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I < 2. Familial Hypercholesterolemia (FH)
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Trisomy 21 type:  47.XX, 421

Transiocation type: 46, XX der(14:21)(q10:g10)+21

o 46XXA47XX, 21

Congenital £
hoart
defects.

Q
b
Prodsposion
T areria
Prominencccat
tecua dabity
Hypolora

Werogaa
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Shortnack——————— ;

Ovorapping — 1\
fingers

Congenital

‘TRISOMY 18: EDWARDS SYNDROME e T
Incidence: 1 i 8000 biths
Karyotypes:
“Trisomy 18 type: 47X, +18 Renal malformations
Mosaic type: 46 XXI47 XX, +18 A

Limited hip abduction
Microphthalmia

e
ot ez
e ‘
&0 .5

Cardiac
dofocts.

Umbilcal-

(e R “TRISOMY 13: PATAU SYNDROME

Incidence: 1n 15,000 biths

Trisomy 13type: 47X, +13
Transiocation typo: 46 XX.+13 der(13:14)(q10410)
460047 XX, +13

I j— Rockeroftom foat

2 Figure 5.20: Clinical Features and Karyotypes of Selected Autosomal Trisomies

7~

MSWUSsUIAYUANUIU:NMYASTNSWIUDY Autosomal Trisomies MY 3 ngu: Trisomy 21 (Down syndrome - Simian crease, Epicanthic folds, AV canal defects),
Trisomy 18 (Edwards syndrome - Clenched overlapping fingers, Rocker-bottom feet, Low-set ears), ua: Trisomy 13 (Patau syndrome - Microphthalmia, Cleft

lip/palate, Polydactyly, Holoprosencephaly)

I @3 2. Sex Chromosome Aneuploidies (Klinefelter & Turner)

—msmnstutuu X wudutuweisie Wuaikquavma:iyasenua: Hypogonadism tuisisAwuusuRga:

anuuz:oIMs: sUSIvdvs:aa LuuwIe1dN31a1ad (Eunuchoid body proportions), Stun:Aatanua:udv (Testicular atrophy), vnamsasivoad

(Azoospermia), Ichuula (Gynecomastia) la‘s\)u:@\)lmuutuv‘q‘,maqoﬁu 20-50 1m

e oosluu: Stun:Woliasv Testosterone Mikuia Negative feedback siowatﬁs:d_ ud Testosterone ch
— msgruidelasiulsy X AvunoriourodoututwAkego (Monosomy X):

e oIMstuMsnusniiia: uduthKkdvidondolm (Lymphedema of hands and feet) ua:qodnhéaoﬁ'na (Cystic hygroma) LhIUajmslﬁouww‘/oﬁor‘inamuﬁw

anurustudesu: sUsolde (Short stature 1iapINMsuIa SHOX gene uulasTulsy X), Soludonatsibunouidoidoldute (Streak ovaries), viasosluu

IWWAKEGY TUidUs:o1dou (Primary amenorrhea) ua:lduniju

o ADWRAUNGUDYS:UUTKALSBU: UKDt Aortic @vnau (Bicuspid aortic valve) u~



Short stature TURNER SYNDROME
Low posterior hairline

Webbing of neck Incidence: 1 in 3000 female births

Karyotypes:
" Classic: 45X
Coarclah:g no; Do
second X
Broad chest chromosome: 46,X,i(Xq)
and widely 46,X,del(Xq)
spaced nipples 46,X,del(Xp)
Cubitus valgus 46X, r(X)
Mosaic type: 45,X/46,XX
45,X/46,XY
45,X/47 XXX

