE	.arutuf	asiuqsep	a	arap	savitcepsrep	somecenrof	e	otnemivlovnesed	od	aigoloib	e	acim´Ãneg	,acit©Ãneg	ed	somret	me	sanep	sad	o£Ã§Ãulove	ed	setnecer	sodutse	somimuseR	.sacifÃcepseretni	seµÃ§Ãairav	e	sacifÃcepseartni	seµÃ§Ãairav	,sanep	ed	sopit³ÃfroM	:sanep	ed	edadisrevid	ed
sievÃn	sªÃrt	somitucsid	,o£Ãsiver	atseN	.seranilpicsiditlum	snegadroba	rop	sadidnopser	res	a	mecenamrep	seµÃtseuq	satiuM	.etnemetnecer	sanepa	mara§Ãemoc	sanep	ed	edadisrevid	ad	socim´Ãneg	e	socit©Ãneg	sodutse	,sadac©Ãd	¡Ãh	odadutse	odis	ahnet	sanep	ed	otnemivlovnesed	o	arobmE	.sotcepsa	sotium	me	etnanoisserpmi	©Ã	sanep	ed
edadisrevid	A	Chen	et	al.	2015).	As	the	feather	is	complex	in	the	structure,	it	has	the	potential	to	allow	several	,zilediW	,niL	;2102	.la	te	gnouhC	;4002	.la	te	uY	;4002	.¢Ãte	uW	;0002	.la	te	,raknadohC	,gnouhC(	sadacilbup	marof	o£Ã§Ãazilanis	ed	aiv	e	esenªÃgonagro	,o£Ã§Ãareneger	,o£Ã§Ãulove	a	radutse	arap	oledom	omoc	sanep	odnasu	seµÃsiver
etnelecxE	.	)6102	.la	te	eejrahcattahB	;5102	.la	te	ewoL	;5002	murP	;2002	llorraC	e	eurT(	messÃulove	e	messanigiro	sanep	sad	siaruturtse	e	sacig³Ãlofrom	seµÃ§Ãavoni	sa	euq	uitimrep	sic	serodaluger	solud³Ãm	sues	me	sa§Ãnadum	ed	s©Ãvarta	setnetsixe	ralucelom	o£Ã§Ãazilanis	ed	saiv	sad	avitulove	o£Ã§Ãatpooc	A	.oov	oa	adatpada	sioped	anep	a
sam	,anep	ad	lanigiro	ovitejbo	o	res	edop	rolac	ed	o£Ã§Ãneter	a	uo	o£Ã§Ãibixe	A	.	)7102	.la	te	notxuR	;5102	eirruC	e	saosseP	;5102	.la	te	nehC	;3002	.la	te	gnouhC	;3002	regrebmoH	e	gnouhC(	elep	ad	o£Ã§Ãetorp	e	megalfumac	,o£Ã§Ãacinumoc	,soriecrap	ed	o£Ã§Ãarta	,rolac	ed	o£Ã§Ãneter	an	si©Ãpap	mahnepmesed	srehtaeF	.)2102(	.la	te	gN	ed
odatpadA	)B(	.)2791(	miehnettetS	e	sacuL	ed	odatpadA	)A(	.selubrab	e	omar	,sihcar	mu	meulcni	e	acirt©Ãmis	etnemlaretalib	©Ã	otluda	ognarf	ed	sanep	sad	airoiam	a	otnauqne	,selubrab	a	e	omar	o	sanepa	meulcni	saxiab	sanep	me	sohlag	sO	.sotluda	ognarf	ed	satluda	e	sair¡Ãnoirbme	sanep	e	otnemivlovneseD	)B(	.o´Ãv	ed	sanep	e	onrotnoc	ed	sanep
,saxiab	saneP	)A(	.ahnilag	amu	me	sanep	ed	sopit	setnerefid	-	daolnwodbat	edils	ovon	mu	me	arbA	.oledom	omsem	on	sair¡Ãnoiculoveorcim	e	orcam	seµÃtseuq	rarolpxe	ed	edadinutropo	arar	amu	m©Ãbmat	Ã	.etnemadipar	riulove	medop	otnemivlovnesed	ed	e	sacit©Ãneg	sa§Ãnadum	sa	omoc	radutse	arap	oledom	etnelecxe	mu	ecenrof	,otnatrop
,rehtaeF	A	.)7102	oripahS	e	naymoD	;7102	.la	te	reoB	;5102	.la	te	nehC	;3002	sletraB(	sadacitsemod	seva	me	etnemlaicepse	,eva	ed	eic©Ãpse	amu	ed	ortned	adavresbo	res	edop	m©Ãbmat	sanep	ed	edadisrevid	ednarg	amU	.)5102	eejrettahC(	ra	e	arret	,aug¡Ã	me	socig³Ãloce	sohcin	soir¡Ãv	a	metpada	es	e	arreT	an	sadÃubirtsid	etnemalpma	majes	seva
ed	seic©Ãpse	setnerefid	euq	etimrep	sanep	ed	o£Ã§Ãacifisrevid	A	.)1	.giF(	o£Ã§Ãulove	an	seµÃ§ÃaretlA	al.	2013;	Chuong	et	al.	2014;	Chen	et	al.	2015;	2015;and	Choon	2015;	Boer	et	al.	2017;	Dosean	and	Shapiro	2017).	The	present	revision	focuses	on	the	generational,	genemic	basis	and	underlying	development	of	the	diversity	of	penalties	in	vain.
First,	we	present	a	general	vision	of	recent	studies	on	transcripts	of	vain	morphotypes	of	penalties.	Then	we	summarize	the	domesticated	poultry	studies	-	these	studies	are	not	only	linked	to	genes	to	genes,	but	we	also	try	to	identify	functions	of	penalties	so	that	they	can	use	them	as	candidate	genes	for	Study	Interspecific	Diffections.	Finally,	we
discussed	some	recent	works	on	interspecting	comparisons.	Diversity	of	Morphotype	of	vain	feather	forms	of	penalties	are	found	in	a	PãuaSaro,	and	the	seasonal	change	and	sexual	dimorphism	of	the	penalty	can	be	found	in	many	espion.	The	evolution	of	the	types	of	penalties	is	associated	with	the	recruitment	of	molecular	pathways	(Chen	et	al.
