Genetics Disorders & Features

	Disorder
	Category
	Region/ Gene(s)
Protein
	Common Mutation
	Inher-itance
	Etiology
	Common Features
	Notes

(Treatment, Screening, Testing Type)

	Down sx
	Chromo-some
	N/A
	N/A
	Sporadic

AMA

Rob trans:

Risk is 1-3% if dad is carrier & 10-15% if mom is carrier

100% for 21;21


	3-4% unbalanced rob. Translocation -40% inherited from parent

Most commonly 14;21 rob trans

1-2% mosaic

95% trisomy 21

93% of maternal error with ¾  M I & ¼ M II
	endocardial cushion – ASD, VSD

Upslanting palpebral fissures, epicanthal folds, brushfield sopts, Microcephaly, brachycephaly, flat nasal bridge, small dysplastic ears, large tongue, small mouth, hypotonia, short statue, short fingers, fifth finger clinodactyly, sandal gap, excess nuchal skin, single palmar crease, 12 % GI atresia, MR

Increased risk for hearing loss, eye diesae hypothyroidism, acquired hip dislocation, Alzheimer in middle age

Increased risk for leukemia of 10-20 fold (<1% overall risk) in newborn period & betw 3-6 yrs


	1/700

most common known cause of MR

Most common chromo ab among newborns



	Trisomy 18
	Chromo-some
	N/A
	N/A
	Sporadic
	~80% trisomy 18
20% unbalanced translocation

assoc. with increased maternal age


	MR, FTT, severe heart malformations, hypertonia, prominent occiput, clenched fists, rocker-bottom feet
90% die by year 1

80% female
	95% of tri18 fetuses aborted spontaneously

1:7500 incidence in liveborn

	Trisomy 13
	Chromo-some
	N/A
	N/A
	Sporadic
	~80% trisomy 13
20% unbalanced translocation

assoc. with increased maternal age


	Growth retardation, severe MR, severe CNS malformations (holoprosencephaly), CL +/- CP, postaxial polydactyly, CHDs, clenched fists, rocker-bottom feet
50% die within 1st month
	1:20,000-25,000 births

	Klinefelter
	Chromo-some
	N/A
	N/A
	Sporadic
	45% paternal MI (failure of Xp/Yp recombination)
Most maternal causes in MI

15% mosoaics

Assoc. with increased maternal age
	Tall stature, infertile, hypogonadism, gynecomastia, learning difficulties (low verbal comprehension & ability), may have poor psychosocial adjustment
	1:1000 male births

	Turner
	Chromo-some
	N/A
	N/A
	Sporadic
	50% 45,X
15% 45,X/46,XX mosaics

10% other 45,X mosaics

15% 46,X,i(Xq)

maternal X present in 70% of cases

not assoc. w/ incr. maternal age
	Short stature, gonadal dysgenesis, coarctation of aorta, webbed neck, low posterior hairline, broad chest with widely spaced nipples, renal abn, avg/above avg intelligence, deficiency in spatial perception, perceptual motor organization or fine motor execution
	>99% of Turner fetuses abort spontaneously
45,X present in 1-2% of conceptuses

Small ring X chromosomes sometimes seen in pts with MR, short stature & gonadal dysgenesis

	Moles
	Chromo-some
	N/A
	N/A
	Sporadic
	Complete hydatidiform moles:
Usually diploid, 46,XX, all paternal in origin, 23,X sperm fertilizes ovum that lacks nucleus then replicates
Partial hydatidiform moles:

Mostly diandric triploid

Ovarian teratomas:

Usually 46,XX, all of maternal origin
	Complete hydatidiform moles:
Trophoblast hyperplasia, grossly disorganized or absent fetal tissue, fetus never present
Partial hydatidiform moles: 

Fetus present in early stages, but may not survive, nl & hydropic villi

Ovarian teratomas:

Composed of multiple tissues, can contain hair, teeth, etc.
	

	Triploidy
	Chromo-some
	N/A
	N/A
	Sporadic
	85% diandric (haploid egg + 2 sperm or haploid egg + diploid sperm)

15% digynic

(1 sperm + diploid egg)
	Diandric:

Well-grown fetus with proportionate or slightly small head size, large placenta with appearance of partial hydatidiform mole; usually do ont survive to term

Digynic: 

Growth retarded fetus with microcephaly, small, fibrotic placenta, can survive to term

3-4 syndactyly nearly pathognomonic for triploidy
	

	Cri du Chat
	Chromo-some
	Del 5p15
	N/A
	sporadic
	LCRs possibly

In 80% of cases, deletion is of paternal chromosome

10-15% chance parent is translocation carrier
	High pitched mewing cry in infancy

Microcephaly, severe motor & mental retardation, round face, hypertelorism, micrognathia


	Usually visible by routine cytogenetics

FISH

	Wolf Hirschorn
	Chromo-some
	Del 4p16.3
	N/A
	Sporadic
	Deletions can be large or small
	Severe growth & mental retardation, microcephaly, “Greek warrior helmet” face, CL +/- CP
	FISH

	22q11 (VCFS, DiGeorge, Shprintzen, CTAF)
	Micro-deletion
	Del 22q11
	N/A
	AD (7%)

Sporadic (93%)
	Aberrant recombination between low copy repeated sequences/ unequal crossing over
	CHD (contruncal – tet of Fallot, interrupted aortic arch, VSD, truncus arteriosus); palatal abnormalities – VPI, Cl/P; LD; immune deficiency; hypocalcemia; possible schizophrenia
	FISH – usually TUPLE1 probe

	Williams
	Micro-deletion
	7q11.2 / ELN
	N/A
	AD
	Contiguous gene deletion
	Hyperacustis; supravalvular aortic stenosis (75%); usually mild MR; characteristic facies (broad brow, bitemporal narrowness, periorbital fullness, short nose, full nasal tip, malar hypoplasia, long philtrum, full lips, wide mouth, malocclusion, small jaw, prominent earlobes); stellate/lacy iris pattern; strabismus; hoarse voice; strengths in auditory rote memory & language, extreme weakness in visuospatial construction; over-friendliness, generalized anxiety, ADD
	FISH, real-time quantitative PCR + heterozygosity testing yields 99% sensitivity

	Smith-Magenis
	Micro-deletion
	17p11.2 / RAI1
	N/A
	AD; virtually all cases de novo
	Loss/mutation of RAI1 accounts for most of clinical features
	Characteristics facies (broad square-shaped face, brachycephaly, prominent forehead, synophrys, upslanting palpebral fissures, deep-set eyes, broad nasal bridge, marked mid-facial hypoplasia, short, full-tipped nose with reduced nasal height, fleshy everted upper lip with "tented" appearance); Mild to moderate MR; characteristic behaviors (significant sleep disturbance, stereotypies – such as self hug & “lick & flip”, & self-injurious behaviors); FTT in infancy
	FISH

	Langer-Giedion
	Micro-deletion
	8q24.11-13 / TRPS1, EXT1
(contiguous gene)
	N/A
	AD, most cases sporadic
	Unknown
	Large, laterally protruding ears, bulbous nose, elongated upper lip, sparse scalp hair, winged scapulae, multiple cartilaginous exostoses, redundant skin, MR, postnatal onset of growth retardation
	FISH
Male predominance

	WAGR
	Micro-deletion
	11p13 / WT1, PAX6
	N/A
	AD
	WT1 loss: Wilms’ tumor
PAX6 loss: aniridia
	Wilms’ tumor, Aniridia, Genitourinary abnormalities, Mental Retardation
<50% of children develop Wilms’ tumor
	FISH

	Alagille
	Deletion/ Single gene
	20p12 / JAG1 or monosomy 20p12

Jagged
	
	AD
	50-70% de novo

variable expressivity
	Hyperbilirubinemia

Posterior embryotoxon

Paucity of bile ducts - chelestasis

Stenosis of peripheral pulmonary artery –congenital

Butterfly vertebrae

Bulbous nose

Renal & CNS abnormalities, broad forehead, pointed chin
	Sequence analysis detects ~70%

FISH for microdeletion 5-7%

Clinical dx

	Subtel deletions (1p36, 22q13)
	Micro-deletion
	1p36
22q13
	N/A
	AD
	
	1p36

Significant overlap with Prader-Willi sx
22q13

Infantile hypotonia, nl growth, profoud DD, absent/delayed speech, minor dysmorphic features
	FISH – ARSA probe (same probe used as 22q11 control)

	Miller Dieker
	Micro-deletion
	17p13.3 / LIS1
	N/A
	AD
	Contiguous gene deletion syndrome
	Lissencephaly (smooth brain without convolutions or gyri), microcephaly, thickened cortex, furrowed forehead, short nose with upturned nares, prominent upper lip with thin vermilion border, small jaw, agenesis of corpus callosum in 90%; striking midline brain calcifications; MR, seizures
	FISH
Prenatal polyhydramnios

Death usually before age 2 

	Cat eye
	Micro-duplication
	22q11
	N/A
	
	Triple or quadruple copy of 22 – usually idic22q11
	Mild MR, coloboma of iris, downslanting palpebral fissures, preauricular tags or pits, anal atresia
	Chromosomes, FISH

	Achondroplasia
	Dysplasia/ Connective tissue
	4p16 / FGFR3
	G380R
(G1138A) in 98%;

G1138C in 1%
	AD/80% de novo
	Gain of function mutation (constitutive activation) in gene that negatively regulates bone growth
	Rhizomelic short stature; large head with frontal bossing; genu varum; trident hands; risks for spinal stenosis
	100% penetrance
Hypochondroplasia – lack of trident hand, occasional MR, usually milder skeletal features than achon. FGFR3 mutations in 70%– N540K, likely locus heterogeneity

	Campomelic dysplasia
	Dysplasia/ Connective tissue/ ambiguous genitalia
	17q24 / SOX9
	N/A
	AD
	SOX9 protein apparently involved in normal chondrogenesis; mutation leads to haploinsufficiency
	2/3 of XY individuals have genital abnormalities or are phenotypic females; congenital bowing & angulation of long bones & other skeletal defects; majority die in neonatal period due to respiratory insufficiency
	polyhydramnios

	Chondrodysplasia punctata
(see rhizomelic under peroxisomal)
	Dysplasia/ Connective tissue
	Xp22 – ARSE
6q22/PEX7
	N/A
	XL
AR – ARSE E
	ARSE mutation leads to insufficient arylsulfatase
	Short stature; stippling in epiphyses & paravertebral areas; cataracts; DD; many children die in infancy
	ARSE is adjacent to STS & KAL - some patients have contiguous gene sx with symptoms of X-linked ichthyosis or Kallman sx

	Diastrophic dysplasia
	Dwarfism/ Dysplasia/ Connective tissue
	5q32-q33.1/ SLC26A2
	5 common

R279W, IVS1+2T(C, delV340, R178X, C653S
	AR
	Impaired activity of the sulfate transporter in chondrocytes & fibroblasts
	Limb shortening, normal sized skull, hitchhiker thumbs, spinal deformity, scoliosis, lumbar lordosis, cervical kyphosis, ear cysts, contractures of large joints, normal intelligence
	May be lethal at birth (rare)

Allelic with achondrogenesis 1b, & multiple epiphyseal dysplasia, type 4

	EDS
	Dysplasia/ Connective tissue
	Classical – COL5A1 & COL5A2, COL1A1, TNX null mutations

Vascular – COL3A1

Ocular – PLOD1

Arthrochalasia – COL1A1, COL1A2, PNP1
	
	AD 

AD

AD

AR

AD
	Defect in post-translational modification of collagen 1 & 3 due to deficiency of enzyme lysyl hydroxylase
	Classical – soft, velvety hyperextenisble skin, easy bruising, cigarette paper scars, prematurity

Hypermobility – like classical with joint hypermobility, bruising, normal scarring

Vascular – arterial, bowel & uterine rupture ,thin, translucent skin with visible veins, marked bruising, skin & joints have normal extensibility,
Ocular scoliotic – ocular fragility & keratoconus, soft, velvety skin, hyperextensible joints, scoliosis

Arthrochalasia – congenital hip dislocation, soft skin, normal scarring, fruisable, joint hypermobility, blue sclerae, hypertrichosis
	Collagen screening of cultured fibroblasts  mutation identification for pts with positive protein studies

Urinary pyridinoline cross-links screening

	OI
	Dysplasia/ Connective tissue
	17q21.3 / COL1A1
7q22.1 / COL1A2
	N/A
	AD
OI III rarely recessive
	I: COL1A1 muts  lead to haploinsufficiency
II, III & IV: substitutions for glycine in Gly-X-Y structure of either gene; muts have dominant negative effect
	I: mildest type; few to 100 fractures; bone deformity uncommon; stature usually nl; dentinogenesis imperfecta rare; blue sclerae; hearing loss (50%); wormian bones
II: perinatal lethal; multiple rib fractures; minimal calvarial mineralization; platyspondyly, marked compression of long bones; severe bone deformity; severely short stature; dentinogenesis imperfecta; dark blue sclerae; no hearing loss
III: severe type; thin ribs; platyspondyly; thin gracile bones with many fractures; "popcorn" epiphyses common; moderate to severe bone deformity; very short stature; dentinogenesis imperfecta; blue sclerae; hearing loss frequent; wormian bones
IV: moderate to mild type; multiple fractures; mild to moderate bone deformity; variably short stature; may have dentinogenesis imperfecta; nl or grey sclerae; some hearing loss; may have wormian bones
	Type I collagen is trimer with 2 alpha-1 chains & 1 alpha 2 chain
Mild OI: 60% de novo; OI II: n100% de novo

Bisphosphonates for more severe OI

	Thanatophoric dysplasia
	Dysplasia/ Connective tissue
	4p16.3 / FGFR3
	Common muts in type I
K650E in type 2
	De novo
	Gain-of-function muts lead to constitutive activation of bone shortening gene
	Neonatal lethal short-limb dwarfism syndrome; short ribs, narrow thorax, macrocephaly, micromelia with bowed femurs; redundant skin folds along limbs; most individuals die of respiratory insufficiency shortly after birth

Type I: cloverleaf skull deformity of varying severity uncommon

Type II: uniform presence of moderate to severe cloverleaf skull deformity 
	Rare long-term survivors have been reported

	Marfan
	Dysplasia/ Connective tissue
	15q21 / FBN1 / fibrillin 1
TGFBR2
	N/A
	AD/~25% de novo
	Believed to be dominant negative activity; mutant protein interferes with normal fibrillin contribution to microfibrils in elastic & non-elastic tissues
	2 major + 1 minor (no fhx), 1 major + 1 minor (w/fhx)

Major:

· 4 skeletal (pectus requiring surgery, >1.05 arm span-height, wrist & thumb sign, scoliosis > 20°, reduced elbow extension

· Ocular (ectopia lentis)

· Cardiovasc. (aortic dissection or dilatation)

· Dura (dural ectasia)

· Fhx or mutation

Minor:

· 2 skeletal (joint hypermob., moderate pectus, high arched palate, char. facies)

