Chapter 9 – Cell Cycles:
· The increasing size, developmental, complexity, and diversity of functioning of multicellular eukaryotic organisms require strict control of cell division.
· Mainly results in mature body composed of different subpopulations of cells. 
· Whereas, most mature cells divide infrequently. Cell are actively dividing by the process of mitosis. 
· Before dividing, most cells enter a period of growth in which they synthesize proteins, lipids, carbohydrates, and replicate there DNA. After this growth period, the nuclei divide, and cytokinesis (division of cytoplasm) follows, partitioning nuclei to each of 2 daughter cells. 
· Each daughter nucleus contains a copy of original DNA. 
· A period of growth followed by nuclear division and cytokinesis – cell cycle.  
9.1-The products of Mitosis are Genetic Duplicates of the Dividing Cell:
- mitosis serves, to divide the replicated DNA equally. 
- at a certain stage of cell cycle, some cells are needed that are diff from the parent cells. – this cell division is called meiosis- produces necessary daughter nuclei- have only half the numb of chromosomes as the parental nuclei that began the process.   
- many of genetic traits carried by these daughter nuclei are in diff combinations from those of parent cell. 
- cells that are products of meiosis may function as gametes in animals and as spores in plants.
- Chromosomes are nuclear units of genetic info that are divided and distributed by mitotic cell division. – located in the cell nucleus and is distributed among linear DNA molecules. 
- these DNA molecules, assist in packaging DNA during cell division and influence individual genes.
- each chromosome, is composed of one of these linear DNA molecules along with its associated proteins. 
- most eukaryotes have 2 copies of each type of chromos in there nuclei –diploid (or 2n). EX. humans have 23 chromos, for a diploid numb of 46 chroms (2n = 46).
- other eukaryotes have only one copy of each type of chromos – haploid (n). EX. bakers yeast can grow as a diploid (2n = 32) , and as a haploid (n=16).
- other eukaryotes, have 3 , 4 or more complete sets of chromos sets – ploidy.
- replication of DNA of each individual  chromos, creates 2 identical molecules – sister chromatids.
- sister chromatids, are held together until mitosis separates them, placing one in each of the 2 daughter nuclei. As a result, each daughter nucleus receives the same numb and types of chromos, and contains the same genetic info as parent cell entering the division. 
- the equal distribution of daughter chroms to each of the 2 cells that result from cell division – chromosome segregation.
- the precision of chromos replic and segregation in mitotic cell cycle creates a group of cells – clone.
- all cells of a clone are genetically identical.
9.2 – The Mitotic Cell Cycle :
- the first and longest phase of the mitotic cell cycle is interphase.  – it extends from the end of one mitosis to the beginning of the next mitosis.
- during interphase the cell grows and replicates its DNA in preparation for mitosis (M phase) and cytokinesis. 
- after interphase, mitosis proceeds in five stages.
- Cytokinesis completes cell division by dividing the cytoplasm btw daughter cells.
Interphase:
· DURING all steps of interphase, the chromosomes are relatively loose, but organized in the nucleus. 
· Daughter cell from previous division cycle enters an initial period of cytoplasmic growth.
· During initial growth phase – G1 Stage – the cell makes various RNAs, proteins, and other molecules except nuclear DNA (G in G1 stands for gap referring to absence of DNA synthesis).
· If cell is going to divide, DNA replication begins, initiating S phase (S stands for synthesis, meaning DNA synthesis).  
· During S phase, the cell duplicates the chromosomal proteins and DNA, and continues the synthesis of other cellular molecules. 
· As S phase is completed, the cell enter G2 phase (G2 refers to the second gap during which there is no DNA synthesis). 
· During G2, the cell continues to synthesize RNAS and proteins, cell continues to grow. At end of G2, it is the end of interphase, which marks mitosis to begin.   
· G1 is the only phase of cell cycles that varies in length.  Whether cells divide rapidly or slowly depends on the length of G1.
· Once DNA replic begins, mammalian cells take 10-12 hrs in S phase, 4-6 hrs thru G2, 1-4 hrs complete mitosis. 
· G1 is the stage wen many cells stop dividing. The state of division arrest is G0 phase. (Ex. in humans, cells of nervous system enter G0 phase once they are fully mature.)  
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After interphase, Mitosis proceeds in 5 stages:
· 5 stages: Prophase, prometaphase, metaphase anaphase and telophase.
Prophase:
Prophase – chromos, being to condense into compact, rodlike structure
· Condensation during prophase, packs these long DNA molecules, into units small enough to be divided during mitosis. 
· While condensation is in progress, the nucleolus, becomes smaller and disappears in most species. The disappearance reflects a shutdown of all types of RNA synthesis.
· In cytoplasm, a spindle begins to form btw 2 centrosomes as they start migrating toward opposite ends of the cell to form spindle poles.