2015).	The	presence	of	regulatory	elements	of	the	penalties	development	genes	probably	precedes	the	origin	of	dinosaur	(Lowe	et	al.	2015).	The	fan	records	indicate	that	some	dinosaurs	have	had	different	penalties	of	penalties	in	different	body	regions	(Fig.	2),	suggesting	that	very	sophisticated	molecular	pathways	and	development	processes	already
existed	in	the	ancestor	of	birds	(XU	et	al.	2014;	Chen;	et	al.	2015).	Recruitments	of	motiple	regular	diversions	of	scale	penalties	(SOX2,	ZIC1,	Grem1,	Spry2	and	SOX18)	may	allow	more	complex	morphogenet	events	to	occur	(WU	ETã	¢	al.	2018).	Open	in	New	Tabdownload	Slide-	The	size	of	the	genome,	the	number	of	Â	±-	and	â	â	€	and	â	€	and
apã.ndices	of	the	keratinized	skin	of	amniotes.	The	phylogeny	of	amniotes	is	based	on	molecular	studies	(HEDGES	and	POLING	1999;	Shen	et	al.	2011;	Tzika	et	al.	2011;	Chiari	et	al.	2012;	HEDGES	2012).	The	sizes	of	the	genome	of	moms,	lepidossaurs,	turtles,	e	e	setnecer	sacim´Ãneg	me	esab	moc	odalc	o	odot	me	said©Ãm	omoc	sodatneserpa	o£Ãs
sorass¡Ãp	e	sodaÃv	o£Ãn	sedop³Ãret	e	seralulec	somsinacem	sO	.sanep	ed	o£Ã§Ãacifimar	axelpmoc	a	recelebatse	arap	anep	ed	olucÃlof	od	ralubut	amrof	a	maramrof	,etnemroiretsop	,e	socimr©Ãdirepbus	sodicet	ed	sadavired	odis	ret	mairedop	sadacifinroc	sanep	ed	sotic³Ãnitareuq	so	euq	meregus	aicnªÃdive	ed	sahnil	sassE	.)6102	.la	te	idrabilA
;5102	.la	te	ressartS(	selubraB	e	sair¡Ãnoirbme	sanep	e	mredirepbus	ed	sapraf	ertne	otnemivlovnesed	ed	e	acig³Ãlopot	o£Ã§Ãaler	amu	odnacilpmi	,air¡Ãnoirbme	emredipe	ad	remredirepbus	adamaC	o£Ã§Ãcefni	an	e	otnemivlovnesed	me	sanep	ed	ofarg³Ãbrab	e	brab	ed	salul©Ãc	san	)aniditsih	me	ocir	e	FTM	ovitom	mu	moc	ma§Ãemoc	euq	acimr©Ãdipe
o£Ã§Ãaicnerefid	ed	anÃetorp(	HFTMDE	e	)acimr©Ãdipe	o£Ã§Ãaicnerefid	ed	anÃetsic	me	acir	anÃetorp(	PRCDE	,sanitamsa-²Â	ed	o£Ãsserpxe	alep	adaiopa	©Ã	eset³Ãpih	atsE	.)5002	.	.la	la	te	reywaS	;3002	ppanK	e	reywaS(	sanep	sad	o£Ã§Ãacifimar	ed	o£Ãrdap	o	ramrof	arap	esenªÃgofrom	ad	ralulec	o£Ã§Ãaicnerefid	e	o£Ã§Ãazilanis	ed	saiv	sa	moc
sadatpooc	e	elep	ad	air³Ãtisnart	adamac	amu	,oir¡Ãnoirbme	remredirepbus	od	sadavired	etnemavitulove	odis	ret	medop	selubraB	e	sabraB	e	sai©ÃtaeF	)5102	.la	te	nehC	;4102	.la	te	uX(	sacirt©Ãmissa	oov	ed	sanep	e	ocirt©Ãmis	,etnemlaretalib	odacifimar	,odacifimar	etnemlaidar	,osotnemalifonom	o´Ãv	omoc	,anep	ed	sopitofrom	sosrevid	mªÃt
etnemlaer	sorass¡Ãp	e	soruassonid	,iuqa	sodartsom	majes	sanep	ed	sopitofrom	sednarg	sªÃrt	sanepa	arobmE	.)6102	.la	te	suahtloH	;4102	.la	te	dlowneerG	;0102	.la	te	ellaV	allaD(	seva	ed	seic©Ãpse	84	e	)sneipas	omoH(	onamuh	,)sisnenilorac	silonA(	edrev	otragal	,)sisnenis	sucsidoleP(	aicam	acsac	ed	asenihc	aguratrat	,)illeb	atcip	symesyrhC(
aguratraT	adatnip	,etseo	adatnip	,)sadym	ainolehc(	edrev	aguratrat	,)susorop	sulydocorC(	adaglas	aug¡Ã	ed	olidocorc	,)sisneippississiM	rotagillA(	onacirema	©Ãracaj	o	omoc	,savitatneserper	seic©Ãpse	samugla	me	setnecer	otnemivlovnesed	ed	uo	socim´Ãneg	sodutse	me	sodaesab	o£Ãs	anitareks-®Ã	e	-±Â	ed	seneg	ed	soremºÃn	sO	.)0102	.la	te	senaJ
;7002	.la	te	nagrO(	sodutsE	development	of	the	formation	of	penalties	and	were	studied	(Wu	et	al.	2004;	Yu	et	al.	2004;	Lin,	Wideliz,	et	al.	2013;	Chen	et	al.	2015).	The	epithelium	and	the	meshenchyme	are	two	main	components	in	the	follicles	of	feathers	(Lillie	and	Juhn	1938;	Yu	et	al.	2004;	Yue	et	al.	2005).	Dermal	papilla	and	pulp	are	mainly
composed	of	mesenchymal	cells	(Lillie	1940;	Yu	et	al.	2002).	The	branched	morphogenesis	is	formed	by	the	invagination	of	the	multilayered	epithelium	around	the	meshenchyme	in	the	branchic	zone	(Fig.	1b).	The	Rachis	is	formed	by	the	fusion	of	beard	crests	at	the	anterior	end	of	the	feather.	Apoptosis	plays	an	important	role	in	the	formation	of
feathers.	The	marginal	plate	in	the	basal	layer	flanking	each	barb	crest	and	axial	cells	suffer	apoptosis	after	keratinized	the	barbule	plates.	The	opening	of	feather	branches	is	allowed	by	the	apoptosis	of	the	feather	sheath	and	polyp	epithelium	at	the	most	mature	distal	end	(Yu	et	al.	2004).	Proteins	are	proposed	to	engage	in	the	formation	of	feathers
(Chuong	et	al.	2014;	Chen	et	al.	.	2015).	BMP,	NOG,	SPRY	and	FGF	regulate	a	periodic	invagination	that	forms	Barb	and	Rachis.	GDF10	and	GREM1	modulate	BMP	signaling	to	regulate	the	periodic	branching	program	to	control	the	topology	of	Rachis	and	the	generative	zone	of	Barb	(Li	et	al.	2017).	NCAM,	SHH	and	caspase	regulate	differential	cell
death	which	forms	the	pattern	of	the	basal	branch.	In	addition,	Wnt3a	and	Spry	modulate	the	basal	branching	circuit	that	forms	radial	branching	patterns,	bilaterally	symmetric	and	asymmetric.	Notch	and	FGF	signaling	regulates	differential	cell	adhesion	and	the	contraction	of	basal	filopodia	to	form	periodic	branching	of	feathers	(Cheng	et	al.	2018).