· 2 ocular (flat cornea, increased axial length of globe, hypoplastic iris)
· Cardiovasc. (MVP, main pulm artery dilatation, mitral annulus calc., aortic dilatation/ dissection

· Pulm. (spont. pneumothorax, apical blebs)

· Skin (striae, rec. hernia)
	Mutation scanning & cDNA sequence analysis detects mutations in 70-90% of patients with clinical dx

	Alpha Thalassemia 
	Blood
	Alpha globin chromosome 16p
	Deletions of alpha globin genes –due to misalign-ment of alpha genes or introns
	AR
	Imbalance of alpha & beta globin chains
	Prenatal & postnatal disease 

Hypochromic & microcytic anemia

HbH disease (B4 tetramers)– moderate anemia, jaundice, hepatosplenomegaly, gallstones, infection , folic acid deficiency

Hb Barts (gamma tetramers) – hydrops fetalis (Mediterranean & Southeast Asia)
	Trait protective against malaria (aa/-- or a-/a-) mild anemia, microcytosis)

aa/-- more common in SE Asians than Africans (a-/a-)

	Beta Thalassemia
	Blood
	11p15 / Beta Globin
	Single base pair mutations - numerous
	AR/AD
	Decreased syn of Beta chains

No syn of Beta chains, increased fetal Hb


	Beta thal minor (trait)- elevated Hb A2 (delta), mild microcytic hypochromic anemia (auto dom)

Beta thal major (Cooley’ s anemia)– very low Hb, transfusion dependent, BMT is curative, hepatosplenomegaly,  marrow hyperplasia, hair on end appearance of skull where bone has expanded

Symptoms apparent few months after birth when beta globin typically replaces gamma globin – excess alpha chains precipitate

HbA2 (delta) increases & is unique/dx to Beta thal
	Beta chain is only imp postnatally

β0 – when no HbA present 

β + - if  some HbA present

HbE (SE Asia ) & Beta thal – moderately severe anemia, splenomegaly, growth delay, transfusion required

	Hemochromatosis
	Blood
	6p21 / HFE

Near MHC
	C282Y (85% homo-zygotes)

H63D/

C282Y compound hetero – 15%
	AR

In-complete pene-trance
	High absorption of iron by GI mucosa
	Excessive storage of iron in liver, skin, pancreas, heart, joints & testes

Abdominal pain, weakness, lethargy & weight loss

If untreated - hepatic fibrosis, cirrhosis, skin pigmentation, diabetes, congestive heart failure, arthritis, hypogonadism
	Dx: serum transferring iron saturation & serum ferritin conc

Males dev symptoms 40-60, females after menopause

Tx: phlebotomy

Carrier freq:1/9

	Hemophilia A & B
	Blood
	Xq28/F8C

Xq27/F9
	Inversion deleting carboxyl terminus of factor VIII + others

Many types of mutations
	XL
	Factor 8 & 9 complex together to activate & amplify coagulation response

Factor VIII: 45% of cases caused by intron 22-A gene inversion which occurs by recombination
	Clinically indistinguishable – bleeding into soft tissues, muscles, & weight bearing joints.  Bleeding occurs within hours to days following trauma & continues for days or weeks – spontaneous bleeds in most severe cases

Some dx as newborns due to excessive bleeding from umbilical or circumcision wounds
	Dx: Depletion of F8 but nl von Willebrand
Molecular testing detects 98%

10% carrier females have symptoms

severity of disease depends on level of factor 8 or 9

	Sickle cell
	Blood
	11p15.5 / HBB / 
B-globin
	Glu6Val (E6V);

(HbC is E6K)

Common ancestry: African, Mediter-ranean, Middle Eastern, Indian
	AR
	In deoxygenated Hb, mutation leads to formation of polymers that distort red blood cell shape, leading to inability to pass through capillaries, which causes RBC death, anemia, & local ischemia
	Hemolysis & intermittent episodes of vascular occlusion resulting in tissue ischemia & acute & chronic organ dysfunction; chronic anemia, jaundice, predisposition to aplastic crisis, cholelithiasis, & delayed growth & sexual maturation; vascular occlusion & tissue ischemia can result in acute & chronic injury to virtually every organ, most significantly spleen, brain, lungs, & kidneys
	60-70% of U.S. pts have SS disease;

SC disease also common, as is Sβ thalassemia disease;
Sickledex test not done because can’t distinguish between disease & trait;

HB electrophoresis, isoelectric focusing or high-performance liquid chromatog. now used; disease shows heterozygote advantage for malaria

	Von Willebrand
	Blood
	12p13.3 / VWF
	7 types of von Willebrand disease
	AD (most)
	Deficiency of von Willebrand factor, which helps platlets stick to blood vessel wall & to each other, which is necessary for nl blood clotting
	Bleeding, easy bruising, prolonged bleeding time, especially after surgery or tooth extraction; nl platelet count
	Most common hereditary bleeding disorder (1% of population)
Amelioration with age



	G6PD
	Blood
	Xq28/G6PD
	Lots of allelic hetero-geneity
	XL
	drug induced hemolysis due to depletion of reduced glutathione & consequent oxidative damage leads to hemolysis


	Neonatal jaundice, acute hemolytic anemia

Rarely nonspherocytic hemolytic anemia

Favism due to ingestion of fava bean - hemolysis
	10% AA males are deficient & susceptible to drug induced hemolysis

Some protection against malaria

Mutations in Mediterranean basin seem to be more severe than mutations in Africa

	Factor V 
	Blood
	F5
	Arg506Gln (G1691A
	AD
	Factor V mutation causes resistance to APC which controls thrombin – excess factor V leads to excess thrombin & increased risk of DVT
	DVTs

Risk for preg loss esp late

Hetero – 2X

Homo – 2X carriers

Assoc. with severe IUGR, placental abruption, pre-eclampsia

See ACMG guidelines for testing
	Most common inherited thrombophilia (4-10%  Cauc are carriers)

RR of DVT is 4-8X in hetero & 80X in homo

Functional & DNA testing available

Tx: low MW heparin in women with DVTs

	Prothrombin
	Blood
	
	G20210A
	AD
	Leads to increase prothrombin in circulation
	Assoc. with later preg loss, severe IUGR, placental abruption, severe pre-eclampsia & IUGR
	2-4% carriers

Tx: low MW hep in carriers with 3+ SABs

	Protein C
	Blood
	
	
	AD
	
	Risk for DVTs in pregnancy

Increased risk for severe preeclampsia, abruption, IUGR
	Tx: low MW hep in carriers with 3+ SABs?

	Protein S
	Blood
	
	
	AD
	
	Risk for DVTs in pregnancy

Increased risk for severe preeclampsia, abruption, IUGR

Increased risk for late pregnancy loss
	Tx: low MW hep in carriers with 3+ SABs?

	MTHFR
	Blood
	
	C667T variant  - 11-33% of population
	AR/AD?
	Leads to hyperhomo-cysteinemia
	DVTs in homozygotes

Conflicting data on SABs & other preg complications
	Should not be screened for – no strong associations

Folic acid, B6 & B12 recommended

	Crouzon
	Cranio-synostosis
	10q26/FGFR2
	A391E
	AD
	Gain-of-function mutation in FGFR2 leads to premature fusion of coronal sutures
	Proptosis; external strabismus; mandibular prognathism; mid-face hypoplasia; normal intellect; normal extremities; high-arched palate common
	Associated with increased paternal age
FGFR3 is implicated in Crouzon with acanthosis Nigricans

	Apert
	Cranio-synostosis
	10q26/FGFR2
	P253R; S252W
	AD
	APA implicated

Premature closure of coronal suture
	Hand & foot syndactyly thumb & big toes occasionally fused to fingers & toes 
mitten hand
50% DD or MR

Turribrachycephalic skull shape; moderate-to-severe midface hypoplasia 

Fused cervical vertebrae in 68%
	Sequencing is 98% sensitive

Complete penetrance

	Pfeiffer
	Cranio-synostosis
	8q11/FGFR1
10q26/FGFR2

(vast majority of cases caused by FGFR2 muts)
	P252R in FGFR1
	AD
	Gain of function mutation
	Broad, medially deviated thumbs & great toes; variable brachydactyly in hands & feet

Type 1: intellect usually nl; moderate-severe midface hypoplasia; hearing loss, hydrocephalus can be seen; overall, more favorable prognosis than Types 2 & 3

Types 2 & 3: DD/MR common; extreme proptosis (often unable to close eyelids); ankylosis of elbows, knees; choanal stenosis/atresia, laryngotracheal abnormalities; hydrocephalus; seizures, increased risk for early death

Type 2 has cloverleaf skull; Type 3 has turribrachycephalic skull
	All Type 3 cases & all but one Type 2 case have been caused by de novo muts

	Saethre-Chotzen
	Cranio-synostosis
	7p21 / Twist
	N/A
	AD
	Haploinsufficiency
	Coronal synostosis (unilateral or bilateral), facial asymmetry, ptosis, small pinna with a prominent crus; 2-3 hand syndactyly common; usually nl intelligence; can also see short stature, parietal foramina, radioulnar synostosis, cleft palate, maxillary hypoplasia, ocular hypertelorism, hallux valgus, & congenital heart malformations
	Clinical overlap with other craniosynostosis sx, particularly Muenke sx

	Androgen insensitivity

“testicular feminization”
	Ambiguous genitalia
	Xq11/AR gene (androgen receptor)
	Can be de novo or inherited
	XL
	46,XY karyotype with feminization of external genitalia
	Female external genitalia, abnormal secondary sexual development in puberty, infertility, impaired spermatogenesis, normal testes, normal testosterone, deficient androgen binding activity 
	3 Phenotypes Complete – female genitalia

Partial – mostly female to mostly male

Mild – male genitalia

10% female carriers may have sparse or delayed growth of pubic or axillary hair

	CAH
	Ambiguous genitalia
	6p21/ CYP21A2 

21 hydroxylase

Near MHC
	9 common mts
	AR
	Impaired synthesis of cortisol from cholesterol by the adrenal cortex

Excessive adrenal androgen biosyntesis results in virilization in all  & salt wasting in some (aldosterone is absent in salt)
	Classic - 25% virilizing only & 75% with salt wasting

Without tx: precocious development of pubic & axillary hair, acne, rapid linear growth, & advanced bone age. Untreated males have progressive penile enlargement & small testes. Untreated females have clitoral enlargement, hirsutism, male pattern baldness, menstrual abnormalities, & reduced fertility

Salt-poor feeding, weight loss, failure to thrive, vomiting, dehydration, hypotension, hyponatremia, & hyperkalemia progressing to adrenal crisis (azotemia, vascular collapse, shock, & death).
	21 hydroxylase def is most common cause of CAH

Prenatal testing used in conjunction with dexamethasone to reduce virilization of females

NBS measures 17 hydroxylase concentration on filter spot (17 hydroxylase is elevated in affected)

Non classic form is milder – often not virilized at birth

	Kallman
	Deletion/ Ambiguous genitalia
	KAL1/Xp22/ Anosmin1
	
	XL
	Deficiency of GnRH (hypothalamic gonadotropin-releasing hormone)


impaired FSH & LH secretion

Leydig cell insensitivity to gonadotropin
	Hypogonadotrophic hypogonadism

Anosmia

Micropenis

Cryptorchidism, gynecomastia

Mirror hand movements
	FISH probe

Can be part of contiguous gene deletion syndrome with STS deficiency

Located in pseudoautosomal region & escapes inactivation

	5 alpha reductase
	Ambiguous genitalia
	2p23/SRD5A2

No clinical testing
	N/A
	AR 

Sex limited
	Inability to convert testosterone to the more physiologically active dihydrotestosterone (DHT)

DHT, the most potent androgen, is bound selectively to androgen receptors in genital skin & fibroblasts, making its action necessary for development of normal male genital anatomy in fetus
	Genetic males with ambiguous genitalia (can range from normal to female)

uterus & fallopian tubes absent (secretion of the müllerian-inhibiting factor) Testes, epididymis, vas deferens, seminal vesicles are intact 
	Usually identified neonatally but may not be identified until fertility problems

Gender assignment & psychosocial issues abound

Biochemical: normal testosterone but undetectable DHT

	Ataxia telangiectasia
	Cancer
	11q22/ATM
	N/A
	AR
	Most mutations are null, some are dominant negative
	Cerebellar ataxia before age 10, choreoathetosis/ dystonia, dysarthria, telangiectases after age 7 in sun-exposed skin; immunodeficiency, premature aging, 30-40% risk of cancer, usually lymphomas & leukemias, other cancers (melanoma, breast, stomach, pancreatic, ovarian, leiomyosarcoma); rarely live past 45
Heterozygotes have increased risk for leukemia, stomach, lung cancers
	Radiation tx not indicated
Can dx with lab tests: serum AFP & radioresistant DNA synthesis

Heterozygotes may have increased breast cancer risk, but are conflicting data

	Bloom
	Cancer
	15q26/ BLM (aka RECQL3)
	6bpins/7bpdel2281
	AR
	BLM protein is antirecombinase that suppresses sister chromatid exchanges during recombination
Mutation leads to increased rate of sister chromatid exchanges, which leads to excess chromosome breakage
	Severe growth deficiency, sun-sensitive “butterfly rash”, malar hypoplasia, nasal prominence, small mandible, dolichocephalic skull, hypersentivity to sunlight, highly susceptible to infection, nl intelligence in most, though may have learning disability; 20% cancer risk (half of cases before age 20), non-Hodgkin lymphoma, acute leukemia, carcinomas of mouth, stomach, larynx, lung, esophagus, colon, skin, breast & cervix
	Abnormal sensitivity to therapeutic radiation

	BRCA1/2
	Cancer
	17q21/BRCA1
13q12/BRCA2

BRCA2 is Fanconi anemia gene
	BRCA1: 187delAG
5385insC

BRCA2:

6174delT

Also common French-Canadian, Icelandic, Japanese, Finnish & Swedish mutations
	AD

( Pene-trance
	BRCA1/2 are tumor suppressor genes with multiple functions (DNA repair, regulation of transcription, cell cycle checkpoint control)
	Breast cancer (56-85% risk)
Ovarian cancer (28-44% risk BRCA1, 10-27% risk BRCA2)
Male breast (1-2% BRCA1, 5-10% BRCA2)

Also prostate (BRCA1&2), pancreatic, melanoma, throat (BRCA2), possibly colon
	AJ carrier freq: 1/40 (2.5%)
Proph. mast.: 90% reduction in breast cancer risk

Proph. ooph.: 95% reduction in ovarian cancer risk, 50% reduction in breast cancer risk

Other recommended surveillance: annual mamm. at 25-30; MRI every 6 mos.; annual CA-125 & TVUS; consider tamoxifen

	CML – Philadelphia chromosome
	Cancer
	t(9;22)(q34;q11)
	N/A
	AD
	ABL oncogene from chrom. 9 is translocated to BCR gene in chrom. 22, leading to constitutive activation of ABL & therefore increased tyrosine kinase activity
	Chronic myeloid leukemia
	Gleevec (imatinib) has been effective treatment; has anti-tyrosine kinase activity
Seen in 90-95% of CML cases

