Embryology

I. Sperm Cell- smallest cell in the body

a. Male gamete
II. Oocytes- largest cell in the body

a. When it completes it maturation process it is a secondary oocyte (mature egg cell released at ovulation)
III. Zygote

a. Cell that is formed by the union of the sperm and the oocyte
IV. Fertilization Age

a. Tough to determine because it is hard to see the moment of fertilization
V. Gestational Age

a. Age is based on the LNMP (last normal menstrual period)
b. Two weeks longer than the fertilization age because the egg cell is not fertilized until two weeks after the normal menstrual period
c. When stating the age of the embryo we need to subtract two weeks to assess the real fertilization age
VI. Cleavage

a. Series of mitotic divisions that a zygote goes through producing cells that are called blastomeres
b. Each daughter cell that results from cleavage is one half the size of its parent cell because cleavage begins in the fallopian tube; at that point the zygote is not receiving any nutrition (not until it reaches the uterus)
VII. Moriula

a. Solid mass of cells that results from mitotic divisions and contains between 12 and 32 blastomeres
b. Changes to a fluid filled hollow sphere called a blastocyst 
i. The fluid filled portion is called the blastocoel
ii. The inner cavity of the blastocyst contains the inner cell mass (ICM) which is synonymous with the term embryoblast 
VIII. Zygote

a. The period of time from the moment of fertilization to the seventh day
b. Genetically unique because half of the chromosomes are from the father and half from the mother
i. Forms the basis of bi-parental inheritance and human species variation
IX. Embryo (7 weeks long)

a. From the beginning of day 8 into the last day of week 8
X. Fetus

a. From week 9 until parturition
XI. First week of development

a. Starts with fertilization which takes place in the ampulla of the fallopian tube
i. It is a sequence of coordinated molecular events that begins with the sperm and oocytes contact and ends with the intermingling of the maternal and paternal chromosomes
ii. Carbohydrate and protein binding molecules that are involved with sperm chemotaxis and gamete recognition 
1. Fertilin A (alpha) and B (beta)- are both sperm membrane proteins that are known to be involved with sperm egg interaction
b. Miosis- allows for the independent assortment of maternal and paternal chromosomes among the germ cells
c. Crossing over of chromosomes by relocating segments of the paternal and maternal chromosomes shuffles the genes producing a recombination of genetic material
d. Following cleavage and formation of the Moriula (4 days after fertilization); the moriula has reached the uterus and makes the transition into the blastocyst; as fluid fills the blastocoel the blastomeres are separated into two groups
i. Trophoblast cells- give rise to the embryonic part of the placenta
ii. Embryoblast cells- give rise to the embryo
e. By day 6, the blastocyst begins the implantation process with the ICM closest to the endometrium
f. Only after implantation takes place is pregnancy began
XII. Week 2
a. Implantation begins on the end of the first week and is completed by the end of the second week
b. Syncytiotrophoblast cells which are specialized trophoblast cells invade the endometrium, erode the endometrium, and allow the blastocyst to bury itself in the lining of the uterus
i. Produce HCG- which maintains the corpus luteum and the corpus luteum synthesizes estrogen and progesterone which maintain the pregnancy
ii. HCG is one of the substances that form the basis for pregnancy tests
c. Inhibition of implantation with the administration of large doses of estrogen for several days beginning shortly after unprotected intercourse (morning after pill- RU486)
i. Does not prevent fertilization; only implantation 
ii. The large doses of estrogen interfere with the balance of estrogen and progesterone which is needed for implantation
d. Summary- characterized by rapid proliferation and differentiation of the trophoblast cells; the endometrial changes that result from its adaptation for implantation are called decidual reaction

i. The amniotic cavity appears as a space between the trophoblast cells and the embryoblast
ii. The embryoblast differentiates into a bilaminar disc and the prechordal plate develops
iii. The prechordal plate is the future site of the mouth, appearance is important in the development of the head
XIII. Week 3