Several	integuments	and	their	appendices	in	birds	are	generated	by	regional	specificities.	Hox	expression	patterns	show	regional	differences	in	chicken	skin,	suggesting	that	the	differential	expression	of	Hox	genes	in	bird	skin	can	determine	the	phenotypes	of	the	e	e	gnouhC(	elep	ad	e	ebmoluoC(	mn	01	ed	soir¡Ãidemretni	sotnemalif	mezudorp	e
soir³Ãtagirbo	soremÃdoreteh	o£Ãmrof---±Â-±Â	)ortuen/ocis¡Ãb(	II	opit	o	e	)odic¡Ã(	I	opit	O	.sadicrot	ahlof	ed	saruturtse	etnemlapicnirp	maratneserpa	sanitareuq-sa-²Â	sa	otnauqne	,siadiocileh-±Â-±Â	adalorne	anibob	ed	saruturtse	moc	saciss¡Ãlc	oir¡Ãidemretni	otnemalif	ed	saruturtse	meussop	±Â-±Â	sanitauqsa	,etnemlaruturtsE	.)2	.giF(	sietp©Ãr	e
seva	me	sanepa	metsixe	sanitareuq-sa-²Â	sa	otnauqne	,sodarbetrev	so	sodot	me	sadartnocne	o£Ãs	satnoc--±Â	±Â	.)6102	idrabilA	;7891	reywas	e	semax(	saniuqse-²Â	e	-±Â	ed	etnemlapicnirp	sotsopmoc	o£Ãs	,sarrag	e	salacse	,socib	omoc	,soir¡Ãiva	seratnemugetni	secidnªÃpa	sortuo	e	srehtaeF	.)6102	.la	te	oaB	;3102	.la	tE	gnahZ(	sanep	ed
esenªÃgofrom	an	sodigixe	ralulec	aruturtse	ed	seneg	e	ralulec	o£Ãseda	,ralulec	o£Ã§Ãazilanis	a	masiv	euq	sANRim	e	)8102	.la	te	uW	;5102	.la	te	gnahC(	salacse	e	sanep	ed	sa§Ãnerefid	a	sodaicossa	sodacifitnedi	seneg	ed	sacit¡Ãmrofnioib	sesil¡Ãna	,ossid	m©ÃlA	.)8102	.la	te	gnaY	;8102	.	.la	la	la	te	gnog	;7102	.la	te	il	;5102	.la	te	gn(	sotap	e	ognarf	me
seµÃirbme	ed	sotnemugetni	e	sotluda	ed	sanep	ed	sopit	setnerefid	ed	sacim´Ãtpircsnart	sesil¡Ãna	me	sadartnocne	marof	sacifÃcepse	saruturtse	ed	o£Ã§Ãaicnerefid	uo	otnemicserc	ed	elortnoc	,esenªÃgofrom	an	sodivlovne	sotadidnac	seneg	sO	.)3102	.la	te	ztuM	;1102	soliM	e	kaloszO	;1102	.la	te	nhassaK	;0102	.la	te	kcalhsO	;0102	.la	te	atsoC	;9002	.la
te	gnaW(	adacilpa	etnemalpma	odis	met	acim´Ãtpircsnart	esil¡Ãna	A	.socig³Ãlofrom	sotnemivlovnesed	son	sa§Ãnerefid	a	sodaicossa	acinªÃg	o£Ãsserpxe	ed	seµÃrdap	etnemetneicife	ralever	edop	euq	megadroba	avon	amu	ecenrof	sametsis	ed	aigoloib	A	.)5102	.la	te	ewoL	;8002	llorraC(	acig³Ãlofrom	o£Ã§Ãairav	ad	o£Ã§Ãulove	ad	etnof	lapicnirp	a	ajes
sodavresnoc	seneg	ed	o£Ãsserpxe	a	euq	es-	eµÃporP	.o£Ã§Ães	amix³Ãrp	an	oditucsid	¡Ãres	ocip³Ãt	etsE	.)2102	.la	te	gnaW(	sahnilag	me	sodicehnoc	meb	so§Ãart	snugla	a	sadaicossa	ratse	marartsnomed	XOH	seneg	son	sianoicatum	sa§ÃnaduM	.)3002	2002),	which	can	be	found	on	listening	scales,	claws,	beak	and	lingual	nails	of	de	(Carver	and	Sawyer
1988,	1989;	Shames	etÃ	Âal.	1989;	Knapp	etÃ	Âal.	1993;	Rice	etÃ	Âal.	2013;	Greenwold	etÃ	Âal.	2014;	Skieresz-Szewczyk	etÃ	Âal.	2017),	whereas	Ã²Â-keratins	polymerize	and	form	3-nm	Ã²Â-filaments	and	become	part	of	the	inter-filamentous	matrix	in	avian	scales,	claws,	beaks,	and	feathers	(Fraser	and	Parry	2008,	2011a,	2011b,	2014).
Evolutionarily,	Ã±Â-	and	Ã²Â-keratins	are	completely	unrelated,	and	it	has	been	proposed	to	rename	Ã²Â-keratins	to	corneous	beta-proteins	(Calvaresi	etÃ	Âal.	2016;	Holthaus	etÃ	Âal.	2016).Genome	scanning	of	Ã±Â-	and	Ã²Â-keratin	genes	in	avian	genomes	made	the	transcriptomic	and	evolutionary	analyses	possible	(Greenwold	and	Sawyer	2010;
Greenwold	etÃ	Âal.	2014;	Ng	etÃ	Âal.	2014).	Greenwold	etÃ	Âal.	(2014)	conducted	a	microarray	study	on	embryonic	expression	of	Ã±Â-	and	Ã²Â-keratins	in	chickens	at	embryonic	day	17	and	day	19.	More	recent	studies	applied	RNA-seq	and	in	situ	hybridization	to	map	expression	profiles	of	Ã±Â-	and	Ã²Â-keratin	genes	in	keratinized	skin	appendages
at	embryonic	day	14	and	day	16	and	in	adult	regenerating	feathers	in	chickens	(Ng	etÃ	Âal.	2014;	Wu	etÃ	Âal.	2015)	(fig.Ã	Â3).	Not	all	of	these	results	are	comparable	because	of	different	techniques	used	and	developmental	stages	studied,	but	the	data	suggest	that	the	morphological	and	structural	diversity	of	avian	skin	appendages	is	contributed	by
combinations	of	Ã±Â-	and	Ã²Â-keratin	genes,	with	intrafeather	architecture	complexity	largely	made	by	differential	expression	of	feather-Ã²Â-keratins,	although	other	subfamilies	of	Ã²Â-keratin	genes	are	also	expressed	(Greenwold	etÃ	Âal.	2014;	Ng	etÃ	Âal.	2014;	Wu	etÃ	Âal.	2015).	Regulatory	divergences	among	feather-Ã²Â-keratin	genes	are	also
associated	with	structural	differences	among	various	portions	or	morphotypes	of	feathers	(Bhattacharjee	etÃ	Âal.	2016).	Open	in	new	tabDownload	slide¢ÃÂÂSchematic	topographic	representation	of	differentially	expressed	Ã±Â-	and	Ã²Â-keratin	genes	in	skin	of	embryo	and	adult	chicken	based	on	in	situ	hybridization	and	RNA-seq	data.	Colors
represent	specific	genes	of	±-	and	î-keratin	in	certain	appendices.	Upper	panel:	regional	differences	between	skin	appendices.	Intermediate	panel:	intra-appendices	differences	in	the	expression	of	±-e	î2-keratina.	Bottom	panel:	chromosome	arrangements	of	2-skeratin	genes	in	Chr25	and	Chr27.	Garra,	Claw	-2-Keratin;	Fk,	quarterly	feathers;	Fl,
