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Description


CHAPTER 3 Approaches to development: developmental genetics



-



DEVELOPMENTAL MUTANTS



-







Genome: Totality of the nuclear DNA in the organism  1-2% of the genes function for development Mutations: an alteration with the genome (mutations in specific genes)– leading to the formation of MUTANTS  The mutations in specific genes carried by a mutant organism may be 1. Induced by mutagenic treatments ex: chemical mutagens, radiation developmental model usually used: Mouse (target mutations) 2. Spontaneous Types of MOLECULAR BASED Mutations: 1. Chemical mutagenesis (due to the injection of chemicals to the embryo, leading to formation of mutants) POINT MUTATIONS: single DNA base is changed to another - substitution of one amino acid for another - premature chain - termination
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-



-



-



FRAMESHIFT MUTATIONS: Addition or deletion of a single nucleotide This changes the ENTIRE downstream sequence of amino acids in the sequence X-IRRADIATION: INDUCES DELETION of a whole stretch of DNA (This can include more than one gene) 2. SPONTANEOUS MUTATION Spontaneous mutation also include point mutations, frameshift mutations and can include an addition/insertion of transposable elements 3. HOMEOTIC MUTATION Conversion of one body part into another Homeotic genes code for transcription factors These genes are also developmental control genes whose normal function is to encode the state of commitment of a cell However, MANY developmental control genes DO NOT display homeotic mutations



1. ALLELES - different versions/alternative forms of a gene 2. WILD-TYPE ALLELE - normal allele 3. MUTANT ALLELE



- there are an almost infinite number of different possible mutant alleles - alleles which have been mutated either by mutagenic inductions or spontaneous mutation 4. GENOTYPE - specific combination of the alleles 5. PHENOTYPE - totality of the characteristics of the organism - VISIBLE appearance of the organism - genotype “encodes” the phenotype of an organism - wild-type phenotype arises from the wild-type genotype -mutant phenotype arises from the mutations in the genome 6. LOSS-OF-FUNCTION - protein product of the mutant gene is LESS active than the wild type 7. NULL MUTATION - complete loss of function - complete lack of active gene product 8. ALLELIC SERIES - set of alleles having different degrees of loss of function - abnormal phenotype 9. LOSS-OF-FUNCTION (recessive)



- a weak loss-of-function is more viable and can survive into adult life more than a null - GENETICALLY recessive



10. LOSS-OF-FUNCTION (dominant) - sometimes, a loss-offunction can be dominant a. Haploinsuffiency - 50% of the product is SUFFICIENT enough to cause an abnormal phenotype (HETEROZYGOUS phenotype) - HOMOZYGOUS phenotype = 100% loss of function -extra copies of happlosufficient allele will have little effect 11. GAIN-OF-FUNCTION ex: A cell surface receptor is always activated and would not need a ligand to bind for activation mutant signal is on all the time - Increase the effect - gain-of-function mutant may be active all the time BUT not respond to all regulations a. Constitutive gene products - Gene products that are active ALL the time b. Dominant-negative - Gene products are dominant but not active all the time -Mutant form of the gene has NO function BUT it



interferes with the FUNCTION of the WILDTYPE FORM (Normal form) ex: molecules forming dimers (two identical molecules linked together) 12. PLEIOTROPIC - Genes with many functions - Developmental control genes are PLEIOTROPHIC - developmental control genes: complex 5’ regulatory regions to control expression at several times and places during development HOW ARE GENES NAMED? -



Genes are named based on the FIRST-discovered mutant phenotype (Loss-of-function phenotype) Function of a wild-type genes is opposite to the way the gene was named ex: White-eyed Drosophila - This gene is actually for producing red-eyed Drosophila’s - No white-eyed gene: no production of red pigment Dorsal gene in Drosophila - This gene is actually for initiating ventral development of the Drosophila - no dorsal gene: no ventral formation of the Drosophila thus there is dorsal formation



WHAT ARE HOMOLOGOUS GENES? -



Homologous genes in different organisms have DIFFERENT names Beta-catenin in vertebrates is coded by the armadillo gene in Drosophila and wrm-1 gene in Caenorhabditis elegans



SEX CHROMOSOMES - Depends on dimorphic sex chromosomes 1. Mammals Female: XX Male: XY 2. Drosophila Female: XX Male: XO or X 3. Birds Female: WZ Male: ZZ Sex-linked mutations - Present on the sex chromosome - Depends on the sex of the individual AUTOSOMES: Other chromosomes that are not sex chromosomes MATERNAL AND ZYGOTIC 1. Maternal- effect - observed during EARLY embryonic development - embryo depends on the situation of the mother (genes of the mother) - genes involved with be those of the mother - phenotype of the individual is dependent on the mother’s genome



ex: STELLA GENE IN MOUSE 2. Zygotic genome - Embryo’s genome is called the zygotic genome - INACTIVE during the early cleavage stages - When ACTIVE: embryo phenotype corresponds to the embryo genotype - Active: early cleavage to blastula GENETIC PATHWAYS -



GENES are involved in a single pathway Situation of group of different mutations: 1. Similar phenotype - established by a RESCUE PROTOCOL - 3 genes (A,B,C) are needed for the formation of the third segment (TAIL) - Gene A activates Gene B which activates Gene C - Loss-of-function mutations in the genes all lead to the LOSS OF THE THIRD SEGMENT - IF GENE B is “mutant”, GENE A will have NO EFFECT (product is blocked at step b) – RESCUE PROTOCOL is done by PRODUCT B and C to form a normal phenotype 2. Two phenotypes - GENE A represses GENE b as it represses C which represses pigment formation - Repressive pathways are common



