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Pennsylvania Standards Covered

· 3.2.7.B    Apply process knowledge to make and interpret observations.

· 3.3.7.C   Know that every organism has a set of genetic instructions that determines its inherited traits.

· 3.7.7.B    Use appropriate instruments and apparatus to study materials. 

Overview
This DNA extraction results in a large quantity of white spoolable DNA.  It is an easy investigation and there is almost no way for students to make a mistake that would affect the results.  It is much more effective than extracting DNA from any other source.  

Background
The native British wild strawberry is a "diploid" - it has two sets of chromosomes, as in humans. The most commonly cultivated strawberry, Fragaria ananassa, is an octoploid with eight sets. This makes it a good candidate for demonstrating DNA extraction - with eight copies of each gene in the strawberry genome, strawberries are packed full of it. The strawberry, it turns out, has a long and complicated family history. "The cultivated strawberry is interesting from a genomic perspective, because it's a polyploid hybrid species." Unlike peas, for example, or humans, for that matter, which are diploids (with two sets of chromosomes), a strawberry is an octoploid (with eight sets of chromosomes). How some strawberries evolved from diploids to octoploids is part of the story that people are trying to unravel.  http://www.unhmagazine.unh.edu/sp04/research.html
Many people are surprised to find out that strawberry growers plant bare-root plants rather than seeds. The reason is every strawberry seed contains different genetic material, the product of a myriad of potential gene combinations. Because the genetics of strawberries are so diverse (humans are diploid, strawberries are octoploid), each of our varieties came from a single seed, which was cloned from a single mother plant. The mother plant puts out runners (called daughter plants) that were essentially identical to her, which in turn also put out runners. http://iml.jou.ufl.edu/projects/Fall2000/IAllen/Research%20and%20Development.htm
One of the reasons strawberries work so well is that they are soft and easy to pulverize.  Also, ripe strawberries produce enzymes (pectinases and cellulases) which aid in breaking down the cell walls.  Most interestingly, strawberries have enormous genomes.  They are octoploid, which means they have eight of each type of chromosome (which equals abundant DNA).

 
The detergent in the shampoo helps to dissolve the phospholipid bilayers of the cell membrane and organelles.  The salt helps keep the proteins in the extract layer so they aren’t precipitated with the DNA.


DNA is not soluble in ethanol.  When molecules are soluble, they are dispersed in the solution and are therefore not visible.  When molecules are insoluble, they clump together and become visible.  The colder the ethanol, the less soluble the DNA will be in it yielding more visible “clumping.”  This is why it is important for the ethanol to be kept in a freezer or ice bath.

Expected Results 


When the students pour the ethanol on the strawberry extract, they will immediately see fine white strands of DNA form at the interface.  When they stir the DNA into the ethanol layer, the DNA will form cotton candy-like fibers that will spool onto the stirring rod.

Materials (per student group)

· Heavy-duty Ziplok bag  

· 1 strawberry (fresh or frozen)

· 10 ml DNA extraction buffer (soapy, salty water – recipe follows)

· Filtering apparatus: cheesecloth, funnel, and small beaker

· Ice cold ethanol

· Clear test tube

· Glass stirring rod or plastic coffee stirrer
· Microscope (optional)

· 2 tooth picks (optional)
Lab Notes

►  The Ziplok bags should be as thick as possible.  Bags designed for freezer storage are thicker and resist breaking much better than the sandwich type.

►  Strawberries can be fresh or frozen.  Fresh berries should be rinsed and the green sepals removed.  If using frozen berries, thaw them out before the lab, but NOT quickly.  (Quick heating will destroy the DNA double helix.)  Other soft fruits like kiwis or bananas work, but do not yield nearly as much DNA.

► DNA extraction buffer recipe:
· 100 ml of shampoo (without conditioner) or 50 ml of dishwashing liquid 

· 15 grams NaCl

· 900 ml water

►  The ethanol must be at least 90% and it needs to be cold.  Putting it in several small squirt or dropper bottles and keeping them on ice in the front of the room makes it easy to dispense.

