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Problematic or 100% correct
Mendelian genetics?

Menel theory of organism heredity was very precise and based on postulating of

2 alleles (one from father = paternal; one from mother = maternal ) and very precise
mathematical rule of combination of these alleles (in crating of gamets, or in crating of zygota
from haploid gamets). Mendel was genial man, becaouse this postulate was derived from
statistic of phenotype, he was not able to se microscopical structure of gene in chromosome or
proteins which modifiy gene expresion. These postulate and 3 Mendel Laws are true and
valid for computing of heredity ( transfer probality from parents for many anatomy
marker, pigment of hair ,shape of nose, enzyme aktivity, anemic blood cell, and many
other....)

However another medicial experts during 20th century have found in patients and experimental
animal set the exceptions to the Mendel rule. Mendel’s laws are correct, however in real
life none of the three laws is completely correct for all genes and all genetic

transfr of illnesses. We know now that some hereditary factors are codominant, not
completely dominant, to others; one can cross red with white petunias and get pink offspring, not
red or white offspring as Mendel would have predicted. We also know that the law of segregation
IS not always true in its literal sense. In humans, the X and the Y chromosome are not passed
along entirely at random from a father—slightly more boys than girls are conceived. And we also
know that not all hereditary factors assort independently. Those that are located close together
on the same chromosome tend to be inherited as a unit, not as independent entities. This aspcet
will be presented in next chaptr /A/ and /B/ and /C/, and remeber that all these principes can be
combined in ral organism and real patient.



[Al GENE as a material
substance in chromosome

« MENDEL.:
Endowment / Natural Ability

« 20th CENTURY:
Gene / Genetic iInformation



Short history of material
substance exploring :
1871

Miescher 1871: discovered ,nuclein® a substance occuring in cell

Fig. 5. Glass vial containing nuclein isolated from salmon sperm by
Friedrich Miescher while working at the University of Basel. The faded
label reads Nuclein aus Lachssperma, F. Miescher (Nuclein from salmon
sperm, F. Miescher). Possession of the Interfakult-res Institut fqr
Biochemie (Interfacultary Institute for Biochemistry), University of
Tubingen, Germany; photography by Alfons Renz, University of
Tubingen.




" =7 1953: James Watson, Francis Crick, Rosalind Franklin,
Maurice Wilkins: the DNA dauble helix



Structure of DNA and components

(learn the names of acids and possible combination of acid paris
in RNA and DNA)




Example of Genetic code
(C = cytosine, G = guanine, A = adenine,
T = thymine...) of 1% of 3rd human

AGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGANGG TGAGGTTGTGAGGCGCTGC
CCCCACCATGAGEGUTGUTCAGATAGCGATGGTCTGLCCCCTCCTCAGCATCTTATCCGAGT GG

GG TGAGGTTGTGAGGLGCTGUCCCCACCATGAGCGCTGCTCAGATAGUGATGGTCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGG TGAGGTTGTGNGGCGCTGCCCCCACCATGAGCGCTGC
TCAGATAGCGATGGTICTGGLCCCCTCCTCAGCATCTTATCCGAGTGGARGG TGAGGTTGTGAGE
CGCTGCCCCCACCATGAGEGCTGETCAGATAGCGATGETCTGGCCCCTCCTCAGCATCTTATCCG
GTGGAAGG TGAGGTTGTGAGGUGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTG
GCCCCTCCTCAGCATCTTATCCGAGTGGARGG TAGGTTGTGAGGCGCTGCCCCCACCATGAGC
GCTGCTCAGATAGCGATGETCTGGCCCCTCCTCAGCATCT TATCCGAGETGEAAGE TGAGGTTG
TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTT
TCCGAGTGGAAGG TGAGGTTGTGAGGUGCT GCCCUCACCATGAGUGUTGUTCAGATAGEGATG
GTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGE TGAGGTTGTGAGGCGCTGCCZCCCACT

TGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGT GGAAGGALATG
GGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGETCTGGCCCCTCCTCAGE
FCTTATCCGAGTGGAAGGAAATGAGGT TGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA

GCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGT GGAAGG TGAGGTTGT GAGGCZGCTGCC
CCCACCATGAGCGCTGCTCAGATAGCGATGETCTGGCCCCTCCTCAGCATCTTATCCGAGTGGANG
G T