feather-like	-2-keratin;	Ktn,	Keratinocyte-2-Keratin;	Scale,	square-scale.	Adapted	from	Wu	et	al.	(2015).	To	examine	the	functional	interactions	between	the	transgenic	retrovirus	genes,	called	RCAs,	were	used	to	ectopically	express	the	genes	regenerating	the	adult	feathers	and	the	growing	natal	culture	(the	growing	Christmas	(which	grows	the
cream).	Ng	et	al.	2014;	wu	et	al.	2015).	Chicken	±-keratin	mutants	built	based	on	mutations	found	in	the	human	interfacing	database	showed	abnormal	phenotypes,	suggesting	an	importance	of	±-ambratins	in	the	feather	structure	(ng	et	al.	2014).	In	addition,	interactions	between	±-	and	2-as-keratins	were	found	crucial	for	the	development	of
feathers,	because	mutations	in	both	types	of	these	cornea	proteins	interrupted	keratin	networks,	so	that	the	proper	branches	of	feathers	failed	to	form	(Wu	et	al.	2015).	The	diversity	of	feathers	between	breeds	of	domesticated	birds	A	large	repertoire	of	mutant	phenotypes	of	domesticated	birds	has	been	accumulated	in	the	last	hundreds	of	years.	In
particular,	hens	and	pigeons	exhibit	a	large	degree	of	variation	in	the	color	of	feathers,	distribution	and	texture,	shape	and	size	of	the	body,	length	and	width	of	the	leg	and	a	number	of	other	characteristics	(Bartels	2003;	Chen	et	al.	2015;	Domyan	and	Shapiro	2016	).	As	the	genomes	of	more	pomcos	and	chicken	breeds	are	sequenced,	the	candidate
genes	for	these	characteristics	will	begin	to	arise,	improving	our	understanding	lev¡Ãifnoc	lev¡Ãifnoc	moc	acit©Ãneg	o£Ã§Ãagil	ed	apam	mu	,sacim´Ãneg	saicnªÃuqes	ed	edadilibinopsid	A	.acipÃtonef	o£Ã§Ãairav	ad	acit©Ãneg	esab	,noitubirtsid	,ecneserp	fo	snoitanibmoc	ehT	.drib	a	fo	yrotsih	efil	eht	fo	segats	tnereffid	ta	nees	ylraelc	eb	nac	snrettap
roloc	fo	msihpromid	lauxes	dna	segnahc	lanosaeS	.)4002	niluoR(	snrettap	noitatnemgip	lufroloc	dna	tcnitsid	wohs	srehtaeF	snrettaP	noitaroloC	ni	snoitairaV	citeneG	Ã)	4102	(.The	gnef	ã‚2SSDP	Noitled	tfihsemarfnon	ã‚Nekcihc	ã‚elzzirfâ	€	ã	¢	ã‚erutcurts	rehtaef	or	snitairav	Ecnanimod	etelpmocni	ãvaTotaluger-Sic	ãvaegip/nekcihc	ã‚ydopolitpâ	€	ã	¢	‚)
2102	(.	¢	ã	‚)	1102	(.	‚You	oripahs	ã‚2bhpe	ã‚VeviseSece	Ãmicaegip	ã‚Sercâ	€	ã	¢	ã‚Noitatneiro	rehtaef	or	snitairav	ã‚)	2)	2	102	(.The	gnaw	ã‚8cxoh	ãvaecnanimod	etelpmocni	ã‚yroptaluger-sic	ã‚nekcihc	ã‚Sercâmon	€	ã	¢	ã	‚)	6102	(.	‚Yrotaluger-Sic	ã‚Nekcihc	ãvaSDraeb	DNA	Sffumâ	€	ã	¢	ã‚YTICIFES	lanoiger	ro	htgnel	rehtaef	or	snitairav	ã‚.	Secnerefer
ã	‚.	Seneg	etadidnac	ã	‚.	Ecnanimod	ã	‚.	EPYT	NOITATUM	ELBISSOP	Ã	‚.	Drib	ã	‚.	tnairaV	rehtaeF	stnairaV	lacigolohproM	rehtaeF	fo	sciteneG	ehT1	elbaT	.)1	Ãelbat(	sdrib	detacitsemod	ni	segnahc	yrotaluger-sic	hguorht	derrucco	segnahc	cipytonehp	rehtaef	fo	ytirojam	eht	,)9002	ozogogrO	dna	nretS(	snoitatum	gnidoc	llun	yb	desuac	era	stiart
noitacitsemod	ynam	hguohtlA	.)	1	Ãelbat(	snoegip	ro	snekcihc	detacitsemod	ni	snoitairav	rehtaef	fo	sisab	latnempoleved	dna	citeneg	nwonk	eht	wohs	selpmaxe	gniwollof	ehT	.stiart	evitpada	dna	cipytonehp	fo	noitairav	gniylrednu	seneg	fo	tceffe	dna	,noitacol	,rebmun	eht	gninrecnoc	,ygoloib	yranoitulove	ni	snoitseuq	tnatropmi	gnisserdda	rof	laedi
SDrib	Detacitsemod	Eht	Sekam	Osla	Snoitairav	Laroivaheb	Dna	Lacigolohprom	Suoirav	DNA,	Sloot	Lanoitcnuf	Lanoitcnuf	Melanhan	differentiation	can	generate	color	patterns.	The	precursors	of	melanã.	Critter	flow	from	a	horizontal	ring	at	the	proximal	base	of	the	penalties	and	migrate	to	Barb	ridges	and	produce	pigments	during	penalties	growth
(LIN,	Foley,	et	al.	2013).	The	distinct	gene	mechanisms	cause	apigmentation	in	different	birds	of	birds.	In	chicken	branches,	a	mutation	in	any	gene	on	the	path	of	pigment	may	interrupt	the	formation	of	pigments.	Mutuals	that	result	in	white	chickens	plumage	color	include	white	dominant	(I),	dun	(id),	recessive	white	(C),	red	-eyed	white	(CRE),
recessive	albino	(CA),	white	(Mow),	Mottled	(MO)	and	imperfect	albino	(salt)	(SMYTH	1990).	The	dominant	white	locus	is	known	to	be	associated	with	insertion	polymorphisms/deletion	in	the	PMEL17	gene,	which	encodes	a	special	melanã.Cyte	protection	(Kerje	et	al.	2004).	In	addition,	an	insertion	of	retroviral	sequence	Aviária	in	the	tyrosinase	(TYR)
gene,	which	encodes	a	necessary	key	enzyme	for	melanin's	sound,	was	identified	as	the	causative	mutation	of	the	phenomenon	recessive	white	in	chickens	(Chang	et	al.	2006;	Sato	et	al.	2007).	In	addition,	replacements	Nã	£	o-Synamics	C244F	and	R332H	in	the	endotheline	receptor	(EDNRB2)	gene	b2	(EDNRB)	are	responsible	for	recessive	white
(Mow)	and	Mottled	(MO)	pheams	of	plumage,	respectively	,	in	chickens	(Kinoshita	et	al.	2014).	In	addition,	imperfect	albinism	attached	to	chickens	can	be	caused	by	1	bp	(106delt)	exclusion	from	exon	2	of	SLC45A2	(Famãlia	de	carrier	healthy	45,	member	2,	protein)	(Gunnarsson	et	al.	2007)	,	resulting	in	a	picture	block	and	a	premature	stoppage	in
