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Types of Chromosomal Abnormalities

Numerical Structural
Abnormalities Abnormalities



© Aneuploidy

1. Tnsomy

Abnormalities

Numerical > 2.Monosomy

@ Polyploidy

1. Trploidy




NUMERICAL CHROMOSONMIAL INSTABILIT Y

Normal set of
chromosomes

@ Small-scale gains - Small-scale losses
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@ Large-scale gains

Extra set (polyploidy)




> 1. Autosome

A Trisomy

> 2.Sex Chromosomes







Klinefelter
syndrome
XXY A

Triple X
syndrome
XXX h

Jacobs
syndrome
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DOWN SYNDROME

Upward Slanting Eyes

Flat Nose and Face

Thin Upper Lip

Small Ears

Opened Mouth with
Protruding Tounge

Excess Nuchal

Short Neck Skin









Cataracts
Upwards palpebral fissures
Hypertelorism

Brachycephaly

Low-set ears |
Abundant x

Epicanthal folds
and flat facial profile

Protruding tongue

neck skin
: Murmur
Single palmar—
crease
Kleinodactyly
Intestinal stenosis 4 - i
« Umbilical hernia
5 Small for gestational
Hypotonia D sge

Gap between
first and second toes
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Abstract

Hurnan trisotny 21, responsible for Down syndrorme, is the most prevalent genetic cause of cognitive impairment and remains a key focus

for prenatal and preimplantation diagnosis. However, research divected toward eliminating supermutmerary chromosomes from trisomic

cells is limited. The present study demonstrates that allele-specific multiple chromosome cleavage by clustered regularly interspaced

palindromic repeats Casd can achieve trisomy rescue by eliminating the target chromosome from human trisomy 21 induced

pluripatent stem cells and fibroblasts. Unlike previously reported allele-nonspecific strategies, we have developed a comprehensive H

allele-specific (AS) Cas? target sequence extraction method that efficientdy removes the target chromosome. The temporary p u rl pOte nt x
knockdovwm of DNA damage response genes increases the chromosome loss rate, while chromosoimal rescue reversibly restores gene

signatures and ameliorates cellular phenotypes. Additionally, this strategy proves effective in differentiated, nondividing cells. We
anficipate that an AS approach will lay the groundwark for maore sophisticated medical interventions targeting trisomy 21

Keywords: human trisomy 21, chromosome loss, CRISPR/Cas, allele specificity, chromosome cut, Down syndrome
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SpCas9 + gRNAs co-expression vector
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dwards Syndrome
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TRISOMY 18 (EDWARD’S SYNDROME)
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Trisomy 13

Patau Syndrome ! ;r |
Symptoms 'l

Cleftlip or palate
Clenched hands (with outer fingers on top of the inner fingers)
Close-set eyes -- eyes may actually fuse together into one
Decreased muscle tone
Extra fingers or toes

Hole, split, or cleftin the irs
Low-set ears

Mental Retardation severe
Scalp defects (missing skin)
Small eyes

Small head

Small lower jaw
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47 XXY

(KLINEFELTER'S SYNDROME)
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XXY

KLINEFELTER
SYNDROME

Main symptoms

Psychomotor Tall
delays and learning stature
difficulties

Enlarged breast Small penis
tissue and and testes
increased belly fat

o &

Reduced facial Azoospermia
and body hair
and less muscle

Not all symptoms are listed, and symptoms may vary in type and severity between affected people.
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1.Autosome 3¢

/A Monosomy

2.Sex Chromosomes

Turner syndrome



What are the causes of monosomy?

A Normal Lagging
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Polyploldy ?
O

Haploid (N) Diploid (2N) i f ?
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Triploid zygote 69,XXX or Triploid zygote 69,XXX or Triploid zygote 69,XXX or
Triploid (3N) Tetraploid (4N) 69,XXY or 69,XXY 69,XXY or 69,XYY 69 XXY
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Edwards syndrome

Patau syndrome

Dawn syndrome

Klinefelter syndrome

Triple X syndrome
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Patau syndrome
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Klinefelter syndrome

Triple X syndrome

Turner syndrome




€ Balanced Rearrengment

1. Translocation
2.Inversion

3.Insertion

Structural
Abnormalities ~ 9 Un Balanced Rearrengment

1.Deletion
2.Duplicatin

3.Ring chromosome
4.Jso chromosome




Normal set of Translocations
chromosomes

LI




R

Reciprocal translocation
in the parent

Balanced

Unbalanced

Gametes




Robertsonian translocation




Normal set of Inversions
chromosomes

RS







Before Insertion After Insertion

/H -

inserte |nS{-3-r't{-3-d

Chromosome 20 area

Chromosome 20
Chromosome 4

Chromosome 4



Normal set of Deletions
chromosomes

T 1



Peletion

& Large deletions

1. Wolf-Hirschhorn syndrome
2. Cri-du-chat syndrome

ﬁ Micro deletions

1. Prader-Wilh syndrome
2. Angelman syndrome
3. Wilms tumor

4. DiGeorge syndrome
5. Wilhams syndrome




Large,
wide-spaced
eyes

Small chin
and head

(microcephaly)