a. Characterized by rapid development of the embryonic disc (bilaminar disc) and the appearance of the primitive streak; the development of the nodochord and differentiation of the three germ layers fro which all embryonic tissues and organs develop
b. Occurs during the week following the first week of the first missed menstrual period, 5 weeks after the last normal menstrual period
c. EPF (early pregnancy factor)- is an immunosuppressant protein secreted by trophoblast cells and appears in the mother’s serum 24-48 hours after fertilization
i. The basis for pregnancy testing in the first ten days of development
ii. Only testing for fertilization
d. Gastrulation- the process were the bilaminar disc changes to a trilaminar disc; marks the beginning of morphogenesis (Gastrulation); this is the significant event in the third week
i. Begins with the appearance of the primitive streak 
e. The three germ layers that develop the body are the endoderm, ectoderm, and mesoderm
f. As soon as the primitive streak appears it becomes possible to identify the embryos cranialcaudal axis
g. A sacral coccygeal teratoma occurs when remnants of the primitive streak give rise to a large tumor and because these teratomas are formed from pleuripotent cells all three germ layers are typically represented in these germ layers (bizarre looking)
i. Most common type of tumors in newborns; almost always surgically excised
h. During the third week the nodochord forms which serves as the basis for the axial skeleton and indicates the site for the vertebral bodies anatomically 
i. The allantois forms- has a respiratory function and acts as a storage sac for urine during embryonic life
i. The placenta take over its function very rapidly and the allantois becomes the urachus which ultimately becomes the median umbilical ligament
ii. The blood vessels of the allantois become the umbilical artery and veins
j. Neurulation-Starts in the third and ends in the fourth week; is a process that informs the formation of the neural plate, neural folds, and the closing of these folds to form the neural tube
k. Neural plate- gives rise to the entire central nervous system 
l. Neural crest cells- originate from ectoderm and are attached to the neural tube differentiate into spinal ganglia and also differentiate into the ANS; in addition the ganglia of cranial nerves 5,7,9,10 are also derived from neural crest cells-form the sheathes around peripheral nerves as well as the pia mater, arachnoid, adrenal medulla, and several skeletal and muscular components of the head
m. Because the neural plate ,which is associated with the CNS, appears during the third week and the neurulation process continues to the fourth week abnormalities of this neurulation process result in severe abnormalities of the brain and spinal cord 

i. NTD (neural tube defects)- among the most common congenital anomalies

n. Summary- Gastrulation, development of the neural plate and tube (beginnings of the CNS), appearance of somites on each side of the nodochord, the coelom appears as several isolated regions in the mesoderm and become the body cavities, primitive cardiovascular system forms from a pair of blood vessels, and rapid development of chorionic villi which increases surface area for exchange of nutrient and waste products between maternal and fetal circulations
XIV. Weeks 4-8

a. All major organs and systems form from the three germ layers

b. The external appearance of the embryo is affected by the formation of the brain, heart, liver, limbs, ear, nose, and eyes

c. This is the most critical period of development because most of the external and internal structures are formed
d. Developmental disturbances during this period of time are likely to result in major congenital anomalies of the embryo

XV. Human Birth Defects
a. Congenital anomalies, birth defects, and malformations are synonymous terms used to describe developmental disorders present at birth

b. Congenital anomaly is a structural abnormality of any type however, not all variations are anomalies

c. Congenital anomalies are of four clinical significant types:
i. Malformations, disruptions, deformations, and dysplasia
d. Teratology- the branch of science that studies the causes, mechanisms, and patterns of abnormal development; a fundamental concept is that certain stages of embryonic development are more vulnerable to disruption than others

i. Statistically more than 20% of infant deaths in North America are associated with birth defects

e. Congenital anomalies may be caused by genetic factors (chromosomal abnormalities) or environmental factors (drugs or viruses); may be of minor or major clinical significance; single minor anomalies are present in 14-15% of neonates

f. Anomalies of the external ear are of no major medical significance but do indicate the possible presence of associated major anomalies (example- presence of single umbilical artery alerts the clinician to the possible presence of cardiovascular or renal anomalies)

g. In terms of sheer numbers of cases, genetic factors are the most important causes of congenital anomalies; accounting for about 1/3 of all birth defects

i. Anomalies may be associated with the sex chromosomes (X, Y) and/or the autosomes; in some cases both are affected

h. Individuals with chromosomal abnormalities usually have typical phenotypes

i. Numerical aberrations of chromosomes are usually the result of non-disjunction which is an error in cell division were a chromosome pair or two chromatids of a chromosome fail to disjoin during miosis. As a result the chromosome pair of chromatids pass to one daughter cell ad the other daughter cell receives neither

i. Can occur during maternal or paternal gametogenesis 

j.  The chromosomes in somatic cells are normally paired, the pairs are the homologues; normal human females have 22 pairs of autosomes plus 2 X chromosomes; men have 22 pairs of autosomes plus 1 X and 1 Y
k. Changes in the chromosome number result in either aneuploidy (any deviation of the human diploid number of 46 chromosomes) or polyploidy 