the	SLC45A2,	which	encodes	a	membrane	associated	transport	protein	wrapped	in	Velan.	Among	the	pigment	genes,	the	functions	and	variations	of	the	Melanocortin	1	receptor	gene	(MC1R)	are	the	most	studied	in	vertebrates.	A	lot	of	studies	that	MC1R	is	responsible	for	mechanics	mechanics	mU	.satnalp	san	solela	arap	sacifÃcepse	o£Ãsserpxe	ed
sa§Ãnerefid	uosuac	e	o£Ã§Ãadirbih	ed	sotneve	ed	oiem	rop	etnemlevissop	osohcor	obmop	on	)aeniugabmuloC(	onacirfa	ociplas	obmop	od	odassergortni	res	edop	sic	sarodaluger	sa§Ãnadum	moc	PDN	od	odavired	olela	o	,ossid	m©ÃlA	.sarrab	mes	sadazinordap	snegamulp	me	o£Ã§Ãatnemgip	sonem	me	matluser	PDN	on	laicini	oizodoc	ed	seµÃ§Ãatum
sA	.megamulp	ed	roc	ed	o£Ã§Ãairav	asse	ropââ	siev¡Ãsnopser	o£Ãs	PDN	on	esnessiM	od	o£Ã§Ãacifidoc	ed	o£Ã§Ãatum	amu	e	sic	sair³Ãtaluger	seµÃ§Ãaretla	sa	euq	marartsom	sacit©Ãneg	sesil¡Ãna	sA	.)8102	.la	te	yerkciV	;8102	onirallaM	e	nigieF(	o£Ã§Ãairav	asse	arap	otadidnac	eneg	mu	©Ã	)PDN(	eirroN	ed	a§Ãneod	ad	anÃetorp	ad	eneg	o	euq	es-
uocifireV	.serab	mes	uo	)lartsecna(	rab	,rodacifirev	,kcehc-T	:seroc	ed	o£Ãrdap	ed	sopit³Ãnef	ortauq	mebixe	,)8102	.la	te	tloH	;3102	.la	te	oripahS(	odatnom	e	odaicneuqes	iof	amoneg	ojuc	,)aiviL	abmuloC(	sosohcor	sobmop	sO	.)8102	.la	te	yerkciV	;7102	.la	te	ekooC(	o£Ã§Ãon	assed	seµÃ§Ãartsnomed	setnelecxe	o£Ãs	setnecer	sodutse	sioD	.aicnªÃrefer
ed	amoneg	ed	saicnªÃuqes	ed	edadilibinopsid	a	moc	sodatilicaf	res	medop	o£Ã§Ãaroloc	ed	seneg	arap	acim´Ãneg	aruderrav	e	sacit©Ãneg	sesil¡ÃnA	.)3102	.la	te	,yeloF	,yeloF	,niL(	sotic³Ãnalem	sod	o£Ã§Ãarutam	a	ebini	sacnarb	seµÃiger	sad	amiuqnªÃsem	on	ituoga	o£Ã§Ãazilanis	ed	anÃetorp	ad	o£Ãsserpxe	a	euqrop	©Ã	-	sotic³Ãnalem	ed	aicnªÃsua	uo
a§Ãneserp		Ã	eved	es	o£Ãn	,odaetarp	otirta	,ettodnayW	ed	ognarf	ed	sanep	me	saterp	sadrob	moc	lartnec	acnarb	o£Ãiger	amU	.)3102	.la	te	,yeloF	,niL(	esotpopa		Ã	o£Ãn	sam	,arutamerp	o£Ã§Ãaicnerefid		Ã	eved	es	sotic³Ãnalem	ed	aicnªÃsua	A	.sacnarb	seµÃiger	san	setnesua	sam	,sargen	seµÃiger	san	setneserp	o£Ãtse	sotic³Ãnalem	edno	,sadarrab
htuomylP	ahcor	moc	ognarf	ed	sanep	san	setneserp	o£Ãtse	sacnarb	e	saterp	sartsil	sA	.)3102	ikuzuS(	sorefÃmam	me	seroc	ed	omsifromilop	oa	adanoicaler	¡Ãtse	m©Ãbmat	ituoga	o£Ã§Ãazilanis	ed	anÃetorp	A	.)6102	onaloS	e	navlaG	;5002	ydnuM	;1002	regartnoB	e	ecirP(	sair¡Ãiva	seic©Ãpse	satium	mE	Cause	of	color	was	also	recently	mapped	and
characterized	in	Budgerigars	(Melopsittacus	undulatus)	(Cooke	et	al.	2017),	which	can	)sffum(ecaf	eht	fo	sedis	htob	no	worg	srehtaef	detagnol	:	:	:	:	:	:	:	:	:	:	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	;	)	Âte	nnamsuaH(	tnecseroulf	dna	lufroloc
egamulp	eht	ekam	ot	snivlufocattisp	dellac	eneylop	wolley	dna	,egnaro	,der	fo	ssalc	euqinu	to	a	©Ã	odavired	olela	o	e	obmop	od	atsirc	ad	opit³Ãnef	o	arap	odacifitnedi	iof	,B	opit	anirfe	ad	2	rotpecer	o	acifidoc	euq	,2BHPE	otadidnac	eneg	mU	.)3102	.la	te	oripahS(	asrever	edadiralop	moc	mecserc	siatipicco	sanep	sa	e	o§Ãocsep	o	,atsirc	moc	sobmop
soN	.sahnilag	sad	ad	etnerefid	©Ã	sobmop	sod	atsirc	A	sanep	ed	o£Ã§Ãatneiro	ed	obmop	od	atsirc	an	seµÃ§ÃairaV	.sodarbetrev	ed	elep	ad	secidnªÃpa	me	saigolofrom	savon	a	ravel	edop	sodavresnoc	etnematla	XOH	seneg	ed	acip³Ãtce	o£Ãsserpxe	a	es	rezid	son	edop	TSERC	o	e	BM	o	redneerpmoC	.odacifitnedi	iof	iof	o£Ãn	adnia	arodasuac	o£Ã§Ãatum
a	sam	,atsirc	moc	ognarf	ed	seµÃirbme	ed	anainarc	elep	an	roiam	©Ã	8cxoH	ed	o£Ãsserpxe	ed	levÃn	o	euqrop	)2102	.la	te	gnaW(	8cxoH	ed	acip³Ãtce	o£Ãsserpxe	an	odnatluser	,sic	o£Ã§Ãa	ed	air³Ãtaluger	o£Ã§Ãatum	amu	rop	odasuac	ajes	euq	es-eµÃporP	tserC	nekcihC	tserC	O	.)2102	.la	te	gnaW(	o£Ã§Ãagil	ed	opurg	etsen	cxoH	retsulc	oa	odaicossa
etnematelpmoc	e	)5laglaG	otnujnoc	on	33	omossomorc	oa	odÃubirta	©Ã(	82W91C22E	o£Ã§Ãagil	ed	opurg	on	sodazilacol	ratse	martsom	ognarf	ed	atsirc	masuac	euq	sodatum	seneg	sO	.larberec	ainr©Ãh		Ã	odaicossa	¡Ãtse	e	otelpmocni	aicn¢Ãnimod	ed	ocim´Ãssotua	opit³Ãnef	mu	©Ã	tserC	nekcihC	O	.sanep	sad	otnemirpmoc	on	o£Ãn	,otnemicserc	od
o£Ã§Ãatneiro	an	a§Ãnadum	amu	a	adived	ajes	obmop	od	atsirc	a	arobme	,snegavles	seva	ed	seic©Ãpse	me	odavresbo	res	edop	etnemlareg	etnahlemes	opit³Ãnef	mU	.)3002	sletraB(	a§Ãebac	ad	opot	on	mecserc	sadagnola	sanep	sa	lauq	on	,opit³Ãnef	mu	©Ã	sahnilag	me	atsirc	A	ognarf	ed	atsirC	.)6102	.la	te	ouG(	BM	sahnilag	me	8BXOH	eneg	od	otla
siam	o£Ãsserpxe	ed	levÃn	mu	a	ravel	etnemlaicnetop	edop	euq	axelpmoc	laruturtse	o£Ã§Ãairav	amu	uolever	amoneg	od	otnemanoicexemer	O	.)6102	.la	te	ouG(	72	omossomorc	on	odazilacol	¡Ãtse	BM	opit³Ãnef	o	odnasuac	otadidnac	eneg	o	euq	marartsom	sacit©Ãneg	sesil¡ÃnA	.)0391	vorteP	e	yksvorbereS(	aicn¢Ãnimod	ed	atelpmocni	acim´Ãssotua
a§Ãnareh	ed	odom	mu	artsom	elE	.)BM(	sadabrab	e	sadafaba	sahnilag	me	)sabrab(	ocib	od	oxiabA	by	a	wide	variety	of	crest	range	(Shapiro	Etã	¢	al.	2013),	suggesting	that	si	,)7002	.laÂ	Ãte	werD	;0002	.laÂ	Ãte	ztilediW(	gninrettap	rehtaef	rof	deriuqer	snietorp	owt	rof	edoc	hcihw	,RADE	dna	1BNNTC	fo	noisserpxe	detautcnuP	.)6991	reywaS	dna	gnoS