	FAP
	Cancer
	5q21/APC
	N/A
	AD
	APC is tumor suppressor gene
	95% have polyposis (>100 polyps) by age 35; colon cancer inevitable; 70% develop CRC by age 21; bile duct, thyroid, small intestine & thyroid (non-medullary) cancers; childhood hepatoblastoma
AFAP: fewer polyps (avg 30), later ages of onset, can have multiple extracolonic polyps

Gardner: CRC + sebaceous cysts, lipomas, desmoid tumors, fibromas, jaw osteomas, epidermoid cysts, CHRPE, supernumerary teeth
Turcot: CRC + medulloblastoma
	100% penetrance
AFAP associated with 5’ & 3’ mutations

Begin annual sigmoidoscopy 10-12 years; colonoscopy once polyps are found; colectomy shortly thereafter; annual evaluation for hepatoblastoma until age 5 years

I1307K mutation associated with increased polyposis, but not CRC risk

	Fanconi anemia
	Cancer
	16q24.3 / FANCA

9q22.3 / FANCC

13q12.3 / FANCD1 (BRCA2)

3p25.3 / FANCD2

6p22 / FANCE

11p15 / FANCF

9p13 / FANCG

2p16.1 / FANCL
	IVS4 + 4A>T, R548X, & 322delG in FANCC
	AR
	FANC proteins part of complex involved in DNA repair

Mutations lead to progressive pancytopenia & chromosome breakage that worsens with exposure to alkylating agents
	Aplastic anemia, bleeding, easy bruising (usu dx around age 6; low birth weight; abn skin pigmentation; progressive bone marrow failure; absent thumbs; skeletal deformities; renal malformations; greatly increased risk (785X) of acute myelocytic leukemia & multiple squamous cell carcinomas; tumors of head & neck, esophagus, cervix, vulva, & liver
	AJ carrier freq: 1:100
Dx by assessing levels of chromosome breakage

Increased toxicity associated with chemo & radiation

	Nevoid basal cell carcinoma syndrome (Gorlin)
	Cancer
	9q22.3 / PTCH
	N/A
	AD
	Unknown
	Multiple basal cell carcinomas (in 90%) ; jaw cysts (90% by age 40); palmar & plantar pits (65%); pancreatic cancer; cardiac & ovarian fibromas; meningiomas; hamartomatous stomach polyps; char. physical features (macrocephaly, tall stature; hypertelorism, enlarged mandible, shortened 4th metacarpal, skeletal malformation of spine & ribs
	

	HNPCC
	Cancer
	2p22 / MSH2

3p21 / MLH1
2q31 / PMS1
7p22 / PMS2
2p16 / MSH6
	N/A
	AD
	Mismatch repair genes
	Cancers:
colorectal (80% risk)
endometrial (20-60% risk)
stomach (11-19% risk)
ovarian (9-12% risk)
hepatobiliary (2-7% risk)
urinary tract (4-5% risk)
small bowel (1-4% risk)
brain/CNS (1-3% risk)
Colon tumors more likely proximal

Muir-Torre: HNPCC cancers + sebaceous glad tumors & skin keratoacanthomas

Turcot: HNPCC cancers + glioblastomas
	MSH2 & MLH1 mutations account for 90% of HNPCC mutations
Amsterdam criteria: 3-2-1 + no FAP

90% of HNPCC tumors are MSI-H
15% of sporadic colon tumors are MSI-H

IHC sensitivity: 90%
Surveillance:
Colonoscopy every 1-2 years age 20-25 yrs

TVUS, endometrial bx, CA-125 age 25-30 yrs
Upper endoscopy

	Li Fraumeni
	Cancer
	17p13/ TP53 / p53
	N/A
	AD
	p53 protein involved in triggering apoptosis; very often mutated in sporadic cancers
	SBLA – sarcoma, breast, brain, leukemia, adrenocortical tumors, also melanoma, colon, pancreas, & many others; multiple primary cancers common
	50% cancer risk by age 40; 90% risk by age 60
some Li-Fraumeni & Li-Fraumeni-like families have CHEK2 mutation

	MEN1
	Cancer
	11q13/MEN1/menin
	N/A
	AD
	
	PPP – Pancreatic Islet Cell Adenoma, Parathyroid carcinoma & Pituitary tumors

Benign tumors – lipomas, adenomas
	94% penetrance of tumors by age 50 but last then 10% risk for cancer

	MEN2
	Cancer
	10q11/RET
	M918T, A883F for MEN2B


	AD
	RET proto-oncogene is tyrosine kinase receptor; gain of function mutations lead to constitutive activation of tyrosine kinase (MEN2A) or alteration of substrate specificity (MEN2B)
	MEN2A:
MTC, pheochromocytomas, benign parathyroid tumors, early adulthood onset
MEN2B:

MTC (aggressive), parathyroid disease uncommon, developmental abnormalities, enlarged lips with mucosal neuromas, marfanoid habitus, childhood onset

Familial MTC:

MTC at later onset (middle age), no pheos or parathyroid disease
	Prophylactic thyroidectomy before age 6 (MEN2A) or age 3 (MEN2B)

	MYH-associated polyposis
	Cancer
	1p / MYH
	Y165C
G382D
	AR
	MYH is base excision repair gene that corrects oxidative DNA damage (excises A that is incorporated instead of C
	Multiple colorectal adenomas (most commonly ~30, can be as high as 100s); looks like AFAP
	North Am carrier freq 2%

	NF1
	Cancer
	17q11.2 / NF1 / neurofibromin
	N/A
Almost half have de novo mutation

NF1 mutation rate ~1/10,00
	AD
	Neurofibromin down-regulates proto-oncogene p21-RAS; mutation results in uncontrolled cell growth
	At least 2:
· 1 FDR with NF1

· 6+ CALs (> 5mm pre-puberty, > 15mm post-puberty)
· 2+ neurofibromas of any type or 1 plexiform neurofibroma

· axillary/inguinal freckling
· optic glioma

· 2+ Lisch nodules

· distinctive bony lesion

· dysplasia of sphenoid bone

· dysplasia/thinning of long bone cortex

Learning disabilities (visuo-spatial & attention deficit) in 50%
	Widely variable expressivity
2-5% risk of malignancy (usually malignant optic gliomas, neurofibrosarcomas,)

Can also see astrocytomas, meningiomas, ependymomas & pheos

Adding FISH (for large deletions) to sequencing increases sensitivity to ~95%

	NF2
	Cancer
	22q12.2 / NF2 / merlin
	N/A
	AD
	NF2 is a tumor suppressor gene; mutation leads to cancer predisposition
	Bilateral vestibular schwannomas (an acoustic nerve tumor); tinnitus, hearing loss, & balance dysfunction; can also see schwannomas of other cranial & peripheral nerves, meningiomas, & juvenile posterior subcapsular cataract; avg age of death is 36, probably because of spinal & brain involvement
	Less intrafamilial variability than is seen in NF1

	RB
	Cancer
	13q14/RB1
	
	AD
	Germline mutation
	Malignant tumor of retina usu. before age 5.  Risk for non ocular tumors – osteosarcomas, pinealomas, melanomas
	~40% of hereditary case are de novo, ~90% of pts with bilateral but no fam hx have germline mt

Sensitivity depends on +/- fam hx & uni vs bilateral

13q deletion syndrome includes ss, Microcephaly, RM, genital malformations & ear abnormalities

	Tuberous sclerosis
	Cancer
	9q34 / TSC1 / hamartin
16p13.3 / TSC2 / tuberin
	N/A
	AD
	TSC1 & TSC2 are tumor suppressor genes
	Major criteria:
· facial angiofibromas

· ungula/periungual fibroma

· 4+ hypomelanotic macules

· shagreen patch

· multiple retinal nodular hamartomas

· cortical tuber

· subependymal nodule

· giant cell astrocytoma

· cardiac rhabdomyoma

· lymphangiomyomatosis

· renal angiomyolipoma

Other features: dental pits, MR/dev’t delay
	Can get severe renal cystic disease with deletions of TSC2 & neighboring ADPKD1 genes
2/3 have de novo mutation

	VHL
	Cancer
	3p25 / VHL / elongin
	N/A
	AD
	VHL is tumor suppressor gene
	CNS (80% in brain) & retinal hemangioblastoma, pheos, clear cell renal carcinoma. Multiple renal, pancreatic or hepatic cysts; sometimes pancreatic islet cell tumors, paragangliomas, adrenal hemangiomas
Often dx in 20s or 30s
	Cancer risk: 45%
Sequencing + Southern detects almost 100% of mutations

20% have de novo mutation

	XP
	Cancer
	9q34.1 / XPA
2q21 / XPB

3p25.1 / XPC

19q13.2 / XPD

11p12 / XPE

16p13.2 / XPF

13q32 / XPG
	N/A
	AR
	Inability to repair genetic damage caused by UV exposure (defective nucleotide excision repair)
	1000-fold risk of cutaneous & ocular neoplasms; median age of non-melanoma skin cancer onset is 10 yrs;

Acute sunburn reaction on minimal UV exposure;

Neurologic impairment in 30%
	95% of individuals have skin findings by age 15
Must avoid UV radiation

Research testing only

	Cowden (& other PTEN)
	Cancer
	10q23.31 / PTEN
	N/A
	AD
	PTEN protein controls cell cycle arrest & apoptosis
	Pathognomonic:
Facial trichilemmomas

Acral keratoses

Papillomatous papules (“scrotal tongue”)

Mucosal lesions

Breast cancer, endometrial cancer, non-medullary (especially papillary) thyroid cancer, renal cell carcinoma, melanoma, glioblastoma; internal hamartomas in GI or GU tract; microcephaly; Lhermitte-Duclos disease (hamartoma in cerebellum); thyroid disease, lipomas; fibromas
	Sequencing detects:
80% of Cowden

60% of BRRS

50% of Proteus-like

20% of Proteus

Present by late 20s; lifetime breact cancer risk - 25-50%, avg age of diagnosis 38-46 yrs; lifetime thyroid cancer risk around 10%.

	Leigh disease
	Mito-chondrial
	Mitochondrial
	
	Mito.
	Nuclear encoded complex 1 associate genes, nuclear encoded complex 4 associated genes including SURF1, T8993G/C with lesser degrees of heteroplasmy causing NARP, Pyruvate dehydrogenase complex deficiency
	Progressive neurodegneration predominantly of inferior brain structures – basal ganglia, cerebellum & brain stem

Respiratory dysfunction & ataxia, MRI hyperintense  signals

Usually a symptom of another disease
	Onset infancy to childhood 

Usu progressive & lethal, progression with infection

	MELAS
	Mito-chondrial
	Mitochondrial / MT-TL1
	A3243G (80%)
Heteroplasmy for A3243G in tRNA –leu 

Most common mito mt found
	Mito.
	Unclear
also T3271C, heteroplasmic mtDNA pt mutations, large rearrangements & nuclear defects
	Mitochondrial Encephalomyopathy, Lactic Acidosis, & Strokelike Episodes OR Myopathy, Mitochondrial-Encephalopathy-Lactic Acidosis-Stroke
Onset typically in late childhood; generalized tonic-clonic seizures, recurrent headaches, anorexia, & recurrent vomiting; exercise intolerance or proximal limb weakness; gradually impaired motor abilities, vision, & mentation, often by adolescence or young adulthood; SNHL common
	A3243G mutations also associated with progressive external ophthalmoplegia (PEO), cardiomyopathy, deafness
Multiple phenotypes can result from A3243G – diabetes w or w/o deafness is most common (1% of all diabetes due to this mt)

	MERRF
	Mito-chondrial
	Mitochondrial / MT-TK
	A8344G (80%)
T8356C & G8363A (10%)
	Mito.
	Unclear
	“Myoclonic Epilepsy with Ragged Red Fibers”; ataxia; dementia, hearing loss, short stature, & exercise intolerance common; cardiomyopathy also occurs, but less common
	Clinical variability due to heteroplasmy, tissue distribution of mutant mtDNA, & vulnerability of each tissue to exidative metabolism

	MNGIE
	Mito-chondrial
	22q13.3 / ECGF1
	
	AR
	Multiple mt DNA deletions are found secondary to AR mutation in thymidine phosphorylase gene
	Mitochondrial myopathy, peripheral neuropathy, gastrointestinal encenphalopathy

aka diarrhea & pseudoobstruction
	Adult onset 

	mtDNA depletion 
	Mito-chondrial
	
	
	AR
	Nuclear encoded gene mutations like gamma polymerase & TK2 & dGK needed for maintenance of deoxynucleotide pools
	Infantile neuromuscular, hepatic &/or renal failure
	Anti-retroviral drugs used in AIDS can cause reversible mtDNA depletion

	Pyruvate Dehydrogenase complex
	Mito-chondrial
	E1 alpha complex
	
	XLD
	Mutations in other subunits cause AR mito disease
	Spectrum

Infantile - lactic acidosis, multisys failure & death, brain & kidney abnormalities

Intermediate – neurocognitive disease

Late onset – carbohydrate induced ataxia


	Males typically have 3’ pt mts resulting in partial def – XLR

Females typically have rearrangements with null activity, XLD with males lethality

	Kearns-Sayre
	Mito-chondrial
	Mitochondrial / KSS
	4.9 kb common deletion
	Mito, AR, AD, sporadic
	Deletions -duplications, AD & AR genes, mtDNA pt mutations like A3243G also 
	Ocular myopathy (CPEO), retinopathy (RP), 
arrhythmia, cerebellar ataxia, neuromuscular degeneration

Elevated CSF protein
	Dementia is KSS Plus, some pts have just CPEO 

Onset before 20

Multiple phenotypes can results from 4.9 kb deletion including Pearson’s

	NARP
	Mito-chondrial
	Mitochondrial / MT-ATP6
	T8993G, T8993C
	Mito.
	Moderate amounts of mutant heteroplasmy for T8993G/C
	Neuropathy, ataxia & RP
	High amounts of T8993G/C lead to Leigh disease

	Leber Hereditary Optic Neuropathy (LHON)
	Mito-chondrial
	Mitochondrial / MT-CYB, MT-ND1, MT-ND4, MT-ND5, MT-ND6
	G11778A, T14484, G3460A (95%)

	Mito.
	mtDNA mutations cause focal neurodegenerative disorder, but otherwise unclear
	Painless subacute bilateral visual failure during young adulthood; minor neurologic abn (postural tremor, loss of ankle reflexes)
	M>F, but F more severely affected

Up to 40% have no fhx

Heteroplasmy uncommon (15%)

Low penetrance (40% M, 10% F)

Males 3-4X more likely to go blind

	Mitochondrial hearing loss
	Mito-chondrial
	12S rRNA gene
	A1555G
	Maternal
	Aminoglycoside or sporadic

