· Heredity & Prenatal
Development

· Genes & Heredity 

· Every cell in your body contains the complete set of genetic instructions that have helped to guide development from a single fertilized egg.

· Genetic instructions are stored in threadlike structures known as chromosomes, which are located in the nucleus, or central region, of each of your cells.

· Chromosomes are composed mainly of long molecules of DNA (deoxyribonucleic acid), which have a twisted, double-helix structure that resembles a spiral staircase.

· This structure gives DNA molecules the remarkable capacity to “unzip” down the middle and produce exact copies of themselves.

· Both the original and the copies contain blueprints for assembling the proteins that give each cell its particular structures and enables it to carry out its work. 

· Genes & Heredity 

· Proteins are the major building blocks of all living things. A gene is simply a segment of DNA that contains the code for producing a particular protein, thereby contributing to the process of development. A single chromosome may have as many as 20,000 genes.

· Life of a human begins with one cell, a fertilized egg containing one set of 46 chromosomes. Copies of these original 46 chromosomes are found in all the cells of the humans body, with the exception of egg or sperm cells.

· The 46 chromosomes contains 23 pairs, the 2 chromosomes in a pair are called homologues. 
· Chromosomes 
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· DNA 
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· Mitosis 

· Human cells multiply through a process of cellular division called mitosis. Clip

· Stages:

· 1. Interphase 

· 2. Prophase

· 3. Metaphase

· 4. Anaphase

· 5.  Telophase 

Interphase
· cells are not dividing 
· chromosomes are decondensed (called chromatin) and their information is available to the cell for synthesizing products 
· cells spend most of their time in this intermediate non-mitotic state 
· during interphase , all the cell's DNA is duplicated -- resulting in 4 copies of each gene instead of the normal 2 in a diploid cell 
· 

Prophase
· chromatin begins to coil and condense to form chromosomes 
· each chromosome appears to have two strands (each containing a single molecule of DNA) 
· each strand is called a chromatid 
· each chromatid is attached to its sister chromatid at the centromere 
· at this stage, the number of chromosomes (containing a pair of chromatids) is considered to be equal to the number of centromeres 
· the two chromatids are the result of DNA replication that takes place just before mitosis starts. 
· the nuclear envelope disappears 
· the nucleolus disappears 
· in cytoplasm, the spindle apparatus forms 
· eventually the spindle guides the separation of sister chromatids into the two daughter cells 
· Metaphase
· spindle grows and forms attachments to the chromosomes at the centromeres 
· chromosomes move to an equatorial plate (metaphase plate) which is formed along the midline of the cell between the poles 
· chromosomes are at their most condensed state now 
· metaphase chromosomes can be stained and will show distinctive banding patterns 
· Anaphase
· centromeres divide to create two chromosomes instead of a pair of attached chromatids 
· spindle fibers shorten and the sister chromosomes are drawn to the opposite poles of the cell 
· poles of the spindle apparatus are pushed apart as the cell elongates 
· anaphase results in the exact division of chromosome, distributing one complete diploid complement of genetic information to each daughter cell 
· Telophase
· nuclear envelopes reassemble and surround each set of daughter chromosomes 
· nucleoli reappear inside the newly formed nuclei 
· in animal cell, a furrow appears around the cell that eventually pinches the cell into two new cells 
· chromosomes decondense in the daughter cells to become chromatin and the cells are once again in Interphase 
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· Genes & Heredity 

· The process of cell division by which ovum and sperm cells are formed(that reduces the 46 chromosomes to 23) is called meiosis. 

· Meiosis also creates a great variety of gene combinations , partly because of crossing over, a process in which chromosome pairs  exchange some genes, and partly because of the random assortment of chromosomes when they separate to form daughter cells.

· An example is X or Y chromosome.  
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· Genes & Heredity 

· gene- a discrete unit of hereditary information consisting of a specific nucleotide sequence in DNA

· homologous chromosomes- a pair of chromosomes of the same length, and that possesses genes for the same characters at corresponding loci. One homologous chromosome is inherited from the organisms father, the other from the mother. 

· gametes- a haploid reproductive cell, such as an egg or sperm. 