;7791	namtorB	;3691	ttobbA	dna	legneS(	gninrettap	rehtaef	rof	lacitirc	si	seussit	lamred	dna	lamredipe	eht	neewteb	gnilangis	lacorpicer	fo	gnimit	ehT	.tiart	eht	rof	elbisnopser	si	elella	evissecer-lamosotua	elgnis	A	.)4891	reywaS	dna	ylliauohD	;7591	nosdnumsA	dna	ttobbA(	snekcihc	tluda	ni	tnesba	gnieb	srehtaef	tsom	ni	gnitluser	,	nekcihc	sselelacs
eht	ni	sisenegoyrbme	gnirud	mrof	ot	liaf	sedocalp	elacs	dna	rehtaeF	)cs/cs(	sselelacS	.nwonknu	si	seiceps	rehto	ni	sepytonehp	ralimis	gnitareneg	ni	elor	tnatropmi	na	syalp	osla	dica	cioniter	rehtehw	tub	,sepytonehp	kcen	dekan	tibihxe	osla	sdrib	dliw	ynaM	.)1102	.Lâ	ãte	uom	(dica	cioniter	fo	level	noitcudorp	hgih	a	ot	eud	gnilangis	pmb	ot	erom
semceb	kcen	eh	niks	gnipoleved	eht,	snekcihc	kcen	n	centh	family	nik	nik	nik	nik	nik	ob	ni	noitamrof	rehtaef	tibihni	ot	hguone	ton	si	21PMB	fo	noisserpxerevO	.snekcihc	kcen	dekan	fo	niks	ni	21PMB	fo	noisserpxe	cipotce	eht	sevird	taht	tnemele	yrotaluger-sic	a	seirrac	ylbamuserp	noitresni	sihT	.)1102	.laÂ	Ãte	uoM	;0002	.laÂ	Ã	te	letip	(noitatum
evitasuac	eh	deifitnedi	saw	3	emosomorhc	otni	1	emosomorhc	morf	noiger	cinegartni	na	noitresni	naâ	"�	€	¢	¢	¢	¢	¢	¢	¢	ã	��	â	ã	ã	ã	ã	ã	ã	â	â	â	ht	ht	ht.	dekan	ehT	.tiart	eht	rof	elbisnopser	si	elella	tnanimod	yletelpmocni	lamosotua	nA	.kcen	eht	no	srehtaef	sesol	yletelpmoc	sdrib	fo	kcen	dekan	ehT	kceN	dekaN	noitubirtsiD	rehtaeF	ni	snoitairaV	.nwonk
ton	si	srehtaef	latipicco	dna	kcen	ni	ylno	ytiralop	dub	rehtaef	fo	lasrever	eht	ot	sdael	egnahc	ET	WOH	Keeping	in	a	very	short	time	in	some	regions	of	the	embryo	body	without	scale	(Houghton	et	al.	2007),	reducing	the	pattern	formation	of	the	epidermis	and	causing	diffusive	expression	of	DLL1,	the	marker	of	condensate	dimic	along	the	dermis
(Viallet	et	al.	1998).	Therefore,	the	diminish	condensation	can	not	form	properly	in	the	skin	of	chickens	without	homozigo	scale.	A	Stop-Gain	Mutation	in	FGF20,	a	gene	expressed	in	an	early	phase	during	the	development	of	penalties	in	the	epidermis,	was	found	as	the	causative	mutation	of	the	scaleless	phenomenal	(Wells	et	al.	2012	).	Petilopã	©
Penal	Penalty	is	observed	in	some	wild	birds,	as	well	as	domesticated	pigeons	and	chickens.	Two	great	effect	genes	tell	for	Pigeons's	penalties	(Doncaster	1912;	Wexelsen	2010).	Regular	Mutations	in	the	Hindlimb	Pitx1	Experience	Transcript	Factor,	which	encodes	the	Homeodomain	paired	1,	and	the	Forelimb	TBX5	specific	transcript	factor,	which
encodes	the	transcript	factor	The	T	Caixa	T,	both	were	identified	as	the	causative	genes	of	the	Pigeon	Pthilopian	(Domyan	et	al.	2016).	Changes	in	the	expression	of	Pitx1	and	TBX5	can	partially	transform	Hindlimb	to	Forelimb	Identity	and	therefore	forming	pigeons	shaken.	Ectopically	expressing	tbx5	can	cause	pages	of	pads	in	chickens	(Domyan	et
al.	2016).	Variations	in	Feather	Structure	Frizzle	Frizzle	Feathers	were	described	in	some	chickens	(Fig.	4a)	where	adult	contour	feathers	all	curl	out	and	up	(Fig.	4b)	because	of	defects	in	form	Of	penalty	medulla	in	which	the	proliferation	zone	of	cionis	in	the	rachis	is	much	narrower	than	in	a	normal	rachis	(Fig.	4c).	The	chicken	phenomenon	is	an
incomplete	autosanic	domain.	A	nucleotan	polymorphisms	of	nucleotan	in	a	number	of	chicken	pedigles	showed	the	causative	gene	in	a	set	of	genes	inside	the	connection	group	od	o£Ã§Ãavita	alep	adizudorp	©Ã	pb-96	o£Ãsulcxe	amu	moc	o£Ã§Ãircsnart	amU	.ocitpÃrc	gnicilps	ed	etis	mu	rop	odairc	5	noxe	on	lanoicida	o£Ãsulcxe	a	martsom	orucse	aznic
sarteL	.ocim´Ãneg	AND	on	pb-48	o£Ãsulcxe	a	martsom	saralc	saznic	sarteL	.57TRK	eneg	od	F	olela	od	laicrap	aicnªÃuqeS	)E(	.ANRm-©Ãrp	od	amargaid	od	amica	odartsom	©Ã	ocitnªÃtua	etis	od	odadiuc	od	o£Ã§Ãangised	ed	osu	o	e	,oxiaba	odartsom	©Ã	)962	o£Ã§Ãisop(	ocitpÃrc	gnicilps	ed	lacol	od	osu	o	odnangised	odadiuc	O	.ahnil	amu	rop
odangised	©Ã	5	nortni	;noxe	saicnªÃuqes	matneserper	saterp	saxiaC	.5	nortni	od	95+	a	5	noxe	od	422	seµÃ§Ãisop	erboc	euq	o£Ãsulcxe	alep	odavita	ocitpÃrc	gnicilps	ed	lacol	o	e	57TRK	ognarF	)D(	.oproc	od	sanep	ed	suoecannep	atenoimac	amu	me	sihcar	sod	s©Ãvarta	lasrevsnart	o£Ã§Ães	amu	ed	roirepus	atsiV	:roirefni	leniaP	.sihcar	sod	sievÃn
setnerefid	me	LENUT	e	ANCP	o£Ã§Ãaroloc	:roirepus	leniaP	)C(	.siaretal	e	lartnev	,siasrod	satsiv	me	sacirf	sahnilag	e	siamron	socnarb	soriehnipse	ed	oproc	ed	sanep	ed	o£Ã§ÃarapmoC	)B(	.sªÃm	1	ed	e	sotluda	arap	acirf	ed	sognarF	)A(	.ohnicof	od	o£Ã§ÃatuMâa§Ãiderroc	a	exiaBaiug	avon	an	arbA	.sanep	me	setnesua	o£Ãtse	snitarek-±Î	sa	euq	ed
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exon	5	and	intron	5,	respectively.	The	authentic	and	cryptic	mRNA	splicing	sites	are	demonstrated	by	the	underlines.	Adapted	from	Ng	etÃ	Âal.	(2012).	Silkieness	A	lack	of	barbicel	formation	is	responsible	for	the	silky-feather,	which	is	inherited	as	an	autosomal	recessive	trait	and	is	also	referred	to	as	hookless	(Cole	and	Hollander	1939;	Miller	1956).