►  Cut squares of cheesecloth (two layers thick) large enough to hang over the edge of the funnel.
► This activity can be completed in one 40-minute class period.
Answers to student questions

1. What did the DNA look like?  
It looked like a mass of wet spider webs, mucus, or egg whites.  Or, in middle school terminology, “snot.”
2. A person cannot see a single cotton thread 100 feet away, but if you wound thousands of threads together into a rope, it would be visible.  How does this statement relate to our DNA extraction?  
DNA is far too narrow to see, but if there are many thousands of strands together, it is thick enough to be visible.

3. In order to study our genes, scientists must extract the DNA from human tissue.  Would you expect the method of DNA extraction we used for the strawberry to be the same for human DNA?  Why or why not?

It’s actually easier for animal cells.  Animal cells do not have cell walls; therefore it wouldn’t be necessary to filter out the cellulose debris.  Also, animal cells can be lysed if they’re put into a hypotonic solution.

4. Is DNA the same in any cell in the human body?  Explain your answer.

Yes.  Since we were once one cell and grew to an organism by mitosis, all of the DNA in our cells is identical.

5. If you wanted to extract DNA from a living person, which cells would you use and why?

Blood is the easiest tissue to obtain from living humans.  White blood cells are used because they are nucleated, unlike red blood cells.  Skin cells can be used if only a small amount of DNA is needed.
6. Please list two reasons why a scientist might want to study the DNA of strawberries.

a. They might want to compare the DNA of a type of strawberry that is more disease or frost resistant than other strawberries.

b. They might want to study a gene that could be useful in the medical field.  For example, strawberries have a chemical in them that slows the growth of some tumors.

c. They might want to clone a particular gene.  Perhaps they would want to make large quantities of the protein that makes strawberries red or produces the desired flavor of strawberries. 
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Pennsylvania Standards Covered

· 3.2.7.B    Apply process knowledge to make and interpret observations.

· 3.3.7.C   Know that every organism has a set of genetic instructions that determines its inherited traits.

· 3.7.7.B    Use appropriate instruments and apparatus to study materials. 

Overview

This DNA extraction activity results in a large quantity of white DNA.  It is an easy activity and there is almost no way for you to make a mistake that would affect the results.  It is much more effective than extracting DNA from any other source.  

Background

One of the reasons strawberries work so well is that they are soft and easy to smush.  Also, ripe strawberries produce chemicals which help in breaking down the cell walls.  They have eight of each type of chromosome (which equals lots of DNA).

 
The detergent in the shampoo helps to dissolve the cell membranes and membranes around the organelles.  The salt helps keep the proteins in the strawberry from mixing with the DNA.


DNA will not dissolve in ethanol (a clear liquid chemical), which is what we want for this activity.  If the DNA dissolved in the ethanol, it would become invisible.  Because the DNA does not dissolve in the ethanol, it will clump together and become visible.  Also, we must keep the ethanol very cold because the colder the ethanol, the more the DNA will clump up.  This is why it is important for the ethanol to be kept in a freezer or on ice.
Materials (per student group)

· Heavy-duty Ziplok bag  

· 1 strawberry (fresh or frozen)

· DNA extraction liquid (soapy, salty water)

· Filtering apparatus: cheesecloth, funnel, small beaker

· Ice cold ethanol

· Clear test tube

· Glass stirring rod or plastic coffee stirrer 
· Microscope (optional)

· 2 tooth picks (optional)

Procedures

1. If the green leaves on the strawberry have not yet been removed, do so by pulling them off.

2. Put the strawberry into the Ziplok bag and smush for about two minutes.  You need to completely crush the strawberry. You do not want this mixture to be really bubbly.  The less bubbles the better. 
3. When you’re finished smushing, put 10 ml of the DNA extraction liquid into the bag.