45,X/46,X,i(X)(q10)
Streak ovaries,
infertility,
amenorrhea

Pigmented nevi

Peripheral
lymphedema
at birth

4 Figure 5.22: Clinical Features and Karyotype of Turner Syndrome (45,X)

wenSdrughudngnnatnuovnguaimstnasiuas: MSINT 45,X uaavanuruzAslunowora (Webbed neck), sStometdie, rihanndivuakouusgrionu (Shield chest
with widely spaced nipples), &ukoto Bicuspid aortic valve, Coarctation of aorta, ua: Streak ovaries doWuwoRalsly rtkiNamo:uaus:Sudoulsuni

sec 05 misthendauuuliiulumunguwuiaa (Non-Classic Inheritance)

Isamvowusnssuuvngulldmenaamusasidduwutaanvuidy Tagifiaoinnalnmoewinudndua:lasvasvdwbudwiaAs dun Trinucleotide repeat

expansions, Genomic imprinting, ta: Mitochondrial DNA mutations

I Zi# 1. Trinucleotide Repeat Disorders & Fragile X Syndrome 9] E\ng hk}%\s@q ﬁ‘\ [ Hﬂ\' J m !

Fragile X Syndrome (FXS): atnamowusnssuuavm:UnynnsaulufsisAwuusstdusudu 2 sovoin Down syndrome lﬁomnmsuswﬁoua-

Triplet Repeat (uuSIotu 5' Untranslated Region (5' UTR) Ua\)EiL.uuTnsIuTUu Xg27.3 ?N[\,\ . - 7< : =)
N i
I L AR AR AN
e Normal: U 6-55 repeats -5 E\] >(. N ﬁ.r_"}[\'\j(_‘?f. (o qﬂ@@.&"_\ﬁ D%"]

e Premutation: J 55-200 repeats TuaavoimsUryrydou uciowiiia Fragile X-associated tremor/ataxia syndrome (FXTAS) tuiigoong Ko

Premature ovarian failure tuaas

o Full Mutation: U > 200-4000 repeats dowatiLi oY CpG islands tulUslulaos E'J'Qntlomsnaosn‘a (Transcriptional

silencing) lla:UWOTUSﬁL. (RNA-binding protein Ehﬁr\ﬂumsaioﬁfgm‘m—)
o DIMSsudauv: —) E‘)‘mn:Umathn_.imnhé\ﬁauﬁmvms:-, turthend AVEU KNMotked (Large everted

ears), Uadodarguuin ua:owndnssundang Autistic spectrum

Promoter UTR Intron Exon UTR
' T '
5 3
— P\ N P\
J—
Sequences CGG triplet GAA triplet CAG triplet Ny \J
| -
T 1
Transcriptional Transcriptional Transcriptional Polyglutamine expansions CAE  Pymy Jendem eyt
; silencing dysregulation silencing with misfolding .
Mechanisms | | | ! repest ot a0 5" UTR
Loss of protein Accumulation of Loss of protein Toxic gain
function toxic mMRNA function of function w TIRA
y y A=
Disease Fragile-X Fragile-X Friedreich Huntington TMRP
syndrome tremor ataxia ataxia disease
Fragile-X-associated | @0 — e P kanont,
i i Peemutoded Paaled
primary ovarian | e e 12 Deadutt
insufficiency - -l i
Il Figure 5.23: Sites of Expansion in Nucleotide-Repeat Disorders wig 1‘5*9 N @““‘%‘

chuktivmsvenecupvuadiani: (1) USLOTU 5' UTR (CGG repeat W Fragile X syndrome GﬂUejmonﬁus'iud:w Methylation), (2) USOtu Intron (GAA repeat tu
Friedreich ataxia Sau>1wmsnaasika Frataxin), (3) UStoru Coding region / Exon (CAG repeat tu Huntington disease ua: Spinocerebellar ataxias a$o
Polyglutamine tract Alduwudawadus:ain), ua: (4) ustowu 3' UTR (CTG repeat WU Myotonic dystrophy)



