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Topic: “Molecular – genetic mechanisms of ontogenesis. Ontogenesis failure and its role in human pathology”.
Ontogenesis is an individual development of an organism from fertilization to death.

From genetic point of view ontogenesis is realization of hereditary information at the each stage of individual development in certain environment

Periods of ontogenesis

- Prezygotic period — gametogenesis;
- Embryonic (prenatal) — from zygote to birth. Lasts about 280 days in humans (1,8% of average life span);
- Postembryonic (postnatal) — from birth to death.
Stages of embryonic development

- Fertilization;
- Cleavage;
- Gastrulation;
- Histogenesis and organogenesis.
Embryonic development in humans

- Preembryonic period (1 – 7 day) – cleavage, formation of multicellular blastocyst and its implantation;
- Embryonic period (2 - 8 week) – gastrulation, histogenesis and organogenesis;
- Fetal period (from 9 week to birth) – growth and further differentiation.

Egg (ovum)

- Haploid;
- Diameter is up to 130 μm;
- Is surrounded by zona pellucida and corona radiata follicular cells.
- Contains a lot of RNA and proteins, that accumulates in prophase I due to gene amplification in lamp brush  chromosomes;
- Ooplasmic segregation (or localization) is a precisely programmed reorganization of egg cytoplasm. It causes heterogenous spatial organization of the cytoplasm and is important precondition of differnetiation.

- Ovulation at the stage of metafase II (secondary oocyte);
- Egg is fertile for 12 hours after ovulation.
Spermatozoon

- haploid;
- Length is about 70 мкм.
In female genital tract sperm undergo Capacitation

Capacitation is activation of sperm for fertilization.
Capacitation involves destabilisation of the acrosomal sperm head membrane rendering it more fusigenic. 

Sperm is fertile for 48 hours after ejaculation.
Fertilization – fusion of male and female gamete

- Distant interaction – migration of sperm towards egg

Move by lashing of sperm tail(swimming)

Assisted by female physiology

– strands of cervical mucus;
– uterine contractions;
– chemical attraction.
Majority of sperm

– destroyed by vaginal acid;
– f ail to penetrate the cervical canal mucus;
– go up wrong uterine tube.
- Contact interaction

1. Acrosomal reaction;
2. Cortical reaction.
Penetration of sperm activate completing of meiosis II.
- Karyogamy - fusion of the nuclei (pronuclei) of sperm and egg DNA doubles at the pronuclei stage. Fusion of pronuclei activate first mitotic division (metaphase).
Fertilized egg is called a zygote

As a result of fertilization

- Renewing of diploid chromosomal set

- Definition of sex

- Activation of embryonic development

Ooplasmic segregation become activated by fertilization 


Different daughter cells get different chemicals “local determinants”, that cause activation of different genes.
Polyspermy may produce triploid zygote.

Artifitial (in vitro) fertilization is used in case of male or female infertility from 1976.
Cleavage

is rapid mitotic division of the zygote to form a single layered hollow spherical blastula

Pattern of cleavage is determined by the type of the ovum

Isolecital egg  – small amount of evenly distributed yolk

Holoblastic(complete) cleavage

А) equal (lancelet)‏
Б) unequal (amphibians)

Polylecital ovum – a lot of unevenly distributrs yolk

Meroblastic (incomplete) cleavage

-Telolecital egg (yolk on vegetative pole). discoidal cleavage (reptiles, birds)

- Centrolecital egg(yolk in the center). Superficial cleavage (insects)

Man has holoblastic unequal asynchronic type of cleavage.

- Cleavage takes place in the uterine tubes for 2 to 4 day. On the 4th day a solid ball of small blastomeres is formed - morula (32 cells).
- On the 4.5 – 5 day blastula is formed. Human blastula is blastocyst

Embryoblast gives the origin to the embryo and some provisory organs. Consists of about 40 cells.
Trophoblast gives the orrigin to the chorion.
Gastrulation

Gastrulation — process of germ layers formation.  First step is formation of ectoderm and entoderm. Than mesoderm is formed.

Bilaminar embryo is gastrula.

Ways of gastrulation:

- Invagination : Local inward of blastula wall.

- Delamination — Splitting of one layer of cells into two parallel layers.
- Migration — Movement of individual cells over a substratum of other cells or extracellular material

- Epiboly — The spreading movement of a superficial cell layer to envelop a yolk mass or deeper cell layer

Mesoderm formation

- Teloblastic – migration of the cells between ectoderm and entoderm and its multiplication.

- Enterocoelic – inwards of the primary gut pockets.

In man gastrulation occurs by delamination and immigration

First step is delamination (7th day)

Second stage (immigration) – 14th to по 17th day.
- Cells of epibalst sink into primitive streak (a groove).
- Cells of the groove migrates between epiblast and hypoblast to  form mesoderm.
- Some cells replace hypoblast to form entoderm.
- The rest of epiblast cells become ectoderm.
Immigration occurs from 14th to 17th day

Implanted conceptus at 2 weeks

Histogenesis and organogenesis – formation of tissues and organs

Axial organs form first. By the 17th day of development, the mesodermal cells beneath the primitive streak aggregate, forming a notochord. Chemical signals from the notochord stimulate the ectoderm to form the neural plate (tube) Formation of the neural tube is called neurulation, embryo in this stage – neurula.

