
Variability as the cause of 

hereditary diseases in 

humans



Plan of the lecture
Variability and its forms: 

1.Genetic variation and its shape and

characteristics;

2.Non genetic variation, classification and causes

characteristic;

3.Gene mutations as the cause of hereditary

diseases in humans;

4.Genomic mutations as a cause of human

hered:tary ;

5.Chromosomal aberrations as a cause of

hereditary syndromes in human ;



VARIABILITY

Variability - the ability of living 

organisms acquire new features and 

properties. Due to the variability of 

organisms can adapt to changing 

environmental conditions. There are 

two main forms of variability: genetic 

and Non-hereditary.



Non-hereditary, or phenotypic, or

modification  variability -

changing characteristics of the 

organism, not due to changes in the 

genotype.



 Hereditary or genotypic variability –
changes of features signs of the body, due 
to changes in the genotype. It, in turn, is 
divided into

 Combinative and mutatial: 

 Combinative variability is due to 
recombination of hereditary material 
(genes and chromosomes) during 
gametogenesis and sexual reproduction. 

 Mutational variability arises from 
changes in the structure of hereditary 
material.



Mutational genotypic variability: GENERAL 

CHARACTERISTICS
 BASIS mutational genotypic variability 
MAKE Mutation of genes, 
Chromosomal and genomic level; 

1. MUTATION - this organization changes (chemical, 
MORPHOLOGICAL), the number and / or intensity 
FUNCTIONING genetic structure;

2. BASIC PROPERTIES OF MUTATIONS (Hugo de Vries, 1901-1903 ): 
* THEY occur suddenly; 
* They are passed from generation to generation (species) 
or CELL) 
* THEY (mutations) inherits a dominant 
or recessive manner; 
* They have no direction; 
* ANY LOCUS mutate without causing visible, 

Caused a slight or significant change 

3. One and the same mutations occur repeatedly 
i.e can be repeated;



Mutations - i suddenly arising persistent changes in the 
structure of the hereditary material at different levels of 
its organization, leading to a change of certain 
characteristics of the organism. 

 The term "mutation" was introduced into science by De 
Vries. He also created the theory of mutation, the main 
provisions of which have not lost their significance to this 
day. 

 Mutations occur suddenly, abruptly, without any 
transitions. Mutations are hereditary, that is steadfastly 
passed down from generation to generation. 

 Mutations do not form a continuous series, not clustered 
around the average type (as in modification variability), 
they are qeualitative changes. 

 Mutations are Omnidirectional - any locus can mutate, 
causing changes as of  minor, and vital signs in either 
direction. 

 The same mutation may occur repeatedly. 

 Individual mutations,  occur in some individuals.



The process of mutation is

called mutagenesis, and
environmental factors that
cause the appearance of
mutations - mutagens.



Mutations - persistent  of changes heritable 

genetic material.

Depending on the level of changes in the genome 
they distinguish: 

* Gene mutations - different kinds of changes of  
the internal structure of individual genes, 
including: 

* Point mutations - replacement of one nucleotide 
in the DNA chain to another. Point mutations that 
occur within a single codon, are divided into three 
types: - Silent mutations that encode the same 
amino acid,

- Missense mutations that encode different amino 
acid;

http://pedklin.ru/VPR/gloss/mutac1.htm


 Insertions - inserting one or more 
extra nucleotides in the DNA 
molecule. Insertions in the coding 
regions of the gene can cause 
reduced RNA splicing or shift the 
reading frame, that in any case lead 
to significant damage to the gene 
product. Deletions - loss of one or 
more nucleotides of the DNA 
molecule. Similar to insertions, they 
lead to a shift in the reading frame.