Homoplasmic
	Progressive sensorineural hearing loss often induced by aminoglycosides or nonsyndromic sensorineural deafness
	A1555G – Associated with non syndromic dearness & maternally-inherited cardiomyopathy

	Fragile X
	Triplet repeat
	Xq27/FMR1
	
	XL
	CGG 5’UTR
	MR, autism or autistic like features, hand flapping, long face, big ears, macroorchidism after puberty, some connective tissue issues
	200 repeats with methylation are full mutations, gray zone with premutation starting around 50

expansion through mother

14%  of carrier women have POF

Both sexes found to have FXTAS

	Huntington
	Triplet repeat
	4p16/IT15/ Huntingtin
	
	AD
	CAG Exonic (polyglutamine)

Thought to be toxic gain of function
	Involuntary choreic movements, behavioral disturbance, cognitive impairment. Symptoms often appear in 3rd to 5th decade

Juvenile form exists with dystonia, seizures, chorea, & parkinsonian signs
	Anticipation

Greater paternal expansion

Greater number of repeats correlates with earlier age of onset & possibly death

Normal: 10-26

Pre: 27-35

Affected: 41+ with reduced penetrance in 36-40

Read “related GC issues” in genetests

	Myotonic dystrophy
	Triplet repeat/ muscular dystrophy
	19q13/DMPK
	N/A
	AD
	CTG
	Mild: cataract & mild myotonia (sustained muscle contraction); life span nl (50-150 rpts)
Classic: muscle weakness (distal) & wasting, myotonia, cataract, & often cardiac conduction abnormalities; adults may become physically disabled & may have shortened life span (100-1000 rpts)
Congenital: hypotonia & severe generalized weakness at birth, often with respiratory insufficiency & early death; tented mouth; MR common (>2000 rpts) 
	Normal: 5-35 rpts

Premut.: 36-49 rpts

Mut.:50+ rpts

Maternal anticipation

	Friedreich ataxia
	Triplet repeat
	9q13/FRDA/frataxin
	
	AR
	GAA?? intronic repeat (intron 1)

Interferes with RNA processing, leading to reduced frataxin expression

Sometimes listed as AAG??
	Onset before adolescence characterized by incoordination of limb movements, difficulty with speech, diminished or absent tendon reflexes, impairment of position & vibratory senses, scoliosis & foot deformities

2/3 of individuals have cardiomyopathy, 10% with diabetes mellitus
	Frataxin is a mitochondrial protein involved in iron metaboblism

Normal: 7-34

Pre:34-65

Affected: 65-1700 – most are greater than 600

A few pts are compound hetero for nucleotide mt & expansion

PCR, southern & sequencing can be uses

Anticipation not usually seen because of AR inhertance

	Kennedys

Spinal bulbar muscular atrophy
	Triplet repeat
	Xq11/ androgen receptor
	
	XL

Sex limited
	CAG – first exon of AR gene

Toxic gain of function alters  - protein conformation
	Lower motor neuron degeneration leads to progressive proximal muscle weakness, atrophy, fasiculations, gynecomatia, testicular atrophy, decreased fertility due to androgen insensitivity

Carrier females can have muscle cramps or tremors

Normal life expectancy, wheelchair bound, & aspiration/asphyxiation are life threatening
	Normal:9-34

Affected: >35

Paternal allele unstable

Longer repeat – earlier age of onset

	CPS I deficiency
	Metabolic
(urea cycle)
	2q35/ Carbamyl phosphate synthetase
	
	AR
	CPS 1 catalyzes  condensation of ammonia & bicarbonate – requires activation by N-acetylglutamate
	See OTC
	Usu severe neonatal disease

Dx: nl or low orotic acid, low Cit & Arg,, elevated glutamine

Liver transplant

	OTC deficiency
	Metabolic
(urea cycle)
	Xp21.1
	N/A
	XL
	Deficiency of orntithine transcarbamylase leads to excessive protein (can’t enter urea cycle), leading to ammonia accumulation, which causes brain swelling
	Poor appetite, vomiting, hyperventilation (due to primary respiratory alkalosis), acute fatty liver, hypotonia, lethargy, coma seizures, possible sudden death
Between episodes can have anorexia, nausea & protein intolerance; MR secondary to acute metabolic crises
	Liver transplantation
Most common of urea cycle disorders

Sodium benzoate & sodium phenylacetate decrease hyperammonemia

	Citrullinemia
	Metabolic
(urea cycle)
	9q34/ Arginosuccinic synthase 

(ASS)
	
	AR
	High cit, high orotic, low arginine
	High citrulline, hyperammonemia, poor appetite, vomiting, hyperventilation associated with primary respiratory alkalosis, acute fattly liver, hypotonia, seizures, coma

MR depends on neurologic hit – generally the longer the elevated ammonia the greater chance of CNS problem
	Sequencing identifies 96% of affected

NBS by MS/MS possible but may not picked up in time

Tx: hemodialysis in acute crises

IV sodium benzoate/sodium phenylacetate

Low protein diet

	Arginosuccinic aciduria
	Metabolic
(urea cycle)
	7q/ Arginosuccinate synthase (ASL)
	N/A
	AR
	
	Enlarged liver, coarse brittle hair plus symptoms see in other UCDs
	Elevated arginosuccininc acid in urine, elevated cit & decreased ARg in blood, elevated orotic acid in urine

Treat with L arginine

	Arginase deficiency
	Metabolic
(urea cycle)
	6q23/ARG1/ Arginase
	4 mutations account for 60% 
	AR
	<1% of arginase enzyme activity in RBC’s
	Untreated - episodic hyperammonemia, developmental spasticity, slow linear growth, plateauing of cognitive development, loss of milestones, sz. 
	Dx: elevated arginine on plasma aa

Tx:Acute – sodium benzoate/ phenylacetate No L-arginine.  Arg restricted diet

	MCAD
	Metabolic
(FAO)
	1p31 / ACADM / medium chain acyl CoA dehydrogenase
	K304E
	AR
	MCAD involved in mitochondrial fatty acid ß-oxidation, which fuels hepatic ketogenesis, a major source of energy once hepatic glycogen stores become depleted during prolonged fasting & periods of higher energy demands
	Previously healthy child presents with hypoketotic hypoglycemia, vomiting, & lethargy triggered by common (intercurrent) illness; seizures common; may quickly progress to coma & death; hepatomegaly & acute liver disease often present. Children nl at birth, typically present 3-24 mos.; later presentation, even into adulthood, is possible
	C8 acylcarnitine prominent
18% die during first episode

Biochemical testing: plasma acylcarnitine, plasma fatty acid, urine organic acid, urine acylglycine

	CPTII deficiency carnitine palmitoyl-transferase deficiency
	Metabolic
(FAO)
	1p32/CPTII
	S113L mutation (60%)
	AR
	Reduced ketone production denies brain or muscle a necessary source of energy

More deleterious mts are associated with more severe phenotype
	Adult – crises following exertion, infection fasting stress

Males>females

Muscle pain, tenderness, weakness, myoglobinuria, kidney failure, elevated CK, uric acid

Neonatal – w or w/o congenital anomalies, dysmorphic features, hepatomegaly & liver dysfunction, enlarged kidney & cysts, cardiomyopathy, hypotonia, seizures, hypoglycemia, low ketosis, acidosis, hyperammonemia
	Most common disorder of fat metabolism affecting muscle

Avoid strenuous exercise 

	Propionic acidemia
	Metabolic
(Organic acidemia)
	13q32 / PCCA
3q21 / PCCB
	N/A
	AR
	Propionyl CoA carboxylase deficiency (biotin is cofactor) leads to build-up of Met, Thr, Val, Ile, which inhibit urea cycle (hyperammonia) & glycine metabolism (hyperglycinemia)
	Metabolic acidosis with increased anion gap, ketosis, hyperammonemia, poor appetite, vomiting, acute fatty liver, hypotonia, lethargy, coma, seizures, neutropenia, thrombocytopenia; 

Between episodes, can have basal ganglia infracts, MR, anorexia, protein intolerance
	Can administer carnitine & glycine
Regular courses of antibiotics

Diet

	Methylmalonic acidemia
	Metabolic
(Organic acidemia)
	6p21 / MUT / methylmalonyl coA mutase
4q31.1 / MMAA

12q24 / MMAB
	Specific mutation determines level of enzyme activity
	AR
	Affects isoleucine, valine, methionine, threonine pathways; due to insufficient methylmalonyl coA mutase
	Ketosis, acidosis, neutropenia; Methylmalonic acid in blood & urine; propionic acid, 3-OH propionic acid, methyl citrate in urine; acyl carnitines, increased glycine in blood


	

	Isovaleric acidemia
	Metabolic
(Organic acidemia)
	15q14 / IVD / isovaleryl CoA dehydrogenas
	A282V (50%)
	AR
	Inability to break down leucine caused by insufficient isovaleryl CoA dehydrogenase
	Sweaty feet odor; acidosis; poor feeding; vomiting; hyperammonemia; acute fatty liver; seizures; ketosis
	Riboflavin is a cofactor

	GA1
	Metabolic
(Organic acidemia)
	19p13/GAI/glutaryl-CoA dehydrogenase
	A421V in Amish

R402W in Europeans


	AR
	Riboflavin is cofactor
	Macrocephaly, fluid collections in frontal & temporal lobes, hypotonia followed by spasticity, choreoathetoid limb movements, cognition general intact
	Old Order Amish, Canadian tribes, Swedish descent

May need to be ruled out in abuse cases

Acidosis +/- hyperammoniemia

Diet low in lysine & tryptophan, low protein, riboflavin & carnitine supplement

Enz  testing reliable for carriers

	GAII

Multiple Acyl CoA Dehydrogenase Deficiency (MADD)
	Metabolic
(Fatty Acid Oxidation)
	Multiple
	
	AR
	Defect in electron transfer flavoportein (ETF)or flavoprotein dehydrogenase (ETF-DH), interfering with FAD-dependent reactions
	Facial & cerebral malformations, cystic renal disease, Reye syndrome, acidosis, hypoglycemia, encephalopathy, seizures, cardiomyopathy
	Neonatal with congenital anomalies

Neonatal without congenital anomalies

Later onset

Tx:Avoid fasting, low fat diet

Dx:elevated C4-C18

	GSD1a & 1b

Von Gierke Disease
	Metabolic
(GSDs)
	1a - 17q21 glucose 6 phosphatase

1b - 11q23 glucose 6 phosphatase traslocase


	
	AR
	Hypoglycemia results from inability to generate glucose from glycogen or gluconeogenic sources after 3-4 hours of fasting

Glycogen & fat accumulate in liver
	Doll face, liver enlargement & dysfunction, protruding abdomen, adenomas develop after childhood, truncal obesity, flomerulosclerosis easy bruisability & bleeding

1b also has recurrent infections & neutropenia

Adenomas may become malignant in 10% of pts

Renal failure may occur
	Lactic academia, elevated uric acid, lw ketosis

Tx:

Acute - IV glucose & bicarbonate

Chronic – rigid feeding schedule every 3-4 hours, overnight feedings, uncooked corn starch, low fat diet, allopurinol to treat hyperuricemia, liver transplant

Carrier testing by DNA

	Pompe (GSD II)
Acid maltase deficiency
	Metabolic
(GSDs)
	17q25.2 / GAA
	N/A
	AR
	Defect in acid maltase (alpha-glucocidase) in lysosomes leads to inability to break down glycogen & accumulation within lysosomes
	Intantile onset:
Enlarged tongue, “doll’s face”, hypotonia, weakness, hypertrophic cardiomyopathy, elevated CK; death of cardiac failure within 1st yr

Childhood/adult onset:

Slowly progressive muscle weakness, esp. in truncal muscles, elevated CK
	Diet improves respiratory or work efficiency in later onset presentation
Glycogen storage & lysosomal storage disease

	MPS1 (Hurler, Hurler-Scheie, Scheie)
	Metabolic
(MPS)
	4p16.3 / IDUA / alpha-L-iduronidase
	6 known mutations
	AR
	Accumulation of storage material in lysosome causes cell & organ dysfunction
	Earliest onset, most severe of MPS disorders; neurodegenerative; shortened lifespan; abnormal behavior (Hurler); corneal clouding; hepatosplenomegaly; dystostosis multiplex; coarse facies; death (cardiorespiratory failure) usually within 1st 10 yrs (Hurler)
	Enzyme replacement therapy (ERT) available (aldurazyme)
BMT also used

	MPSII (Hunter)
	Metabolic

(MPS)
	Xq28 / IDS / iduronate-2-sulfatase
	N/A
	XL
	Accumulation of storage material in lysosome causes cell & organ dysfunction
	Neurodegenerative (severe form); shortened lifespan; abnormal behavior (severe form); NO corneal clouding; hepatosplenomegaly; dystostosis multiplex; coarse facies; death before age 15 in severe form
	ERT in clinical trials

	MPS III (Sanfilippo)
	Metabolic

(MPS)
	17q25 / HSS
17q21 / NAGLU

14 / ?