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Prometaphase:
· Prometaphase – at the end of prophase, the nuclear envelop breaks down, starting prometaphase. 
· Bundles of spindle microtubules grow from centrosomes at the opposing spindle poles toward center of the cell. 
· REMEMBER: each chromos is made up of 2 identical sister chromatids, held by centromeres. By this time, a complex of several proteins – kinetochore, forms on each chromatid at the centromere. 
· Kinetochore microtubules bind to the kinetochores, which attach to the sister chromatids of each chromosome to microtubules leading to the opposite spindle poles. This determines the outcome of mitosis.
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Metaphase:
· The spindle reaches its final form, and the spindle microtubules move the chromos into alignment at the spindle midpoint (located across the middle).  
· The complete collection of metaphase chromos, arranged according to size and shape, forms the “karyotype”.  
· The karyotype is so distinctive that a species can be identified from this characteristic alone. 
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Anaphase:
· Sister chromatids separate and move to opposite spindle poles.
· The first signs of chromos movement can be seen at the centromeres as the kinetochores move toward opposite poles. – movement continues until separated chromatids “daughter chromos” have reached the 2 poles. Segregation has completed.   
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Telophase:
· The spindle disassembles, and the chromos at each pole decondense and return to extended state of interphase. As decondensation proceeds, the nucleolus reappears, RNA transcription resumes and a new nuclear envelop forms around the chromos at each pole – producing 2 daughter nuclei. 
· NUCLEAR DIVISION IS COMPLETEEEEEE THE CELL HAS 2 NUCLEI!!!!!!!!!!
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Cytokinesis Completes Cell Division by Dividing the Cytoplasm btw 2 daughter cells:
· Cytokinesis – division of cytoplasm – follows the nuclear division stage of mitosis and produces 2 daughter cells (each containing one of the daughter nuclei).
· Cytokinesis begins during telophase or even late anaphase. 
· When cytokinesis is complete, the daughter nuclei have moved to the interphase stage and entered the G1 phase of the next cell cycle.
· In animals, Protists and fungi, a groove – the “furrow” – girdles the cell and deepens until it cuts the cytoplasm in 2 parts. 
· In plants, a new cell wall – “cell plate” – forms btw the daughter nuclei, and grows laterally until it divides the cytoplasm.   
· Furrowing:  a band of microfilaments forms just inside the plasma membrane, forming a belt.
· Motor proteins, slide the microfilaments together, tightening the band and constricting the cell. 
· The contriction forms a groove-the furrow- in the plasma membrane, the furrow deepens, until the daughter cells are separated in 2 parts
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· Cell plate formation, the layer of microtubules that form at the spindle midpoint, serve as an organizing site for vesicles produced by the ER and golgi complex. As vesicles collect, the layer expands until it spreads across the dividing cell. During expansion, the vesicles fuse together, and it assembles into a new cell wall. The junction separates the cytoplasm into 2 parts and isolates the daughter nuclei in separate cells.  
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9.3- Spindle formation:
· Spindle is made up of microtubules and their proteins. Microtubules form a major part of the interphase. As mitosis approaches, the microtubules disassemble from their interphase arrangement and reorganizes into the spindle. This reorganization depends on presence or absence of centrosome during interphase.
· In animals, centrosome (containing a pair of centrioles),duplicates. The centrosome divides into 2 parts, each with parent and daughter centriole. The centrosomes move to opposite sides of the nucleus, connected by the microtubules, forming early spindle. SPINDLE ensures that the daughter cells each receive a pair of centrioles.
· In plants (NO centrosome), spindle forms from microtubule, and it assembles in ALL directions surrounding the nucleus. 
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Mitotic Spindles Move Chromosomes by 2 Mechanisms:
· Microtubules are divided into 2 groups: kinetochore microtubules (connect the chromos to spindle poles), and nonkinetochore microtubules (extend btw spindle poles w/out connecting to chromos. And at spindle midpoint, microtubules from one pole overlap with those from the opposite pole.
· Anaphase requires both the movements of the 2 microtubules.
· In kinetochore, the microtubules become shorter as movement progresses. In nonkinetochore, the microtubules become longer as movement progresses, pushing the poles further apart. [image: ]
 9.4- Cell Cycle Regulation:
- cell cycle has built in checkpoint to prevent phases from beginning until the previous phases are completed. 
- external controls (hormones, growth factors, etc) coordinate the cycle with needs of an organism by stimulating or inhibiting division.