CARRIER MALE NORMAL FEMALE "T D . o .. o= T
Thrg E07dan oulgse X e ha
% . a et .1-
—~—~— AR W) UUATDN Y N Genevs o
3 Tenden, s @ X Chromosomes Premutation Normal
L 35~ = ‘"P"a Phenotype —————— Normal Normal
| CARRIER FEMALE | CARRIER FEMALE UNRELATED
X Chromosomes —— Normal Normal/Premutation Normal Normal/Premutation Normal ‘T"-"‘ ] Y
] 0 a0
Phenotype ————— Normal Normal Normal Normal Normal
X Chromosomes Full mutation  Normal/Full mutation Normal Normal
50% of females
Phenotype Affected affected, often mildly Normal Normal  »
. . , o (20 7 wo vepetts lq oD
%" Figure 5.25: Fragile X Pedigree Transmission & The Sherman Paradox

WworDauaQY Sherman Paradox tu Fragile X Syndrome: Normal transmitting males I Premutation (55-200 repeats) thgnaaganaionnaulaggvljuaavarms
ucipdvruns:uoumsasivly (Oogenesis) ypvanad wasw:uenaddnaetdu Full mutation (>200 repeats) donalikarusigsudauIiaIMsMYaGUYUIDED
SULSY

Phidgsia “‘E‘l—m“:
I M 2. Genomic Imprinting: Prader-Willi vs. Angelman é:. . :rj‘ n e,

3 r\r.m\.i'-,
Genomic Imprinting (3Tudn3uwsud): msUanumsuaavoanuavdunvwudnd (Epigenetic silencing Wwiu DNA methylation) cnulwrAvovTOWSaIA

dhenoaun dagonaadniiaduichukuvlasiulsy 15q1.2-g13:

. _IS): (Rovnmsgeudeguilovo (Paternal delelion 15q11.2-qi3 (70%) HS> Maternal Uniparental Disomy (UPD) (25%))

- - - =
rhitkunamsuaavoonuavdu SNRPN ua: snoRNAs \wi mn @1 wibe - lewdfus hd e '-TWKD\WJ

suusv (Morbid obesity), aGUtytyiunwsov, STOMuLde, D382:WALEN — Uouasringn

. —("Happy Puppet” Syndrome): tnaoinmsgruidoguiouy _ 15q11.2-q13 (70%) K30 Paternal UPD (5%) K30

msnatgwusuovgu

o @1Msuaav: msnndwdausniunqauuludu

fotduguasv Ubiquitin-protein ligase uauav)

Inappropriate laughter), Uryruidousuusouin, WOIUI~

(Ataxic gait with puppet-like jerky movements), 8n ua: Microcephaly

o 2IMsudqu:

MATERNAL PATERNAL

M P) . ol
(’ " R i :
/ “wa 2 [wet
Imprinted Prader-Willi Active Prader-Willi \ v
gene(s) gene(s) . {"P{'\U [t}
. i \ 4 "9 Imprinted Angelman - -
\«“-'— Active Angelman p g . -
wensdm o “oone (UBEan gene (UBEGA) Sl e Sowy L 1o
%“Qu wena

/

Deletion in maternal Deletion in paternal
®) chromosome chromosome

\ M) (P)

(M)

o

Active Prader-Willi
gene(s)
¥ Inactive UBE3A
gene

Site of deletion

ANGELMAN SYNDROME

Imprinted Prader-Willi
gene(s)

— < Site of deletion
Active UBE3A gene

PRADER-WILLI SYNDROME

£ Figure 5.28: Genomic Imprinting in Prader-Willi and Angelman Syndromes (15q11.2-q13)

uWumMwuaavsiinmstenaauav Prader-Willi (PWS) ua: Angelman (AS): TasTulsu 15 Un@ivwio:gn Imprinted Uadu PWS (uaaveaniawi:du UBE3A) ueusA
IﬂsIquuﬁloWaa:qn Imprinted Uagu UBE3A (uaavooniawi:gu PWS) doldumsuiamieuavduiowadormikiaa PWS doumsuiamevavduioul (via UBE3A) Sortk

