
	

Continue

https://cructi.ru/uplcv?utm_term=karyotype+46+xy+means


Karyotype	46	xy	means

1.Lee	PA,	Houk	CP,	Ahmed	SF,	Hughes	IA:	International	Consensus	Conference	on	Intersex	organized	by	the	Lawson	Wilkins	Pediatric	Endocrine	Society	and	the	European	Society	for	Pediatric	Endocrinology.	Consensus	statement	on	management	of	intersex	disorders.	International	Consensus	Conference	on	Intersex.	Pediatrics.	2006,	118:	488-500.
10.1542/peds.2006-0738.Article		Google	Scholar		2.Rohatgi	M,	Gupta	DK,	Menon	PS,	Verma	IC,	Mathur	M:	Mixed	gonadal	dysgenesis	and	dysgenetic	male	pseudohermaphroditism	-	a	critical	analysis.	Indian	J	Pediatr.	1992,	59	(4):	487-500.	10.1007/BF02751566.CAS		Article		PubMed		Google	Scholar		3.Hawkins	JR,	Taylor	A,	Goodfellow	PN,	Migeon
CJ,	Smith	KD,	Berkovitz	GD:	Evidence	for	increased	prevalence	of	SRY	mutations	in	XY	females	with	complete	rather	than	partial	gonadal	dysgenesis.	Am	J	Hum	Gen.	1992,	51:	979-984.CAS		Google	Scholar		4.Fuqua	JS,	McLaughlin	J,	Perlman	EJ,	Berkovitz	GD:	Analysis	of	the	SRY	gene	in	gonadal	tissue	of	subjects	with	46,XY	gonadal	dysgenesis.	J
Clin	Endocrinol	Metab.	1997,	82	(2):	701-702.	10.1210/jc.82.2.701.CAS		PubMed		Google	Scholar		5.Tagliarini	EB,	Assumpção	JG,	Scolfaro	MR,	Mello	MP,	Maciel-Guerra	AT,	Guerra	Júnior	G,	Hackel	C:	Mutations	in	SRY	and	WT1	genes	required	for	gonadal	development	are	not	responsible	for	XY	partial	gonadal	dysgenesis.	Br	J	Med	Biol	Res.	2005,
38:	17-25.CAS		Article		Google	Scholar		6.Lin	L,	Achermann	JC:	Steroidogenic	factor-1	(SF-1,	Ad4BP,	NR5A1)	and	disorders	of	testis	development.	Sex	Dev.	2008,	2:	200-209.	10.1159/000152036.CAS		Article		PubMed		PubMed	Central		Google	Scholar		7.Lourenço	D,	Brauner	R,	Lin	L,	De	Perdigo	A,	Weryha	G,	Muresan	M,	Boudjenah	R,	Guerra-Junior
G,	Maciel-Guerra	AT,	Achermann	JC,	McElreavey	K,	Bashamboo	A:	Mutations	in	the	NR5A1	gene	encoding	steroidogenic	factor-1	are	associated	with	ovarian	insufficiency.	N	Engl	J	Med.	2009,	360:	1200-1210.	10.1056/NEJMoa0806228.Article		PubMed		PubMed	Central		Google	Scholar		8.Ferraz-de-Souza	B,	Lin	L,	Achermann	JC:	Steroidogenic	factor-
1	(SF-1,	NR5A1)	and	human	disease.	Mol	Cell	Endocrinol.	2011,	336	(1–2):	198-205.CAS		Article		PubMed		PubMed	Central		Google	Scholar		9.German	J:	Abnormalities	of	human	sex	chromosomes.	V.	A	unifying	concept	in	relation	to	the	gonadal	dysgenesis.	Clin	Genet.	1970,	1:	15-27.Article		Google	Scholar		10.Farrugia	MK,	Sebire	NJ,	Achermann	JC,
Eisawi	A,	Duffy	PG,	Mushtaq	I:	Clinical	and	gonadal	features	and	early	surgical	management	of	45,	X/46,	XY	and	45,	X/47,	XYY	chromosomal	mosaicism	presenting	with	genital	anomalies.	J	Pediatr	Urol.	2012,	24:	1-6.	Google	Scholar		11.Silber	SJ:	The	Y	chromosome	in	the	era	of	intracytoplasmic	sperm	injection:	a	personal	review.	Fertil	Steril.	2011,
95	(8):	2439-2448.	10.1016/j.fertnstert.2011.05.070.	e1-5CAS		Article		PubMed		Google	Scholar		12.Patsalis	PC,	Skordis	N,	Sismani	C,	Kousoulidou	L,	Koumbaris	G,	Eftychi	C,	et	al:	Identification	of	high	frequency	of	Y	chromosome	deletions	in	patients	with	sex	chromosome	mosaicism	and	correlation	with	the	clinical	phenotype	and	Y-chromosome
instability.	Am	J	Med	Genet	A.	2005,	135	(2):	145-149.Article		PubMed		Google	Scholar		13.Siffroi	JP,	Bourhis	CL,	Krausz	C,	Barbaux	S,	Quintana-Murci	L,	Kanafoni	S,	et	al:	Sex	chromosome	mosaicism	in	males	carrying	Y	chromosome	long	arm	deletions.	Hum	Reprod.	2000,	15	(12):	2559-2562.	10.1093/humrep/15.12.2559.CAS		Article		PubMed	