4. Smush for another minute.  Be careful not to make too many soap bubbles.

5. When you’re finished, place the cheesecloth into the funnel using enough to go over the rim of the funnel.

6. Open the bag and pour some of the mixture through the cheesecloth and allow it to filter into the test tube.  Allow only about an 3 ml of liquid to filter through into the test tube.
7. Next, carefully pour ethanol into the test tube filling it to 8.5 ml.
8. Watch for the development of several large air bubbles that have a white cloudy substance attached to them.  The cloudy substance is DNA!

9. Take the glass stirring rod or coffee stirrer and spin and stir it like you’re making cotton candy.  If you tilt the test tube, you’ll get more DNA.

10. Pull out the DNA.  It will look like mucus or egg white.  As it dries, it will look like a spider web.  The fibers are millions of DNA strands! 
11. To look at the DNA under a microscope, put the glob on a clean slide and gently stretch it apart using two toothpicks.  The fibers will be easier to see in the stretched apart area. 

12.   Pay attention to the characteristics of the DNA as it precipitates.





Questions

1. What did the DNA look like?  
2. A person cannot see a single cotton thread 100 feet away, but if you wound thousands of threads together into a rope, it would be visible.  How does this statement relate to our DNA extraction?  

3. In order to study our genes, scientists must extract the DNA from human tissue.  Would you expect the method of DNA extraction we used for the strawberry to be the same for human DNA?  Why or why not?

4. Is DNA the same in any cell in the human body?  Explain your answer.

5. If you wanted to extract DNA from a living person, which cells would you use and why?

6. Please list two reasons why a scientist might want to study the DNA of strawberries.

Vocabulary
alleles   alternate forms or varieties of a gene.   The alleles for a trait occupy the same locus or position on homologous chromosomes and thus govern the same trait.  However, because they are different, their action may result in different expressions of that trait. 

amino acids   organic molecules that are building blocks of proteins.  There are at least 20 different kinds of amino acids in living things.  Proteins are composed of different combinations of amino acids assembled in chain-like molecules.  Amino acids are primarily composed of carbon, oxygen, hydrogen, and nitrogen. 

anatomy   referring to the structural parts of organisms.  

anticodons  sequences of three nucleotides on a transfer RNA molecule that can pair with a specific messenger RNA Codon. 

autosomes   any chromosomes other than a sex chromosome.

carbohydrates  a class of organic molecules that include sugars and starches. 

cell  a complex unit of protoplasm, usually with a nucleus, cytoplasm, and an enclosing membrane. All plants and animals are composed of one or more microscopic cells.  The smallest organic unit capable of carrying out all of the functions normally attributed to life is a cell.  See eukaryotic cell and prokaryotic cell. 


cell membrane  the selectively permeable membrane enclosing a cell. 

centriole  small, dense bodies outside of a cell nucleus that contract and become visible early in mitosis and meiosis when the nuclear membrane breaks down.  Spindle fibers eventually emanate from each centriole and connect to the centromeres of chromosomes. 

[image: image1.png]centromere

centriole

spindle fiber




centromere  a constriction in a chromosome where two or more chromatids come together. 

chimera      (also spelled chimaera)  an individual who is genetically two people.  Fully chimeric individuals are usually the product of two fertilized ova fusing into a single embryo shortly after conception. 

chromatids  one of two or more strands of a chromosome that are joined at a centromere. 

chromosomes  thread-like, gene-carrying bodies in the cell nucleus.   Chromosomes are composed primarily of DNA and protein.  They are visible only under magnification during certain stages of cell division.  Humans have 46 chromosomes in each somatic cell and 23 in each sex cell. 
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codon  a sequence of three nucleotide bases in a DNA or RNA molecule that code for a specific type of amino acid that will be used in the synthesis of a protein. 
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color blindness the inability to see certain colors as they normally appear to others.  The most common form of this vision deficiency is X-linked genetically inherited red-green color blindness or deficiency. 

crossing-over  the exchange of genetic material (DNA) between homologous chromosomes at the beginning of meiosis.  This results in sperm and ova with greater genetic diversity due to a recombination of genes.  Specifically, a portion of a chromosome is broken and reattached on another chromosome.
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cytoplasm   all of the material within a cell between the nuclear and cell membranes.  The cytoplasm consists of a semifluid material and contains numerous structures involved with cell function. 

diploid   number  referring to the full component of chromosomes normally found in somatic cells.  In humans, the number is 46.  See haploid number. 