· Cyclin-dependent kinases (CDK) are internal controls that directly regulate cell division. CDKs are protein kinases (enzymes that add phosphate groups to target proteins).  
· CDKs are “cyclin-dependent” b.cuz they are activated (switched on) when combined with cyclin (another protein).
· Concentration of  cyclins rises and falls during cell cycle.
· Diff cyclin: CDK combinations regulate cell cycle transitions at diff “checkpoints.” – (G1- to S phase,   G2 – TO – M checkpoint.)
· EX: CDK combination that controls the cell cycle at G1 to S checkpoint, cyclin E has reached a high concentration to form a complex with CDK2 and activates it. The CDK2 phosphorylates many target proteins, which trigger the cell to make the transition into the S phase. After transition is made, the cyclin E is degraded, less is available for CDK2, thus kinase activity decreases. CDK2 becomes activated again with cyclin E (levels increase) at next G1-S phase checkpoint. 

Internal Checkpoints:
· Cyclin: CDK combinations directly control the cell cycle, but other factors within the cell act as indirect controls by altering the activity of cyclin:CDK complexes. 

· At each checkpoint, events block the cyclin:CDK complex. Internal controls create checkpoints to ensure that reactions of one stage are complete b4 the cycle proceeds to next stage.
External Controls:
· The internal contols are modified by signal molecules that orginate from outside the dividing cells.  (in animals, peptide hormones, growth factors are signal molecules).
· These external factors bind to receptors at cell surface, which respond by triggering reactions inside the cell. 
· These steps include, add inhibiting or stimulating phosphate groups to the CDKs.
· The binding, triggers internal reactions to speed, slow or stop progress of cell division.
· Cell surface receptors in animal cells, recognize contact with other molecules of the extracellular matrix.

Cells cannot divide Indefinitely:
· Cellular senescence – the loss of proliferative ability over time
· 2 candidates  of cellular senescence are: DNA damage and telomere shortening.
· Telomeres are repetitive DNA sequences that are added to the ends of chromos by enzyme telomerase. Since DNA replication is unable to replicate the entire ends of chromos, telomere sequence is lost at each replic. Once the telomeres are lost, the cells stop dividing and may die.

Cell cycle Controls are Lost in Cancer:
· Cancer occurs wen cells lose the normal controls that determine when and how often they will divide. 
· Cancer cells divide continuously and uncontrollably, producing a growing mass “tumor”—interferes with body function.
· During metastasis, cancer cells tend to break loose from their original tumor and spread thru.out the body and grow into new tumors in other parts of the body.
· Growing tumours damage surrounding tissues by compressing them and interfering w/blood supply and nerve functions.
· Cancer cells have accumulated mutations in diff genes that promote uncontrol cell division or metastasis. 
· When mutated, genes – “oncogenes” – encode altered versions of these products.