Chromosomal mutations - different 

kinds of changes in the structure of 

chromosomes:

deletion - the loss of the 

chromosomal material



duplication - doubling the 

chromosome region



inversion – change of  alternation of 

genes in the chromosome by 

chromosome region rotate by 180 °



translocation - non-homologous 

chromosomes exchange regions



genomic mutations
Genomic mutations - changes in the number 
of chromosomes, including:

* Polyploidy - change in the number of 
chromosomes equal to the haploid, 

* aneuploidy - change in the number of 
chromosomes is not equal to the haploid.  
Most commonly observed in human 
trisomy (increase in the number of 
chromosomes by one) and monosomy 
(absence of one chromosome).



genomic mutations
Gene mutations - (not visible in the light microscope 
changes in the structure of DNA) ,  any change in the 
molecular structure of DNA.

* Some mutations have no effect on the structure and 
function of the corresponding protein .

 * Other (large) part of the gene mutation leads to the 
synthesis of the defective protein that is unable to perform 
its characteristic function.

* Genetic mutations are responsible for the development 
of most hereditary forms of pathology . 

 * The most common monogenic diseases include cystic 
fibrosis , hemochromatosis, adrenogenital syndrome, 
phenylketonuria, neurofibromatosis , Duchenne –Becker 
myopathy and several other diseases.

 Clinically, they show signs of metabolic disorders ( 
metabolism) in the body.



The molecular nature of 

mutations can be:

 1 Replacing base codon, a so-called 
missense mutation (from English, mis -
false, wrong and  in lat. Sensus -
meaning) - nucleotide substitution in the 
coding region of the gene, resulting in an 
amino acid in a polypeptide;



2)  change the codons, which will 
stop the reading of the 
information, the so-called 
nonsense mutation (from Lat. in  
Non - no and sensus - meaning) -
nucleotide substitution in the 
coding region of the gene leads to 
the formation of terminator codon 
(stop codon) and termination of 
translation;



3) in violation of the process of 
reading information, called 
frameshift when molecular 
changes lead to changes in DNA 
triplets during translation of the 
polypeptide chain.



Other types of gene mutations . By type of molecular 
changes they distinguish:

 * deletion (from Lat in  deletio - destruction) when there is 
a loss of a DNA segment size from a single nucleotide to the 
whole gene ;

 * duplication (from Lat in  duplicatio - doubling ), that is  
doubling or repeated duplication of DNA segments from a 
single nucleotide to the whole gene ;

 * inversion (from Lat  in  inversio - inversion ),  that is a 
turn by 180 ° of segment of DNA  with dimensions  from 
two  nukleotids to  fragment including several genes ; 

 * insertion (from Lat  in  insertio - attachment ), that is 
inserting the DNA fragments ranging in size from one 
nucleotide up to a whole gene.



Molecular changes, affecting from one to several 
nucleotides, are regarded as a point mutation. Adistinguishing  
feature of gene mutations is that it :

 1) leads to a change of the genetic information,

2) can be passed from generation to generation.

* Some part of gene mutations can be attributed to 

neutral mutations, as these do not lead to any change 
in phenotype. (For example, due to the degeneracy of 
the genetic code the same amino acid may encode two 
triplets,  that differ only on one ground). 

* On the other hand, the same gene can be altered 

(mutated) in several different states.



Disease is a consequence of 

gene mutations



crescent cell anemia
One example of a point mutation is crescent cell 

anemia - a disease caused by a human nucleotide 

substitutions in one of the genes responsible for the 

synthesis of hemoglobin . Respiratory pigment 

hemoglobin molecule in the adult encode genes , 

which are synthesized under the control of four 

polypeptide chain of 146 amino acids ( two + two 

chains ) , which are attached to the four heme а

groups . The structure of the polypeptide chains of 

the hemoglobin molecule depends on the ability to 

carry oxygen. 

http://www.multitran.ru/c/m.exe?t=4008810_1_2&s1=%F1%E5%F0%EF%EE%E2%E8%E4%ED%EE-%EA%EB%E5%F2%EE%F7%ED%E0%FF%20%E0%ED%E5%EC%E8%FF
http://www.multitran.ru/c/m.exe?t=4008810_1_2&s1=%F1%E5%F0%EF%EE%E2%E8%E4%ED%EE-%EA%EB%E5%F2%EE%F7%ED%E0%FF%20%E0%ED%E5%EC%E8%FF


crescent cell anemia

Mutations in these genes result in a change of 
amino acids, and this leads to the synthesis of an 
abnormal hemoglobin (HbS) instead of normal HbV 
HbA. In the abnormal hemoglobin S at one point 
glutamic acid is substituted with valine .