-



2 stages: First gene is repressed or activated



TEMPERATURE SENSITIVE MUTATIONS -Gene products does not depend on a particular relationship or pathway -PHENOTYPE will be displayed at a NONPERMISSIVE (HIGH TEMPERATURE) -PHENOTYPE usually does not show in a LOW TEMPERATURE or PERMISSIVE - arise from changes in conformation of protein products ex: CYCLOPS GENE which is needed for the indution of the floor plate of the zebrafish -Temperature sensitive MUTANTS are more in use of poikilothermic organisms: Drosophila Caenorhabitis elegans Zebrafish GENETIC MOSAICS - Organisms that consist of MIXTURES OF CELLS of different genotypes Ex: GYANDOMORPH (halfmale/half-female) - loss of sex chromosome at the first cleavage Mutant can be 1. Autonomous - Affects just the region in which the gene is active 2. Non-autonomous Mutant tissue beside the wildtype/normal tissue Wild-type gene AFFECTS structure outside its domain of expression
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GENETIC MOSAICS have been used for the: DROSOPHILA C. ELEGANS ZEBRAFISH HUMANS: MOSAIC: naturally occurring organism composed of two dissimilar cells Ex: inactivation mosaic Chimera: used for embryos made experimentally by cell injection of aggregation of blastocysts MOSAIC behavior has nothing to do with genetic mosaics



SCREENING FOR MUTANTS 1. Forward Genetics -Discovery of an interesting mutant phenotype Quality of genotype 2. Reverse Genetics -Functional investigations of a KNOWN gene -Analyzing the phenotype or genotype BALANCER CHROMOSOMES - used in labor involved screens with the Drosophila - No recombination between the wild-type homolog with the balancer chromosomes CLONING OF GENES - A gene is regarded as cloned when the complete coding sequence is incorporated to a bacterial



plasmid or other cloning vector - Reverse genetics - Drosophila (P-element): positional cloning Number of genes per organism Free-living Bacteria: 2000-4000 genes Unicellular eukaryotes: 6000 genes Drosophila: 15000 genes C. elegans 19000 genes Mammals: 20,000-25000 genes GAIN-AND LOSS-OF FUNCTION EXPERIMENTS - Alteration of gene expression - Can be with the addition or removal of a specific gene product from the system - (Genetic line or genetic strain) 1. Gain of function (overexpression) 2. Loss of function (knockout/knockdown) Transgenesis - EXTRA GENE IS INCORPORATED OR INTRODUCED TO THE ANIMAL - TRANSGENE: gene introduced by transgenesis (genes have a promoter or a regulator) - Integration site in the genome is random - Transgenes: enhancer trap - Enhancer trap: provide genetic lines in which particular tissues or cell types are highlighted by expression of markers such as B-galactosidace or green fluorescent protein (GFP)



Gal4 and Tet Systems - Variation of enhancer trap ststem Gal4: - transcriptional activator of the zinc-finger class and can drive expression of any gene sequencecloned downstream of the “upstream activating sequence” - DRIVER LINES - Gal4 protein is expressed under its enhancer and it will upregulate the target gene via UAS - Drosophila and zebrafish TET SYSTEM - TETRACYCLINE SYSTEM: E. coli - For mice, zebrafish and Xenopus Other gain-of-function techniques - Inject single cells with mRNA for the gene of interest and sunthesized in vitro (Used for organisms with large eggs such as the Xenopus and Zebrafish) - Electrpporation of DNA (DNA to chick embryos) Targeted Mutagenesis - THIS DEPENDS ON HOMOLOGOUS RECOMBINATION: Direct replacement of a gene modified version made in vitro - Used for Embryonic Stem Cells (mouse embryos) to produce/create Induced



-



pluripotent cells (iPS cells) Targeted mutagenesis can also be achieved through zinc-finger nuclease (artificial proteins)



Other-loss of function techniques - less specific Dominant negative inhibition 1. Overexpression of dominant negative reagents 2. DOMAIN SWAP METHOD - replace an activating region with a repressing domain or vise versa - binding to the same site of DNA - active repression of the gene which the target factor binds to - Drosophila gene engrailed - Normal activating domain from the herpresvirus VP16 Antisense reagents - If an RNA transcript is made from the noncoding strand of the DNA then it will be an antisense version of the normal messenger RNA 1. Morpholinos - analogues of oligonucleotides in which the sugar-phosphate backbone is replaced by one incorporating morpholine rings - morpholinos are resistant to degredation by nucleases - 20 residues long - morpolino + RNA is still INACTIVE for protein synthesis



2. RNA interference (RNAi) -against RNA viruses Antibodies and inhibitors - specific inhibition treatment of embryo with a SPECIFIC NEUTRALIZING ANTIBODY against the protein product of interest - injected to the site of interest GENE DUPLICATION - EVOLUTIONARY NOVELTY 1. Copy a functional gene and the other copy could accumulate mutations such that it acquired a novel and adcantageous function 2. Second copy can accumulate deleterious mutation until it becomes nonfunctional Ex: CYCLOPS GENE and SQUAINT GENE of ZEBRAFISH arise from the duplication of the NODAL GENE which encodes a critically important mesoderm inducing factor in vertebrate development TETRAPLOIDIZATION



-



-



ENTIRE GENOME CAN BE DUPLICATED with doubling chromosome number Tetraploid instead of diploid



LIMITATIONS OF DEVELOPMENTAL GENETICS 1. Problem arises directly from gene duplication because it results to REDUNDANCY between genes – there is an overlap in the function of genes 2. A mutation of a single gene to inactivity may produce and abnormal phenotype 3. MUTAGENESIS SCREENS are usually designed to look at single mutations 4. Problem wherein a developmental gene has several functions at different stages of development - In a null muytant, the embryos may die
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