Some Cells are Programmed to Die:
· Programmed cell death – “apoptosis” – appears to be ancient mechanism common to eukaryotes. 
· Initiation of cell death results from internal or external signals. 
· The nematode “Caenorhabditis elegans” – is a usefeul model organism to study this.
· The apoptosis machinery in C. elegans, is in all its cells, waiting in an inactive state for the right trigger.
· The main executioner enzyme is inactive proteases “caspases” – encoded by the “cell death abnormal” gene. 
9.5- Cell division in Prokaryotes: 
- the entire mechanism of prokaryotic cell division is “binary fission”- splitting or dividing into 2 parts.
- all prokaryotes have a single, circular DNA molecule – bacterial chromos.
- when cells divide, DNA replic occupies most of the period btw cytoplasmic divisions. 
- replication of the bacterial chromos, starts at “origin of replic”—located in the middle of the cell.
- once the ori has been duplicated, 2 origins migrate toward the 2 ends(poles)of cell as replic continues for rest of the chromos.
- cytoplasmic division occurs thru an inward growth of plasma membrane, along which new cell wall is assembled to cut the cell in 2 parts. * new cell wall divides 2 replicated DNA molecules, and binary fission produces 2 daughter cells.
Mitosis Evolved from Binary Fission:
· Prokaryotes only have a single chromos, so if a daughter cell at least receives one copy of the chromos, its genetic info is complete. 
· If daughter cell fails to receive one chromos, the effect is lethal. 
· Believed that Ancestral division process was binary fission and mitosis evolved from that.
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Chapter 12- genes, chromosomes and human genetics
12.1- Genetic Linkage and Recombination:
[bookmark: _GoBack]- the principle of linkage and recombination were determined w/ Drosophila.
- genes sitting relatively far apart on a chromos, would be more likely to separate from one another, during meiotic crossing over than genes closer together.
- recombination is used as a measure of distance, separating genes, and must be detectable.
- Genes on different chromosomes assort independently
- Genes carried on the same chromosome, are linked during transmission from parent to offspring, they inherit together (no independently), and recombination can break the linkage.
- Alleles linked on same chromosome exchange segments between homologous chromosomes - -Exchanges occur while homologous chromosomes pair during prophase I of meiosis