12q14 / GNS
	N/A
	AR
	4 different enzymes of heparin sulfate metabolism
	Severe encephalopathy with relatively minor organ involvement; nl height; fewer skeletal deformities; progressive psychomotor retardation (delayed speech); aggressive & extremely hyperkinetic behavior; leads to spasticity; mild coarse facies; hirsutism; coarse hair; synophrys
	4 clinically indistinguishable, biochemically distinct forms (A-D)
Stem cell transplantation

	Tay-Sachs
(GM2 gangliosidosis)
	Metabolic

(Lysosomal storage)
	15q23 / HEXA
	+TATC1278 (80% AJ)
5 other common mutations

Full panel: 97% of cases
	AR
	GM2 ganglioside & associated compounds accumulate in lysosomes of neurons
	Infantile
nl at birth, some weakness & increased startle response during 1st 6 mos, progressive weakness, hypotonia, DD with decreased visual attentiveness by end of 1st yr, seizures, cherry red spot; death age 2-4 years
Subacute

Mid-childhood, clumsiness, ataxia, dev’t regression, neurodegenerative course, seizures, vision loss; death late childhood-adolescence
Chronic

Muscle weakness & wasting, spasticity, ataxia, choreoathetosis, dystonia, cognitive sparing; psychotic tendencies in 50%
	Increased frequency in AJ & French Canadian

	Gaucher
	Metabolic

(Lysosomal storage)
	1q21/GBA gene/Gluco-cerebrocidase
	Four common

N370S, L444P, 84GG, IVS2+1

Account for 98% in AJ pop

75% detection rate non AJ 
	AR
	Lysosomal accumulation of glucocerebroside in viscera, bone marrow +/- CNS
	I – onset variable, mild, hepatosplenomegaly, infiltrative lung disease, bleeding tendency, bone crises, NO CNS, increased risk for leukemia, lymphoma & myeloma

II – onset in infancy, hepatosplenomegaly, bleeding, neurodegenerative, seizures, limb rigidity, eye movement palsies

III- childhood onset, similar course to II but slower progression, bone crises, hepaospleomegaly, same CNS as II but slower with movement disorder
	ERT with imiglucerase for I & III, sympotomatic for II

	Fabry
	Metabolic

(Lysosomal storage)
	Xq22/GLA/ alpha galactosidase
	N/A
	XL
	Lysosomal accumulation of globotriaosylceramide (GL-3) in vascular endothelium & kidneys

<1% of alpha Gal A activity
	Acroparesthesias, angiokeratomas, hypohidrosis, corneal & lenticular opacities, ESRD, cardiovascular disease
	Tx: ERT

Carriers can have symptoms – ERT appropriate

Dx: deficient alpha Gal A activity in plasma

Decreased activity in females indicates carrier

	Niemann Pick
	Metabolic

(Lysosomal storage)
	11p15.4 / SMPD1 (Types A & B)
18q11 / NPC1 (Type C)

14q24.3 / NPC2
(Type C)
	3 point mutations account for 92% of Type A
I1061T in Type C
	AR
	Types A & B:
Acid lysosomal sphingomyelin phosphodiesterase deficiency leading to sphingomyelin accumulating in macrophage/ monocyte “foam cell” in liver, spleen, kidney, brain, lung

Type C:

Cholesterol processing defect leads to foam cells or sea-blue histiocytes accumulating; characteristic inclusions in skin & conjunctivae
	Type A:
Onset in early infancy; hepatosplenomegaly; FTT, feeding difficulties; cherry red spot; brown-yellow tinge in skin; hypotonia; weakness; neurodegenerative; death by 2-3 yrs
Type B:

Onset in childhood/adolescence; hepatosplenomegaly; lung infiltration; minimal CNS involvement; survival well into adulthood
Type C:

School difficulties then variable onset of upward gaze palsy, ataxia, dysarthria, dystonia, seizures, psychiatric problems (depression, schizophrenia), neurodegenerative course; may also present as fetal ascites or neonatal hepatitis (potentially fatal); death usually during adolescence/early adulthood
	Types A & B more common in AJ
ERT for Type B in pre-clinical stage

	Canavan
	Metabolic

(Lysosomal storage)
	17pter/ASPA/ aspartoacylase
	95% of AJ A285E

Y231X

1% 

433-2A-G

A305E ~50% of non AJ
	AR
	
	DD by age of 3-5 m

Severe hypotona → spasticity

Can’t sit independently

No ambulation or speech

Life expectancy teens

Triad of hypotonia, head lag & macrocephaly
	Dx: high N-acetyl aspartic acid in urine

Carrier freq in AJ 1/40

Mutation & seq analysis available 

	Krabbe
	Metabolic

(Lysosomal storage)
	14q31 / GALC / galactocerebro-cidase
	30-kb deletion (infantile version)
G>A809 (late-onset)
	AR
	Lysosomal leukodystrophy
Galactocerebro-cidase deficiency leads to demyelination
	Infantile (85-90% of patients): progressive neurologic degeneration & death before 2 years; normal for first few months but develop extreme irritability, spasticity, & developmental delay before 6 mos; feeding difficulties ; marked hypertonicity, death from infection can occur at any age; 3 stages – infant is blind & decerebrate with no contact with surroundings in Stage III
Late-onset (10-15%): 6 mos-5th decade; clinically normal until symptoms of weakness, vision loss, & intellectual regression become evident
	One case of cherry red macule

	Metachromatic leukodystrophy
	Metabolic

(Lysosomal storage)
	22q13.31 / ARSA
	More common in group of Arabs living in Israel & in Navajo Indians
	AR
	Lack of lysosomal enzyme arylsulfatase A leads to accumulation of sulfatides in nervous system, kidneys, gallbladder, & other organs, damaging myelin sheaths that surround nerve cells in these organs
	Progressive neurodegenerative disorder; loss of muscle control & mental functions; often presents as schizophrenia or other psych manifestations (emotional lability, disorganized thinking) in adults; hyporeflexia early becomes hyperreflexia later
	Three forms:

late infantile (6-24 mos)

juvenile (4yrs – puberty)

adult (after puberty)

Earlier age of dx assoc. with more rapid progression
Has been treated with bone marrow transplantation

	Wilson
	Metabolic

(Metals)
	13q14.3-q21.1/ ATP7B
	H1069Q (European)
R778L (Asian)

H714Q & delC2337 (Russian)
	AR
	Inability to metabolize copper due to mutation in gene producing protein involved in copper transport
	Psychiatric disturbances (adolescent-young adult); movement disorder (6-50 yrs); liver disease (6-25 years); Kayser-Fleischer ring
	↑ copper in urine & plasma;
sensitivity of genetic testing depends on ethnicity

	Menkes
	Metabolic

(Metals)
	Xq12-q13/ ATP7A
	N/A
	XL
	Inability to metabolize copper due to mutation in gene producing protein involved in copper transport
	Healthy for 2-3 mos
Neurodegenerative

Hypotonia; neurodevelopmental delay; FTT; hair abn (short, sparse, kinky, lightly pigmented); jowly face
	↓ serum copper;

↓ copper concentration in some tissues, ↑ concentration in other tissues


	MSUD
	Metabolic
(Organic acidemia)
	19q13.1 / BCKDHA
6p21 / BCKDHB

1p31 / DBT
	N/A
	AR
	Mutation in genes producing branched chain ketoacid dehydrogenase leads to buildup of valine, leucine & isoleucine; leucine believed to be toxic to neurons
	Severe: progressive encephalopathy days 3-5, lethargy, feeding problems, cerebral edema, coma; ketosis, but no acidosis
Mild: psychomotor retardation, fluctuating neurological disease
	Urine (& sometimes ear wax) smells like – you guessed it – maple syrup

	PKU
	Metabolic
(Amino acid-opathies)
	12q24.1 / PAH
	4-15 common mutations, some by ethnicity
	AR
	Mutation leads to deficiency of phenylalanine hydroxylase; elevated phe leads to impaired brain development;
2% of infants with high phe have biopterin-related disease
	Plasma phe concentrations higher than 1000 µmol/L; profound & irreversible MR; severe behavioral problems, fair complexion, blue eyes, blond hair, musty smell
	Newborn screening blood draw most accurate around age 3-4 days;
Treatment includes restriction of dietary phe for life; untreated maternal PKU associated with increased risk for CHDs, IUGR; postnatal growth restriction, MR

	Tyrosinemia 1
	Metabolic
(Amino acid-opathies)
	15q23
	N/A
Most common on French Canadian population
	AR
	Defect in fumarylacetoacetate hydrolase (FAH) leads to build-up of reactive biologic agents implicated in liver & kidney disease
	Liver failure, kidney enlargement & failure, tubular reabsorption sx, rickets, neurologic crises (like porphyria) – painful peripheral neuropathy, hypertension, rapid heart rate, arching, self-mutilation, weakness, paralytic respiratory failure (without diminished consciousness)
	Phe & Tyr restricted diet
NTBC to prevent production of toxi agents

Liver transplantation provides cure

	Tyrosinemia 2
	Metabolic
(Amino acid-opathies)
	Cytosolic tyrosine amino-transferase
	
	AR
	Elevated Try & Phe, urine organics show 4-OH, phenlypyruvate, lactate & acetate
	Painful corneal lesions – lacrimation, photophbia & scars, hyperkeratosis on soles & palms, & mild MR
	Phe & Tyr restricted diet

	Alkaptonuria
	Metabolic
(Amino acid-opathies)
	3q/HGD

homogentisic acid dioxygenase
	N/A
	AR
	Deficiency of homogentisic acid dioxygenase which converts HGA to maleylacetoacetic acid in tyrosine degradation pathway
	Presence of HGA in urine – urine turns dark upon standing

Ochronosis – bluish black pigmentation in connective tissue

Arthritis – 3rd decade

Pigmentation also seen in ear cartilage, sclerae

Spinal changes

Aortic valve calcifications
	First IEM Identified by Garrod 

Detection of HGA in urine by GCMS



	Homocystinuria
	Metabolic
(Amino acid-opathies)
	21q22/ CBS/ cystathionine beta synthase
	G307S – unresponsive to B6 in Irish pop

I278T B6 responsive
	AR
	Homocystine interferes with disulfide cross linkages in connective tissue collagen
	Marfanoid – arachnodactyly, osteoporosis & scoliosis, dislocated lenses, myopia

Differs from Marfan – stiff joints, thromboembolism, MR, LD, stroke, psychiatric problems

If treated good prognosis
	Cofactor is vitamin B6

50% are vitamin B6 responsive

More common in Irish

Dx: Identified by NBS with high methionine

Urine – elevated Met & homocystine, low cystine in blood & urine

Tx: restrict Met in diet, extra cystine, special formula – life long & low protein
Vitamin B6 supplement, sometimes folate & B12

Betaine – alternative way of converting homocystine to Met

	Cystinuria
	Metabolic
(Amino acid-opathies)
	2p16
	
	AR
	Defect in renal absorption of cystine & dibasic a.a. (lysine, arginine & ornithine)

Genetic compounds with 3 clinical types
	Cystine stone formation in childhood

If untreated recurrent renal stone formation

Carriers have some increased excretion of cystine & lysine


	Preventive hydration plus alkalinization of urine to increase cystine solubility

Penicillamine or n acetylcysteine

	Cystinosis
	Metabolic – amino acid transport 
	17p13/ CTNS cystinosin gene
	Single 57 kb deletion account for ~50% of mutant alleles
	AR
	Defect in transport of cystine out of lysosomes into cytoplasm leading to excessive accumulation
	Light complexion, vomiting, anorexia, FTT, polyuria & renal Fanconi syndrome, photophobia – corneal deposits of cystine, hypothyroidism, hepatosplenomegaly, IDDM esp after kidney transplant, rickets, fevers 

After 2nd decade difficulty with walking & swallowing, speech, intellectual functioning
	3 types – infantile, juvenile (milder), adult has not kidney involvement

Tx:

increased water intake

dialysis with renal failure

oral cysteamine & eye drops

	Nonketotic hyperglycinemia
	Metabolic
(Amino acid-opathies)
	9p22 / GLDC (80% of cases) 3p21.2 / AMT
16q24 / GCSH
	N/A
	AR
	Glycine is inhibitory neurotransmitter in brainstem, causing apnea, & excitatory neurotransmitter in cortex, causing seizures & MR
	Early onset (1st weeks)
Profound hypotonia, lethargy, apnea, intractable seizures, myoclonic jerks, severe MR

Later onset (infancy/childhood)

DD, seizures
	Elevated glycine in CSF

	X-linked Adrenoleuko-dystrophy
	Metabolic
(Peroxi-some) most common peroxi-somal disorder
	Xq28/ABCD1 gene
	
	XL
	ALGD protein thought to transport VLCFAs into peroxisome
	Boys have behavioral distubances, intellectual regression, adrenal insufficiency, leukodystrophy

Dementia

Carrier females can have neurologic features 
	Onset betw 4 & 8

Tx: early BMT, lorenzo’s oil not effective

Dx: elevated VLCFA (nl  plasmologens, phytanic, pritanic & bile acids)

PNDx available

	Rhizomelic chondrodysplasia punctata
	Metabolic
	6q22/PEX7
	L292X accounts for 51%
	AR
	Deficiency of peroxisomal target signal 2 – PTS2
	Stippled epiphyses, rhizomelic shortening, facial dysmorphism, small stature, contractures, MR, cataracts, ichthtyosis
	Decreased plasmalogens, elevated phytanic acid, nl VLCFA

Sequencing of PEX7 available

	Zellweger (spectrum with neonatal adrenal leukodystrophy & infantile Refsum’s)
	Metabolic
(Peroxi-some)
	PEX1, PEX6, PEX10, PEX12, PEX13, PEX14, PEX16, PEX26, PEX3, PXF, PXMP3, PXR1
	PEX 1 mutations account for >60% of cases

PEX6 next most common
	AR
	Deficiency of in atleast one of 13 PEX proteins leading to absence of peroxisomes in hepatocytes & subsequent defect in all peroxisomal enzyme activities
	Severe hypotonia, poor suck, cataracts, optic athrphy, CHDs, hepatolmegaly, jaundice, cirrhosis, renal cortical cysts, seizures, brain malformations, psychomotor retardation, dysmorphic features similar to DS
	Elevated VLCFA, elevated phytanic, pritanic & bile acids, decreased plasmalogens

Palliative care

Early death (later in infantile Refsum)

	Galactosemia
	Metabolic
(Carbo-hydrate)
	9p13/ galactose-1-phosphate uridyltransferase
	Classical: Q188R 
(70%)

Duarte – N314D 

LA is also N314D but has deletion in promoter region

LA & D distin-guished by molecular analysis
	AR
	GALT catalyzes conversion of galactose-1-phosphate & UPD glucose to glucose-1-phsophate & UDP-galactose

Accumulation of GALT-1-P in body, exact mechanism unknown
	FTT, jaundice, liver dysfunction, coagulopathy with bleeding tendency, eventual cirrhosis, albuminuria, renal tubular absorption problems, cataracts, lethargy, hypotonia, tendency to gram negative sepsis

Long term – cognitive disabilities esp. speech delay or apraxia, ataxia tremor, primary or secondary amenorrhea, poor growth (occur despite treatment)
	Lactose & galactose free diet, calcium supplement Usually dx by NBS – high galactose & gal-1-P other by low enz activity

Urine will be positive for reducing substance but negative for a glucose dipstick

Classical(G/G): <5% GALT activity

D/G – 5-25% act

& no long term complications

D/Normal -50%

LA does not affected GALT activity

	Hereditary fructose intolerance
	Metabolic
(Carbo-hydrate)
	9q22/

Aldolase B gene

Fructose-1-Phosphate aldolase
	A149P
	AR
	Probably due to toxic effects of F-1-P or by depletion of ATP syn. Of  F-1-
P.  Leads to inhibition of gluconeogenesis & glycogen breakdown & therefore hypoglycemia
	Symptoms occur once fructose is introduced into diet usually after a few moths of age when fruit is introduced

Vomiting, seizures 

Prolonged exposure to fructose leads to FTT, hepatomegaly, renal Fanconi syndrome, hypoglycemia, liver dysfunction, elevated lactic acid
	Fructose & sucrose restricted diet

Vitamin supplements

Carrier testing & 

Dx: enz assay in liver, presence of fructose in urine

PNDx by DNA analysis only


	Biotinidase deficiency
	Metabolic
Amino aciduria/ organic aciduria??
	BTD gene/3p25
	Yes - ??