Google	Scholar		14.Bachtrog	D:	Y-chromosome	evolution:	emerging	insights	into	processes	of	Y-chromosome	degeneration.	Nat	Rev	Gnet.	2013,	14	(2):	113-124.CAS		Article		Google	Scholar		15.Hughes	JF,	Skaletsky	H,	Brown	LG,	Pyntikova	T,	Graves	T,	Fulton	RS,	Dugan	S,	Ding	Y,	Buhay	CJ,	Kremitzki	C,	Wang	Q,	Shen	H,	Holder	M,	Villasana	D,
Nazareth	LV,	Cree	A,	Courtney	L,	Veizer	J,	Kotkiewicz	H,	Cho	TJ,	Koutseva	N,	Rozen	S,	Muzny	DM,	Warren	WC,	Gibbs	RA,	Wilson	RK,	Page	DC:	Strict	evolutionary	conservation	followed	rapid	gene	loss	on	human	and	rhesus	Y	chromosomes.	Nature.	2012,	483	(7387):	82-86.	10.1038/nature10843.CAS		Article		PubMed		PubMed	Central		Google
Scholar		16.Li	Y,	Vilain	E,	Conte	F,	Rajpert-De	Meyts	E,	Lau	YF:	Testis-specific	protein	Y-encoded	gene	is	expressed	in	early	and	late	stages	of	gonadoblastoma	and	testicularcarcinoma	in	situ.	Urol	Oncol.	2007,	25	(2):	141-146.	10.1016/j.urolonc.2006.08.002.CAS		Article		PubMed		Google	Scholar		17.Skaletsky	H,	Kuroda-Kawaguchi	T,	Minx	PJ,
Cordum	HS,	Hillier	L,	Brown	LG,	et	al:	The	male-specific	region	of	the	human	Y	chromosome	is	a	mosaic	of	discrete	sequence	classes.	Nature.	2003,	423	(6942):	825-837.	10.1038/nature01722.CAS		Article		PubMed		Google	Scholar		18.Ensembl	Genome	Browser.	Disponível	em:	.	Acesso	em:	201319.Alvarez-Nava	F,	Puerta	H,	Soto	M,	Pineda	L,
Temponi	A:	High	incidence	of	Y-chromosome	microdeletions	in	gonadal	tissues	from	patients	with	45,	X/46,	XY	gonadal	dysgenesis.	Fertil	Steril.	2008,	89	(2):	458-460.	10.1016/j.fertnstert.2007.02.058.Article		PubMed		Google	Scholar		20.Mekkawy	M,	Kamel	A,	El-Ruby	M,	Mohamed	A,	Essawi	M,	Soliman	H,	et	al:	Isodicentric	Y	chromosomes	in
Egyptian	patients	with	disorders	of	sex	development	(DSD).	Am	J	Med	Genet	Part	A.	2012,	158A:	1594-1603.	10.1002/ajmg.a.35487.Article		PubMed		Google	Scholar		21.Mitra	A,	Dada	R,	Kumar	R,	Gupta	NP,	Kucheria	K,	Gupta	SK:	Y	chromosome	microdeletions	in	azoospermic	patients	with	Klinefelter’s	syndrome.	Asian	J	Androl.	2006,	8	(1):	81-88.
10.1111/j.1745-7262.2006.00083.x.CAS		Article		PubMed		Google	Scholar		22.Plaseski	T,	Noveski	P,	Trivodalieva	S,	Efremov	GD,	Plaseska-Karanfilska	D:	Quantitative	fluorescent-PCR	detection	of	sex	chromosome	aneuploidies	and	AZF	deletions/duplications.	Genet	Test.	2008,	12	(4):	595-605.	10.1089/gte.2008.0068.CAS		Article		PubMed		Google
Scholar		23.Umeno	M,	Shinka	T,	Sato	Y,	Yang	XJ,	Baba	Y,	Iwamoto	T,	Nakahori	Y:	A	rapid	and	simple	system	of	detecting	deletions	on	the	Y	chromosome	related	with	male	infertility	using	multiplex	PCR.	J	Med	Invest.	2006,	53	(1–2):	147-152.Article		PubMed		Google	Scholar		24.Navarro-Costa	P,	Plancha	CE,	Gonçalves	J:	Genetic	dissection	of	the	AZF
regions	of	the	human	Y	chromosome:	thriller	or	filler	for	male	(in)fertility?.	J	Biomed	Biotechnol.	2010,	2010:	936569-Article		PubMed		PubMed	Central		Google	Scholar		25.Yogev	L,	Segal	S,	Zeharia	E,	Gamzu	R,	Maymon	BB,	Paz	G,	Botchan	A,	Hauser	R,	Yavetz	H,	Kleiman	SE:	Sex	chromosome	alignment	at	meiosis	of	azoospermic	men	with
azoospermia	factor	microdeletion.	J	Androl.	2004,	25	(1):	110-116.Article		PubMed		Google	Scholar		26.Beaulieu	Bergeron	M,	Brochu	P,	Lemyre	E,	Lemieux	N:	Correlation	of	intercentromeric	distance,	mosaicism,	and	sexual	phenotype:	Molecular	localization	of	breakpoints	in	isodicentric	Y	chromosomes.	Am	J	Med	Genet	Part	A.	2011,	155:	2705-2712.