-to understand the following crosses, ex: fruit flies, have a normal alleles (known as wild type)—most common allele, usually dominant, and designation by “+” symbol:
Wild-type                          Mutant
+ = red eyes                      pr= purple
+ = normal wings            vg= vestigial wings
- mutant alleles are named based on the phenotype of the organism. The names for Dominant mutant alleles, are written in uppercase, whereas the recessive mutant alleles are written in lower case.
- ex. morgan used true-breeding fruit flies w/ normal red eyes and normal wing length, genotype pr+ pr+ vg+ vg+  , and another true breeding-fly w/ recessive traits of purple eyes and vestigial wings, genotype prpr vgvg. The F1 offspring (1st generation)- were all dihybrid pr+pr vg+vg, and b.cuz of the dominance of the wild type alleles, they had red eyes and normal wings. Morgan selected these wild type F1 females as the dihybrid parent and mated them to homozygous recessive males (w/purple eyes and vestigial wings) as the testcross parent.
- if purple and vestigial genes were carried on diff chromos, Mendels principle of independent assortment would predict 4 classes of phenotype in the offspring in 1:1:1:1 ration of red eyes, normal wing : purple, vestigial : red, vestigial : purple, normal. – given 2800 offspring, bout 700 should be in each class. HOWEVER, morgan observed, 2 types where it was much higher than 700 (red,normal and purple, vestigial).
- morgans hypothesis to explain this non-Mendelian, was that he suggested that the 2 genes are linked genetically- physically associated on the same chromos; that pr and vg are linked genes. He also said, that the behaviour of the linked genes is explained by chromos recombination, and he proposed that the frequency of recomb btw 2 genes is a function of distance btw linked genes – greater the distance, greater the recomb frequency. Which means there is a greater chance of crossover btw genes.
Recombindation Frequency can be used to Map Chromos:
· Recombination frequencies can be used to make a linkage map of a chromos showing the relative locations of genes.
· For ex: 3 genes (a, b and c), are carried together on the same chromos. Crosses reveal 9.6% recomb frequency for a and b, 8% recomb frequency for a and c, and 2% recomb frequency for b and c. The frequencies allow the genes to be arranged in only ONE sequence on the chromos: 
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· 1 map unit = 1% recomb = 1 centimorgan
· The units are relative and not absolute distances, b.cuz the frequency of crossing-over varies from one position to another on chromos.
· Note that a-b recomb frequency doesn’t equal the sum of a-c and c-b recomb freq. this is b.cuz genes farther apart on a chromos, are more likely to have more then one crossover occur btw them. 
Widely Separated Linked Genes Assort Independently:
· Genes can be so widely separated on a chromos, that recomb is likely to occur at some point btw them. The genes, assort independently even tho they are on the same chromos. (map distance is 50 mu)
· Linkage btw widely separated genes can be detected, by testing their linkage to one of more genes that lie btw them. 
· EX. the genes a and c are located so far apart, that they assort independently and show NO linkage. Crosses show that a and b are 23 mu apart(recomb freq 23%),, and crosses show b and c are 34 mu apart. Therefore a and c must be linked and carried on the same chromos at 23+34= 57mu apart. But, recomb frequency of 57% could not be seen b.cuz maximum recomb freq is 50%.
[image: ]
12.2 – Sex-Linked Genes:
- one or more pairs of chromos are diff in males and females. 
- genes located on sex chromos, are sex-linked genes- inherited diff in males and females.
- other chromos are “autosomes” – same pattern of inheritance in both sexes (chromos 1-22 are autosomes in humans)

Females are XX and males are XY in Both Humans and Fruit Flies:
· Sex chromosomes determine gender.
· Females have 2 copies of X chromosome, forming homologous XX pair.
· Males have only one X and Y, forming XY pair.
· Each gamete produced by an XX female carries an X chromos. Half the gametes produced by an XY male, carry an X chrom, and other half carry a Y chrom.
· When a sperm cell carrying an X chrom, fertilizes an X-bearing egg cell, the new individual develops into an XX female. And when a sperm cell carrying a Y chrom, fertilizes an X-bearing egg cell, it produces XY male. (punnet square shows that fertilization is expected to produce females and males with an equal freq of ½. 

Human sex determination depends on the SRY gene:
· X and Y chrom, only have a few genes that influence sex determination or sexual function. Most of the genes of each chrom code for phenotypes needed by both sexes (nonsexual traits). 
· One gene, “SRY” (sex determining region for Y), appears to be “master switch” that directs development toward maleness. (* X chrom is larger then Y chrom and has more genes then Y chrom)
· After 6-8 weeks of embryonic development, the SRY gene becomes active in XY embryos, producing a protein that regulates the expression of other genes, thereby stimulation these structures to develop testes.
· As part of stimulation by hormones secreted in developing testes, tissues degenerate that would otherwise develop into female structures: oviducts and vagina. 
· The remaining structures develop into the penis and scrotum. 
· In XX embryos, which do not have a copy of SRY gene, development proceeds toward female reproductive structures. 
· The male structures degenerate in XX embryos b.cuz hormones released by the developing testes in XY embryos are not present.  
· Males have only one X chromosome--One copy of a recessive allele results in expression of the trait.
· Females have two X chromosomes-- Heterozygote: recessive allele hidden (carrier)--Homozygote recessive: trait expressed

Sex-Linked Genes Were first discovered in Drosophila:
· The genes carried on the sex chromos can be inherited by sex linkage. Sex linkage arises from 2 differences btw males and females:
1) Males have 1 X chrom, n therefore one allele for each gene on this chrom; females have 2 copies of X chrom and therefore 2 alleles for all genes on the X chrom.
2) Males have one copy of Y chrom, females have no copy of Y chrom, and therefore no Y alleles at all. Y chroms are present in males and not females.
·  See page 256 for example.

