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Monogenic disorders
v/

A single-gene disorder is the result of a
single mutated gene.

The primary genetic defect is usually a point or
frame shift mutations.

Such genetic changes may affect the synthesis of
structural or transport protein or a receptor or
coagulation factor or immunoglobulin or peptide
hormone or natural inhibitor or an enzyme.

Also called In born errors of metabolism which
means inherited defect involving one of the steps
in certain metabolic pathway.
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causes one of the following metabolic changes: \
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mekobolic  pathways

e 1. Decrease in rate of product formation:

‘*Deficiency of glucose 6-phosphatase liver
enzyme in glycogen catabolic pathway leads to
reduced formation of glucose from glucose-6-
phosphate. The genetic disease is called

—_Gierke’s glycogen storage disease in which

liver abnormally accumulates glycogen

without being degraded.
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e 2 .Decrease in rate of substrate removal : ) A AD g Subshrbe ) W1 a5k,

henyl alone N oo
The deficiency of phenyl alanine hydroxylase enzyme leads to P d ne /’lv(Jfox\\jlase I{lv‘ A= —

accumulation of phenyl alanine substrate as well as its chemically \ _ . . o . .

deaminated products phenylketones, which appears in urine due to QPJ,’ 0}-% ‘E‘-’/(P “7\'«0’ ot ‘))_9,‘._6) <—?‘fé’ >J

their excessive formation (Phenylketonuria disease or PKU). .
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Normally this enzyme converts the amino acid phenylalanine to the

o (
amino acid tyrosine, therefore patients with PKU have low levels of S Vo r{vxf’w =
tyrosine. The high levels of phenylalanine metabolites affect ' | ne 3 Jb
neuronal development, which leads to mental retardation. T‘J“S"‘Q C{‘ F}'Q"J alonine -
However, the symptoms associated with this disease can be _ .. |
prevented with proper nutrition. «—— <%= ¢lidsi 3 b gk ( er’nﬂ| o\lamm_s Substrrte Y (‘l}’ < (‘J"X Pl L
s sedle, pheny a2 q1” L 5 =

Phenylalanine is an amino acid found in many proteins; therefore, {)heny} Kedorg, “'U““’\sdﬁbw Jﬁﬁ‘.’ flJ‘—'u"

patients affected with PKU can escape the disease by strictly
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limiting themselves to low phenylalanine protein diets, providing : : h alonne 9\/ y‘“" (U
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e 3.Altered feedback control: s L (5% 21— hydroxglose @l ;5T s 3

Deficiency of 21-hydroxylase enzyme causes adtend 9land )13 Cockisol cus) o oo ) e
reduced formation of cortisol which stops the NS oo ACTH cuwl G P s guns o
feedback control mechanism and leads to ) Doy =l Jaes ANbicioc P@L‘;’*‘”b élm)
increase secretion of adrenocorticotrophic G Cockisol I b olie  adrenal gland
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 adrenocorticotrophic hormone (ACTH) is produced & secreted by the |
anterior pituitary gland. Its principal effects are increased 9 kxddfoxvlaSe EnZl\»)mQ_JI @’PJ o< JJ.B"”JWJ’ UU/}J oo
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Genetic disease penetrance

The penetrance of a disease-causing mutation is the
proportion of individuals with the mutation who
exhibit clinical symptoms.

For exampleg, if a mutation in the gene responsible for a

particu ar genetic disorder has 95% penetrance, then
95% of those with the mutation will develop the
disease, while 5% will not.

Complete penetrance if clinical symptoms are present
in all individuals who have the disease-causing
mutation.

Reduced or incomplete penetrance|, means that

clinical symptoms are not always present in individuals
who have the disease-causing mutation.
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Pedigree

s a family genetic tree which describes the
interrelationship between parents and children for a

particular trait.