Eye
abnormalities
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Broad nasal

bridge
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Cleft lip and
cleft palate







Cri-Du-Chat syndrome or Cat-Cry syndrome
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PRADER WILLI
FEATURES

Mnemonic:

* Hyperphagia
* Hypotonia ® &
* Hypopigmentation

* Obesity
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k..Res Its from deletion on chromosome 11 (1

WAGR Syndrome X
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Chromosome 11

Malaise

Hematuria

Palpable
abdominal mass

11p13

L
BDNF

4 Mb

PAXE

0.6 Mb

WT1



DiCeorge Syndrome
Clinical Features Affecting Anesthetic Management

Airway
Manifestations
+ Micrognathia Qardlag
+ Retrognathia Manifestations
+ Cleft Palate —~ :
+ Velopharyngeal S~ « Tetralogy of Fallot
Insufficlency B « Truncus arteriosus

+ Aortic arch anomalies

+ Asymmetric epiglottis ¢
+ Septal defects

+ Irregular vocal cords
' Incmnsp. laryngeal 0 >
angulation / /

+ Tracheal malformations / '/

Manfstaons = —
- Manifestations
+ Hypoparathyroidism S
+ Hypocalcemia + Thymic hypoplasia or
aplasia

+ Cellular and humoral
abnormalities






SUNKEN NASAL BRIDGE \

PUFFINESS AROUND
THE EYES N

CAN STILL SEE THE
EPICANTHAL FOLD
(EYE LID) S

BLUE EYES WITH
A STARRY PATTERN

LONG UPPER LIP LENGTH
(PHILTRUM)

SMALL AND WIDELY
SPACED TEETH

WIDE MOUTH >
(EAR TO EAR SMILE) —

PROMINENT
LOWERLIP

SMALL CHIN ~




Duplication mutation

Chromosome —

— A section of DNA
is duplicated.

U.S. National Librany of Medicine
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Trips and falls
Muscle because of
weakness Paralysis gait disorders
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Repeated
Hammertoes Foot drop ankle sprains

Doenca de
Charcot-Marie-Tooth




O Bloom syndrome

O Fancon1 Anemia

orived
CNIoMmosonme

O Ataxia-Telangiectasia

O Xeroderma Pigmentosum






All about \

FANCONI ANEM

%

’

Psychosocial effects
Developmental delays

Hearing loss
Fanconi anemia (FA) is a genetic DNA repair disorder that may Oral cancer
lead to bone marrow failure, leukemia, and/or solid tumors
‘ 2 ! Head & neck
(cancer). Itis caused by one of at least 23 genes. FA can affect SER I
all systems of the body. It is a complex and chronic disease that
is psychologically demanding. Heart malformations
1in 131,000 20
FA occlurs alénfost elqually . . f:(m:m msing | Digestive difficulties
adistondnalletnic @ @ 0 fod st | e iy
groups. The likelinoodofa (R M . abnormalities e
child being bor with FA is HasFA  Carriers Unaffected Reproductive issues
about1in131,000inthe I both parents carry a mutation in Xulvlar S
US., with approximately  the same FA gene, they have a 25% Whole bodg: . iy
31 babies born each year chance of having a child with FA. Abnormal blood counts
\ ' y Bone marrow failure
Leukemia
Dermatologic issues
' Hormone deficienc
People are living longer Shotstature

More than half of the FA population
registered with FARF is age 18 or over!




Difference Between

Bloom Syndrome g Fanconi Anemia

ryonal tumors in Fanconi anemia olid and hematological tumors seen
(not seen in DC/TBD) in Fanconi anemia and DC/TBD

Bloom syndrome

Distinctive

craniofacial features » Non-Hodgkin

_lymphoma

Brain tumors (most often 2 \
medulloblastoma) Esophageal 8 \\
\ ™
== Head and neck
squamous cell
2 carcinoma
Photosensitive | Myelodysplastic
B e Sstoma syndrome
bﬁr — tumor)
7 Acute myeloid
\ : leukemia

Anus

Cafe-au-lait spots ?\ 4 No Vulva
=8




Ataxia-Telangiectasia
Symptoms include:

Trouble walking

Muscle twitching

Slurred speech

”
A

Frequent infections




Xeroderma Pigmentosum




Isochromosomes

two
p arms

_h. —
two
q arms

p arm

q arm




Ring chromosome

‘__.) Deleted genetic
material
TR IR — §

9 10 i1

14 16 17 ,
Deleted genetic
material
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