Dr Nedwidek last class Human Genetics SBS11QHG notes: three aims in three days!!!  May 9,10,13, 2014.
EXAM-IMPORTANT: YOUR LAST UNIT EXAM IN THIS CLASS IS TUESDAY MAY 14, 2014.  The homework questions given since the last test, inquisitive prompts and do nows in here are all leads to exam questions, people.  Also, for the answers to hw 5, please see Thompson pp 415, 416, 418-19.

GRADE-IMPORTANT: YOUR FINAL PROJECT PAPER AND ORAL AVE WILL BECOME YOUR FINAL EXAM GRADE ON YOUR REPORT CARD, AND WILL ULTIMATELY BE WORTH 20% OF YOUR CLASS GRADE. Your outline will recede in weight for the last marking period (cumulative) grade.

PROJECT-IMPORTANT: Project page (remember a page is a face of a sheet, each sheet has two faces) guidelines (you are being sent sent the grading rubric and revised presentation order): Intro, 2-3 pp. Body, 3-4 pp. Proposal, 2-3 pp. Conclusion, 1 pg. Total page limits: 8~11 pp. (max, 11 pp. with min, 8 pp.) plus bibliography 1-2 pp. plus revised figure 1-2 pp.  Double sided!!!  Expect outline revisions back next week

FROM Yesterday: First, we will go over the MHC crosses from yesterday. Then….
Aim 1: How do we assess chromosomal abnormalities in people?

FYI, please see NUSS pp 135-140 for this.
How to do a standard karyotype
-Isolate blood, treat with heparin (anticoagulant)

-Metaphase synchronize cells using colchicine..which cells? (wbc) why? (bc they have the dna and rbc don’t)

-release chromosomes from nucleus

-fix cells and spread them (see nuss/thomp 140 and after—that shows a cancer cell…it looks like a game of twister, then you cut out the chromosome images and mount them for analysis…see below)

-stain in desired way (nowadays using tagged probes)

-photograph and align.  In situ stain, cutout and align, etc.

-variations on standard karyotype: (1) spectral (after p 140)-chromosome “painting”.  (2) FISH-Fluorescence In Situ Hybridization.  Fluor-tagged DNA is used to track specific sequences.

Why do we do a karyotype?

Well. One major reason is prenatal screening, for example to look for translocations, trisomies (like Downs) or monosomies.  See nuss/thomp 135-136.  I used to assign a homework on this, but clearly we are way past homeworks at this point.  Those of you working on disease projects where the condition affects chromosome number and integrity should be mindful of karyotype as a first-line diagnostic for the condition these people are afflicted with.  FYI, Downs (Trisomy 21) is the highest prevalence aneuploidy (it is an autosomal trisomy) because chromosome 21 is so small.  An added tidbit, Klinefelters hermaphroditism was the first discovered/documented aneuploidy event, but it is not a trisomy because of the heterogametic/homogametic nature of sex determination in humans.  Triple X is the trisomy.

Cytogenetic analysis is needed to identify the reasons for:

1) Growth and developmental problems; causes. Ex: Downs, genitalia problems, cognitive problems.

2) Still birth/Neonatal death/developmental lethal: Is it due to chromosomal abnormality?

3) Infertility/propensity to miscarry: chromosomal abnormality in parents may be passed to fetus.

4) Family history of condition in primary or close relatives.

5) Neoplasia (tech term for cancer)-abnormalities in chromosome number, translocations, etc.

6) Risk factors with older maternity: Mothers older than 35 should get fetal chromosome analysis (amniocentesis and chorionic villus sampling (CVS) which is safer for the embryo/fetus) to rule out Downs.  New tests are underway for less invasive tests than CVS, but nothing exists yet.

These questions comprise Hw7, due Monday:

1) Name 5 steps you would take to analyze a gene down to what protein it encodes.

2) Contrast eukaryotes and prokaryotes regarding transcription, translation, gene structure and chromosome structure.  Importantly, which cell type utilizes introns and why is this important?