1330G(C (444D(H)
	AR
	<10% mean serum biotinidase activity

can’t recycle endogenous biotin needed for activation of four carboxylase enzymes
	Seizures, hypotonia, rash, hyperventilation, laryngeal stridor, apnea, alopecia, ataxia, DD, hearing loss, atrophy, recurrent infections
	Tx: Daily biotin supplementation

Dx by NBS

Carrier by enz level

Excellent prognosis if treated early

	Porphyria
	Metabolic
(Other)
	11q23.3


	
	AD
	Result of defects in heme biosynthesis pathway
	Recurrent, severe abdominal pain; cramping; limb pain; tachycardia; hypertension; fainting; urine turns port-wine color when exposed to air; bizarre neurologic symptoms (weakness, sensation deficits); liver dysfunction; psych symptoms
Acute intermittent:

Symptoms begin after puberty, may be exacerbated by hormonal changes, certain drugs, foods, alcohol, fasting, stress, infections; symptoms same as above plus depression, hysteria, anxiety, paranoia
	Not all affected patients are symptomatic

	CDG (congenital disorders of glycosylation) formerly carbohydrate deficient glycoprotein syndromes
	Metabolic
(Other)
	CDG1A I son 16p13
	R141H – 40% of 1A pts
	AR
	Synthesis of incomplete glycoproteins results in mult sys disease
	Many – FTT, hydrops fetalis, cardiomyopahty, pericardial effusion, congenital nephrotic syndrome, stroke like episodes, RP, inverted nipples, abnormal fat pads, cerebellar atrophy
	At least 11 different subtypes, 1A is most common but 1b can be treated with mannose supplementation

	Lesch-Nyhan
	Metabolic
(Purine meta-bolism)
	Xq26 / HPRT1 / hypoxanthine: guanine phosphor-ribosyltransferase
	N/A
	XLR
	Normal enzyme recycles purines form DNA & RNA; mutation leads to elevated uric acid & purines
	Motor retardation (wheelchair-bound); muscular hypotonia; dystonia; choreathetosis; spasticity; epilepsy; self mutilation (beginning 2-3 years; biting lips, cheeks, hands); uric acid stones leading to renal failure; gout; survival into 2nd or 3rd decade; no evidence of disease progession
	

	Smith Lemli Opitz
	Metabolic
(Other)
	11q/DHCR7
	6 common mutations account for ~65%
	AR
	abnormality in cholesterol metabolism resulting from deficiency of enzyme 7-dehydro-cholesterol reductase
	prenatal & postnatal growth retardation, microcephaly, moderate to severe mental retardation distinctive facial features, cleft palate, cardiac defects, underdeveloped external genitalia in males, post-axial polydactyly, & 2-3 toe syndactyly
	Dx: elevated serum concentration of 7-dehydrocholesterol (7-DHC) or an elevated 7-dehydrocholesterol: cholesterol ratio. serum concentration of cholesterol usually low

Sequence analysis has 80% detection

Low uE3, hCG, & AFP can indicate SLO

	Alpha-1-antitrypsin
	Metabolic
(Other)
	14q32/PI/ protease inhibitor
	See notes

Numerous polymorphisms
	AR
	AAT  major role is to bind & inhibit elastase from neutrophils in lower respiratory tract

Z allele slows rate of elastase inhibition

Aggregates is rough ER of liver cells

Like sickle cell in that mutation confers novel property to protein
	Neonatal cholestasis, later cirrhosis, hepatocellular carcinoma

COPD

Chronic bronchitis, emphysema after 30

Major public health concern
	Ecogenetic condition Avoid smoking, alcohol & oxidants

Dyspnea onset is 35 in smokers & 45 in non-smokers

M – wild type

S- (E264V) slightly reduced AAT

Z- (E342K) carrier frequency 3% 

Z/Z pts have 15% of normal AAT conc

TX: delvery of alpha1 AT to pulmonary epithelium & alveolar fluid through IV

Liver tramsplant

	Hyper-cholesterolemia
	Metabolic
(Other)
	LDLR
	Insertions/deletions & rearrangements mediated by Alu repeats
	AD – more severe & earlier onset in homo-zygotes
	Elevation of plasma cholesterol carried by LDL

LDLR binds LDL & apo E

Influenced by env., gender, & genetic background
	Premature heart disease, atheroma deposits in coronary arteries, xanthomas (20s), arcus corneae (20s)

High cholesterol is first manifestation
	Five classes of mutations –p. 220 T&T

Tx: diet, drug therapy as early as 10

Dx: difficult, direct DNA analysis limited by plethora of mutations

	Mucolipidosis II

I-cell disease
	Metabolic (Other)
	4q21
	
	AR
	Abn lysosomal enzyme  transportin cells such that they are secreted into extracellular medium rather than into lysosomes
	Onset neonatal/early infancy; coarse appearing facies; some corneal clouding; gingival hyperplasia; heart enlargement; vascular disease; hepatosplenomegaly; hernias; kyphoscoliosis; claw hand deformity; dystostosis multiplex; neurodegenerative; death usually from cardiorespiratory causes by 5-8 yrs
	Incidence in Quebec: 1:6100

	Mucolipidosis IV
	Metabolic
(Other)
	19p13.3 / MCOLN1
	IVS 3[image: image1.png]
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6944del (95% of AJ mutations)
	AR
	
	Severe psychomotor delay evident by end of 1st year; slowly progressive visual impairment during 1st decade (due to corneal clouding & retinal degeneration; visual impairment by early teens; neurodegeneration (15%) 
	About 70% are of AJ heritage
1:100-1:127 AJ carrier frequency

	Connexin/ nonsyndromic

DFNB1

DFN – deafness locus

B refers to AR

A refers to AD

No letter is XL
	Hearing loss
	GJB2-connexin 26

GJB6 – connexin 30
	98% have two GJB2 mutations

35delG –northern Europe

50% homo for 35 del G

167delT –AJ pop.
	AR
	Beta 2 gap junction protein found in ear

Connexins join in groups of 6 to form a connexon – allows intercellular exchange of ions
	Congenital non-progressive, mild to profound sensorineural hearing impairment

Non  syndromic
	1/2000-1/1000 children born with hearing loss

1/33 carrier freq of GJB2

~50% hearing loss genetic

70% non syndromic

75-85 % of nonsyndromic is AR & 50% of that is GJB2

Dx: sequence GJB2 exon 2 if two mutations not found then sequence exon 1 & test for two deletions in GJB6

2% pts have GJB2 & GJB6 mutation – diallelic


	Waardenburg
	Hearing loss
	2q35/PAX3

3p14/MITF – accounts for about 10-20%
	
	AD
	Loss of function mutations – PAX3 expressed in devel. neural crest & in dermatomyotomal component of somites which are mesoderm-derived cells that give rise to skeletal muscle & dermis

MITF encodes a specialized txn factor that binds to & activates target genes required for development of pigment cells.  Trans activated by PAX3
	Type 1: deficiency of melanocytes in hair, eyes & inner ear – white forelock, pale, heterochromia, congenital SNHL, dystopia canthorum (W index), high nasal root, medial eyebrow flare

Type 3: Like Type 1 bur with upper-extremity limb defects – NO dystopia canthorum

Type2: white forelock, eye color changes & deafness only 
	Sequencing detects about 90% of PAX3 mutations 

	Alport
	Hearing loss
	Xq22/COL4A5

2q36/COL4A3 & 2q36/COL4A4
	
	XL -80%

AR-15%

AD -5%
	
	Microscopic hematuria

Proteinuria leading to ESRD

SNHL progressive begins in late childhood

Ocular lesions – anterior lenticonus is pathognomonic
	90% of carrier females exhibit persistent or intermittent microhematuria

50% of AR carriers exhibit

	Treacher-Collins
	Hearing loss
	5q32 / TCOF1 / treacle
	4138delAAGAA
	AD
	TCOF1 mutations lead to haploinsufficiency of treacle, which affects neural crest cells in 1st & 2nd branchial arch
	Hypoplasia of zygomatic bones & mandible, external ear abnormalities (absent, small, malformed or rotated), coloboma of lower eyelid, absence of lower eyelid cilia, cleft palate, & preauricular hair displacement; prominent nose; downward slant of eyes; 40-50% have conductive hearing; inner ear structures tend to be normal
	Direct sequencing has 90-95% sensitivity;
60% have de novo mutations

	BOR
	Hearing loss
	8p13 / EYA1
	Insertions, deletions, missense, nonsense
	AD
	
	Malformations of outer, middle & inner ear, conductive, sensorineural or mixed hearing loss; branchial fistulae & cysts, renal malformations
	Only 40% identifiable mutation, suggests locus heterogenetity

	Pendred
	Hearing loss
	7q31/ SLC26A4/ Pendrin
	3 mutations account for 50%

likely locus heterogeneity
	AR
	
	sensorineural hearing impairment, bony abnormalities of inner ear observed on CT examination of temporal bones, & euthyroid goiter secondary to abnormal iodine transport across thyrocyte,

Goiterous changes are typically not present at birth, but do develop in early puberty (40%) or adulthood (60%). Vestibular function is abnormal in majority of affected individuals. 

Can include Mondini malformation
	Hearing loss can worsen following head trauma

Allelic with DFNB4 – non syndromic hearing loss

	Stickler
	Hearing loss/ connective tissue
	1p21/ COL11A1

6p21/ COL11A2

12q13/ COL2A1
	
	AD
	
	Retinal detachment, mixed SNHL, high myopia, cataracts, Pierre robin 
(cleft palate, u-shaped, small chin, flat face), mild spondyloepiphyseal dysplasia &/or precocious arthritis, MVP

COL2A1 - type 1 congenital vitreous anomaly & milder hearing loss. 

COL11A1 - type 2 congenital vitreous anomaly & significant hearing loss. 

COL11A2 -craniofacial & joint manifestations & hearing loss, but lacking ocular findings
	COL11A2 usually lack ocular findings

~40-60% of CP is syndromic & 

50% of syndromic CP is Stickler

	Usher
	Hearing loss
	USH1A-1G

1q41/ USH2A/ Usherin USH2B,C & D protein not identified yet

3q21/ USH3
	
	AR

AR

AR
	
	Type 1:Congenital bilateral profound SNHL, vestibular dysfunction & Retinitis Pigmentosa (progressive, bilateral, symmetrical degeneration of rod & cone functions of retina, develops in adolescence)

Type 2: congenital, bilateral SNHL predominantly in the higher frequencies that ranges from mild to severe, 2) normal vestibular function, & 3) adolescent-to-adult onset of retinitis pigmentosa. 

Type 3: postlingual progressive sensorineural hearing loss, late-onset RP, & variable impairment of vestibular function
	3 clinical types

One of most important clinical distinctions between types I & II: children with type I are usually delayed in walking until 18 months to two years of age because of vestibular involvement, whereas children with type II usually begin walking at about one year of age.

	Jervell-Lange-Nielsen
	Hearing loss
	11p15/KCNQ1

22q22/KCNE1
	
	AR
	
	Congenital SNHL
Prolonged QT interval


	Risk for sudden cardiac death

	VATER (etc.)
	Association
	N/A
	N/A
	Isolated
	Unknown
	Vertebral defects

Anal atresia

Cardiac defects (VSD, PDA, tet Fallot)

TE fistuala

Esophageal atresia

Renal

Limbs/radial defects
	Nonrandom association

Dx of exclusion in differential with CHARGE & MURCS

Dx usually requires 3/7 present

	Angelman
	Imprinting/UPD
	15q11-q13 / UBE3A
	N/A
	Isolated – see etiology & notes
	Loss of maternally imprinted contribution by one of 5 mechanisms

1. Deletion 70%

2. Paternal UPD 7%

3. Imprinting 0.5%

4. UBE3A 11%

5. Cyto rearrangement 1%
	Severe DD, MR, severe speech impairment, gait ataxia inappropriate happy demeanor, microcephaly, seizures
	Methylation PCR  (80%)followed by FISH for UBE3A (11%)

~10% unknown etiology

RR

Deletion or UPD <1%

Imprinting or UBE3A can be 50%

Cyto – usually de novo

	Prader Willi
	Imprinting/UPD
	15q11-q12
	N/A
	Isolated cases; see etiology (lack of paternal 15q11)
	Deletion of Prader Willi Critical Region (PWCR): 70%
Maternal UPD: 25-30%

Imprinting defect: <1%

Rearrangement: <1%
	Severe hypotonia & poor suck in early infancy; excessive eating & gradual development of morbid obesity in later infancy or early childhood; delayed motor milestones & language development are delayed; usually mild MR; distinctive behavioral phenotype (with temper tantrums, stubbornness, manipulative behavior, & obsessive-compulsive charateristics); hypogonadism in both males & females; in most, infertility; short stature common; characteristic facies; scoliosis often present; DM II often occurs 
	Methylation (typically using PCR primers with parent-specific probes) studies detect 99% of cases;
Can do methylation testing first, then FISH for deletion & UPD studies to determine subtype;

Unusual skill with jigsaw puzzles; high pain threshold

	Beckwith Wiedemann
	Imprinting/UPD/ overgrowth
	11p15
	N/A
	AD/ sporadic
	1% cytogenetic (e.g. 11p15 pat duplication)

~15% pat UPD (low RR)

Imprinting: 50% loss of methylation at KCNQ10T1, 2-7% at H19 (probably low RR)

CDKN1C mutations in 10% simplex & 40% familial (</= 50% RR)
	Macrosomia, macroglossia, visceromegaly, embryonal tumors, omphalocele, ear creases/pits, neonatal hypoglycemia, hemihyperplasia
	15% family hx

screen for embryonal tumors until age 8 with u/s every 3 months

AFP levels every 3 months for hepatoblastoma baseline CT or MR of abdomen?