Sex-Linked Genes in Humans are inherited as they are in Drosophila:
· Pedigree shows genotypes and phenotypes in a family’s past generations
· Females designate by circle n males by square (solid circle or square indicates the presence of trait).
·  In humans, X-sex-linked recessive traits appear more frequently among males than females, b.cuz males need to receive only ONE copy of allele on the X chrom inherited from their mothers to develop the trait. And females must receive 2 copies of recessive allele, one from each parent to express the trait. 
· 2 ex. of human sex-linked traits are red-green colour blindness (recessive trait in which the affected individual is unable to distinguish btw the colour red and green b.cuz of defect in light sensing cells in retina. The 2nd example is hemophilia, recessive trait in which affected individuals have a defect in blood clotting. 
· Haemophiliacs are “bleeders”, that is if they are injured they bleed uncontrollably b.cuz a protein required for forming blood clots is not produced in functional form.
· Males are bleeders if they receive an X chrom that carries the recessive allele. – develops in females  if recessive allele appears on both the X chrom – rarely happens.
· Carrier – carries the mutant allele (ex. haemophilia), and can pass it on to offspring.  (in pedigree designated by  a central dot).
· Ex. queen victoria was heterozygous recessive for haemophilia, and was a carrier so she could pass it on to her offspring. But she did not express the trait b.cuz she is a heterozygous carrier. This is passed on with the X chrom from mother to son. So the sons in turn pass on the X chrom w/ the affected allele to their daughters (and Y chrom to sons). In this study the allele is recessive and carried on the X chrom. IF a haemophiliac son married a carrier female then the daughter will be affected. 