3) Compare human, chimpanzee, fly and mouse regarding genome size and chromosome number (sent some of this to you in a handout on model organisms, but lo and behold, it comes in the second of three aims, below.

Aim 2: How do we analyze human gene arrangement and human genome organization?

DN (think about it, then look at answers): Name three diseases we spoke about that can be detected with a (standard) karyotype.  Then check against the following: Downs (trisomy 21), XXX, XYY, Edwards (trisomy 18), Patau (trisomy 13) Cri du Chat (partial monosomy or partial deletion of 5), XO, XXY.

Must know these stats for exam (TX = transcription; TL = translation):





Eukaryotes




Prokaryotes
DNA location


nucleus




nucleoid

TX, TL


sequential, TX first



simultaneous

Average gene size

bigger, ranging from 3 KB( 40~50 kb
smaller, 1 kb

Chromosome structure
linear, with histone proteins


circular, naked

Gene arrangement

monocistronic, with enhancers

polycistronic

Regulation


lots of TX factors



minimum of TX factors

Leading question: If you want to clone all or part of an “off the street” eukaryotic organism’s genome, and you only have random pieces of information but want full genomic characterization, How do you do it?

Characterizing Genomes: also refer to MolBio crib, page 5.
-whole genome “shotgun”

-cut and clone pieces into E. coli
-probe (colonies, then Southern blot OF DNA FRAGMENTS) library to align pieces

-cut, gel, isolate pieces of gene or sequence

-clone and transform

-sequence with introns and exons

-create chromosome or genomic map

-stop here for whole genome; -shift approach for mature transcript and gene product characterization:
-identify ORF (open reading frame)

-go back and screen for polyA mRNA (affinity purify, Northern blot OF RNA TRANSCRIPT PIECES OF GENE)

-make cDNA from modified, polyA mRNA

-probe library for desired sequence (screen colonies)

-clone, express and characterize YFG (your favorite gene)

-probe for protein expression (Western blot OF FUNCTIONAL, FOLDED PROTEIN PRODUCT OF GENE)

Genome of Humans: is 3 billion base pairs; 30,000 genes

-ORF (open reading frame) is an unstopped stretch of DNA long enough to be read into a protein.

-human genome is characterized by an established series of exons (ORF’s) punctuated by introns (contain stops)

Genome Comparisons Across Species:

Chimpanzees: 97% identical to us

Mice: 92-94% identical to us

Names for eukaryotic model organisms, common then Latin:

Chimpanzee: Pan troglodytes
Mouse: Mus musculus
Fly: Drosophila melanogaster
Nematode: Caenorhabditis elegans
Weed: Arabidopsis thaliana
Yeast: Saccharomyces cerevsiae
(Prokaryotes are less complex than eukaryotes.

(Model organisms: practical to study, short generation time, similar genome to humans.  Mice are the best for humans.

Comparative Genomics Terminology:

-*Homologs: most closely related genes: see below.

-Orthologs: same locus, common ancestor

-Paralogs: due to gene duplication events

(*Similar DNA-best basis for genome comparison.  Parallel experimentation, done when evolutionary relationships are high, to establish universal roles of each gene, is done when homologs are identified.

Studying a gene’s normal function in mammals is better done with knockouts which remove the gene, and in turn, its protein product, in a model organism.  It allows phenotypes to be simulated in a lab setting, and provides a mechanism for testing treatments and cures without jeopardizing a human subject.

Making a Knockout (in mice): exploits natural recombination propensity in order to excise target genes

-identify exon; -target it; -insert targeting vector

-disrupt gene; -insert it in embryonic stem (ES) cells; -replace normal gene with knockout

-select cell with disruption…then, either:

-inject ES cells into early embryos to obtain a chimera of the transgene,  or 


-do transfer before IVF to obtain a full genome knockout (called a transgenic).

Reasons Why Establishment of ORF and Generation of Knockouts is Important:

-To study gene function.

-To establish context/effect of loss of function.

-To establish roles for Cancer (tumor suppressor) genes.