10.1002/ajmg.a.34260.Article		Google	Scholar		27.Plotton	I,	Ducros	C,	Pugeat	M,	Morel	Y,	Lejeune	H:	Transmissible	microdeletion	of	the	Y-	chromosome	encompassing	two	DAZ	copies,	four	RBMY1	copies,	and	both	PRY	copies.	Fertil	Steril.	2010,	94	(7):	2770-Article		PubMed		Google	Scholar		The	pre-publication	history	for	this	paper	can	be	accessed
here:	Page	2	Case	Sex	assignment	Current	age	(years)	Age	at	first	visit(months)	Urethral	meatus	Vaginal	introitus	Right	gonad	(site,type)	Left	gonad	(site,	type)	1	M	14	0.5	PS	-	LS,	DT	LS,	S	2	M	20	8	SCR	-	LS,	DT	LS,	DT	3	F	4	2.5	Normal	male	-	AB,	DT	I,	DT	4	F	16	0.2	SCR	-	AB,	DT	AB,	S	5	M	9	0.7	Norrnal	male	-	I,NB1	I,	NB1	6	M	25	4	SCR	-	LS,	DT
LS,	DT	7	F	19	204	SCR	-	AB,	DT	AB,	DT	8	M	15	8	Normal	male	-	AB,	S	AB,	DT	9	M	23	1.7	PS	-	LS,	NB	I,	DT	10	M	2.5	25	PS	-	LS,	T	AB,	S	11	M	17	6	PS	-	I,	S	I,	DT	12	M	4	6	SCR	-	LS,	T	AB,	DT	13	M	12	144	PS	-	LS,	DT	LS,	DT	-	absent,	+	present,	AB	abdominal,	DT	dysgenetic	testis,	F	female,	I	inguinal,	LS	labioscrotal,	M	male,	NB	not	biopsied,	PER
perineal,	PS	penoscrotal,	S	streak,	SCR	scrotal,	T	testis.	1High	FSH	levels	in	the	first	months	of	life	and	infancy.	Simply	put,	chromosomes	are	the	structures	that	hold	our	genes.	Genes	are	the	individual	instructions	that	tell	our	bodies	how	to	develop	and	keep	our	bodies	running	healthy.	In	every	cell	of	our	body	there	are	20,000	to	25,000*	genes
that	are	located	on	46	chromosomes.	These	46	chromosomes	occur	as	23	pairs.	We	get	one	of	each	pair	from	our	mother	in	the	egg,	and	one	of	each	pair	from	our	father	in	the	sperm.	The	first	22	pairs	are	labeled	longest	to	shortest.	The	last	pair	are	called	the	sex	chromosomes	labeled	X	or	Y.	Females	have	two	X	chromosomes	(XX),	and	males	have
an	X	and	a	Y	chromosome	(XY).	Therefore	everyone	should	have	46	chromosomes	in	every	cell	of	their	body.	If	a	chromosome	or	piece	of	a	chromosome	is	missing	or	duplicated,	there	are	missing	or	extra	genes	respectively.	When	a	person	has	missing	or	extra	information	(genes)	problems	can	develop	for	that	individuals	health	and	development.
Each	chromosomes	has	a	p	and	q	arm;	p	(petit)	is	the	short	arm	and	q	(next	letter	in	the	alphabet)	is	the	long	arm.	Some	of	the	chromosomes	like	13,	14,	and	15	have	very	small	p	arms.	When	a	karyotype	is	made	(see	below)	the	q	arm	is	always	put	on	the	bottom	and	the	p	on	the	top.	The	arms	are	separated	by	a	region	known	as	the	centromere	(red
in	picture),	which	is	a	pinched	area	of	the	chromosome.	The	chromosomes	need	to	be	stained	in	order	to	see	them	with	a	microscope.	When	stained	the	chromosomes	look	like	strings	with	light	and	dark	bands.	Each	chromosome	arm	is	defined	further	by	numbering	the	bands,	the	higher	the	number,	the	further	that	area	is	from	the	centromere.	How
are	Chromosome	Disorders	Diagnosed	—	Methods	of	Cytogenetic	Investigation	Chromosome	disorders	are	of	conditions,	caused	by	constitutional	numerical	or	structural	abnormalities	of	chromosomes.	Normally	every	cell	of	the	human	body	has	46	chromosomes,	organized	in	23	pairs	(22	pairs	of	autosomes,	identical	in	males	and	females)	and	one
pair	of	sex	chromosomes	–	XX	in	females	and	XY	in	males.	The	only	exceptions	are	egg–cells	and	sperm–cells,	which	have	only	haploid	set	of	chromosomes.	All	normal	egg–cells	have	karyotype	23,X;	the	sperm–cells	may	be	23,X	and	23,Y.	Fertilization	of	the	egg–cell	by	23,X–sperm	will	lead	to	development	of	female,	fertilization	by	23,	Y–sperm	will
produce	male	organism	46,XY.	Diagnosis	of	chromosomal	disorders	requires	analysis	of	chromosomes.	Experienced	clinicians	(geneticists,	dysmorphologists)	may	diagnose	many	chromosomal	disorders	by	clinical	examination.	But	even	if	clinical	diagnosis	is	obvious,	it	has	to	be	confirmed	by	cytogenetic	examination,	because	almost	all	chromosomal
disorders	may	exist	in	different	cytogenetic	variants	with	very	different	prognosis	for	the	family.	Therefore,	cytogenetic	testing	is	necessary	even	in	patients	with	a	clear	clinical	diagnosis.	Standard	cytogenetic	examination	requires	analysis	of	chromosomes	on	the	stage	of	metaphase	(metaphase	analysis).	At	this	stage	of	cell	division	all	chromosomes