Association with ISCI & twins

	Russell Silver
	UPD
	Chromo 7
	N/A
	Sporadic

AR & AD
	~10% of cases are maternal UPD7 

Unknown
	IUGR & postnatal growth deficiency, normal head circumference, proportionate short stature, triangular facies, broad prominent forehead with small triangular face & small narrow chin, limb length asymmetry 

Prevalence of DD unknown at this time

Additional features can include fifth finger clinodactyly, brachydactyly, café au lait spots, & arm span less than height
	Variable response to growth hormone therapy

Rule out Fanconi anemia & chromosome breakage syndromes

	Alcohol
	Teratogen
	N/A
	N/A
	N/A
	
	Facial dysmorphia (smooth philtrum, hypoplastic midface, depressed nasal bridge, thin upper lip, thin palpebral fissures, microcephaly), heart defects, pre- & postnatal growth retardation, MR, psychomotor retardation, ADD/ADHD, poor coordination
	

	Cigarettes
	Teratogen
	N/A
	N/A
	N/A
	
	IUGR, low BW, pre-term delivery
	Possible defects:

CL +/- CP, cardiac malf., behavioral differences

	Cocaine
	Teratogen
	N/A
	N/A
	N/A
	
	Vascular disruptions, cranial defects, limb reduction defects, urogenital abn, intestinal abn, SABs, IUGR, prematurity, placental abruption, uterine rupture, neonatal intraventricular hemorrhage, neonatal morbidity
	

	Warfarin embryopathy

Fetal Coumarin syndrome

Coumadin
	Teratogen
	N/A
	N/A
	N/A
	Critical period of couamarin exposure is between 6 & 9 weeks gestation 
	Stippled epiphyses, nasal hypoplasia

Significant MR & seizures

CNS anomalies can occur with use during later 2nd & 3rd trimesters
	Similar to X linked chrondrodysplasia punctata suggesting a common pathogenesis – warfarin appears to inhibit ARSE

Try to replace with heparin before becoming pregnant

	Marijuana
	Teratogen
	N/A
	N/A
	N/A
	
	IUGR, low BW, pre-term delivery
	

	Diabetes
	Teratogen
	N/A
	N/A
	N/A
	
	Cardiac (transposition of great vessls, ASD, VSD, tetralogy of Fallot); GI (anorectal atresia, situs inversus, duodenla atresia); GU (renal agenesis, single umbilical artery, cryptorchidism); CNS (NTDs, microcephaly); skeletal (caudal regression, vertebral defects); craniofacial (CL +/- CP, eye anomlies)
	

	Accutane
	Teratogen
	N/A
	N/A
	N/A
	
	Microtia, anotia, cardiovascular defects, thymic anomalies, CNS defects, DD
	Critical period 2-5 wks from conception

	Epilepsy
	Teratogen
	N/A
	N/A
	N/A
	
	Increased risk for birth defects & SABs by 2-3 fold, increasing fetal heart rated, double risk for SB, maternal & fetal risk of hypoxia & acidosis, increased risk of preeclampsia & premature labor

Pregnant women with epilepsy that do not require tx for seizures are likely not at increased risk
	Recent research suggests teratogenic risk associated only with  antiepileptic drugs

	Thalidomide
	Teratogen
	N/A
	N/A
	N/A
	
	Limb: phocomelia, amelia, clubfeet & supernumerary fingers

Facial: microtia, facial palsy, orofacial cleft & microphtalmia

Cardiac: VSD, ASD, conotruncal

Other: kidney, spinal, anal, CNS, growth & mental function (autism) abnormalities
	Exposure to thalidomide in 1st trimester carries a 10-50% risk of embryopathy
Susceptible period 34-50 days after LMP

	Psychotherapeutic medications
	Teratogen
	N/A
	N/A
	N/A
	
	Antipsychotics: unclear effect
Benzodiazepines: Dandy-Walker malformation with lissencephaly,

polycystic kidney, submucous cleft hard palate, microcephaly, dysmorphism, MR, low BW, small head circumference

Lithium: low risk

Most anti-depressants: low risk
	

	Tegretol
	Teratogen
	N/A
	N/A
	N/A
	
	Upslanting palpebral fissures, epicanthal folds, short nose with broad philtrum, pre- & postnatal growth deficiency, nail hypoplasia, cardiac defects, DD, 1% risk of NTD
	

	Phenylhydantoin
	Teratogen
	N/A
	N/A
	N/A
	
	Growth deficiency, DD, learning disabilities, midface hypoplasia, hypertelorism, depressed nasal bridge, CL +/- CP, hypoplasia of nails & distal digits, cardiac defects
	

	Valproic acid (Depakote)
	Teratogen
	N/A
	N/A
	N/A
	
	Growth deficiency, hypertelorism, small nose, flat nasal bridge, short anteverted nares, long thin philtrum, epicanthal folds, CL +/- CP, cardiac defects, long fingers & toes, 1-2% risk of NTD
	

	CMV
	Teratogen
	N/A
	N/A
	N/A
	
	Chronic skin rashes, petechia, epilepsy, hepatosplenomegaly, SNHL, cerebral palsy, chorioretinitis, optic atrophy, blindness, microcephaly, MR, prematurity, low BW, FTT
	30-40% risk of fetla infection after primary maternal infection
0.5-1% risk of congenital infection with recurrent maternal infection

	Rubella
	Teratogen
	N/A
	N/A
	N/A
	
	Deafness, cardiac malformations, abn ossification of long bones, immune & endocrine abn, hepatosplenomegaly, MR, petechia, ocular defects, microcephaly, miscarriage, IUGR
	Exposure during 1st 12 wks: 80% risk embryonic infection
Exposure during 12-16 wks: 50% risk fetal infection

Exposure at end of 2nd trimester: 25% risk fetal infection

Exposure at term: 100% risk fetal infection

	Varicella zoster
	Teratogen
	N/A
	N/A
	N/A
	
	Limb reduction defects, skin scarring, microcephaly, chorioretinitis, neurologic abnormalities, IUGR
	25% vertical transmission risk
3-5% fetal risk with critical period during 1st 20 wks

	Toxoplasmosis
	Teratogen
	N/A
	N/A
	N/A
	
	Hydrocephalus, microcephaly, microphthalmia, chorioretinitis, intracranial calcifications, seizures, blindness, deafness, MR, prematurity, stillbirth
	10-15% risk with 1st trimester exposure, 29-50% risk with 2nd trimester exposure, 59-90% risk with 3rd trimester exposure
Exposure through raw meat, eggs, cat poo

	Parvovirus B19 (Fifth disease)
	Teratogen
	N/A
	N/A
	N/A
	
	Severe anemia, crdiac failure, non-immune hydrops, IUFD, IUGR
	As high as 33% risk of vertical transmission

	Methylmercury
	Teratogen
	N/A
	N/A
	N/A
	
	Microcephaly, cerebral palsy, psychomotor retardation, MR, ataxia
	Exposures: fish from contaminated waters, contaminated seed grains

	Radiation
	Teratogen
	N/A
	N/A
	N/A
	Greatest risk associated with cancer tx
	Microcephaly, growth retardation, MR, mutagenesis, carcinogenesis
	Exposure greater than 5-10 rads increase risk of congenital defects

	Cleft lip & palate
	Birth defect
	TGFA, TGFB, MSX1
	
	Sporadic or syndromic


	Tri 13 & 18, OAV, HPE, Pierre Robin (U shaped cleft), stickler, Van der woude, 22q, SLO, Kabuki

Cleft lip – 36 days

Cleft palate – 10 weeks
	upper lip formed by fusion of maxillary prominences with the medial & lateral nasal prominences

Lower lip formed by fusion of mandibular prominences
	CL+/-P, M>F

Highest in native Americans, lowest in AA

CP alone F>M

CP greater association with syndrome

Higher RR if lesser affected sex is affected & with bilateral CL/CP

	Spina bifida
	Birth defect
	
	N/A
	95% isolated
5% syndromic
	Preconception use of folic acid reduces risk 50-70%
	Meningocele: sac does not contain spinal cord tissue or nerves
Myelomeningocele: sac contains spinal cord tissue & nerves; most common NTD

Encephalocele: brain within skin-covered sac

Anencephaly: failure of nl brain devt, often missing back of skull

80% open, 20% closed

Cervical & thoracic defects more severe than lumbar & sacral defects

Neural tube closes by 28th day after conception
	F: 2/3 of anencephaly
1-2:1000 incidence in US

More common in:

Eastern US

Caucasians

Punjabis

Spring & later winter conceptions

Rec. risk: 2-5%

Lemon & banana signs on U/S

	Aarskog/ Faciogenital dysplasia
	Other syndromes
	Xp11/FGD1
	
	XL
	Putative Rho/Rac guanine nucleotide exchange factor
	Shawl scrotum, widows peak, SS, short broad hands, pectus excavatum, some with LD or MR
	Carriers can have some features

	Albright hereditary osteodystrophy (Pseudohypo-parathyroidism
	Other syndromes
	20q13.2 / GNAS1
	N/A
	AD
	
	Short 4th metacarpal; short stature; obesity; round facies; subcutaneous ossifications; brachydactyly, MR in some patients; often associated with pseudohypoparathyoidism, hypocalcemia, & elevated PTH levels
	Probable tissue-specific imprinting causing more severe manifestations in maternally transmitted cases 

Loss of function mt (gain of function GNAS mt in McCune Albright)

	Bardet-Biedl
	Obesity
	BBS1

BBS2

BBS4

MKKS

BBS7

?BBS3

?BBS5
	M309R in BBS1 – testing available
	AR & triallelic inheritance
	
	Rod cone dystrophy, truncal obesity, post axial polydactyly, cognitive impairment, male hypogonadotrophic hypogonadism, complex femal genitourinary malformations, renal dysfunction
	Night blindness by age 7 legally blind by 15 

normal birth weight but rapid gain in first year – lifelong issue

	CHARGE
	Micro-deletion in some cases
	8q12/CHD7
	
	AD/ sporadic
	Usually deletions
	Coloboma

Heart defects

Atresia choanae

Retarded growth & dev

Genital hypoplasia

Ear anomalies/deafness
	Tetralogy of Fallot

Growth deficiency

Clinical overlap with VATER, tri 13, tri 18, 4p-, Cat eye

Sequencing available

	CMT
	Other syndromes
	CMT1 (50%)

CMT1A -
PMP22

CMT1B – MPZ

CMT1C – LITAF

CMT1D – EBR2

CMT1E – PMP22

CMT1F - NEFL

CMT2 (20-40%)

CMT2A – KIF1B & MRN2

CMT2B – RAB7

CMT2B1 – LMNA & a lot more

CMT4 (rare)

GDAP1, MTMR2, SH3TC2, NDRG, EGR2, PRX

CMTX (10-20%)

GJB1-connexin 32
	duplications
	AD

AD

AR

XLD
	
	Chronic motor & sensory polyneuropathy – distal muscle weakness & atrophy associated with mild to moderate sensory loss, depressed tendon reflexes & high-arched feet

Hearing loss can occur

Usually slowly progressive
	Treatment is symptomatic

Unless a certain CMT is suspected, panel available to test for numerous mutations

	Cornelia de Lange
	Dys-morphic
	NIPBL/5p13
	
	AD/ Sporadic
	
	Synophrys, SS, long curly eyelashes thin upper lip CL/CP, CHD, diaphragmatic hernia, cryptorchidism/hypoplastic male genitalia, syndactyly of tes 2,3, phocomelia, hirsutism, MR, low pictched, growling cry in infancy, micromelia, thin downturning upper lip
	Not sure how much NIPBL accounts for?

	Costello
	Dys-morphic
	?
	NA
	AD Sporadic
	
	Brittle curly hair, hoarse voice, postnatal growth deficiency, macrocephaly, coarse facies, thick ear lobes, cutis laxa, depressed nasal bridge, macroglossia, short neck with folds, barrel chest, darker pigmentation, CHD – hypertrophic cardio, pulmonic stenosis, MVP, VSD, dysrhythmias

Papillomas in perioral, anal & nasal

Sudden death

Vestibular schwannoma, rhabdomyosarcoma, bladder carcinoma, epithelioma
	Advanced paternal age implicated

In differential with Noonan & CFC (also Wiliams) esp during infancy

	CF
	Other syndromes
	7q31/ CFTR
	Delta F508  accounts for 70% of all CF alleles in Caucasian
	AR
	Delta F508 is a class II  mutation that results from defective protein processing due to misfolding of the protein
	Lung disease - bronchiectasis, cysts, & abscesses, infections, pancreatic insufficiency/malabsoprtion in most

Obstructive azoospermia -95% of males, reduced fertility in some females

CBAVD can occur in men without pulmonary involvement (7T in cis with R117H & 5T in trans & no other mutation)

Meconium ileus occurs in 15-20%

Death from pulmonary failure & infections

Diabetes, asthma can occur

Echogenic bowel on u/s  - risk is 1.3-13% for CF
	Now screen for 23 most common mutations with reflex to 5T splice site variant when R117H is present

5T in cis with R117H & another mutation can cause CF (therefore 5T in cis with R117H alone is a carrier)

97% sensitive in AJ & almost 90% in Caucasians, 69% AA & 57% Hispanic

Sweat chloride detects >90%

Sequencing is 98% sensitive in all pops?

IRT is used in some states for NBS

	DMD/Becker
	Muscular dystrophy
	DMD/Xp21/ dystrophin

79 exons, largest identified gene 1.5% of X chromosome, 2300 kb, 427 kD protein
	
	XL
	Deletion - ~60% 

Point mt - ~34%

Duplication - ~6%

BMD in frame mutations, 

DMD deletions clustered in 5’ or central region  - slipped mispairing 
	DMD – muscle weakness 3-5 yrs, wheelchair around 12,  respiratory failure of cardiac failure by 20, grossly elevated CK, IQ drop of 10-20 pts

BMD – ambulatory beyond 15 

Calf pseudohypertrophy, gower sign

DMD males have fitness close to zero
	DMD -2/3 of mothers are carriers, 1/3 new mutation, ~15 gonadal mosaicism

Carriers = 70% elevated CK, cardiac issues

High mutation rate -1/3300 male live births

Dx: usu multiplex PCR

Cloned by linkage to Xp21 followed by positional strategies based on pt with DMD & 3 other genetic disorders – lg cyto delection

DNA from females with DMD X; autosome translocation 

	Dubowitz
	Dys-morphic
	?
	NA
	AR
	
	IUGR, small facies, micrognathia, sloping forehead, ear abnormalities, ptosis, epiccanthal folds, spare eyebrows, eye abnormalities, , porr feeding, hypospadias, clinicodactyl & 2-3 toe syndactyly, eczema, hyperactivity, MR in some,high pitched voice, recurrent infections, anemia, leukemia
	

	Ectodermal dysplasia
	Other syndromes
	ED1 (ectodysplasin)

Xq12

EDAR, EDARADD

2q13

EDAR, EDARADD

1q42
	N/A
	XL (95%)

AR 

AD (milder)
	
	Hypotrichosis, hypohidrosis (absence of sweat glands), hypodontia – obvious during childhood. hyperthermia

Normal growth & dev
	Clinical testing (sequencing) for ED1 & EDAR

Carrier females of XL can show features

	Emery-Dreifuss
	Other syndromes
	EMD (XL)

emerin

LMNA (AD/AR)

Lamins A & C
	
	XL

AD

AR
	Serum CK normal to slightly elevated
	Muscular dystrophy – muscle weakness, joint contractures, cardiac problems

Triad – 1) childhood joint contractures 2) slowly progressive muscle weakness & wasting 3) cardiac disease conduction defects & arrhythmias

Variable expressivity
	Joint contractures appear first in x-linked & muscle weakness appears first in AD form

LGMD 1B is allelic with AD form

	Familial dysautonomia
	Other syndromes
	IKBKAP
	IVS20 (+6T→C)

R696P

Account for 99% in AJ
	AR
	Progressive neuronal degeneration – sensory, sympathetic & parasympathetic neurons affected
	Decreased taste & absence of fungiform papillae of tongue – smooth pale appearance

GI dysfunction, vomiting crises, recurrent pneumonia, cardiovascular instability, altered sensitivity to pain & temp

Decreased or absent deep tendon reflexes, hypotonia in infancy, absence of overflow tears with emotional crying
	1/36 carrier freq

can be included in panel for AJ couples

death may be from renal failure, reduced life expectancy

	Hemifacial microsomia/ Goldenhar/ OAV
	Dys-morphic
	Unknown
	NA
	Sporadic AD
	Abnormal morphogenesis of first & second branchial arch
	Facial asymmetry, macrostomia, preauicular tags, microtia, conductive hearing loss, epibulbar dermoid, microopthalmia, , CHDs, kidney abnormalities, vertebral anomalies, sometimes CNS involvement
	Surgeries



	HHT
	Other syndromes
	9q34/ ENG/ endoglin

12q11/ ACVRL1 (alk1)

Serine/threonine-protein kinase receptor R3 


	
	AD
	
	Presence of multiple arteriovenous malformations (AVMs) that lack intervening capillaries- result in direct connections between arteries & veins. Small AVMs, or telangiectases, close to the surface of skin & mucous membranes often rupture & bleed after slight trauma.  

