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Genetics 

· The Central Dogma of Molecular Biology 

· Double stranded DNA; two strands going in opposite directions 

· Replicate if want to make new DNA 

· Replication is very accurate, ~1 error in every billion base pairs 
· You have ~2 x 3 billion base pairs ( ~6 errors per cell replication
· Can convert DNA to messenger RNA (mRNA) (transcription) 

· Ribosomes use mRNA to make a protein (translation) 

· Ribosome will continue to make protein until mRNA is destroyed by RNAse 

· Watson –Crick Model 

· Cytosine (C) binds with Guanine (G)
· Adenine (A) binds with Thymine (T)
· Replication of DNA 

· Untwist and unzip DNA

· Helicase
· DNA Polymerase grabs nucleotides and make complementary binding 

· Will have new complimentary DNA 

· Have two new double helixes 

· Trailing strand: polymerase has to run backwards for a short time on one strand 

· Transcription 
· Similar to replication – unzip DNA

· RNA polymerase makes complementary copy of the template strand
· RNA: differs from DNA in 3 respects

· single stranded 

· Uracil (U) in place of thymine (T)
· Ribonucleic acid as backbone, rather than deoxyribonucleic acid
· Protein synthesis 

· Take out introns (pieces that don’t code for proteins), leave the exons
· Every 3 base pairs (codon) codes for 1 amino acid 

· Peptide chain gets longer with each amino acid 

· We have 4 possible nucleotides = 4^3 = 64 possible codons that code for 20 amino acids 
· Allows some redundancy in translate table
· Genetic mutation

· A single base pair change can result in a change of amino acid 

· Stick wrong amino acid ( produce different protein – could be a problem 

· Ribosomes either in cytoplasm or rER 
· Cytoplasmic proteins or proteins directed to Golgi
· Mutations 

· Single nucleotide polymorphism (SNP) (base pair substitution) 

· Most that we have changed is one amino acid in the entire protein

· Common SNPs allows for no two random people to look the same
· Actually many genes have more than a SNP difference between people
· Frame shift mutation with one base pair inserted or deleted 

· Rest of strand will be messed up 

· Uncommon because the result would be devastating

· Genetic Disorders 

· Single gene disorders 

· Dominant 

· Have two copies of each gene (one from mom, one from dad), if one bad gene = half protein will be bad

· If having half bad protein causes problem the it’s a dominant disorder
· Recessive 

·  need 100% problem to cause disease, so both genes must be defective 

· X-linked 

· Recessive

· All of the Xs need to be defective
· Big problem for males, since they only have 1 X 

· Not that big of a problem for females because they have 2 Xs 

· Dominant (rare, and few known) 
· Usually seen only in females, since it’s often fatal (in utero) in males

· quickly bred out of gene pool

· Y-linked

· These usually result in infertility and thus are quickly bred out of the gene pool
· Translocations
· Genetic material from 1 chromosome mistakenly put on another chromosome

· Deletions
· Genetic material deleted from a chromosome
· Nondisjunction (usually Trisomy) 

· we have 44 chromosomes + XX or XY

· Down syndrome (trisomy 21) 

· Edward syndrome (trisomy 18) 

· Patau (trisomy 13) 

· Turner (45:X) 44 chromosomes +X 

· Only monosomy that survives to term and is consistent with life 
· Infertile females
· Klinefelter (47:XXY) 
· Infertile males (some controversy)
· infertility is most common problem, but some Klinefelter men are fertile
· We tolerate extra DNA more than missing DNA

· Polyploidy (chromosome sets that don’t equal to 2) 
· Partial mole (triploid – 2x from dad + 1x from mom) 

· Two sperm into one egg 
· Usually (69:XXY or 69:XXX)

· Occasionally go to term, but don’t survive very long 
· Some terminology 

· Locus: location within genome 

· Allele: one member of a pair of genes (1 allele from mom & 1 allele from dad) 

· Genotype: genetic material  

· Phenotype: physical result of genetic material  

· Penetrance: the chance that phenotype follows genotype 

· Haplotype: alleles on a single chromosome 

· Recombination/crossover: gene rearrangement between homologous chromosomes 

· SNP: single nucleotide polymorphism

· Structure of chromosomes 

· P: petite: short arm

· Q: long arm 

· Stages of Meiosis 
· Interphase S
· Duplicate each chromosome 
· have 1 4N cell (4 copies of each somatic chromosome)

· Meiosis I
· Crossover: get pairs of duplicated chromosomes really close and get some material from each to switch sides 
· Separate ( have 2 2N cells

· Meiosis II
· Separate and pull apart ( have 4 1N cells 
· Each of these 4 chromosomes are different than the 2 original chromosomes
· Female: keep 1 and 3 polar bodies ( 1 egg
· Done in three phases from in utero, menstrual cycle, fertilization 
· Males keep 4 ( 4 sperm cells 

· Nondisjunction 

· Leads to trisomy and monosomy 
· incorrect separation of chromosome in Meiosis I or Meiosis II

· nondisjunction can occur with any chromosome, but only 21,18, 13, or X are survivable
· Down syndrome 

· Trisomy 21 

· Maternal age increases chance of trisomy 
· Intellectual disability, facial abnormalities & cardiac problems
· Turner (45, X)
· Single X (Normal Females have 2 Xs)
· In utero, half cells have maternal X operational, paternal X turned off and vice versa 

· ~10% of disabled chromosome is still operational – loss of this material is what causes Turner’s 

· Infertile female, hit menopause before menarche
· But can become pregnant via IVF & HRT, and carry child to term

· Normal intelligence, but some mild cognitive problems
· Heart problems (often die ~ 50 from heart problems) 

· Webbed necks

· Looked pretty normal at first glance
· Klinefelter Syndrome (47, XXY)
· XXY 

· Males usually don’t do X inactivation, but with XX they turn one off
· ~10% of disabled X is left active – this causes the problems

· Micro-orchidism (small testes) ( impaired fertility, or infertile

· Very mild cognitive impairment

· Gynecomastia

· Crossover 

· You have 2 copies of each chromosome

· One from mom, e.g. maternal chromosome 1
· One from dad, e.g. paternal chromosome 1
· You put 1 copy of each chromosome in your eggs or sperm

· But, each of these chromosomes is a combination of your maternal & paternal chromosomes 

· How do we do this?