The	Silkie	chicken	exhibits	a	fluffy	appearance	in	the	body	contour	feathers.	The	flight	feathers	of	Silkie	chickens	are	less	affected,	so	they	can	form	some	hooklets	(Jones	1921).	The	silky	feather	locus	of	chicken	was	mapped	to	chromosome	3	(Dorshorst	etÃ	Âal.	2010;	Feng	etÃ	Âal.	2014).	A	single	regulatory	single	nucleotide	polymorphism	regulating
the	expression	of	the	PDSS2	gene,	which	encodes	decaprenyl-diphosphate	synthase	subunit	2,	is	proposed	to	be	associated	with	the	silkieness	phenotype	in	the	chicken	(Feng	etÃ	Âal.	2014).	The	silky-feather	can	also	be	found	in	domesticated	pigeons	(the	Silky	Fantail)	but	is	different	from	the	silky-feather	in	chickens.	In	the	pigeon	breed,	the	gene	is
named	the	lace-feathering	locus	(Cole	and	Hollander	1939).	Hooklets	are	present	on	the	barbules	in	the	silky	pigeons	but	are	abnormally	thickened.	Diversity	of	Feathers	among	Avian	Species	Evolutionary	stasis	(conservation)	at	the	level	of	chromosomal	structure	and	gene	synteny	is	observed	among	avian	genomes	(Ellegren	2010).	In	birds,	despite
the	presence	of	diverse	and	highly	novel	phenotypic	features,	few	genomic	structural	changes	have	been	identified	as	the	cause	of	the	phenotypic	change.	Moreover,	no	novel	genes	except	Ã²Â-keratin	genes	and	other	genes	of	the	epidermal	differentiation	complex	(EDC)	have	been	found	involved	in	feather	development	(fig.Ã	Â2).	However,
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o£Ãsserpxe	ed	o£Ãrdap	ovon	o	ranoislupmi	medop	sodavresnoc	sotnemele	sO	to	adapt	to	their	environments	and	lifestyles	(Greenwold	et	al.	2014).	Differences	in	color	and	plumage	morph	promote	speciation	phenotypic	traits	of	plumage	are	often	related	to	mate	choice	and	species	recognition,	and	divergence	of	plumage	trait	can	promote	speciation
in	birds.	The	genetic	and	molecular	mechanisms	of	interspecific	differences	of	plumage	traits,	however,	are	largely	unknown.	Plumage	traits	are	usually	very	complex	and	involved	many	genes,	but	coloration	is	one	of	the	most	well-recognized	and	studied	trait.	Indeed,	recent	studies	of	two	crow	species	in	Europe	have	found	the	putative	molecular
pathways	of	plumage	color	trait,	using	genomic	and	transcriptomic	approaches	(Poelstra	etÃ	Âal.	2014;	Vijay	etÃ	Âal.	2016).	Carrion	Crow	versus	Hooded	Crow	The	carrion	crow	(Corvus	corone)	and	the	hooded	crow	(Corvus	cornix)	are	two	phenotypically	distinct	crow	species	in	Europe.	These	two	closely	related	crow	species	differ	distinctly	in	their
plumage	colors:	The	plumage	of	carrion	crows	is	all	black,	whereas	that	of	hooded	crows	is	gray-coated.	Most	of	their	geographic	distributions	do	not	overlap	with	two	exceptions,	one	of	which	forms	a	hybrid	zone,	which	distributes	roughly	from	north	to	south	through	central	Europe	(de	Knijff	2014).	Because	of	gene	flow,	most	genetic	markers	are
undifferentiated	between	them	(Haring	etÃ	Âal.	2007;	Haas	etÃ	Âal.	2009).	Some	biologists	classified	them	as	two	subspecies	because	of	genome-wide	genetic	homogeneity	and	lack	of	complete	reproductive	isolation	(Wolf	etÃ	Âal.	2010),	but	some	others	considered	them	as	full	species	because	of	apparent	nonrandom	mating	and	reduced	hybrid
fitness.	Despite	of	having	hybrid	zones,	spatial	segregation	of	plumage	coloration	has	remained	remarkably	stable	over	the	past	century.	Color-assortative	mating	suggested	that	the	color	differentiation	of	plumage	could	have	promoted	speciation	of	these	two	species.Using	the	high-coverage	whole-genome	sequences	and	transcriptomes	of	these	two
crow	species,	Poelstra	etÃ	Âal.	(2014)	tried	to	identify	the	¢ÃÂÂspeciation	islands¢ÃÂÂ	from	Vast	majority	of	different	humble	genes.	One	of	these	special	islands	is	located	on	chromosome	18,	with	a	size	of	1.95	Âdy	mb,	which	contains	a	large	reversal	found	in	fleshy	crows,	but	not	hooded	crows	with	crows	.	Vairs	genes	in	this	genemic	registration
involved	in	the	regulation	of	pigmentation,	visual	perception	and	hormone	equilibrium	were	subexpressed	in	hooded	crows,	suggesting	that	color	and	suggestion	Visual	are	coupled,	so	that	they	tend	to	perform	associative	mating.	In	a	population	study,	Vijay	et	al.	(2016)	analyzed	124	corvus	population	genomes	of	Corvus	(Corone)	spp.	Complex	of
corve	sciences.	The	parallelism	of	a	sexually	selected	plumage	phenomenon	can	be	found	in	vain	contact	zones	of	these	spories	(C.	corone/cornix/orientalis/pectoral),	in	which	common	selection	selections	are	common.	General	registrations	with	identified	selection	signatures	are	specific	for	different	phenomenon	contact	zones	and	pigment	genes
divergently	selected	candidates	were	different	from	the	population,	suggesting	that	the	selection	It	acts	mainly	on	the	molecular	path	linked	to	the	multigenic	phenomenon,	instead	of	acts	repeatedly	of	the	generational	gene.	This	phenomenon	may	be	due	to	limited	local	gene	variations	of	genic	targets	for	divergent	selection	to	act.	Color	morphs	and
sparrow	of	the	white	throat	sparrow	and	the	white	throat	sparrow	(zonotrichia	albicollis)	in	the	northern	rich	shows	two	color	morphs	of	its	plumage:	white	stripes	and	tanned	stripes	in	head	and	throat	.	It	is	interesting	Tuttle	et	al.	(2016)	applied	the	sectioning	of	the	entire	genome	again,	along	with	population	and	phylogenic	data,	and	found	a
supergeneous	mainly	responsible	for	morphological	and	behavioral	differences	between	the	two	morphs.	More	than	1,000	genes	are	highly	divergent	between	Two	morphs,	many	of	which	are	candidate	genes	for	the	behavior	and	plumage	of	morphology	(Tuttle	et	al.	2016).	The	phylogenamenic	manlysis	showed	that	the	two	supergene	alleles