As a result, such a slight change of normal hemoglobin turns  
in the hemoglobin S, which is crystallized at low 
concentrations of oxygen, and this leads to the fact that the 
venous blood with the red blood cells hemoglobin are 
deformed and destroyed rapidly become not round , but 
crescent. Develops severe anemia , decreases the amount of 
oxygen carried by the blood , malfunction of heart and 
kidneys , and early mortality of people homozygous by the 
mutant allele .

http://www.multitran.ru/c/m.exe?t=4008810_1_2&s1=%F1%E5%F0%EF%EE%E2%E8%E4%ED%EE-%EA%EB%E5%F2%EE%F7%ED%E0%FF%20%E0%ED%E5%EC%E8%FF


Crescent cell anemia

http://www.multitran.ru/c/m.exe?t=4008810_1_2&s1=%F1%E5%F0%EF%EE%E2%E8%E4%ED%EE-%EA%EB%E5%F2%EE%F7%ED%E0%FF %E0%ED%E5%EC%E8%FF


In the heterozygous state this allele 
causes a much smaller effect: red blood 
cells appear normal and abnormal 
hemoglobin is only about 40%. 
Heterozygotes have anemia only in weak 
form, but in areas where malaria is 
widespread, especially in Africa and Asia, 
crescent allele carriers are immune to this 
disease. This is explained by the fact that 
its pathogen-Plasmodium falciparum - can 
not live in erythrocytes containing 
abnormal hemoglobin.



Phenylketonuria and albinizm
Phenylketonuria and albinism-related disease with a 
violation of amino acid metabolism. 

Normally, the amino acid phenylalanine (FA) using the 
enzyme phenylalanine is converted into the amino acid 
tyrosine, which in turn, under the action of the enzyme 
tyrosinase can be converted into the pigment melanin. 

In case of violation of these enzymes hereditary human 
disease phenylketonuria and albinism. are developing 

Phenylketonuria (PKU) occurs in different human 
populations with a frequency 1:6000-1:10 000, in Belarus -
1:6000. It is inherited in an autosomal recessive manner, 
patients - homozygous recessive (aa). A mutant gene that is 
responsible for the synthesis of the enzyme phenylalanine 
hydroxylase mapped (12q22-q24), was identified and 
sequenced (determined nucleotide sequence).







The amino acid phenylalanine is among the 
essential amino acids. Only 

part of the FA is used for protein synthesis ; major 
amount of this amino acid 

is oxidized to tyrosine. If the enzyme phenylalanine 
hydroxylase is not active

enabled , then the FA is not converted into tyrosine , 
and accumulates 

in the blood serum in large quantities in the form of 
phenylpyruvic acid 

, which is excreted in the urine and sweat, whereby 
patients have" mouse " odor. 



Its high concentration leads to disruption of 

formation of the myelin around axons in the

CNS. Children with phenylketonuria  acid are born 
healthy , but in 

the first weeks of life, they develop clinical signs of

the  disease . phenylperuvic acid is a neuro -tropic 
venom , 

thereby increasing excitability, muscle tone,

developing hyperreflexia, tremor, convulsions

epileptiform seizures . Later joined by disturbances

of higher nervous activity , mental retardation, 

microcephaly . Patients have and is 

celebrated albinism .



Genomic and chromosomal mutations

Genomic and chromosomal mutations are the 
causes of chromosomal diseases. 

 Gene mutations are aneuploidy and ploidy 
change of structurally unaltered chromosomes.