Most common clinical manifestation is spontaneous & recurrent nosebleeding beginning ~12 years of age

~ 25% of individuals with HHT have GI bleeding, which most commonly begins after age 50 years. Large AVMs often cause symptoms when they occur in the brain, lungs, or gastrointestinal tract; complications from bleeding or shunting may be sudden & catastrophic. 
	Unknown detection rate

Pregnancy can put women at increased risk for lung hemorrhage



	Holt-Oram
	Other syndromes
	12q24/TBX5
	
	AD
	
	ASD – ostium secundum (or other abnormalities)

Absent thumb (bifid thumb, triphalnagela thumb)

Upper extremity phocomelia
	Usually asymmetric involvement 

	IP
	Other syndromes
	IKBKG/NEMO gene

Xq28
	Deletion of exons 4-10 in 80%
	XLD, male lethal
	
	4 stage skin lesion 1)blistering, 2/ wart-like rash, 3) hperpigmentation, 4) hypopigmentation; Alopecia, hypodontia, abnormal tooth shape, dystrophic nails, early retinal detachment
	Southern blot for common deletion

Males with mosaicism, Klinefelter & milder mutation may survive

	Kabuki
	Other syndromes
	?
	N/A
	sporadic
	At one pt thought to be related to 8p duplications but evidence suggests NO!
	Postnatal growth retardation, MR, SZ, 

Long palpebral fissures, eversion of lower lid, ptosis, arching eyebrows, strabismus, protuberant ears, preauricular pit, cleft palate, tooth abnormalities, tented upper lip short nasal septum, short 4th & 5th metacarpals, rib anomalies, prominent finger pads
50% have cardiac malformations – coacrtation, MVP, ASD, VSD, tet of fallot etc. 

hirsutism
	Feeding difficulties & GI problems

Susceptibility to infections

	Malignant hyperthermia
	Other syndromes
	19q13.1 / RYR1
1q32 / CACNA1S
	Testing of RYR1 panel (15 mutations detects 25-30% of mutations)
	AD
	Disorder of skeletal muscle calcium regulation
Exposure to certain anesthetics or muscle relaxants leads to elevated calcium concentration, which causes hypermetabolism & rhabdomyolysis
	Tachycardia, tachypnea, respiratory acidosis, muscle rigidity, rapidly increasing temperature (over 102° F), increased serum CK concentration, death occurs if no treatment
	

	McCune Albright
	Other syndromes
	20q13/GNAS
	
	Sporadic

AD lethal
	Somatic mosaicism
	Triad – endocrine, polyostotic fibrous dysplasia, pigmentation abnormalities
	Activating mutation in GNAS (compare to AHO)

	Meckel Gruber
	Other syndromes
	17q22 / MKS1
	
	AR
	
	3 major characteristics: occipital encephalocele, cystic kidneys, postaxial polydactyly
Also Potter-like facies, short, webbed neck; Dandy-Walker malformation; Arnold-Chiari malformation
	Perinatal death
Prenatal dx by ultrasound

	Multiple exostoses
	Other syndromes
	8q24.11 / EXT1
11p12 / EXT2
	N/A
	AD
	
	Multiple exostoses (benign cartilage-capped bone tumors that grow outward from metaphyses of long bones) exostoses can be associated with reduction in skeletal growth, bony deformity, restricted motion of joints, shortened stature, premature osteoarthrosis, & compression of peripheral nerves; 1% lifetime risk of malignant degeneration to osteochondrosarcoma
	Median age of dx: 3 years;

Nearly all affected individuals dx’d by age 12
10% de novo mutation

	Nail patella
	Other syndromes
	9q34.1 / LMXB1
	N/A
	AD
	
	Clinical tetrad:
Changes in nails, knees, & elbows, & presence of iliac horns
Renal involvement in 30-50% (5% renal failure)

Iliac horns are pathognomonic
	Nail changes in 98%
Knee involvement: 74%

Elbow involvement: 70%

Iliac horns: 70%

	Noonan
	Other syndromes
	12q24.1 / PTPN11
	N/A
	AD
	
	Short stature; congenital heart defects in 50-80% (pulmonary valve stenosis, often with dysplasia, is most common; hypertrophic cardiomyopathy; ASD, VSD; tetralogy of Fallot); broad or webbed neck; unusual chest shape with superior pectus carinatum, inferior pectus excavatum, & apparently low-set nipples; DD of variable degree; varied coagulation defects; cryptorchidism; & characteristic facies

	50% detection with sequencing
Incidence: 1:1,000-2,500

Some PTPN11 muts reported in LEOPARD sx

Some PTPN11 muts reported in juvenile myelomonocytic leukemia

Overlap with cardiofaciocutaneous sx & Costello sx

	Ocular albinism
	Other syndromes
	Xp22.3 / OA1
	N/A
	XL
	OA1 protein exclusively expressed in retinal pigment epithelium & iris pigment epithelium of eye & melanocytes of skin; mutation leads to features
	Congenital nystagmus (involuntary, rapid eyeball movement); hypo-pigmentation of iris & ocular fundus, foveal hypoplasia, reduced visual acuity, & aberrant optic pathway projections; significant refractive errors, reduced or absent binocular functions, & strabismus are common; photophobia in many; no noticeable skin involvement; visual acuity remains stable throughout life (20/40 to 20/200)
	Female carriers can show retinal pigment abnormalities;

Is also OA with congenital SN deafness (AD form)

	Pallister-Hall
	Other syndromes
	7p13 / GLI3
	2023delG, 2012delG


	AD
	
	Hypothalamic hamartoma; polydactyly (either central or, more commonly, postaxial; bifid epiglottis; imperforate anus, renal abnormalities including cystic malformations, renal hypoplasia, ectopic ureteral implantation; pulmonary segmentation anomalies such as bilateral bilobed lungs
Can be mild to severe (may die as neonates with un-diagnosed adrenal insufficiency)
	Bifid epiglottis very rare as isolated malformation or in sx other than PHS
Sequencing sensitivity: 50%

	Autosomal recessive polycystic kidney disease
	Other syndromes
	6p21.1 / PKHD1
	
	AR
	Unclear
	Majority present neonatally with enlarged echogenic kidneys; ~45% with liver abnormalities (hepatomegaly, dilated intra-hepatic biliary ducts, & increased echogenicity) at initial presentation; hypertension; pulmonary hypoplasia, resulting from oligohydramnios, occurs in majority of affected infants & is major cause of morbidity & mortality in newborn period; ~30% die, primarily of respiratory insufficiency, in neonatal period
Over 50% progress to end-stage renal disease (ESRD), usually in 1st decade
With modern neonatal respiratory support & renal replacement therapies, 10-yr survival of those who live beyond 1st yr: 82%; 15-yr: 67-79%.
	With modern obstetrical ultrasonography, dx may be suspected when renal abnormalities are detected by prenatal U/S

	Autosomal dominant polycystic kidney disease
	Other syndromes
	16p13.3 / PKD1
4q21 / PKD2
	
	AD
	PKD1 muts (~85% of cases); PKD2 muts (~15%)
PKD1 muts associated with more severe disease with earlier age at dx & mean age of onset of end-stage renal disease (ESRD) (54.3 years, PKD1; 74.0 years, PKD2) 
	Late onset disorder characterized by progressive cyst development & bilaterally enlarged polycystic kidneys; 

Renal manifestations: renal function abnormalities, hypertension, renal pain, & renal insufficiency; ~50% have end-stage renal disease ESRD by age 60 years

Cysts in other organs (liver, seminal vesicles, pancreas, & arachnoid membrane); intracranial aneurysms (10%); dolichoectasias, dilatation of aortic root; dissection of thoracic aorta, MVP (25%); abdominal wall hernias; prevalence of liver cysts increases from 20% in 3rd decade to ~ 75% >6th decade 
	Most common potentially lethal single disorder (1:400-1,000)
Contiguous gene sx in PKD1 & TSC2

Substantial variability of severity of renal disease & other extra-renal manifestations occurs even within same family

	Progeria (Hutchinson-Gilford syndrome)
	Other syndromes
	1q21.2 / LMNA
	G608G
	AD, occurs as de novo mutation
	Seems to have dominant negative effect, but exact etiology unclear
	Resembles accelerated aging in early childhood; appear nl at birth; profound FTT during 1st yr; characteristic facies (large head for face, protruding ears, beaked nose); partial alopecia progressing to total alopecia, loss of subcutaneous fat, joint stiffness, bone changes, abn tightness of skin over abdomen & upper thighs; nl motor & mental development; severe atherosclerosis

	Death usually occurs as a result of complications of cardiac or cerebrovascular disease generally between 6-20 yrs;

Avg life span: 13 yrs

	Rett
	Other syndromes
	Xq28 / MECP2
	N/A
	X-linked dominant
	Not fully understood yet how MECP2 mutations lead to neurological phenotype
	Normal birth & devt thru first 6-18 mos.; deceleration in head growth; purposeful hand use lost & replaced with stereotypic h& movements; screaming fits & inconsolable crying common by 18-24 mos.; seizures in 50%; disease stabilizes after period of rapid deterioration & survival into adulthood is common
	MECP2 mutations also associated with severe neonatal encephalopathy in males & MR in less affected males, as well as less affected females; 99.5% of cases are single occurrences in families

	Rubinstein-Taybi
	Other syndromes
	16p13.3 / CREBBP
	N/A
	AD
	Haploinsufficiency of CREBBP
	Microcephaly; downslanting palpebral fissures; beaked nose with columella extending below nares; highly arched palate; grimacing smile; talon cusps often present on maxillary incisors; thumbs & great toes almost always broad, often angulated; undescended testes; rapid drop in height, weight & head circumference percentiles in first few months; moderate to severe MR (avg 35-50 IQ); CHDs in 1/3
	Microdeletions in 10%; CREBBP is tumor suppressor gene, so is some risk for cancers

	SCID, X-linked
	Other syndromes
	Xq13.1 / IL2RG
	N/A
	XL
	As transplacentally transferred maternal serum antibody concentrations decline, infants with X-SCID are increasingly prone to infection.
	Affected males appear nl at birth; most infants come to medical attention between 3-6 mos; ordinary infections (oral thrush, otitis media, respiratory viral  & GI infections)

1st yr: FTT; oral/diaper candidiasis, absent tonsils & lymph nodes, recurrent, persistent infections; additional common features: rashes, diarrhea, cough & congestion, fevers, pneumonia, sepsis, & other severe bacterial infections.
	Sequencing & Southern blotting: >99% sensitivity
BMT to reconstitute immune system is primary tx; >90% of pts can be successfully treated with BMT

Gene therapy has been successful, but not preferred tx

	Sotos
	Over-growth
	5q35 / NSD1
	N/A
	AD
95% de novo
	Unclear
	Typical facial appearance (malar flushing, frontotemporal hair sparsity, high bossed forehead, down-slanting palpebral fissures, long narrow face, prominent narrow jaw; “inverted pear” head); intellectual impairment; overgrowth (increased height & head circumference); neonatal jaundice, scoliosis, seizures, strabismus, conductive hearing loss, congenital cardiac anomalies, renal anomalies, & behavioral problems; slightly increased risk of sacrococcygeal teratoma & neuroblastoma
	Some pts (50% of Japanese) have microdeletion including NSD1 that is detectable by FISH

	Spinal muscular atrophy (SMA)
	Muscular dystrophy
	5q12.2 / SMN1
	95-98% have deletion of exon 7
	AR
	Degeneration & loss of anterior horn cells leads to progressive muscle weakness
	In addition to muscle weakness, see tongue fasciculation; sometimes finger trembling; absence of tendon reflexes in most;  normal intellect
SMAI: onset before 6 mos, most die by 2 yrs due to resp. problems;

SMAII: onset 6-12 mos; 70% alive at 25 yrs

SMAIII: onset childhood after 12 mos; nl lifespan

SMAIV: adult onset; nl lifespan
	Carrier frequency 1/50 in Germany & U.S.; relatively high rate of de novo mutations (2%); can have 2 SMN1 genes on same chromosome (4% of gen. pop.), which can complicate testing

	STS deficiency (X-linked ichthyosis)
	Other syndromes
	Xp22.32 / STS
	Deletion of STS gene & flanking sequences in 85%
	XL
	
	Onset by 6 mos; hypertrophic ichthyosis, esp. scalp, ears, neck & flexures; dark adherent skin scales; corneal opacities, not impairing visual acuity; nonlyonized
	Prolonged labor in mothers of affected sons

	Van der Woude
	Other syndromes
	1q32 / IRF6
	N/A
	AD
	Haploinsufficiency of IRF6 protein
	Congenital usually bilateral, lower lip pits or sometimes small mounds, CL &/or CP; growth & intelligence nl

	60% sensitivity with sequencing
Popliteal pterygium sx is more severe IRF6-related disease

	Walker-Warburg
	Muscular dystrophy
	9q34.1 / POMT1
	N/A
	AR
	
	Generalized hypotonia & weakness; elbow contractures; "cobblestone complex" (enlarged lateral ventricles, flat brainstem, & cerebellar hypoplasia); eye malformations; flat pons; D&y-Walker malformation; cerebellar hypoplasia; hydrocephalus; neonatal onset; death in early infancy
	CK elevated 2-15X

	Wiskott-Aldrich
	Other syndromes (auto-immune)
	Xp11.23 / WAS / WASP
	N/A
	XL
	WAS muts lead to severe disturbance of actin cytoskeleton of T lymphocytes
	Thrombocytopenia usually present at birth; intracranial bleeding is potential early life-threatening complication; intermittent mucosal bleeding & bloody diarrhea; intermittent or chronic petechiae & purpura; eczema (80%); susceptible to recurrent bacterial & viral infections, particularly recurrent ear infections; at least 40% who survive early complications develop 1+  autoimmune conditions; lymphomas, which often occur in unusual, extranodal locations such as the brain, lung, or GI;

Median survival of those who do not undergo successful allogeneic BMT: 8-14.5 yrs

Causes of non-BMT-related deaths: infection (44%), malignancy (26%), bleeding (23%)

Survival into adulthood occurs, particularly given improvement in medical treatment over last 20 years
	Risk of developing an autoimmune disorder increases with age

Presence of autoimmune disorder signif. increases lymphoma risk
Approximately 13% of individuals with WAS develop lymphoma, at avg age of 9.5 yrs

BMT increases chances of relapse-free survival & provides potential cure
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