originated	before	the	special	sparrow	of	its	sister-£	spot,	the	sparrow	of	Harris	and	existed	in	a	sister	£	unknown.	.	This	chromosome	has	become	polyman	in	the	white	white	sparrow	relatively	recently,	probably	through	a	past	hybridization	event	followed	by	an	adaptive	introduction.	They	also	discovered	that	allele	â	€	œBrancoâ	€	carries	many
deleted	mutations	because	of	the	absence	of	recombination	and	genes	in	the	inverse	subexpresses.	Another	supergennio	was	also	shown	to	control	other	different	forms	(independent,	satiste	and	faeders),	reproduction	plumage	and	behavior	in	the	Ruff,	Philomachus	pugnax,	a	peat	of	breeding	Lek	(Kupper	et	al.	2016;	Lamichhaney	et	al.	2016).	Four
mutation	in	the	SATÃ	©	Lite	supergene	allele	that	disturbs	the	MC1R	protein	can	result	in	white	ruff	tufts	of	satan	ruffs	(Lamichhaney	et	al.	2016).	These	powerful	genes	are	powerful	to	reveal	the	phenotype	integrity	of	poultry	plumage	and	special.	Altricial	versus	preocial	Birds	Natal	down,	the	low	penalty	in	incubation,	is	one	of	the	distinctive
characters	to	discriminate	between	altric	and	practical	birds	(Starck	and	Ricklefs	1998).	Small	or	no	penalties	are	found	in	the	skin	of	altritial	ecclesion,	while	descent	feathers	covered	in	the	practical	incubation.	It	is	believed	that	the	divergence	of	the	development	of	stoppage	between	altric	and	practical	incubation	is	caused	by	different
transforming	requirements	and	heat	conservations	(Starck	and	Ricklefs	1998).	Naked	dorsal	skin	of	altritial	incubation	could	facilitate	the	most	efficient	torm	of	your	parents	(Starck	and	Ricklefs	1998).	In	addition,	energy	saves	from	the	growth	of	can	be	used	to	develop	other	organs,	such	asBrain	growth	of	chicks	(Starck	and	Ricklefs	1998).	The
phylogenetic	distribution	of	altricial	and	presocial	birds	(Starck	and	Ricklefs	1998)	and	the	discovery	of	a	precocial	avian	embryo	fossil	indicate	that	the	atricial	phenotype	evolved	from	the	early	phenotype.	respectively.	Its	genomes	are	sequenced	and	well	noted	(International	Chicken	Genome	Sequencing	Consortium	2004;	Warren	et	al.	2010).	As
Zebra	Finch's	chromosome	25	contains	fewer	quill	genes	than	chicken,	it	was	proposed	that	this	could	be	a	consequence	of	the	lack	of	Christmas	in	Passeriformes	(Greenwold	and	Sawyer	2010).	A	transcriptomic	study	showed	that	the	chicken's	Christmas	uses	mainly	peacin	genes	in	chromosomes	1	and	25	(Wu	et	al.	2015).	Chen	et	al.	(2016)	used
these	two	birds	as	models	to	identify	the	regulatory	differences	between	the	early	and	altricial	development	of	the	lower	birth.	In	particular,	in	zebra	-Finch,	the	growth	of	Christmas	down	is	suppressed	in	the	anterior	dorsal	skin,	but	only	partially	suppressed	in	the	posterior	dorsal	skin	(Fig.	Comparing	the	transcriptome	of	the	two	types	of	skins	in
different	stages	of	development.	Open	in	new	formations	of	TabDownload's	Dorsal	Christmas	Slide	in	Finch	and	chicken.	(A)	Pain	view	of	the	feather	sectors	in	a	zebra	finch	puppy.	Open	circles	show	feather	buds	that	do	not	turn	into	pending	feathers	and	black	circles	indicate	bad	feather	formations.	(B)	feather	formations	of	type	I	(open	circles)	and
type	II	(black	circles).	Type	I	feather	buttons	do	not	turn	into	pending	feathers	and	contour	feathers	develop	buttons	directly	from	feathers.	On	the	other	hand,	in	the	middle	band	of	the	posterior	dorsal	tract	and	other	regions	marked	with	black	circles,	the	buds	form	natal	down	before	the	growth	of	the	contour	feathers,	same	as	the	natal	down
formation	process	in	chickens.	(C)	A	summary	diagram	of	types	I	and	II	feather	formations,	and	genes	involved	in	the	down	development	pathway.	Adapted	from	Chen	etÃ	Âal.	(2016).SHH	(sonic	hedgehog),	the	feather	growth	promoter	(Chuong,	Chodankar,	etÃ	Âal.	2000;	Chuong,	Patel,	etÃ	Âal.	2000),	was	found	to	have	a	higher	expression	level	in
the	natal	down-growing	region	than	in	naked	skin	(Chen	etÃ	Âal.	2016).	Moreover,	both	the	RNA-seq	and	in	situ	hybridization	data	suggested	that	the	involvement	of	FGF/MAPK	signaling	pathway	suppresses	SHH	expression	in	naked	skin.	Ectopic	expression	of	FGF16,	the	candidate	suppressor,	on	embryonic	chicken	skin	downregulated	SHH,
upregulated	the	feather	growth	suppressor	FGF10,	and	suppressed	the	feather	bud	elongation,	suggesting	that	the	differences	in	natal	down	formation	between	precocial	and	altricial	birds	are	due	to	the	regulatory	divergence	in	genes	of	the	FGF/MAPK	signaling	pathway	(fig.Ã	Â5C).	Moreover,	a	long	noncoding	RNA	may	regulate	the	3¢ÃÂ²Â	UTR	of
an	upstream	factor	of	c-Myc,	which	is	known	to	promote	the	epithelium	cell	proliferation	in	feather	bud	elongation	(Chen	etÃ	Âal.	2017).According	to	the	phylogenetic	distribution,	the	precocial¢ÃÂÂaltricial	transition	appears	to	have	occurred	multiple	times	during	the	evolution	of	birds	(Starck	and	Ricklefs	1998;	Jarvis	etÃ	Âal.	2014;	Prum	etÃ	Âal.
2015).	Birds	belonging	to	Ciconiiformes	and	Gruiformes	are	mostly	precocial	but	they	are	nested	with	other	altricial	lineages,	while	altricial	birds	of	Cuculiformes	and	Apodiformes	are	clustered	with	other	precocial	lineages	(Starck	and	Ricklefs	1998;	Jarvis	etÃ	Âal.	2014;	Prum	etÃ	Âal.	2015).	It	is	still	unknown	if	different	mechanisms	act	in	the	natal
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