became	clearly	visible	structures.	All	chromosomes	may	be	recognized	by	their	size,	position	of	a	centromere	and	characteristic	pattern	of	dark	and	light	bands,	which	can	be	seen	after	special	staining.	A	cytogeneticist	counts	number	of	chromosomes	in	each	of	studied	cells	and	compares	its	size	and	banding	pattern	with	a	standard.	If	the	studied
cells	have	46	chromosomes	with	normal	structure	karyotype	of	the	person	considered	as	normal.	If	there	are	some	abnormalities	it	may	be	evidence	of	a	chromosomal	disorder.	Basically	(in	normal	conditions)	all	cells	of	the	organism	have	the	same	karyotype.	Therefore,	theoretically	all	cells	may	be	used	for	cytogenetic	examination.	However,	the
preferential	types	of	cells	for	chromosomal	examination	are	cells	of	chorionic	villi	or	amniocytes	(in	prenatal	diagnosis	of	karyotype)	and	lymphocytes	(for	postnatal	examination).	Prenatal	examination	of	karyotype	is	usually	performed	for	several	groups	of	pregnant	women.	It	was	shown	that	pregnancy	by	a	fetus	with	some	chromosomal	syndromes
(trisomy	21	and	trisomy	18)	is	frequently	accompanied	by	an	increase	or	decrease	of	several	biochemical	components	of	serum.	Almost	all	trisomies	(trisomies	13,	18	and	21)	occur	more	often	in	fetuses	of	“older”	woman	(especially	after	35	years	of	age).	Age	and	biochemical	parameters	(taken	together)	allow	calculation	of	the	risk	for	Down’s
syndrome.	If	this	risk	is	higher	that	arbitrarily	chosen	level	(for	example,	higher	than	1%)	prenatal	examination	of	karyotype	is	recommended.	Some	abnormalities	of	the	fetus,	which	are	noted	upon	ultrasound	examination	may	be	another	indication	for	prenatal	cytogenetic	diagnosis.	The	examination	may	be	necessary	also	for	the	families	where	one
of	the	parents	is	a	carrier	of	a	balanced	structural	chromosomal	rearrangement	–	translocation,	inversion,	insertion	or	any	complex	rearrangement.	There	are	several	ways	to	obtain	cells,	identical	to	fetal	cells.	The	most	known	test	to	obtain	cells	at	early	stage	(~10–11	weeks)	is	chorionic	villus	sampling.	Under	the	control	of	ultrasound	the	special
instrument	is	inserted	via	uterine	cervix	or	thorough	the	abdominal	wall.	A	small	piece	of	placenta	with	growing	chorionic	villi	is	taken	for	analysis.	Short	term	cultivation	is	usually	needed.	Amniocentesis	is	a	predominant	way	to	obtain	cells	for	prenatal	diagnosis.	Small	amount	(5–10	ml)	of	amniotic	fluid	is	taken	from	the	amniotic	cavity	via
transabdominal	amniocentesis.	This	procedure	is	usually	performed	at	14–17	weeks	of	pregnancy.	Amniotic	fluid	has	plenty	of	amniotic	cells.	After	centrifugation	almost	all	amniotic	cells	are	concentrated	at	the	bottom	of	the	tube.	~1	ml	of	suspension	from	the	bottom	of	the	tube	is	placed	on	the	cover	slides	in	the	small	Petri	dishes.	A	special	medium
is	added	to	facilitate	growth	of	amniotic	cells.	After	a	short-term	cultivation	(usually	6–7	days)	the	cells	are	ready	for	analysis.	A	cytogeneticist	counts	~20	cells	at	least	from	2	flasks	and	karyotypes	several	cells.	In	some	centers	the	cytogeneticist	looks	on	the	cells	through	the	microscope,	other	centers	prefer	automatic	analysis,	when	the
cytogeneticist	looks	on	the	screen	of	the	special	computer	designed	for	the	selection	and	analysis	of	metaphases.	There	is	photographic	documentation	for	every	studied	person.	The	results	are	provided	to	the	patient	and	(if	the	results	show	a	chromosomal	disorder)	the	family	may	decide	to	continue	pregnancy	or	to	terminate	it.	Technically
amniocentesis	may	be	performed	also	in	a	more	advanced	pregnancy.	However	amniotic	cells	obtained	after	22	weeks	had	worse	growth	potentials	(than	amniotic	cells	at	14–17	weeks).	If	karyotype	at	late	pregnancy	became	really	necessary	samples	of	fetal	blood	may	be	obtained	by	puncture	of	fetal	umbilical	cord	(under	guidance	of	ultrasound).