Example of one gene

éAGCGETGGTCTGGCCCCTCCTC&GCETCTTRTCCGRGTGG%&GG&E&TGEGGTTGTG%GGCGCTGC
ECCCCRCCRTGAGCGCTGCTCEGETEGCGRTGGTCTGGCCCCTCCTCEGCETCTTETCCGRGTGGR&
éGGKL&TGiGGTTGTGKGGCGCTGCCCCCKCCﬁTGﬁGCGCTGCTCHGLTLGCGhTGGTCTGGCCCCT
CCTCAGCATCTTATCCGAGTGGAAGGANNTGAGETTGTGAGGCGCTGCCCCCACCATGAGCGETGEC
| TCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGANATGAGGTTGTGAGG
CECTECCCCCACCATGAGCEGCTEGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATC T AT CCA
iGTGGﬁﬁGGHﬁhTGhGGTTGTGﬁGGCGCTGCCCCChCChTGﬂGCGCTGCTC&GﬂTEGCGhTGGTCTG
| GCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATAGGTTGTGAGGCGCTGCCCCCACCATGAGT
iGCTGCTCHG&THGCGMTGGTCTGGCCCCTCCTCiGCMTCTTHTCCGuGTGGhRGGhHiTGHGGTTG
i TGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTA

| GTCTGGCCCCTCCTCAGCATCTTATCCGAGT GGAAGGAAATGAGGT TGTGAGGCGCTGCCCCCACC
| ATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGCATCTTATCCGAGTGGAAGGAAATG
AGGTTGTGAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATAGCGATGGTCTGGCCCCTCCTCAGC
ATCTTATCCGAGTGGANAGGANATGAGGTTGT GAGGCGCTGCCCCCACCATGAGCGCTGCTCAGATA
GCGATGGTCTGGCCCCTCCTCAGCATCTTAT CCGAGTGGAAGGARATGAGGTTGTGAGGCGCTGCC
CCCACCATGAGCGLTGCTCAGATAGCGATGGTCTGLCCCCTCCTCAGCATCTTATCCGAGTGGARAG
GARAT




Every human organism have “2 genetic
message” of one gene

gene — a section of DNA that
controls a trait (ex. seed color,
eye color,blood type)

allele — a variation of a gene
(yellow vs green)




(EUKARYOTA) Human cells: ,Display” of
gene into real protein molecule




Different ,delivery of information”
PROKARYOTA




B/ ,,SWITCH OFF/ON* of gene
and basic idea of
EPIGENETIC



Two Important facts:

1/ Human bodies have such different parts, like
skin, eyes, and heart, even Iif almost all our

different parts of our DNA are switched “on” and
“off” In different cells!

2/ Two rabbits (2 same genetic twins) have the
same set of DNA code In muscle. However one
rabbit can be famous sprinter and second not,
becouse Is in the farm where Is a lot of smoke.

Then, let us take a close look at how the DNA Is
organized within the cells and translated:



Nice analogy

goal of human live

(saturation of chem. and energy) BREIIGIE

body of gun

epigenetic factor
(in right time)

striker

proteom
bullet



Nice analogy
(with described possible feedback)

. SR
goal of human live A
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: (in right time)
striker
@proteom
bullet

A person’s genotype is their unique sequence of DNA. More
specifically, this term is used to refer to the two alleles a person has
inherited for a particular gene.

Phenotype is the detectable expression of this genotype



What Is the microcopical mechanism
of this OFF/ON switching ??

Well-packed DNA, wrapped tightly around histones, is
not accessible to the cellular machinery that reads the
Information on the DNA and

@ Histone p\ Nucleosome

(Analogy: Imagine a book with some pages held together by a paper clip. You cannot read
what is on those pages! They must be accessible to you before you can read them. The

Chromosome

packaging of the DNA has the same effect.



The human genome has more than 20,400 genes which contain
iInformation for the formation of proteins. This sounds like a lot, but
proteins are extremely important for the proper functioning and
development of our bodies, so we need all these proteins. But we do
not need all of them at the same time, and it would be difficult for a cell
to deal with producing and managing so many types of protein
simultaneously. Thus, only a few proteins are produced at the same
time in a cell. This means that only a few genes are active (switched
“on”) at a time in any cell. The genes that are “on” will determine what
that cell can do—the function of the cell. Some genes need to be active
In more than one body part or cell type, while other genes are active
only in specific cells. Some genes are active only in specific time (new
born time, beast-feeding, etc)



Structure of DNA code
(INTRONs and EXONSs)
wdelivery of information“




* Epigenetic changes alter gene activity
without modifying the DNA
sequence and are essential to normal
development.

Epigenetic regulation is based on molecular mechanism of

DNA Methylation Histone Modification Non-coding RNA

il




Proteins that
modify histones

Proteins that
modify DNA

Histone
modification

A gene is switched “on”
when the portion of
chromatin where it is
located “opens.” This
process involves proteins
that add little chemical
modifications to histones or
to the DNA. The
modifications cause the
histone to slide on the DNA
or cause the DNA to
unwrap from the histone,
allowing the chromatin to
open and the information on
the gene to be read.



« Epigenetic modifications caused by these factors can be “memorized”

for long periods of time. When a cell divides, its epigenetic modifications are
passed on to the next generation of cells. It is interesting that this situation is different in
reproductive cells. Most epigenetic modifications are erased during reproduction. In animals, the
modifications that persist only last for about one or two generations.

« The epigenome of an organism is fluid, which means that it is constantly changing. It is shaped in
response to stress, in ways that last from hours to months, years, or an entire life. For example,
the epigenome of mice exposed to very stressful situations can change.