· Crossing over - reciprocal exchange of genetic material between nonsister chroatids 

· diploid cells- a cell containing two sets of chromosomes, one set inherited from each parent

· haploid cells- a cell containing half the number of chromosomes of the parent cell 
	
	
	

	Property
	Mitosis
	Meiosis

	DNA Replication
	Occurs during interphase before mitosis begins
	Occurs during interphase before meiosis I begins

	Number of Divisions
	One
	Two

	Crossing Over 
	Does not occur
	Occurs during prophase I along with crossing over between nonsister chromatids.

	Number of daughter cells and genetic composition
	two, each diploid (2n) and genetically identical to the parent cell
	Four, each haploid (n), containing half as many chromosomes as the parent cell; genetically different from the parent cell and from each other


· Developmental Stages 

· The 38 weeks of prenatal development can be divided into three major periods. During the germinal period, from conception through week 2, the zygote begins the process of cell division and differentiation and become implanted in the uterine lining. 

· During the embryonic period from week 3 through week 8 a life support system for the embryo acquires all its major parts according to a strict timetable.

· Developmental Stages 

· Finally, during the fetal period from week 9 to birth, the fetus grows rapidly in size and weight, its structure become refined, and it becomes increasingly active and responsive to its environment.

· The developing organism is qualitatively different at each of the three periods of prenatal development. During each period, it acquires not only new structures, but also new levels of organization and functioning. 
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· Embryonic Period 

    The embryonic period refers to the early stages of human development, from fertilization to the end of eight weeks' (56 days') gestation. It is during the embryonic period that all major systems and structures develop.1 

· In weeks 4 to 8, tissue and organs develop rapidly and exposure of the embryo during this time to certain drugs and viruses may cause major congenital anomalies. By the end of the eighth week, all major organs are in place, and the heart and circulation are functioning.

· Embryonic Period 

· First days: Human development begins at fertilization, when sperm penetrates the ovum. The early embryo moves through the fallopian tube to the uterus, where it imbeds in the uterine wall approximately 5-12 days after fertilization.


14-21 days: The cardio-vascular system is the first major system to function in the human embryo. Blood is circulating and the heart begins to beat at 21 or 22 days, and can be detected on ultrasound.
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· Embryonic Period 

· 21-28 days: The first rudiments of the nervous system appear in the third week; in week four main divisions of the central nervous system are established: forebrain, midbrain, hindbrain and spinal cord. Upper limb buds appear in days 24-26, and the lungs, liver, stomach, pancreas and thyroid are evident.

5th week: The foot plate appears on lower limbs, and pigment appears in the retina of the eye.

6th week: The embryo measures about one inch in length; trunk is beginning to straighten. At 40 days, brain waves are recordable.

7-8 week: The embryo bears the familiar external features and all internal organs of an adult; its length is about 1-1/2 inches. By day 51-52 upper limbs bend at the elbow, by day 54, toes have formed. Using ultrasound early movements are apparent.
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· Fetal Period 

· The fetal period begins on day 57 (first day of the ninth week) and concludes at birth. It is characterized by rapid growth of the fetus and further differentiation of the tissues and organs. During weeks 10 to 20, the fetus grows primarily in length. During weeks 21 to 40, the fetus grows primarily in weight. 

· Toward the end of pregnancy, the fetus can distinguish its mother's voice. It also responds to music and loud noise and is able to see light through the abdominal wall. The expected date of delivery is 38 weeks after fertilization. 

· Fetal Period 

· 9-12 weeks: Fingernails develop. Eyelids fuse and will remain closed until about the 25th week. Urine formation begins between weeks 9-12, and when the fetus urinates, urine is discharged into the amniotic fluid. The sex of the fetus is distinguishable externally. 