DNA      (deoxyribonucleic acid)  a large organic molecule that stores the genetic code for the synthesis of proteins.  DNA is composed of sugars, phosphates and bases arranged in a double helix shaped molecular structure.  Segments of DNA in chromosomes correspond to specific genes. 
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dominant allele  an allele that masks the presence of a recessive allele. 

double helix     the twisted ladder shape that is characteristic of DNA molecules. 

Down syndrome  a genetically inherited form of mental retardation usually resulting from the inheritance of an extra autosome 21.   Down syndrome individuals also typically are short and stocky in build with short appendages.  They usually have broad round faces, saddle-shaped nose profiles, and thick tongues that are often stuck out of their mouths.  The incidence of Down syndrome children goes up rapidly with the age of the mother, particularly after 40. 

endoplasmic reticula     (singular endoplasmic reticulum ) highly folded long membrane structures in the cytoplasm of cells.  Ribosomes are on the surface of these bodies. 
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enzymes  proteins that cause or regulate specific chemical reactions within cells. 

estrogen  a class of feminizing hormones.   Both men and women produce them, but females normally produce much more. 

eukaryotic cell  a cell that has a true nucleus and that divides by mitosis.  Complex single celled creatures such as protozoa as well as all multicelled plants and animals are eukaryotes.  People have eukaryotic cells.  See prokaryotic cell. 

exons  DNA base pairs that code for proteins and, therefore, are part of genes.  Only 1.2-1.5% of DNA consists of exons.  See introns. 

fertilization  conception; the process of sexual reproduction by which the chromosomes from a sperm cell enter the nucleus of an ovum and combine with its chromosomes. 

flagellum   (plural flagella)  a whip-like tail of a sperm and some single cell organisms that is used to achieve movement in surrounding liquid. 
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fragile-X syndrome  a relatively common genetically inherited abnormality of the X chromosome which results in mental retardation.  Since it is an X-linked trait, males more often have it expressed in their phenotypes.   Most fragile-X males have large testes, big ears, narrow faces, and sensory integration dysfunctions that result in learning disabilities.  It is likely to occur 1 in 1000 births.  Approximately 1 in 700 females are carriers of the gene for this trait. 

gametes  reproductive cells--sperm or unfertilized ovum cells produced in the testes and ovaries of animals.  Gametes are produced by meiosis.  They normally have half the number of chromosomes found in somatic cells. 

genes   units of inheritance usually occurring at specific locations, or loci, on a chromosome.  Physically, a gene is a sequence of DNA bases that specify the order of amino acids in an entire protein or, in some cases, a portion of a protein.  A gene may be made up of hundreds of thousands of DNA bases.  Genes are responsible for hereditary characteristics in plants and animals. 

genetics  the study of gene structure and action and the patterns of inheritance of traits from parent to offspring.  Genetic mechanisms are the underlying foundation for evolutionary change.  Genetics is the branch of science that deals with the inheritance of biological characteristics.  

genome  the full genetic complement of an individual (or a species).  In humans, it is estimated that each individual possesses approximately 2.9 billion nucleotides in his or her nuclear DNA.  See Human Genome Project.  

genotype  the genetic makeup of an individual.  Genotype can refer to an organism's entire genetic makeup or the alleles at a particular locus.  See phenotype. 

haploid  number referring to the number of chromosomes in gametes.  Human sperm and ova normally contain only 23 chromosomes, which is the result of the halving of chromosome pairs in meiosis.  See diploid number. 