Practically,	prenatal	cytogenetic	diagnosis	is	a	very	good	method	to	reduce	numerical	abnormalities,	mostly	trisomies.	Its	role	in	detection	of	chromosomal	disorders,	caused	by	structural	abnormalities	is	far	less,	because	most	women	pregnant	with	fetuses	having	structural	chromosomal	defects	are	young	and	do	not	have	biochemical	indications	for
amniocentesis.	The	only	(but	very	important)	exceptions	are	families	with	structural	chromosomal	abnormalities	in	one	of	the	parents.	In	these	families	prenatal	diagnosis	of	the	karyotype	may	be	crucial	for	decision	about	fate	of	the	pregnancy.	Actually,	the	last	group	of	families	may	benefit	from	preconceptional	diagnosis.	This	method	(or	better
these	methods)	may	allow	selection	of	normal	egg–cells	for	further	fertilization	in	vitro	and	implantation	of	the	embryo	with	already	known	karyotype.	If	a	balanced	rearrangement	(usually	translocation)	is	found	in	a	father,	his	sperm	cells	are	used	for	simultaneous	fertilization	of	several	egg–cells	with	karyotyping	of	the	very	early	pre–implantational
embryo	and	implantation	of	the	embryo	having	normal	karyotype.	In	that	case	the	family	does	not	have	to	decide	fate	of	unborn	fetus.	However,	there	are	many	technical	limitations	regarding	usage	of	these	methods.	Post–natal	cytogenetic	diagnosis	is	based	in	vast	majority	of	situations	on	examination	of	the	lymphocytes	of	the	peripheral	blood.	Cells
of	the	peripheral	blood	are	mature	cells,	they	grow	and	divide	in	the	bone	marrow,	spleen	and	lymphatic	nodes.	Adding	of	specific	stimulator	phytohemagglutinin	(PHA)	is	necessary	to	obtain	division	of	lymphocytes,	obtained	from	peripheral	blood.	Small	amount	of	blood	(less	than	1	ml)	mixed	with	PHA	and	special	medium	is	cultivated	in	thermostat
at	37°C	during	72	hours.	After	it	the	obtained	suspension	of	dividing	cells	is	treated	by	Colchicine,	which	blocks	cellular	division.	Hypotonic	solution	is	added	to	provide	better	spreading	of	chromosomes	on	the	slides.	Special	staining	allows	visualization	of	the	chromosomes	as	structures	having	an	individual	pattern	of	distribution	of	dark	and	light
bands.	Further	steps	(analysis	itself)	are	basically	the	same	as	in	analysis	of	amniotic	cells	for	prenatal	diagnosis.	However,	the	standard	(visual)	cytogenetic	analysis	does	not	allow	recognition	of	small	deletions	or	duplications.	Even	in	ideal	technical	conditions	level	of	recognition	is	about	5-6	millions	of	base	pairs	(Mb).	Practically,	however,	deletions
or	duplications	less	than	10	Mb	hardly	may	be	recognizable.	Fluorescence	in	situ	hybridization	(FISH)	is	a	method,	which	may	improve	quality	of	cytogenetic	diagnosis	in	patients,	where	some	structural	abnormalities	may	be	suspected.	There	are	probes	to	some	specific	segments	of	DNA.	These	probes	are	tagged	by	fluorescent	stains.	In	normal
condition	the	person	will	have	two	areas	of	hybridization	(2	hybridization	spots)	on	the	homologous	chromosomes.	When	the	patient	has	a	hybridization	spot	only	on	one	of	the	homologous	chromosomes	it	means	that	this	segment	of	DNA	on	the	other	homologous	chromosome	is	lost.	Vice	versa,	three	spots	of	hybridization	may	indicate	evidence	of	a
duplication	of	this	segment	of	DNA.	This	method	may	be	used	also	for	the	study	of	undivided	(interphase)	cells,	obtained,	for	example,	from	a	buccal	smear	(or	uncultivated	amniotic	fluid).	Practically,	FISH	may	be	used	for	exclusion	(or	confirmation)	of	trisomies	or	relatively	frequent	deletions,	for	example	del	22q11.2,	which	causes	diGeorge
syndrome	or	del	7q11.23,	which	causes	Williams	syndrome.	Limitations	of	FISH	examination	are	obvious:	a)	if	you	have	normal	results	with	probes	“a”,	“b”	and	“c”	it	means	that	a	patient	does	not	have	deletions	or	duplications	for	these	regions,	but	does	not	exclude	abnormalities	for	regions	“d”	and	“e”,	which	have	not	been	tested;	b)	FISH	does	not
give	precise	coordinates	of	the	deleted	segment.	Sometimes,	the	patient	may	have	mosaicism:	the	condition,	when	he/she	has	several	clones	of	cells	with	different	chromosomal	complement.	Mosaicism	is	very	common	for	numerical	anomalies	of	sex	chromosomes,	but	not	so	common	for	autosomal	trisomies	and	for	structural	chromosomal
abnormalities.	The	methods	of	cytogenetic	examination	for	diagnosis	of	mosaicism	are	the	same	but	number	of	studied	cells	should	be	increased.	Usually	the	number	of	cells	with	different	karyotypes	is	shown	in	brackets	after	the	standard	formula.	For	example,	the	formula	47,XX,+21	[80]/46,XX	[20]	means	that	the	patient	have	mosaic	trisomy	21
with	trisomy	in	80%	of	cells.	There	are	some	rare	conditions,	where	an	abnormal	karyotype	may	be	found	predominantly	(or	even	exclusively)	in	fibroblasts,	whereas	the	lymphocytes	show	a	normal	karyotype.	This	situation	is	typical	for	mosaic	tetrasomy	12p	(Pallister–Killian	syndrome)	and	frequent	in	some	“rare”	trisomies.	Skin	biopsy	and