na AS



I % 3.Mitochondrial Inheritance

winAdula3sadidute (MtDNA) thenaaon msaigannnau 100% (Maternal inheritance) (ooonlslawaraduuavlsinauoinlyuavuiidu a:
oovalUsuuovwalldvdalulnAdulase diagvlsadAcyfol Leber Hereditary Optic Neuropathy (LHON) riotkifiamisgrytdomsuaotiuasonariomwiua
ﬁ\)aa\)ﬂwasjw\)lﬁ'aUwa‘un§aﬁ;mﬁauw§utu53m.‘iua13 (Neuroretinal degeneration)

SEC 06 gsUpawdudodauamuwngua: USMLE High-Yield Board Pearls

as1vsdUsIVASUAMAWREAY AUTUTONY (Buzzwords), unargwus ua:wméamwr‘ilﬂuﬁaaauUaaﬁaouaoTsnmoWuqnssu:

Isa / nduoimis

Taslulou / §u

Atutulong (Exam Buzzwords &

Hallmarks)

M3:unsnéoundovs:3v

Down Syndrome
(Trisomy 21)

Edwards
Syndrome
(Trisomy 18)

Patau Syndrome
(Trisomy 13)

Klinefelter
Syndrome

Turner Syndrome

Fragile X
Syndrome

Prader-Willi
Syndrome

Angelman
Syndrome

Andioutums3iasizAlongaou (Board Examination Trap):

47,+21 (95% meiotic
nondisjunction)

47,418

47,413

47,XXY

45,X

Xq27.3 / FMR1 (>200 CGG)

Paternal del 15g11.2-q13

(70%) n3o Maternal UPD

Maternal del 15g11.2-q13
(70%) ro UBE3A mut

WolongussenuiUos Cherry-Red Spot in Macula:

Simian crease, Epicanthic folds, Flat
occiput, Brushfield spots tujium

Clenched hands (Uo8nudonaiv), Rocker-
bottom feet, Micrognathia, Mmenagdiu

Holoprosencephaly, Cleft lip/palate,
Microphthalmia, Polydactyly, Cutis aplasia

IWWABIY SUS10d0s:aa yuanuog dtun:id
1anua:zudv (Atrophic testes),
Gynecomastia

WAKEGY dotde (u1a SHOX), Webbed
neck, Cystic hygroma, Lymphedema tu
msn

Macroorchidism (tun:lauin), Kuhwinua:
tunthend MYdu KMo, Jociprady

nadwidoUonilentunmisn — Hyperphagia
fiulukea, Morbid obesity, 23g2:twrLan

"Happy puppet”, FaisUsgliaumana, 1au
mouyusns:an, waldla

AV canal defect (Endocardial cushion
defect), Acute Leukemia (ALL, AML-M7),
Early Alzheimer's

rotownissuuso (VSD, PDA), 1dod5atudusn >
90%
KOdWNISSULLSY, auavdournthliuandd, 1ded3a

tudunmsn

Infertility (Azoospermia), High FSH/LH, 1dov
Breast cancer gogu 20-50 il

Streak ovaries, Primary amenorrhea,
Coarctation of aorta, Bicuspid aortic valve

Utyryidousuuso, wodinssuaaigy Autism,
Hypermethylation of CpG islands

wkowsan 2, TsAKkanaldoakoiopINAUSOU
suusv

Unyoyidousuusouin, 3n (Seizures),
Microcephaly

- vin Tl Hepatosplenomegaly (AuUnwIUla) + JUs:3a85 Ashkenazi — aou Tay-Sachs Disease (u1a Hexosaminidase A, a:au GM, ganglioside, wuaigrd

roulu EM)

- KN I Hepatosplenomegaly (Guua:Uiwlauin) + 8a 3n — aou Niemann-Pick Disease (u1a Sphingomyelinase, a:au Sphingomyelin, wadlwululuns:qQnuas

Aau)