hemizygous  chromosomes the X and Y sex chromosome pair of males.  Since they are not homologous, these chromosomes do not have corresponding alleles at the same location.  Therefore, all of the non-sex-determining X and Y chromosome alleles may be expressed in the phenotype of males, regardless of whether they are recessive or dominant. 

hemophilia  an X-linked genetically inherited recessive disease in which one or more of the normal blood clotting factors is not produced.  This results in prolonged bleeding from even minor cuts and injuries.  Hemophilia most often afflicts males. 

hermaphrodite  an individual who has one or more testes and ovaries and whose external genitalia are not clearly male or female.  This condition can occur in chimeras who have inherited both a male and a female set of sex chromosomes.  True hermaphrodites have one testes and one ovary.  Male pseudohermaphrodites, or"merms," have testes but no ovaries and display some female genitalia tissue.  Female pseudohermaphrodites, or "ferms," have ovaries but no testes and display some male genitalia tissue. 

heterozygous  a genotype consisting of two different alleles of a gene for a particular trait (Aa).   Individuals who are heterozygous for a trait are referred to as heterozygotes.   See homozygous. 

homologous  chromosomes chromosomes that are paired during meiosis.  Such chromosomes are alike with regard to size and also position of the centromere.  They also have the same genes, but not necessarily the same alleles, at the same locus or location. 

homozygous  having the same allele at the same locus on both members of a pair of homologous chromosomes.  Homozygous also refers to a genotype consisting of two identical alleles of a gene for a particular trait.  An individual may be homozygous dominant (AA) or homozygous recessive (aa).  Individuals who are homozygous for a trait are referred to as homozygotes.  See heterozygous. 

hormones  substances (usually proteins) that are produced by specialized cells and that travel to other parts of the body, where they influence chemical reactions and regulate various cellular functions.  Hormones include the secretions of the endocrine glands that affect metabolism and behavior.  Testosterone, estrogen, and insulin are examples of such hormones. 

Human Genome Project a multinational research effort designed to identify and map the location of all human genes.  The idea of a Human Genome Project began at a 1984 international conference in Utah.  Research to decode the human genome began in earnest in 1986, funded by the U.S. Department of Energy.  The initial stage of discovering all human DNA codons was completed early in 2001 at a cost of 2.7 billion dollars.  The next phase of research will be to identify the proteins for which these genes code.  This decoding of the human proteome will be an even more daunting task than the original Human Genome Project.  See genome. 

introns  DNA base pairs that do not code for proteins and, therefore, are not part of genes.  Introns have been referred to as "junk" DNA, however, it is now known that they perform important functions.  Some are subtle enhancers or suppressors of genes, while others act as buffers against mutations.  About a fourth of DNA consists of introns.  The remaining "junk" DNA that apparently has no function make makes up about three fourths of DNA  See exons. 

in vitro fertilization       (IVP) a set of medical procedures to help a couple have children if they have not been able to in the past due to low sperm count, blocked fallopian tubes, and some other causes of infertility.  The woman is given fertility inducing drugs to cause her to ovulate numerous ova which are surgically removed and fertilized outside of her body with sperm from her mate or another donor.  Two or more of the fertilized ova are then placed into her uterus in the hope that one or more will attach and develop into viable embryos.  As a result, multiple births are relatively common with IVP. 

karyotype  a standardized arrangement of pictures of an individual’s chromosomes cut out from a microphotograph of a cell and rearranged into homologous pairs according to size and other physical characteristics.  The standardized arrangement of karyotypes allows medical researchers to discover if an individual is a male or female and if he/she has any gross chromosomal abnormalities. 

linked genes genes that are on the same chromosome and subsequently are inherited together as a package unless crossing-over separates them. 

lipids  a class of organic molecules that include fats, oils, and waxes. 

locus      (plural loci) the position on a chromosome where a given gene occurs.  The term is sometimes used interchangeably with gene, but this usage is technically incorrect.   