 They are identified by cytogenic methods: 
karyotyping , sex chromatin . 

 Aneuploidy - change (decrease - monosomy , 
increase - trisomy ) of chromosome number in the 
diploid , not multiple to haploid (2n + 1 , 2n - 1, 
etc.) .  Polyploidy – Increase of the number of 
sets of chromosomes , multiple to haploid (3n, 4n, 
5n , etc.). Humanpolyploidy and aneuploidy are 
the most lethal mutations.

http://www.multitran.ru/c/m.exe?t=5691749_1_2&ifp=1&s1=cytogenic%20assay


 The most frequent genomic mutations include:

 trisomy - the existence of three homologous 
chromosomes in the karyotype (forexample, 21st 
pair at, Down's syndrome, 

 18  pair at Edwards syndrome, 

 the 13th pair at Patau syndrome; 

 on the sex chromosomes: XXX, XXY, XYY) 
monosomy - having only one of the two 
homologous chromosomes. 

 With monosomy of  any  autosomes normal 
embryo development is impossible. The only in 
monosomy compatible with human  life is X-
chromosome monosomy X chromosome H- leads 
to Shereshevsky- Turner syndrome (45, X0).



Chromosomal diseases.  

.



Chromosomal diseases

type mutation frequency

early ripe 50%

miscarriage 30% 

infant mortality 5-7%

fetal congenital anomalies 4-8%

congenital heart disorder 13%

idiocy 15-20%

male sterility 2% 

refractory pregnancy loss 2-5%

http://www.multitran.ru/c/m.exe?t=4310552_1_2&s1=mutation frequency


CLASSIFICATION of chromosomal
disease

Type of cells with mutation: 
*gametic
*somatic

Generation in which the mutation arose: 
*Inherited
*sporadical cases (de novo) 

 By the nature of the material changes
in hereditary material: 
* gene; 
* genomic; 
* Chromosomal rearrangements



Down syndrome (trisomy 21)

47,XX,+21

population frequency - 1:600-700 newborns

regular trisomy translocation 

form of trisomy 21

46,der (D;21)(q10;q10),+21

46,der (G;21)(q10;q10),+21

critical area– 21q22



MAIN phenotypic disorders

Typical flat face , brachycephaly , eye

abnormalities ( slanting palpebral fissures ) ,

epikant , early cataract, myopia) , open mouth

, dental anomalies , short nose and flat nasal

bridge , excess skin on the neck, short limbs ,

transverse four -finger palmar crease ,

widebetween the first and second toe .

Malformations of internal organs : defects of

the interventricular and interatrial septa ,

patent ductus arteriosus and gastrointestinal

defects Most patients have moderate or severe

mental retardation



Edwards syndrome (trisomy 18)

47,XX,+18

population frequency- 1:6000-8000 

critical area

18q11



MAIN phenotypic

disorders
Low birth weight of newborns.

Dolichocephaly, hypertelorism, low-set ears

of abnormal shape, micrognathia, mikrostomiya,

receding chin. There are anomalies of limbs, lack of

distal crease on the little finger, nail hypoplasia.

Malformations of internal organs: the combined

defects of the cardiovascular system, malrotation,

kidney malformations, cryptorchidism. Marked

psychomotor development delay, idiocy, imbecility.



Patau syndrome (trisomy 13)

47,XY,+13

population frequency - 1:7800 - 14000

regular trisomy
translocation 

form of trisomy 13

46,der (13;D)(q10;q10),+13

46,der (13;G)(q10;q10),+13



MAIN phenotypic disorders

Microcephaly, cleft lip and

palate, low-set malformed

ears,microgeny,

hypotelorism, retinal

dysplasia, polydactyly,

transverse palmar crease.

Multiple defects of internal organs

(defects in walls and large vessels, malrotation,

polycystic kidney disease, a doubling of the

ureter).

Profound idiocy. lifespan is typically 2-3 months

and rarely comes to one year.