-To do gene therapy (need to be able to have a defective gene model to target replacement therapies).

Aim 3: How did modern humans emerge?

DN (think about it, then look at answers): (1) Propose a phenotypic effect that might result from knockouts of (a) insulin; (b) Hemoglobin/beta-globin; (c) Dystrophin.  (2) What is our closest living relative? (3) Why do we study mice? (4) How do we know humans and Neanderthals coexisted? 

Compare your answers to: (1a): diabetes-like, (1b): Sickle cell anemia-like or thalassemia-like,

(1c): Duchennes Muscular Dystrophy-like, (2) the chimpanzee, (3) because the mouse provides a practical, available mammalian model that can be manipulated in the lab, and is well-characterized genetically and physiologically to allow for similarities to be drawn to humans, (4) Carbon dating and genome comparisons have been done; there is also polymorphic (small nucleotide polymorphism or SNP) evidence of genetic mixing between H. sapiens and H. neanderthalensis due to interbreeding AFTER humans left Africa; there is evidence for 2% interbreeding.

Human genome comparison (we emerged from chimpanzees) is the best way to conclude evolutionary similarities and to pick model organisms such as mice.



# of base pairs

# of genes

# of chromosomes

Human

3 x 109


30,000


46

Chimp

3 x 109


25,000


48

Mouse

2.6 x 109

30,000


40

Fly

1.8 x 108

13,000


8

Similarity between organisms is determined by:

-molecular means (comparative genomics)

-morphological means ((paleontology/fossils/structure)

-Cladistics (the building of evolutionary trees) can be done with shapes/body forms OR molecular similarities OR both.  Both are best, and both should agree.

-Analysis of skull data shows that we come from bipedal organisms.  That is, after the monkeys left the trees, lost the tails, and became apes like chimps and gorillas, they made that last leap to bipedalism.

-All of the morphological evidence we have is that Australopithicenes or “hobbit” men had chimp-sized brains but walked upright.  A hominid is any of the human-like organisms that preceded us.  The most famous Australopithicene is “Lucy”, discovered by Donald Johansson in Hadar, Ethiopia in 1974.

-This bipedal gait left room for the cerebrum to grow.  That is, an upright gait left room for an increased cranial capacity.  Gorillas and chimpanzees have limited capacity because their spine is horizontal.  Humans are built differently.  As we evolved, mutations favoring intelligence conferred an adaptive advantage.

-Evolution is the process that forms new species.  It is the result of genetic change over time that results in morphological differences as well as biochemical ones.

-Biochemistry is the most concrete evidence of divergence (genetic difference) or homology (genetic similarity).  The more similar loci are less divergent genetically.  More divergence between species means they are less similar to one another.

-There is an inverse relationship between genetic similarity and the time of evolutionary divergence relative to a chosen point of reference.  In other words, very different species are less similar, and diverged long ago.

-Polymorphisms in the junk (heterochromatin) and intronic sequences are traced to build relationships within species, among human family members, and as forensic evidence at crime scenes.

-Variations in sequence or conservation of sequence for the same essential gene are traced to build relationships between species (like flies, mice, chimps, humans) and to determine how closely related different species are at the molecular level.

-The review I sent you on the Neanderthal Genome was based on an extensive genomic analysis of three Neanderthal bones, compared to five living humans of different geologies and races.  Neanderthal genetic data was filtered for microbe sequences and human sequences as PCR was a major technique used to build samples up, and PCR can contaminate easily.  Analysis concluded that we interbred with Neanderthals after we migrated from Out of Africa.  Major comparisons were done between SNP’s (small nucleotide polymorphisms).

-We are capable of intelligence, creativity, and complex analysis.  Our desperation to survive has driven us to defy the limits of adaptation, but sometimes we destroy our environment in the process.  We humans often damage environments that we never adapted to or chose not to adjust to. We even pitch garbage & allow fuel to leach into vulnerable environments like the Hudson river! The moral of humanity’s story is that awareness is an extension of our creativity, and we should use it to help each other and to help our environments.