Paraxial mesoderm on the dorsal side on either side of the notochord forms somites – a series of block like mesodermal condensations. Somite subdivide into sclerotome (internal part), myotome (medial part) and dermatome (external part), which give rise to the vertebral column, skeletal muscles and dermis, respectively. Ventral part is not segmented and forms splanchnotome (circulatory system, lymphatic system, pleura, peritoneum, pericardium Mesenchimal cells– blood, lymph, smooth muscles.

By four weeks after fertilization, the embryo has a simple heart, limb buds and eye rudiments. It also has a tail and pharyngeal pouches, the vestiges of its early vertebrate ancestors that disappear later in development.

	Появление нервной пластинки
	18 - 20 день

	First pharyngeal pouches
	20 день

	First heart beat
	24 день

	Lungs
	28 день

	Differentiation of testis in ♂
	43 день

	Separation of the fingers start
	43 день

	Heart septum
	46-47 день

	Fusion of the palate
	56-58 день

	Prophase I of meiosis in ♀
	75 день

	All organ systems are formed
	90 день


From 9 week the embryo is often called fetus

Embryonic Stage or Weeks 2 to 9
- 3 primary germ layers are formed.
- Germ layers differentiate into organs and organ systems (organogenesis).
- Conceptus forms a set of membranes external to the embryo. Embryo begins receiving its nutrients from the placenta.
Embryonic or fetal membranes (provisory organs) include the amnion, yolk sac, allantois, placenta and chorion.

- The amnion is a membrane building the amniotic sac. The amniotic fluid protects fetus and allows the free movements during the later stages of pregnancy;
- yolk sac poduces blood (at early stage) and primordial germ cells;
- allantois is part of the umbilical cord;
- Chorion is the outermost of the fetal membranes - The chorion develops villi (vascular fingers) and gives rise to the placenta.
Placenta

is an organ that connects the developing fetus to the uterine wall.

- Provides interaction with maternal organism (nutrition, gases exchange, excretion)

- Protects  (barrier function);
- Produce hormones (progesterone);
- Produce regulators of immune response.
Differentiation — specialization of the cells

Cells become different in:
- biochemical;
- morphological;
- Functional characteristics.
	1. HSC – Hematopoetic Stem Cells (all blood cells)

	Erythorocytes

Neutrphils

Basophil
Thrombocytes
	Lymphocytes

Eosinophils

Moncytes

	2.  MSC – Mesenchymal Stem Cells  (mesenchyme cells)

	Bone cells
Tendon cells
Adipose cells
	Cartilage cells

Muscle cells

Marrow cells

	3.  ESC – Endodermal Stem Cells (digestive tract & lungs)

	Esophagus
Liver
Stomach
	Pancreas

Intestines

Lungs



	4. NSC – Neural Stem Cells (brain and nerve cells)

	Neurons

Glial cells
	Oligodendrocytes

Astrocytes


These four major branches will differentiate into

210 types of specialized somatic (body) cells

determinantion


differentiation


morphogenesis

Explained by different gene expression.
Caused by events on the molecular level (ooplasmic segregation), cellular level (cellular contacts), tissue level (embryonic induction).
Embryonic induction

Influence of embryonic parts on the differentiation of the neighboring organs.
Transcription factors and growth factors are controlled by genes of early differentiation

- Hedgehog genes – polarity of CNS, skeleton, limbs;
- Hox genes  controls anterior-posterior polarity in all vertebrates;
- PAX – development of the nervous system;
- T-BOX – mesoderm formation.
Congenital defects

- A congenital defect (also called birth defect, congenital anomaly or congenital abnormality) is a structural defect of prenatal origin, present at birth, which seriously interferes function, health and viability. The science that studies these disorders is teratology.

Classification of congenital defects
1. according to time

- Blastopathy - 0-2 weeks, blastogenesis, first critical period of embryonic development

Example is Conjoined twins

- Embryopathy- 3-8 weeks, the embryonic period, second critical period most birth defects are formed.
- Fetopathy - 9-38 weeks, fetal period.
Examples are ventricular septal defects, congenital defects of anterior abdominal wall, cleft palate.

2. according to etiology

- Hereditary,

Examples of monogenic (single gene) defects :autosomal-dominant; autosomal-recessive and X-linked recessive.

Chromosomal disorders

- Exogenic (teratogenic) defects are caused by environmental (teratogenic) agents.

Examples include fetal alcohol syndrome, syndrome of amniotic bands etc.

The environmental factors that cause congenital anomalies are called teratogenic factors or teratogens.

- Multifactorial are due to both genetic and environmental factors. This group includes spina bifida and anencephaly, the commoner forms of congenital heart disease, pyloric stenosis, cleft lip and cleft palate, congenital clubfoot and congenital dislocation of the hip.

- This is the most common tumor found in newborns, with an incidence of 1:35,000. It is thought to occur when the primitive streak does not completely degenerate, leaving remnants of undifferentiated stem cells. They are characterized by a wide variety of tissue types and all three germ layers. The prognosis is good if they are surgically removed but the possibility of malignancy increases from 10% at birth to 50-70% at 2 months. For unknown reasons, 75% of these tumors occur in females.
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