* The pedigree not only gives genetic information about the

100oU _ A .
history of the family for certain trait, butalso can predict to s e s s (g Qo

e

some extent the segregation of this trait in future g}éu);cm 30y alilsY) o

generations. =7 ams\)y L=y
In a pedigree, squares represent males and circles B
represent females. Horizontal lines connecting a male and

female represent mating. Vertical lines extending

downward from a couple represent their children.

while

———

white color indicates healthy individuals.
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Mode of inheritance for monogenic disorders

* The mode of inheritance for monogenic disorders
de ot

recessive or sex-linked
‘k_% X Chiomosorme s Gd o= c'gj%“\

a-Autosomal dominant disorder:

Autosomal (defective gene is present on one of
the 22 somatic chromosome pairs) .

The phenotypic properties of the dominant
disordemtoms) will appear even when the
individual has mutation in only one copy of the

two gene alleles ( heterozygous) . _ Copyy uSik

~ € s
can be eitherrautosomal dominant or autosoma1/$ Clogvora N g I i
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 Example:

-Familial hypercholesterolemia:
Yo &‘soé_.'eéb AN S Monogenic disorder, autosomal dominant.
* LDL receptor gene mutations. LDLi¢Gz 3ile LD W fesepler Jav U FU 1
* Very high plasma cholesterol and LDL-C levels.
* Premature CHD (teenage years).

* Lipid deposits at eyelids, tendons, hand, cornea.

* Heterozygotes: also symptomatic, develop CHD at
the age of 20s-50s.
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b-Autosomal recessive disorders: IR

S 200" ¢ Both parents are heterozygous of this

ol =2 ¥ v b mutation and they are normal carrier or

seh sometimes show mild clinical symptomes.

5 ow\D oS ceAl ) ¥ Therefore, autosomal recessive defect has

T 2b s Golef o disease symptoms only in homozygous

N children who inherit one recessive allele from
each parent.
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Autosomal Recessive

‘.9 Carrier
Father

Carrier Carrier Unaffected

UP/U
Affected
Child Child Child Child

Lo O‘b o= U\SulP

Carrier
Mother
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c. Sex -linked disorders

* Genes carried either on the y or x sex
chromosomes are called sex linked.

* The disorders which are transmitted as:y- gj—’/‘ (afe
linked are very rare.

* |n contrast the x-linked defective alleles can be
inherited either as x-linked recessive or
dominant disorders similar to that of the
autosomal genetic transmittance. ’u\p,ys»ﬂ?s; \
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Yemale
* As females have two x- chromosomes, they XK

are usually unaffected carriers of x-linked .
. . . R Tomale J\q\zl&sdp}\()“s‘
recessive disease trait, unless they are gesil) ) 50 D X DX e
homozygous for the mutated allele (very rare). S0 B 0o
However males who have only one copy of the m;(li/
X chromosome may develop the clinical =
: cqin GRH ol
symptoms of the disease from the mutated Male Jiqeisobh Ui;
ope % Oj}albj UP/L)ub W’:c}ﬁn i
allele ( e,g Hemophilia and Duchenne ™ o, 2 s
muscular dystrophy). ans> K eks MR
- /) e b e Jlies
fomales ) lompuls )5l '(ij;']\J:@
XfQCe&G\'Ue r’UsX
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X -linked Jommonk J| Le{
* The x-linked domiqant disorder is rare, which male )V loweps
;hOWS the fcllnllcal symptorlns |r:1 thle \or> Semale
C . eterozygous female or in a male with single rofe
> Wt g
Op 753) = copy of the mutated allele.

o X- Imked hypophosphatemia (XLH) or X-linked C N

a.w"lno@du»owpff@)z«_} s domifiant hypophosphatemic rickets or X- Z"“"é'hw‘}l}\)iﬁ

_linked vitamin D resistant rickets : a form of sl 2 =V

A“OSOM hﬂpopﬂospwmm rickets, this disease occurs due to an excess

lickets excretion of phosphates from the body, which

results in bones being unable to properly
calcified and having short stature.
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It is associated with a mutation in the PHEX -