Turner's syndrome (monosomy X)

45,X0

population frequency - 1:3000-5000 newborns

Clinical signs:

dwarfism, alar folds on the

neck, short neck, barrel

thorax, decreased vision and

hearing, absence of

secondary sexual

characteristics. Primary

amenorrhea, infertility.

Often - heart disease and

kidney failure. Intellectual

development is usually

normal.





Klinefelter's syndrome (Polysomes X 

MEN)

47,XXY

population frequency - 1:1000 newborn boys

Clinical signs:

tall, body of female

type, gynecomastia.

Hypogonadism,

gipoginetalizm, absence

of secondary sexual

characteristics,

infertility.

Intellectual

development is usually

normal.
48,XXYY, 48,XXXY, 49,XXXXY



47,XXY
48,XXYY,

48,XXXY,

49,XXXXY

Klinefelter syndrome



Klinefelter's syndrome? (Polysomes X 

MEN)

47,XXY

population frequency - 1:1000 newborn boys

Clinical signs:

tall, body of female type,

gynecomastia.

Hypogonadism,

gipoginetalizm, absence of

secondary sexual

characteristics, infertility.

Intellectual development is

usually normal.

48,XXYY, 48,XXXY, 49,XXXXY



Chromosomal 

rearrangements-aberration



Chromosomal rearrangements-

aberration

population frequency - 1:1000 newborn boys

Syndrome trisomy by X-chromosome (47, XXX)

population frequency - 1:1000 newborn 

girls



disomy by Y-chromosome 
(47, XYY



SYNDROME "Cat Scream" - deletion of the 

short arm of chromosome 5 (5p-)

Critical Area - 5p15.2

Population frequency - 1:20 000 - 1:50 000 newborns



MAIN phenotypic

disorders
Unusual crying or weeping, 

resembling cat's meow, 

microcephaly, palpebral, 

moon face, hypertelorism, 

broad nasal bridge, low-set 

malformed ears. On the 

palms there is transverse 

crease, also characterized 

clinodactyly or syndactyly. 

Mental retardation of 

strong degree



Wolf-Hirschhorn syndrome - deletion of 

the short arm of chromosome 4 (4p-)

opulation frequency - 1:20 000 - 1:50 000 newborns

Population frequency - 1:20,000 - 1:50,000 newborns



MAIN phenotypic

disoders
Delay of pre and postnatal growth, low

birthweight. characteristic skull and facial

features: high forehead, microcephaly,

high intercilium, beaked nose,

hypertelorism, prominent eyes, short

filter, micrognathia, small mouth with

drooping corners of the mouth, large

protruding ears. Cleft lip and palate.

Malformations of the cardiovascular

system. Psychomotor retardati



SYNDROMES del 22q11.2? 

Frequency 1:4000
Syndrome Di Giorgi

Velo-cardio-fascial
syndrome

syndrome conotruncal

and facial abnormalities

CATCH 22

(Cardiac defects, Abnormal facies, 

Thymic hypoplasia,

Cleft palate, Hypocalcemia, del 22)



Main phenotypic disordes

 Lag in physical development, reduced mass and growth 

frequent choking (bicycles pharyngeal insufficiency), 
nasal voice and accumulation of secretions in the nasal 
passages due to their narrowness 

 The presence of AMS (conotruncal): transposition of 
the great arteries, truncus arteriosus, pulmonary 
atresia, tetralogy of Fallot, double discharge of vessels 
from the right ventricle 

 Often ill child, the presence of chronic infection 

 Cramps in  anamnesis

 developmentdelay, attention deficit 

 Hearing disorders, facial asymmetry



Микроделеционные синдромы

1p36

*Wolf-Hirschhorn 4p16.3

* «Cat's cry» 5p15.1-p15.3

*Williams 7q11.23

*Prader-Willi 15q11-q13

*Enzhelmena 15q11-q13

*Smith-Magenis 17p11.2

*Miller-Dieker 17p13.3

*Kallman Xp22.3

*del 1p36