cultivation	of	skin	fibroblasts	may	be	necessary	for	cytogenetic	examinations	to	confirm	(or	exclude)	these	syndromes.	FISH	examination	of	interphase	cells	using	probes	for	12p	may	facilitate	diagnosis	of	Pallister–Killian	syndrome.	The	ultimate	goal	of	all	these	methods	is	diagnosis	of	constitutional	(inherited)	chromosomal	abnormalities.	Structure	of
chromosomes	may	be	changed	in	various	tumors.	The	methods	for	examination	of	these	acquired	chromosome	abnormalities	are	out	of	our	scope.	Non-invasive	prenatal	diagnosis	(NIPD)	of	chromosomal	disorders	is	a	new	method	introduced	in	recent	years.	Almost	all	human	DNA	is	organized	into	chromosomes	and	located	in	cells.	However,	a	small
part	of	DNA	exists	outside	the	cells.	It	is	a	so-called	cell-free	DNA	(cfDNA).	When	a	woman	is	pregnant	a	small	part	of	the	fetal	cfDNA	enters	the	maternal	blood	through	the	placenta.	Analysis	of	the	maternal	blood	allows	1)	to	distinguish	maternal	and	fetal	cfDNA,	and	2)	to	analyze	presence	of	some	specific	components	in	fetal	cfDNA.	If	a	fetus	has
additional	chromosomes	13,	18,	21	or	X	as	well	as	monosomy	X	these	abnormalities	may	be	discovered	analyzing	fetal	DNA	obtained	from	a	maternal	blood.	It	has	been	shown	that	NIPD	detects	virtually	all	cases	of	trisomy	18	or	trisomy	21	as	well	as	the	vast	majority	of	other	trisomies	or	monosomy	X.	Normal	NIPD	test	results	also	offer	the
opportunity	to	avoid	CVS	or	amniocentesis,	which	are	more	traumatic	and	(in	rare	cases)	may	lead	to	a	miscarriage.	NIPD	may	be	performed	after	10	weeks	of	pregnancy.	Although	there	are	some	reports	of	discovery	of	structural	abnormalities	(deletions	or	partial	trisomies)	via	NIPD	it	is	too	early	to	say	for	certain	that	this	method	is	reliable	for
diagnosis	of	such	conditions.	Currently	medical	insurances	cover	the	cost	of	NIPD	for	pregnant	women	over	35	years	old	and	for	the	families	with	chromosomal	abnormalities	in	a	previous	child	or	fetus.	What	is	a	Karyotype?	A	karyotype	is	an	actual	photograph	of	the	chromosomes	from	one	cell.	The	cells	analyzed	are	usually	white	blood	cells	from	a
regular	blood	draw	or	from	a	prenatal	specimen.	After	staining	the	chromosomes	can	be	seen	as	banded	strings	under	1,000	x	magnification.	They	are	analyzed	by	specially	trained	cytogenetic	technologists,	Ph.D	cytogeneticists,	or	medical	geneticists.	Cytogenetics	is	a	word	for	the	study	of	chromosomes.	After	analysis	under	the	microscope	a	picture
(karyotype)	is	printed.	karyotype	Normal	Male	Karyotype	–	a	female	would	have	two	Xs	instead	of	an	X	and	Y.	In	a	karyotype	the	chromosomes	can	appear	bent	or	twisted.	This	is	normal	and	is	simply	reflecting	how	they	are	sitting	on	the	slide.	Chromosomes	are	flexible	structures	made	up	of	DNA.	The	coding	order	of	that	DNA	makes	up	the	genes.
Chromosomes	are	analyzed	during	a	time	in	the	cell	cycle	when	they	are	compact.	During	other	times	in	the	cell	cycle	the	chromosomes	unwind	into	long	strands	of	DNA.	At	that	time	we	would	not	be	able	to	see	them	under	the	microscope.	If	you	were	to	pull	out	all	the	chromosomes	into	long	strands	of	DNA	there	would	be	over	7	feet	of	DNA	in	each
cell!	Thats	about	80	billion	miles	of	DNA	in	the	average	human	adult!	Sometimes	when	chromosomes	are	analyzed	a	High	Resolution	Analysis	is	performed.	This	means	the	chromosomes	are	examined	when	they	are	a	little	longer	than	a	standard	analysis.	Since	they	are	longer	more	bands	can	be	seen.	This	is	usually	done	when	a	small	deletion	or
duplication	is	thought	to	be	present.	There	are	different	types	of	staining	that	make	the	chromosomes	look	differently.	The	stain	which	is	used	depends	on	what	type	of	abnormality	cytogeneticists	think	they	might	be	seeing.	This	helps	to	help	clarify	the	results.	How	are	Chromosomes	and	Chromosome	Abnormalities	Labeled?	In	1960	the	first	meeting
to	propose	a	standard	system	of	naming	the	chromosomes	took	place.	Since	that	time	this	method	of	describing	chromosomes	and	chromosome	abnormalities	has	been	revised	and	added	to	several	times.	It	has	produced	an	International	Standard	of	Cytogenetic	Nomenclature.	This	allows	one	lab	to	write	out	the	chromosome	findings.	Any	other	lab
will	know	what	they	have	found	without	looking	at	the	karyotype.	Here	are	some	examples:	46,XX	–	Normal	Female	Karyotype	46,XY	–	Normal	Male	Karyotype	These	descriptions	say	there	are	46	chromosomes	and	that	it	is	a	male	or	female.	46,XX,del(14)(q23)	Female	with	46	chromosomes	with	a	deletion	of	chromosome	14	on	the	long	arm	(q)	at