E Xxam |e - @ i SR S 010 08 124 REVIEW
« Epigenetic events that alter chromatin e

structure to regulate programs of gene expression have been
associated with depression-related behavior, antidepressant
action, and resistance to depression or ‘resilience’ rat.

Epigenetics of the Depressed Brain: Role of Histone
Acetylation and Methylation

1
YOU can seeto Very HaoSheng Sun', Pamela J Kennedy' and Eric J Nestler*’
| 'Fishberg Department of Neurascience and Friedman Brain Institute, School of Medicine, New York, NY, USA

nice review article:

Major depressive disorder is a chronic, remitting syndrome involving widely distributed circuits in the brain. Stable alterations
in gene expression that contribute to structural and functional changes in multiple brain regions are implicated in the

: : . . _ _ _ [ S iy ’
Epigenetic for many illnesses is importnat and investigator bring el S

new view to many mechanism their development,

i
Nucleus accumbens Nucleus accumbens

epigenetic iaspect are computed to modern _ ; , —
HDAC2 (balb/c mice) | G9a, GLP, SUV39H1, H3K9me2 H3/H4 acetylation G9a, GLP, SUV39H1, H3K9me2
1 + HDACS MLL1, LSD1 - HDAC2 (c57 mice) MLL1, LSD1
pharamcology studies iy e
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Positive example of epigenetic
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Rat-Mom'’s licking appears to provoke epigenetic changes in genes that can
help pups manage stress. The most important stress hormone for mammals
Is called cortisol, and the level of cortisol in our bodies is regulated by
glucocorticoid receptors. The gene for the glucocorticoid receptor is highly
influenced by maternal care. Highly licked rat pups have lots of
glucocorticoid receptors, so they can manage their body’s stress response
rapidly and get back to normal quickly.


https://www.psychologytoday.com/us/basics/genetics
https://www.psychologytoday.com/us/basics/hormones

Negative exampel of epigenetic

° Zygote > Implantation ° Fetal development - Adulthood
*Global DNA de-methylation occurs *Established DNA methylome is maintained
*Passively during cell division and actively by trough consecutive cell divisions
cytosine deamination *Critical role of DNMT1 in maintenance of DNA-
*DNA de-methylation allows embryonic stem methylation patterns during DNA replication
cells to become pluripotent *Aging can modify DNA methylation through
*Mono-allelic DNA methylation within imprinted epigenetic drift (accumulation of small defects in
genes is not erased transmitting and maintaining DNA methylation )

G Implantation = Fetal development

*Global re-methylation occurs

° Genes and environments

«Critical role of de novo DNMTs (3a, 3b, and 3L) *Genetic factors influence DNA methylation
«Cell-specific DNA-methylation patterns develop *Environmental exposures, such as cigarette
to aid in cell differentiation smoke, can alter DNA methylation at all stages
*Primordial germ cells undergo second round of of human development: early exposure may
DNA-methylation reprogramming: genomic lead to soma-wide changes, while exposure
imprints are reestablished to reflect the sex of during adulthood may lead to more tissue-

specific changes

the embryo




Example of epigenetic changes
monitoring
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https://mww.ahajournals.org/doi/full/10.1161/CIRCRESAHA.118.312497
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* Epigenetic stimul can hit the organism In
prenatal and also In postnatal time

/- (A) Germlineinheritanm\ /-{B]E p d p nde t\

o F2 germline

»F3 germline &F2 h-,rpmhalamirf

\ / \ DMNA methylation /

FIGURE 24.1 lustr: l of the distinction betw a paternal
germline cp];:l‘q:m*m‘. inheritance (A) and a urw.m.c-dvm:ndcm in-
heritance of an epigenetic ff ui {BJ .mmp]u of a paternal germ

* Some epigentic result can be detected In
F1 and also Iin F2 generation or later

Nice review for advanced reading:
https://labs.la.utexas.edu/champagne/files/2018/01/Chpt24TransEpi.pdf



/C/ Non-mendelian
variability



CROSSING OVE

The homologous pair moves close together.
The chromatids may exchange genes.

e b e Genes that have crossed over

.....
a" ut
- at

|||||

- b
The homologous pair
separate in
first cell division
[ 4 b 4 |

The sister chromatids
separatein
second cell division



Linked genes on a pair of homologous
chromosomes:

A a
B b

Replication takes place at the beginning of meiosis:

XX

The homologous chromosomes undergo synapsis
and crossover occurs between adjacent

chromatids:
Certain final ga
i YAY AU gene from
it paternal and m
The chromatids separate:

(this is not des

n Now four different kinds of gametes form



BASIC SUMMARY
of ,post’™-mendelian genetic Is
defined by MORGAN RULEs:

1) Genes are always stored in a linear sequence on the chromosome.

2) The genes of one chromosome . The number of
linkage groups of an organism (for example human) is the same as the
number of pairs of homologous chromosomes of the respective
organism.

3) Gene exchange can take place between the genes of a homologous

pair of chromosomes through The frequency of crossing-
over is proportional to the distance of the genes.




/C/ GENETIC ILLNESS PROBABILITY
for X-linkded and Y-linked genes
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