l. Anaploid individual or cell is a cell that does not have an exact multiple of the haploid number (23)- examples 45 or 47

m. Main cause of aneuploidy is non-disjunction during cell divisions; as a result one cell has 2 chromosomes while the other has neither of the pair

i. Embryo cells could be hypodiploid (45X)(i.e. Turner’s syndrome) or hyperdiploid (47) (i.e. trisomy 21-Down’s syndrome)

n. Embryos with monosomy (missing one chromosome) usually die

XVI. Turner’s Syndrome
a. About 1 percent of monosomy X females survive and the incidence of Turner’s syndrome in newborn females is 1/8000 births

b. The phenotype of Turner’s is female and secondary sex characteristics in affected females do not develop in 90% of the affected individuals

c. Typically treated with hormone replacement therapy

d. When this can be traced the error in gametogenesis that causes monosomy X is in the paternal gamete

XVII. Trisomy
a. 3 chromosomes are present instead of the usual pair it is called Trisomy

b. Most common abnormality of chromosomal number

c. Usual cause of this error is an error in miotic disjunction resulting in a gamete with 24 chromosome instead of 23 and  a zygote with 47 chromosomes instead of 46

d. Trisomy of autosomes are associated with 3 syndromes: Trisomy 21 (Down’s syndrome), Trisomy 18 (Edward’s syndrome),Trisomy 13 (Patau’s syndrome)
e. Infants with trisomy 13 or 18 are severely mentally retarded and malformed and usually die in infancy

f. Trisomy of autosomes increases in frequency with increasing age of mother

g. Trisomy of 6 chromosomes is a common condition however since no characteristic physical findings are seen in infants or children this is usually not detected until puberty

XVIII. Fragile X Syndrome
a. The most common inherited cause of moderate mental retardation and is second only to down’s syndrome among all causes of moderate mental retardation in males

b. Frequency of 1/1500 male births

XIX. Environmental Factors
a. Although the human embryo is protected in the uterus, environmental factors called teratogens may cause developmental disruptions following exposure to them

b. Teratogen is any agent that can produce a congenital anomaly or raise the incidence of an anomaly in a population

c. Not everything that is familial is genetic- environmental factors are responsible for 7-10% of congenital anomalies

d. The period during which structures are sensitive to interference to teratogens often precedes the stage of their visible development

e. When considering the possible teratogenicity of an agent there are 3 factors that you must consider: critical period of development, dosage of the drug or chemical, and the genotype of the embryo
f. The most critical period for brain development starts in the third week but its development may be disrupted after this time because the brain is differentiating and growing rapidly throughout the first 2 years after birth; teratogens may produce mental retardation during the embryonic and fetal periods

g. Tooth development continues long after birth and so tooth development (adult teeth) may be disrupted by tetracyclines from 18 weeks to 16 years of age

h. Some of the common teratogens: alcohol, methotrexate, tetracycline, thalidomide, virus (rubella, CMV), 

i. Cigarette smoking- maternal smoking during pregnancy is a well established cause for intrauterine growth retardation {IUGR}, in heavy smokers premature delivery is twice as likely and the infants weight significantly less

i. Nicotine constricts uterine blood vessels thereby decreasing uterine blood flow and lowering the supply of nutrients available to the embryo/fetus

ii. High levels of carboxyhemoglobin alters the capacity of the blood for oxygen transport

iii. Results in chronic fetal hypoxia affecting fetal growth and development

Genetics

I. Genetics- a field of science examining how traits are past from one generation to the next

a. Genetics effect every living thing on earth

b. An organisms genes, which are pieces of DNA, are the fundamental units of heredity and control behavior and appearance

c. Types:
i. Classical Genetics- the original form of genetics that focuses mainly on studying physical traits and the genes that control appearance or phenotype
ii. Molecular Genetics- concentrates on studying the genes and primarily looks at the physical and chemical structures of the double helix DNA

iii. Population Genetics- Used in epidemiological studies and is primarily the study of the genetic diversity of a particular species

II. Molecular Genetics (Genes and DNA study)
a. The study of molecular genetics and the study of how cells function are closely related because the process of passing genetic material from one generation to the next depends completely on how cells grow and divide

b. Organs that reproduce sexually go through a complicated dance that includes mixing and matching strands of DNA(recombination) and then reducing the amount of DNA in gametes to create completely new genes