(Phosphate-regulating neutral endopeptidase, X- 2& fa»»wSJ é( PHE X> Al P> —
linked) gene sequence. The PHEX protein _ L;: S P o5 e s
regulates another protein called fibroblast growth &2lewssdl QU [P Oon Zuao s Uaosd
factor 23 (produced from the FGF23 gene). PNIN Q,&MJ}QJJD& AN
* Fibroblast growth factor 23 normally inhibits the Lol n s b g
kidneys' ability to reabsorb phosphate into the F\} CFJ&”}‘ZJ"‘”"” V"'Qid’.”—z)
bloodstream. S @J‘ A ’_\Jqolrabﬂ <A gSle o b

* Gene mutations in PHEX prevent it from correctly , L | Saa
regulating fibroblast growth factor 23. The K‘é”ﬁ S [ F6F2“%4J“i, wrt = 1
resulting  overactivity of FGF-23 Jreduces <% 2 SWL b luphan) sole) ¥ by
phosphate reabsorption by the kidneys, leading dawl e PHEX ) Zadpo Ofine L

to hypophosphatemia and the related features of - 5 ey endopephidse.
hereditary hypophosphatemic rickets. asil ) g4 @ﬁ?@n Pe'?, )z /
Dhibiron, A2 25 wlr ;TGO
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Autosomal dominant hypophosphatemic rickets (ADHR) is
a rare hereditary disease in which excessive loss
of phosphate in the urine leads to poorly formed bones
(rickets).

ADHR is caused by a mutation in the fibroblast growth
factor 23 (FGF23). FGF23 is located on chromosome 12.

ADHR may be lumped in with X-linked
hypophosphatemia under  general terms such
as hypophosphatemic rickets.

Mutations in FGF23 that render the protein resistant to
proteolytic cleavage leads to increased activity of FGF23
and the renal phosphate loss found in the human
disease autosomal dominant hypophosphatemic rickets.
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Y-Linked! These conditions affect only males and vl d)l, I ¢/}UJ€S N
carrying a copy of the mutated allele always results in _ :

: 3 Aol oy
the disease phenotype because men only have one 0425 yjf = v
copy of Y.
* |t is inherited from father to son affecting all children
males.

* Y-linked diseases are generally rare as there are few
genes contained on this relatively small chromosome.

* |t has been linked to male infertility as a number of
genes crucial to spermatogenesis are present on Y
chromosome.

* One such condition, Sertoli syndrome, results in the Stirol 3306(01”\& - Als JUs
complete absence of the germ cells in the testis. -
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Multifactorial (multigenic) disorders AINEL e

* These disorders are influenced by the - \sa.ze Wdob»?

contribution of multiple genes that act ZENRR PRI
together in combination with environmental (R
factors.

* Although these complex disorders often
cluster in families, their genetic inheritance
usually do not follow simple Mendelian
patterns. Therefore, it is difficult to determine |
a person risk of inheriting the disease or the Cedd 212 Op
genetic transfer of these disorders.

N




 complex disorders are also difficult to study
and treat because the specific factors that
cause these disorders have not yet been
identified.

Multifactorial genetic diseases represent the
single largest class of inherited disorders
affecting human population and include
alzheimer, cancer, coronary heart disease,
diabetes, epilepsy, hypertension, obesity and
schizophrenia.
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* The role of genetics in these diseases is
supported by:

a. Their high frequency in certain ethnic groups.
b. Involvements of family history.

c.Detection of  several oncogenes In
tumorgenesis.
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Ahmed, a second-year student at the Hashemite university, failed physics. His
parents are both physicists, but he remembers that his great grandfather also
failed physics. Ahmed constructs the following family pedigree and is convinced
that his poor performance in physics is an inherited genetic trait. If Ahmed's
hypothesis is true, what is the most likely mode of inheritance?

Individuals marrying into the family are homozygous for the wild-type (normal)
allele. The genotype of individual 10 would be................ (Use G or g to denote the
alleles of this gene.)

[ Junaffected male Ounaffected female
.affected male 'affected female
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Autosomal Recessive / GG or Gg
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