Inactivation of One X chrom Evens out Gene Effects:
· Females have twice as many copies of genes carried on the X chrom as males, and they do not require twice as much of the products of those genes.
· Products from genes on the X chrom can be equalized in male and females if:
1) Genes on single male X chrom was doubled
2) Genes on both female X chrom was halved  
3) One of X chrom was turned off in females. 
· Dosage compensation: In females, inactivation of genes on one X chrom makes dosage of X-linked genes the same as males. 
· Inactivation occurs by condensation process-that folds and packs the chromatin of one of the 2 chrom into a tight coiled state. The inactive, condensed X chrom is seen on one side of nucleus in cells of females as a dense mass of chromatin – Barr body.
· The inactivation occurs during embryonic development.
· Once the X chrom is inactive in a cell, the same X is inactive in all descendants of cell. One X chrom is active in some cells and inactive in other.
· If 2 chrom carry diff alleles or a gene, one allele will be active in cell lines which one X chrom is active, and the other allele will be active in cell lines which the other X chrom is active.
· Inactivation of X chrom has little effect on heterozygous females because the dominant allele is active to produce a normal phenotype.  
· For SOME genes, the inactivation of either X chrom in heterozygous produces recognizably diff effects in diff regions of the body.
· For EX: in calico cats have orange and black patches of fur from inactivation of one of the 2 X chroms in region of skin of heterozygous females. Males which get, only ONE of the 2 alleles have either black or orange fur. 
12.3- Chromosomal Alterations that Affect Inheritance:
- chromos are relatively stable structure, but sometimes altered by breaks in the DNA, which are generated by radiation or certain chemicals, or enzymes encoded in some infecting viruses
- the broken chroms fragments may be lost, or may reattach to same or diff chrom.
- Deletions, duplications, translocations, and inversions are the most common chromosomal alterations
- The number of entire chromosomes may also change (addition or loss of one or more chroms).
- the chromosomal alterations and change in numb of chroms, can be a source of disease and disability – and a source of variability during evolution.
- Deletion: occurs if a broken segment is lost from a chrom
-Duplication: broken segment inserted into its homologous chrom. In the receiving homologue, the alleles in the inserted fragment are added to ones already there.
- Translocation – broken segment is attached to nonhomologous chrom. 
- Inversion – broken segment reattaches to the same chrom from which it was lost, but in reversed orientation. (order of genes is reversed). 
Deletions and Duplications:
· Deletion may cause severe problems if missing segments contains genes essential for normal development or cellular functions. EX: deletion for chrom 5 (in humans), leads to severe mental retardation, and a malformed larynx (cries of infant sound more like a meow than a human cry).
· duplication can be beneficial or harmful, depending on the genes and alleles. Some have been important to evolutionary change
·   This is because, the duplicated genes, that one copy can mutate into new forms w/out affecting the functions of an organism.
· Duplication sometimes arises during recomb in meiosis.
Translocations and Inversions:
· A segment breaks from a chrom and attaches to another, nonhomologous chrom (different chrom).
· A translocation is RECIPROCAL, meaning that 2 nonhomologous chroms exchange segments.
· Reciprocal translocations resembles genetic recomb, except that the 2 diff chroms do not contain the same genes. 
· Inversion, a chrom segment breaks and reattaches to same chrom, but in reverse order.  Same effect as translocation – genes may be broken by inversion, with loss of function (harmful), or can be transferred to a new location within the same chrom (beneficial).
· Inversions and translocations are important factors in evolution of plants and some animals.  
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The number of Entire chroms May also Change:
· Single chroms are lost or gained from cells entering or undergoing meiosis, resulting in change of chrom #. 
· These changes occur thru nondisjunction – failure of homologous pairs to separate during the 1st meiotic division. Or failure of chromatids separating during 2nd meiotic division.
· As a result, gametes are produce, that lack one or more chroms, or contain extra copies of chrom.
· Chromatids separate in meiosis II even if chroms do not disjoin fully in meiosis I,
· Fertilization by these gametes produces an individual w/ extra or missing chroms – known as “aneuploids”, whereas individuals with normal set of chrom are “euploids”
· Changes in chrom #, occur thru duplication – individuals receive extra copies of chrom.  – “polyploids” – (triploids – 3 copies, tetraploids – 4 copies).
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Aneuploids (extra or missing chrom):
· Aneuploidy, produces debilitating or lethal developmental abnormalities – preventing embryo development in humans.
·   About 70% of miscarriages are aneuploids. The only exception for aneuploids that surive will have down syndrome --  3 copies of chrom 21 (trisomy 21).
·  Physical and learning difficulties.
· Down syndrome arises from nondisjunction or misdivision of chrom 21 during meiosis, mainly in women. Nondisjunction occur more frequently as woman age. 
· Aneuploidy of sex chroms can arise by nondisjunction during meiosis.
· Altered numb of X and Y chroms are tolerated, producing individuals who progress thru embryonic development.
· The XX chrom, the X chrom inactivation mechanism converts all to a Barr body except 1 X chrom, so dosage of active X chrom genes is the same as in normal XX females and XY males.
· However, X chroms are not inactivated until 15-16 days after fertilization. So the extra X chrom genes early in development results in some harmful effects. 

Polyploids:
· Polyploidy orginates from failure of spindle to function during mitosis.
· The spindle fails to separate the duplicated chrom, which are in the nucleus with TWICE the usual numb of chroms. 
· Once meiosis takes place, it produces gametes w/ 2 copies of each chrom instead of one.  (fusion of one gamete produces a triploid, and fusion of 2 gametes produces a tetraploid). 
· In plants, polyploidy are stronger more successful in growth, and reproduction than diploid plants from which they were derived. (more common in plants than animals)
· In animals, polyploidy is uncommon b.cuz it has lethal effects during embryonic development. – ex. in humans, all but 1% of polyploids die b4 birth. 