band	23.	46,XY,dup(14)(q22q25)	Male	with	46	chromosomes	with	a	duplication	of	chromosome	14	on	the	long	arm	(q)	involving	bands	22	to	25.	46,XX,r(7)(p22q36)	Female	with	46	chromosomes	with	a	7	chromosome	ring.	The	end	of	the	short	arm	(p22)	has	fused	to	the	end	of	the	long	arm	(q36)	forming	a	circle	or	ring	47,XY,+21	Male	with	47	instead
of	46	chromosomes	and	the	extra	chromosome	is	a	21.	(Down	Syndrome)	There	are	literally	millions	of	types	of	abnormalities.	If	your	child	has	a	chromosome	abnormality	the	above	nomenclature	describes	exactly	what	it	is.	Ask	your	genetic	counselor,	physician,	or	health	care	professional	to	describe	the	chromosome	abnormality	found.	Below	are	a
few	of	the	codes	used	in	the	standard	nomenclature.	add	=	Addition	material	of	unknown	origin	del	=	Deletion	de	novo	=	A	chromosome	abnormality	which	has	not	been	inherited	der	=	Derivative	Chromosome	dic	=	Dicentric	dup	=	Duplication	fra	=	Fragile	Site	idic	=	Isodicentric	chromosome	ins	=	Insertion	inv	=	Inversion	i	or	iso	=	Isochromosome
mar	=	Marker	chromosome	mat	=	Maternal	origin	Minus	sign	(-)	=	Loss	mos	=	Mosaic	p	=	Short	arm	of	chromosome	pat	=	Paternal	origin	Plus	sign(+)	=	Gain	q	=	Long	arm	of	chromosome	r	=	Ring	chromosome	rcp	=	Reciprocal	rea	=	Rearrangement	rec	=	Recombinant	chromosome	rob	=	Robertsonian	translocation	t	=	translocation	tel	=	Telomere
(end	of	chromosome	arm)	ter	=	Terminal	end	of	chromosome	upd	=	Uniparental	disomy	?	=	Uncertain	It	is	important	to	note	that	most	chromosome	abnormalities	occur	as	a	accident	in	the	egg	or	sperm.	Therefore	every	cell	in	the	body	would	have	the	abnormality.	Some	abnormalities	can	happen	after	conception	and	individuals	can	have	a
mosaicism	(some	cells	with	the	abnormality	and	some	without).	Chromosome	abnormalities	can	be	inherited	from	a	parent,	like	a	translocation,	or	be	de	novo	(new	in	that	individual).	If	an	examination	was	performed	using	array-CGH	technology	the	formula	will	show	not	only	the	deleted	or	duplicated	areas,	but	also	the	breakpoints,	indicating	the
start	and	end	of	the	deleted	or	duplicated	segment.	For	example,	if	the	standard	cytogenetic	formula	looks	like	del(8)(q13.2q13.3),	the	same	person’s	formula	re-examined	by	array	technique	will	look	like:	arr[hg19]	8q13.2q13.3	(69,902,365-72,554,018)x1.	This	shows	that	the	deleted	segment	is	from	position	69,902,365	till	position	72,554,018.
Usually	a	conclusion	includes	a	list	of	genes	lost	upon	such	deletion.	The	same	is	true	for	duplication.	The	standard	formula	may	look	like	dup(18)(q22.1q22.3).	The	same	person	examined	by	array	techniques	may	have	the	formula:	arr	[hg19]	18q22.1q22.3	(63,719,224-69,023,919)x3.	[hg19]	indicates	which	version	of	human	genome	system	was	used
to	determine	the	position	of	the	breakpoints.	Hg	19	is	the	newest	version.	What	is	a	Chromosome	Deletion?	A	chromosomes	deletion	is	when	a	part	of	a	chromosome(s)	has	been	deleted.	A	deletion	can	occur	on	any	chromosome,	at	any	band,	and	can	be	any	size	(large	or	small).	What	a	deletion	causes	depends	on	how	big	a	piece	is	missing	and	what
genes	are	missing	in	the	section	(i.e.	where	the	deletion	is).	Under	chromosome	analysis	the	section	that	is	missing	can	usually	be	determined.	However	it	is	difficult	to	compare	one	child	with	a	particular	deletion	to	another	with	the	same	deletion.	Remember	that	looking	at	the	chromosomes	is	the	big	picture,	like	looking	at	an	encyclopedia	set	from
about	10	feet	away.	We	are	usually	able	to	detect	the	deletion.	Some	are	too	small	to	see	and	other	technologies	can	be	used,	but	it	is	impossible	to	say	at	exactly	what	spot	the	deletion	started	and	ended.	So	one	individual	might	have	a	few	more	genes	deleted	than	another	individual	with	the	same	deletion.	In	the	above	example	the	area	in	the	blue
brackets	is	not	present	(deleted)	in	its	pair	designated	by	the	red	arrow.	The	other	22	pairs	of	chromosomes	were	normal	(not	shown).	The	nomenclature	for	this	deletion	would	be:	46,XX,del(1)(q24q31)	Female	with	a	deletion	of	chromosome	1	on	the	long	arm	(q)	between	bands	q24	to	q31.	Some	deletions	occur	more	frequently	and	are	associated
with	a	particular	syndrome	such	as	46,XX,5p-,	also	called	cri-du-chat	syndrome.	Gene	Mutation	versus	Chromosome	Deletion	Contemporary	methods	of	molecular	genetics	can	reveal	numerous	changes	within	a	gene.	Some	of	these	changes	technically	may	be	deletions,	when	there	is	a	loss	of	several	nucleotides	or	even	several	exons	within	one	gene.
[Almost	every	gene	consists	of	several	exons	(parts	that	participate	in	coding	the	proteins)	and	introns	(basically	non-coding	areas	necessary	for	the	structural	integrity	of	a	gene).	Exons	may	be	compared	with	the	bricks	in	a	wall,	whereas	introns	are	like	the	cement	areas].	The	changes	limited	to	one	gene	should	be	considered	mutations.