III. Chromosomes
a. Threadlike strands composed of DNA

b. Humans have 46 chromosomes (23 pairs)

c. When chromosomes are divided in pairs the individual chromosomes in each pair are considered homologous meaning that the pairs are identical in size and shape

d. The number of chromosome sets held by a particular organism is termed the ploidy and hence humans are diploidy because they have 2 copies of each chromosome

e. The part of the chromosome that appears pinched together is called the centromere and the placement of the centromere is what gives each chromosome its unique shape
f. The ends of the chromosome are called the telomeres and are made of densely packed DNA

i. They serve to protect the interior of the chromosome which carries the genetic information

g. The most important difference between chromosomes is not the outward appearance but what is contained in the DNA making up each strand

h. Each pair of homologous chromosomes carries the same but not necessarily identical genes

i. Example- both chromosomes of a homologous pair might contain the gene for hair color but one may carry brown and one may carry blond

i. The further each point along a chromosome is called the locus 

j. Most of the phenotypes are produced by multiple genes

i. Human eye color is determined by three different genes are two different chromosomes

k. In humans each cell has 23 chromosomes, one copy of each of the homologous

IV. Genes
a. The genes are sections of the DNA that make up the building blocks for various traits

b. Essentially tell the body how, when, and where to make all the structures necessary for life

c. Everything in genetics relies on replication or the copying of DNA accurately, quickly, and efficiently

V. Mitosis
a. Mitosis produces 2 identical cells and the new cells area not only identical to each other but are identical to the cell that created them

b. Cells created by the process of mitosis have exactly the same number of chromosomes as the original cell

VI. Miosis 

a. During miosis the number of chromosomes is reduced by one half of which was in the parent cell

b. Cell goes form diploid to haploid

c. Recombination takes place which leads to genetic variation allowing each individual produced by sexual reproduction to be unique

d. During recombination maternal and paternal chromosomes are mixed together

VII. DNA and DNA Replication
a. Deoxyribonucleic acid- every living thing on earth uses DNA to store genetic information and transmit that information to the next generation

b. The structure of DNA makes it easy to copy itself 
c. Basic Structure
i. DNA is a macromolecule and can be viewed with the naked eye
ii. Tightly coiled and the DNA is tightly wrapped around proteins called nucleosomes

iii. Other proteins called histones hold the coils together

iv. A strand of DNA over 6 feet in length is compressed to over 10 thousandths of an inch in length

v. DNA is remarkably strong and can be stored in ice or fossilized bone for thousands of years

vi. Chemically DNA is made of 3 components

1. Nitrogen rich bases

2. Deoxyribose sugars

3. Phosphates

d. Nitrogen Rich Bases

i. Purines
1. Adenine and Guanine

ii. Pyridamine

1. Thymine and Cytosine

iii. The bases attach to a sugar and a Deoxyribose phosphate

iv. After they are formed strands of DNA match up with matching strands to form double helix DNA molecule

v. The two bases are like a ladder however the sides are antiparallel (opposite directions)

1. The top of one strand is linked to the bottom of another strand

2. This allows the two sides to link together perfectly

e. Adenine always binds with thymine

f. Guanine always binds with cytosine
g. If you unzip the DNA molecule by breaking all hydrogen bonds in the bases you would have two strands that each have a pattern for creating another strand

h. With the help of enzymes matching or complimentary nucleotides are brought together to pair with the bases of each strand

i. The end result is 2 exact copies built on the templates provided by the original, unzipped DNA

i. For successful replication to take place there need to be 3 things
i. Template DNA
ii. Nucleotides to make new DNA

iii. Enzymes and proteins to unzip the strands and reassemble them after replication takes place

1. There are six categories of enzymes
a. Helicase- do the unzipping

b. Gyrase- prevents helix from forming knots

c. Primase- get the replication process started by priming it with a piece of RNA

d. DNA Polymerase- used to build new strand of DNA

e. Ligase- seal the gaps between the replicated pieces of DNA 

f. Telemerase- replicate the ends of the chromosomes that protect the DNA
VIII. Nuclear DNA
a. Responsible for the majority of function that cells carry out 

b. Linear shape

c. Carries codes for phenotype

d. Sequencing the human genome refers to human nuclear DNA

e. The genome is comprised of DNA from all 24 chromosomes (22 autosomes plus 1 x and 1 y)