· Start with diploid germ cell: 2 sets of chromosomes – like every other cell in body
· Copy every chromosome ( 4N cell
· Exchange part of maternal chromosomes with corresponding paternal chromosomes

· Pull chromosomes apart ( 2N cell, but it has “new” chromosomes – unlike any other cell in body
· Individual chromosomes are now combinations of your 2 chromosomes
· Pull apart again and get haploid cells (women = 1 egg, 3 polar bodies; males = 4 sperm cells) 
· Gamete now contains combination of both maternal & paternal DNA in each somatic chromosome

· Abnormalities of chromosome structure errors with crossover 

· Uneven cross-over, e.g. two copies of M 

· One gamete would have extra M gene, other is missing M gene
· Could also cause less genetic material 

· Ex. Cri du Chat (cry of the cat) 

· Deletion of part of 5q (long part of chromosome 5) 
· We can tolerate additional DNA better than missing DNA

· Chromosome translocation 

· Cross-over between non-homologous chromosomes

· Example: Chromosome 1 from mom and chromosome 2 from dad mix together

· not supposed to happen between non-homologous chromosomes 

· Red = chromosome 1; white = chromosome 2 

· With “balanced” translocation, you would be normal but not 100% normal
· However, when you go to make a kid, the chances of you combining DNA where the offspring gets right amount of chromosome 1 and chromosome 2 is very slight and you end up with lots of spontaneous abortions (miscarries)
· We can have problems at the edges with mutated proteins 

· ( increased risk of cancer in balanced translocation 
· “Unbalanced” translocations are worse, but we’re not going to worry about them here
· Single gene disorders (know whether dominant or recessive) 

· Dominant (if half protein is bad, it’s bad enough to cause disease)

· Familial hypercholesterolemia 

· Huntington disease 

· Achondroplasia 

· Marfan 

· Retinoblastoma 

· Li-Fraumeni

· Recessive (both genes need to be defective in order to develop disease) 

· Sickle cell anemia 

· Cystic fibrosis 

· Lysosomal storage diseases 

· Phenylketouria 

· Glycogen storage diseases 

· X-linked (recessive – all X’s must be defective, this usually means males) 

· Duchenne muscular dystrophy 

· Hemophilia A (factor VIII) and B (factor IX) 

· Women carry these without anyone knowing 

· Men are much more likely to get X-linked diseases 

· Symbols commonly used in pedigrees 

· Dominant Diseases 

· If one allele is bad this is enough to cause disease 

· Homozygous affected (usually rare) 

· Uncommon to get two affected people mating 

· Most die in utero

· Heterozygous affected 

· Homozygous normal 

· Achondroplasia (example of dominant genetic disorder)
· Common cause of dwarfism 

· Long bones don’t grow properly 

· About half the offspring are usually affected 
· Majority of cases involve spontaneous mutations
· Recessive diseases 

· All of the protein needs to be bad in order to develop disease 

· Homozygous normal DD (do not have problem, nor are they carriers) 

· Heterozygous carrier (50:50 chances of passing defective gene to offspring) 

· Homozygous affected dd (actually develop disease) 

· Pedigree for cystic fibrosis (example of recessive genetic disorder)
· Defect in chloride transporter 

· In sweat glands, chloride can’t be brought back in 

· Can’t reabsorb sodium 

· Sweat contains lots of sodium chloride 

· Lick them - Salty sweat ( indicates cystic fibrosis 
· we don’t lick pts anymore, we have a “sweat test”

· Can’t get fluid into mucus in lungs they get viscous mucus that gets clogged in lung ( respiratory problems, as well as problems with the pancreas and gallbladder
· Lungs are severely damaged from repeated infections
· If have half defective chloride receptors they can compensate and be ok 

· Both parents have to be carriers

· The X inactivation process 

· X linked defects make sense (women have 2 Xs, males only have 1) 

· Liver: half hepatocytes have mom’s X turned on and dad’s X turned on for the rest

· If mom had hemophilia, but dad didn’t then girls will be ok but boys will develop hemophilia
· Female carriers will have slightly increased clotting time, but not enough to matter
· If dad has bad X, then he CANNOT have hemophilic son (son is not getting any X from dad) but daughter guaranteed to be carrier

· Hemophilia – The royal disease 

· Spontaneous mutation with Queen Victoria 
· Hemophilia spread throughout royal houses of Europe

· Most famous – Alexis of Russia – son of Czar Nicholas II and tended to by Rasputin
· Epigenetic modifications – methylation 

· Genetics aren’t always destiny 

· We can actually turn off some genes (methylation of histones) 

· If we can’t access the gene we can’t activate/express it (if it is methylated it doesn’t matter whether you have it, but you can pass it to offspring) 

· Prader Willi syndrome (father) v. Angelman syndrome (mother) 

· Same deletion but can come from either parent 

· Deletion of part of 15q

· Two diseases are NOT identical 

· Genes in defective piece are methylated differently based on whether it comes from mom/dad 
· also methylate individual cytosines 

· regulates activation of genes
· expression pattern differs for cells of different organs, e.g. hepatocyte vs cardiomyocyte 