13-16 weeks: The fetus is about 3 inches in length. It is able to hear and pain sensors are operative. Limb movement, which began at the end of the embryonic period, becomes more coordinated by the 14th week, but the mother is not aware of movement.
The fetus can suck its thumb from 13 weeks on. Skin remains thin and blood vessels are clearly visible through the skin. By the 14th week, fingernails are well formed, and hairs on the head are present. Lower limbs are well developed; early toe nail development takes place. By the beginning of the sixteenth week, bones are clearly visible on ultrasound.
· Fetal Period 

· 17-20 weeks: Rapid growth rate subsides; the mother becomes aware of fetal movements . If born at five months' gestation, chances of surviving with medical intervention are approximately 50 percent.

21-25 weeks: Rapid eye movements begin at 21 weeks; by week 25 fingernails, eyelids and eyebrows are well developed. If born at 22-25 weeks, the fetus usually survives. Skin is wrinkled due to a lack of subcutaneous fat; blood is visible in the capillaries.

26-29 weeks: Eyes open; eyelashes are well developed, and the fetal body becomes plump as subcutaneous fat is deposited. If born now, lungs are sufficiently developed to breathe air; the central nervous system is also well developed.

· Fetal Period 

· 30-34 weeks: The body continues to put on weight; toenails are present, and in males testes begin to descend. Fingernails go all the way to the fingertips. Fetal skin is now usually pink and smooth and its limbs have a chubby appearance.


35-38 weeks: Toe nails reach the tip of toes. During the last weeks of gestation the fetus adds about 14gm of fat a day, and spontaneously responds to light; its grasp is firm. 

· Genes & Heredity 

· Up until the eighteenth century, it was believed that inside either the ovum or sperm was a miniature person already formed. 

· We know now that there is a complex developmental process that results in a new human being.

· Any abnormality that is present at birth is called a congenital defect.
· Genes & Heredity 

· About 3% of congenital defects are due solely to environmental factors, and about 25% are purely genetic in origin.

· Nearly 25% are caused by a combination of genetic and environmental factors, while 40% are of unknown origin.

· Substances in the environment that can cause abnormalities during prenatal development are called teratogens (eg drugs, smoking).

· Teratogens generally pose the greatest danger during the first trimester. 

· Genes & Heredity 

· Some genetic defects involve inheritance of a single gene for some disorder. These single gene disorders are also called Mendelian disorders.(Huntington)

· Chromosomal abnormalities (Down Syndrome)

· With new medical technology disorders can be detected during pregnancy and some can be corrected.

· Procedures used are ultrasound and amniocentesis.

· In amniocentesis a needle is inserted through the mother’s abdomen to withdraw a sample of amniotic fluid that surrounds the developing fetus.
· Apgar Score 

· The Apgar score was devised in 1952 by Dr. Virginia Apgar as a simple and repeatable method to quickly and summarily assess the health of newborn children immediately after childbirth. Apgar was an anesthesiologist. 

· The Apgar score is determined by evaluating the newborn baby on five simple criteria on a scale from zero to two, then summing up the five values. Thus obtained the resulting Apgar score ranges from zero to 10. The five criteria Appearance, Pulse, Grimace, Activity, Respiration are used. 
· Apgar Table 
	Criteria 
	Score of  0 
	Score of  1 
	Score of  2 
	Component of acronym

	Skin color
	blue all over
	blue at extremities
body pink
	no cyanosis
body and extremities pink
	Appearance

	Pulse rate
	absent
	<100
	>100
	Pulse

	Reflex
 irritability
	no response to stimulation
	grimace/feeble cry when stimulated
	sneeze/cough/
pulls away when stimulated
	Grimace

	Muscle tone
	none
	some 
	active movement
	Activity

	Breathing
	absent
	weak or irregular
	strong
	Respiration


· Apgar Score 

· Score is taken for each sign at 1 and 5 minutes after the birth. If problems with baby an additional score is taken at 10 minutes. 

· 7-10 is considered normal 
· 4-7 might require some resuscitative measures 
· 3 and below requires immediate resuscitation 
· Neonate Follow-up Care Conditions

· Birth weight less than 1500g 

· Gestational age < 32 weeks 

· Small-for-gestational-age neonates 

· Apgar score < 3 at 5 minutes 
· Perinatal asphyxia 

· Clinical evidence of neurological dysfunction 

·  Respiration delay for > 5 minutes 

· Hyperbilirubinaemia 
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