IX. Mitochondrial DNA
a. Different due to its structure being circular in nature

b. Short and has about 37 genes all associated with controlling cellular metabolism

c. All of your mitochondrial DNA comes from your mother which came from her mother

d. All mitochondrial DNA is passed from mother to child in the cytoplasm of the oocyte

e. Sperm cells have essentially no cytoplasm and no mitochondria 

i. Special chemicals in the oocyte 

X. Human Genome Project (HGP)
a. Sequencing genomes means learning the sequence of the 4 bases that make up the DNA
b. The order of the bases is the language of the DNA

c. The human genome is composed of approximately 3 trillion base pairs making up 25-30 thousand genes

d. The project began in 1990 and the first draft of the human genome was published in 2001 and was revised in 2004

e. The benefits of the human genome project include: 

i. The diagnosis and treatment of genetic disorders

ii. Development of drugs and gene therapy

iii. Identification of bacteria and viruses to allow for targeted treatment of disease

iv. Forensic applications

v. Understanding the causes of cancer 

vi. Knowledge of which genes control what functions and how those genes are turned on and off

f. The number of genes on each chromosome varies tremendously for 300 genes are chromosome 1 (largest) to 231 genes on the Y chromosome (smallest)

g. Genetic counselors work with physicians and PA to interpret medical histories of patients and their families

h. Health care practitioners commonly refer the following types of people to genetic counselors

i. Women over 35 who are pregnant or are planning to become pregnant 

ii. People with a family history of a particular disorder

iii. Parents of newborns who show symptoms of a genetic disorder

iv. Couples who have experienced more than 1 miscarriage

v. Couples concerned with exposures to teratogens

vi. People with a family history of inherited diseases

XI. Autosomal Dominant Traits
a. A dominant trait or disorder by definition is one that is expressed in anyone who inherits the gene for that trait

b. The gene is carried by a chromosome other than the sex gene

c. In humans autosomal dominant traits have several characteristics

i. Both males and females affected equally

ii. The trait does not skip generations

iii. Affected children are born to affected parents

iv. If neither parent is affected than usually neither child is affected

d. Examples: Huntington’s, Marfan’s syndrome
XII. Autosomal Recessive Traits
a. Are expressed only when an individual inherits two identical copies of the gene causing the disorder

b. These disorders have the following characteristics

i. Males and females are affected equally

ii. The disorder skips one or more generations

iii. Affected children are born to unaffected parents

iv. Children born to parents who share a common ancestry are more likely to be affected than those of parents with different backgrounds

c. Examples: Cystic fibrosis, color blindness, albinism

XIII. X-linked Recessive Traits
a. Males are XY and only have one copy of X 

b. Therefore, similar to autosomal dominant disorders, X linked recessive traits express this disease completely in males

c. Females rarely show X linked recessive disorder

d. These disorders have the following characteristics

i. Far more males than females affected

ii. Disorder skips one or more generations

iii. Affected sons are born to unaffected mothers

iv. The trait is never passed from father to son

e. Examples: Duchene’s dystrophy, fragile X syndrome

XIV. X-Linked Dominant Traits
a. Do not skip generations- every person inheriting the gene expresses the disorder
b. These disorders have the following characteristics;
i. Does not skip generations
ii. Males and females are affected
iii. Affected mothers have affected sons and daughters

iv. All daughter of affected fathers are affected
XV. Y-Linked Traits
a. The Y chromosome is passed from father to son

b. By definition the Y chromosomes are considered hemizygous (only one copy of the chromosome)
c. Y chromosome traits are expressed as if they were dominant (only one copy of the allele)

d. These diseases have the following characteristics

i. Affected men pass the trait to all of their sons

ii. No women are ever affected

iii. The trait never skips a generation

e. Relatively few genes making Y linked diseases rare

XVI. Genetic Testing
a. Prenatal testing is commonly used for unborn children of women over 35

b. Amniocentesis and chorionic villus sampling are both used to obtain tissue for sampling

c. CVS is done late in the first trimester usually with sample of the chorion being taken form a catheter inserted vaginally

i. Results are much more rapid

d. Amniocentesis is done early in the second trimester

i. Takes longer because fewer cells are harvested from the amniotic fluid

e. Ultrasound

i. Used to detect deformities by measuring various embryonic dimensions 

ii. Example- Nuchal dimension to detect down’s syndrome