12.4 – Human Genetics and Genetic Counselling:
- in autosomal recessive inheritance, heterozygotes are carriers (dominant allele, and recessive allele) and homozygous recessives are affected by the trait.
- sickle cell anemia and cystic fibrosis are examples of human traits caused by recessive alleles on autosomes.
- These traits are passed on by autosomal recessive inheritance 
- homozygous for the dominant allele are free of sympotoms and are NOT carries. 
- Heterozygotes are symptom free but are carriers. 
- homozygous recessive show symptoms of the trait. 

In autosomal Dominant Inheritance, only Homozygous Recessives are Unaffected:
· Autosomal dominant inheritance – the allele that causes the trait is dominant. 
· Homozygous or heterozygous dominant allele are affected – shows symptoms of the trait.
· Homozygous for recessive allele are unaffected.
Males are more likely to be affected by X-linked recessive Traits:
· X-linked recessive inheritance –due to inheritance of recessive alleles carried on the X chrom. 
· Males, have recessive allele on X chrom, and show symptoms.
· Females, heterozygous are carrier, but show no symptoms, homozygous, show symptoms.
Human Genetic Disorders can be Predicted and Many can be treated:
· Genetic counselling – allows prospective parents to assess the possibility that they might have an affected child.
· Genetic counselling begins with identification of parental genotypes thru family pedigrees.
· Genetic counselling is combined w. prenatal diagnosis – cells derived from a developing embryo, surrounding tissues, or fluids are tested for presence of mutant alleles or chromosomal alterations. 
· In amniocentesis – cells are obtained from amniotic fluid (watery fluid surround embryo in uterus)
· In chorionic villus sampling – cells are obtained from portions of the placenta (develop from tissues of embryo)
· Once child is born, inherited disorders are identified by genetic screening.
12.5 – Non-traditional Patterns of Inheritance:
- 2 examples of non-traditional patterns of inheritance is: cytoplasmic inheritance, and genomic imprinting.  
- cytoplasmic inheritance- genes in the cytoplasmic organelles, mitochondria, or chloroplast
- genomic imprinting – an allele of a particular gene is based on whether an individual inherits the allele from the male or female parent. 
Cytoplasmic Inheritance Follows the Pattern of Inheritance of Mitochondria or Chloroplast:
· Offspring inherit half their DNA from each parent. But recall that both chloroplast and mitochondria also contain DNA. 
· The inheritance of the chroms occurs thru “egg parent.”
· Organelle DNA contain genes and alleles, that are subject to being mutated.
· Mutant genes, result in altered phenotypes, but inheritance pattern of these mutant genes is diff from mutant genes carried on the chrom in the nucleus. The 2 diff: 
1) Mendelian inheritance not followed (no segregation by meiosis).
2) Uniparental inheritance from FEMALE (since amount of cytoplasm in female gamete is more than in males). – maternal inheritance (mother’s genotype is passed on).
Genomic Imprinting (the allele inherited from one parent is expressed, whereas the other allele is silent:
· Genomic imprinting is the expression of an allele of a gene, is determined by the parent that contributed it.
· Only one allele is expressed, either paternally (male genotype) allele is expressed, or the maternally (female genotype) allele is expressed.
· The silent allele which is not expressed – “imprinted allele” – which is not inactivated by mutation. Instead, it is silenced by chemical modification of certain bases in its sequence (methylation).
· EX: Prader-Willi Syndrome (PWS) and Angelman Syndrome (AS) are caused by genomic imprinting of a gene on a chrom inherited by one parent , coincident w/ deletion of the same gene on homologous chrom inherited from the other parent.  
· PWS is caused wen an individual has a normal maternally chrom 15 and paternally chrom 15 w/ deletion of a small region on the PWS gene. The PWS gene is imprinted and silenced, on maternally chrom. And wen there is no PWS gene on paternally chrom, there is no PWS gene activity and PWS results!!!
· Mechanism of imprinting involves the modification of the DNA in the region that controls the expression of a gene by adding a methyl group to cytosine nucleotides. The methylation of the control region of a gene prevents it from being expressed. 
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