Chromosomal	disorders	by	definition	are	conditions	when	there	is	loss	or	excess	of	a	significant	segment	of	the	chromosome	involving	at	least	several	consecutive	genes.	It	does	not	exclude	the	possibility	that	only	one	of	several	lost	genes	may	be	the	main	player	responsible	for	all	(or	almost	all)	of	the	clinical	manifestations	in	the	patient.	What	is	a
Chromosome	Duplication?	A	duplication	is	just	that,	a	duplication	of	a	section	of	a	chromosome.	A	duplication	is	sometimes	referred	to	as	a	partial	trisomy.	Trisomy	refers	to	three.	Therefore	if	a	duplication	exists,	that	individual	has	three	copies	of	that	area	instead	of	two.	This	means	there	are	extra	instructions	(genes)	present	that	can	cause	an
increased	risk	for	birth	defects	or	developmental	problems.	In	the	picture,	red	arrows	point	to	identical	bands	on	each	chromosome.	The	blue	arrow	points	to	a	duplication	of	the	band	at	the	red	arrow.	You	can	see	that	the	chromosome	on	the	right	is	longer.	The	nomenclature	for	this	abnormality	would	be:	46,XY,dup(7)(q11.2q22)	Male	with	a
duplication	of	chromosome	7	on	the	long	arm	(q)	between	bands	11.2	to	22.	What	is	a	Chromosome	Ring?	A	ring	chromosome	can	happen	in	two	ways.	One	is	demonstrated	in	the	picture;	the	end	of	the	p	and	q	arm	breaks	off	and	then	stick	to	each	other.	The	blue	parts	of	each	are	lost	thus	resulting	in	loss	of	information.	Second,	the	ends	of	the	p	and
q	arm	stick	together	(fusion),	usually	without	loss	of	material.	However	the	ring	can	cause	problems	when	the	cell	divides	and	can	cause	problems	for	the	individual.	It	is	also	possible	to	have	a	ring	and	be	apparently	healthy	with	no	delays	in	development.	As	with	all	chromosome	abnormalities	it	depends	on	what	is	actually	found,	the	size	of	the	ring,
how	much	material	was	lost,	which	chromosomes	are	involved	etc.	What	is	a	Chromosome	Translocation?	Translocations	can	be	a	little	tricky.	Above	is	an	example	of	a	balanced	translocation.	The	long	arms	of	chromosome	7	and	21	have	broken	off	and	switched	places.	So	you	can	see	a	normal	7	and	21,	and	a	translocated	7	and	21.	This	individual	has
all	the	material	needed,	just	switched	around	(translocated),	so	they	should	have	no	health	problems,	because	it	is	balanced.	However	there	can	be	a	problem	when	this	person	has	children.	Remember	that	when	the	egg	or	sperm	is	made,	each	parent	gives	one	of	each	chromosome	pair.	What	would	happen	if	this	person	gave	the	normal	seven	and
the	21p	with	7q	attached?	Look	below:	unbalanced	translocation	There	is	an	extra	copy	of	7q.	If	you	count	them	you	will	find	three	copies	of	7q	instead	of	two.	And	there	is	only	one	copy	of	21q.	Therefore	this	is	unbalanced,	there	is	extra	and	missing	information	that	can	lead	to	birth	defects,	cognitive	abnormalities,	and	an	increased	risk	for
miscarriage.	For	many	unbalanced	rearrangements	it	is	not	possible	to	predict	what	abnormalities	to	expect.					What	is	a	Chromosome	Inversion?	An	inversion	consists	of	two	breaks	in	one	chromosome.	The	area	between	the	breaks	is	inverted	(turned	around),	and	then	reinserted	and	the	breaks	then	unite	to	the	rest	of	the	chromosome.	If	the
inverted	area	includes	the	centromere	it	is	called	a	pericentric	inversion.	If	it	does	not,	it	is	called	a	paracentric	inversion.	Notice	that	in	a	pericentric	inversion	one	break	is	in	the	short	arm	and	one	in	the	long	arm.	Therefore	an	example	of	a	cytogenetic	nomenclature	might	read	46,XY,inv(3)(p23q27).	A	paracenteric	inversion	does	not	include	the
centromere	and	an	example	might	be	46,XY,inv(1)(p12p31).	When	a	parent	has	an	inversion	there	is	an	increased	risk	for	offspring	with	an	incorrect	amount	of	genetic	material.	This	can	lead	to	babies	with	birth	defects	and/or	abnormal	development	or	an	increased	risk	for	miscarriage.	The	possible	pregnancy	outcomes	for	an	individual	with	an
inversion	is	rather	complicated	and	depends	on	how	big	the	inversion	is,	where	it	is,	and	what	type	of	inversion	is	present,	paracentric	or	pericentric.	There	are	many	inversions	that	occur	in	the	general	population	that	are	called	normal	variants.	Including	Inv(9)	and	Inv(2).	These	inversions	are	not	related	to	an	increased	risk	of	birth	defects	and/or
developmental	difficulties.			This	has	been	a	simplified	description	of	chromosomes	and	their	abnormalities.	Chromosome	analysis	is	full	of	exceptions	and	results	that	can	be	difficult	to	interpret.	The	information	above	is	for	educational	purposes	only.	If	you	have	a	question	about	a	specific	chromosome	abnormality	please	contact	your	physician	or	a
genetic	professional.	You	can	find	a	genetic	counselor	through	the	National	Society	of	Genetic	Counselors	Homepage	at:	www.nsgc.org	Jeff	Shaw	M.S.	Genetic	Counselor	Dr.	Iosif	Lurie	Medical	Geneticist	CDO	would	like	to	thank	the	following	labs	for	contributing	example	karyotypes	for	this	article:	Centura	Health	Penrose-St.	Francis	Health	Services
Cytogenetics	Lab	Colorado	Springs,	CO
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