HOW TO MAKE A MAMMOTH


The idea of bringing a species, specifically a mammoth, back to life is becoming more and more plausible as research in the science world continues to advance. We have the technology. We are fully capable of doing what twenty years ago seemed impossible. However, we must first master the following steps

1. DNA Extraction: Before we can sequence the mammoth genome, we must first extract DNA from sample cells. We begin by suspending the DNA sample in a lysis buffer. This will isolate the nucleus by breaking down the cell’s membrane. The nucleus then must also be broken apart to free the DNA and its associated proteins. Protease, an enzyme, will then be added to denature those proteins. Now that the DNA has been isolated we will add ethanol to precipitate the DNA, after which we can prepare it for sequencing. 

2. Defining the Sequence: This is the most fundamental step in recreating a mammoth. Using numerous samples of preserved DNA as our template we can eventually sequence the entire genome. The long dead DNA that is available for use is most likely partially degraded and contaminated, which is why using multiple samples is so important. (Nicholls, 2008)
First we need to create “libraries” of cloned fragments of DNA. Clone libraries, like real libraries, allow for convenient and orderly access to information. The clones will be stored in E. Coli bacteria, and will be prepared using bacterial artificial chromosomes (BACs). (Understanding the Human Genome Project, 2008)  BACs work like this: a bacterial F plasmid is cut by restriction enzymes and it ligates with your gene of interest. The BAC is then electroporated into an E. Coli cell. (She, 2004) After all this you will have created a “book” to add to the library, ready to be copied. Once you have prepared a sufficient number of copies for each fragment of DNA, you can begin your sequencing reactions. A DNA sequencing reaction involves four main components, template DNA (the DNA that has been copied by E. Coli), free nucleotide bases, primers, and DNA polymerase. For sequencing the mammoth genome we will use the Dideoxy Chain-Termination Method. Basically, the primer sequence binds to its complementary sequence on the template DNA. DNA polymerase can then attach free bases to the growing strand.  Mixed in with the free bases are a few dideoxyribonucleotides, bases that have been flourescently tagged. Whenever one of these fluorescent bases attaches to a growing strand, the strand stops polymerization. The labeled strands are then separated by gel electrophoresis. They pass through a polyacrylamide gel in a capillary tube as a fluorescence detector senses the color of each tag, which will indicate which nucleotide the strand ends in. The results are then interpreted and printed by a computer. (Campbell, 2005) Now that you have parts of your genome, you need to assemble it. This can be done by an automated computer program, which can detect where DNA sequences overlap and order them as they originally were. (Dolan, 2008) Sequencing reactions have to be run several times to guarantee accuracy. 

3. DNA Synthesis: After the genome is fully sequenced, we can begin constructing what will eventually become a mammoth. The entire genome cannot be synthesized in one go, so we will need to do it in segments of about 8,000 bases. First double-stranded stretches of DNA would be made in a test tube. The stretches of DNA are also joined in vitro, but as DNA is joined it becomes more and more unstable. Unstable chunks of DNA can be inserted into bacterial artificial chromosomes. E. Coli provides a welcoming environment where the stretches of DNA can be joined. The new stretches of DNA can then be transferred to yeast artificial chromosomes, which are larger but not large enough to house an entire mammoth chromosome. Another artificial chromosome would need to be used, one large enough to accommodate the length. (Nicholls, 2008)
In addition to synthesizing the sequence, we would also need to synthesize the centromeres and telomeres. Due to their repetitive nature centromeres and telomeres are extremely difficult to sequence. However these can be substituted with artificial replacements. The last part of this step would be to identify different versions of genes, so that the mammoth's chromosome pairs would not be identical. 

4. Transfer to a Nucleus: Somehow we would need to gather all the DNA fragments into one place. Using frog egg extracts to serve as artificial nuclei, all the chromosomes can be wrapped up and replicated. The artificial nucleus would then be injected into an elephant egg. The native nucleus would have to be removed before this could occur. One problem with this is that mitochondria have their own genomes, specific to each species. This problem can be resolved by replacing all the mitochondria of the host elephant with newly synthesized mammoth mitochondria, to eliminate the risk of incompatibility. (Nicholls, 2008)


5. Fertilization: After the nuclear transfer the egg must be fertilized. This is done by in vitro fertilization with mammoth sperm from chimeras. Then embryo transfer can commence, followed by development and birth. (Nicholls, 2008)
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