meiosis  cell division in specialized tissues of ovaries and testes which results in the production of sperm or ova.  Meiosis involves two divisions and results in four daughter cells, each containing only half the original number of chromosomes--23 in the case of humans.  These cells can develop into gametes.  See mitosis.   

messenger RNA     (mRNA) the form of RNA that carries a copy of a specific sequence of genetic information (a gene) from the DNA in the cell nucleus to the ribosomes in the cytoplasm where it is translated in order to synthesize a protein.  Messenger RNA is assembled on one sequence (one strand) of DNA bases. 

mitochondria     (singular mitochondrion ) small rod-like structures in the cytoplasm that produce fuel for the cell in the form of adenosine triphosphate (ATP).  A small amount of DNA is located in mitochondria.  This DNA is normally inherited only from mothers and is distinct from DNA that makes up the chromosomes. 

[image: image8.png]



mitochondrial DNA     (mtDNA)  DNA located in the mitochondria.  Since it is normally inherited only from mothers, an offspring's mtDNA will be identical to its mother's, unless a mutation has occurred. 

mitosis  the simple cell division process that occurs in somatic cells.  One cell divides into two offspring cells that are identical to each other in their chromosome complement.  Mitosis produces cells with diploid numbers of chromosomes--46 in the case of humans.   See meiosis. 

monozygotic  twins identical twins.  Twins that come from the same zygote and are, subsequently, the same genetically.  Any differences between monozygotic twins later in life are the result of environmental influences rather than genetic inheritance.  Fraternal twins may look similar but are not genetically identical. 

muscular dystrophy     (MD) any of a group of inherited progressive muscle disorders caused by a defect in one or more genes that control muscle function.   MD is characterized by gradual irreversible wasting of skeletal muscle.  It is an X-linked trait most often passed on to sons by their mothers.  The most common form, Duchene MD, begins to weaken the legs of boys by age 3 and inevitably gets worse with each passing year.  There is no cure for this disorder, and it usually results in death before the age of 30. 

mutagen  an agent that can cause a mutation to occur.  Various kinds of chemicals, viruses, and radiation have been identified as mutagens. 

mutation  an alteration of genetic material such that a new variation is produced.  For instance, a trait that has only one allele (A) can mutate to a new form (a).   This is the only mechanism of evolution that can produce new alleles of a gene.  Technically, mutation refers to changes in DNA bases as well as changes in chromosome number and /or structure.  See mutagen. 

nuclear membrane  the selectively permeable membrane enclosing the nucleus of a cell. 

nucleic acids   the largest of the molecules in living organisms.  It is composed of a chain of nucleotides that code for the synthesis of specific proteins.  DNA and RNA are types of nucleic acid. 

nucleotide   the basic building block of nucleic acid.   It consists of any one of four specific purine or pyrimidine bases attached to a ribose or deoxyribose sugar and phosphate group. 

nucleus   a structure (organelle) found in all eukaryotic cells.   It contains the chromosomes (nuclear DNA) and is enclosed by a nuclear membrane. 

oöcyte   an immature female sex cell in humans and other animals.  These egg precursor cells, or primary oöcytes, are produced before birth.  They become secondary oöcytes usually one by one after puberty when hormones trigger ovulation. 

oögenesis   the meiosis process of female sex cells that produces ova.  It takes place mostly in the ovaries of humans and other animals. 

organelles   a general term referring to any of the discrete structures within a cell. 

ovulation   the release of a secondary oöcyte from an ovary to begin its path down a fallopian tube (or oviduct) to the uterus. 

ovum       (plural ova) a female sex cell or gamete that has completed all of the phases of the meiosis process. 

phenotype  the observable or detectable characteristics of an individual organism; the detectable expression of a genotype. 

physiology  referring to the organic or bodily processes of an organism.   See anatomy. 

primary oöcyte see oöcyte. 

prokaryotic  cell a cell that lacks a true nucleus and divides by simple fission rather than mitosis.  Bacteria and blue-green algae are prokaryotes.  See eukaryotic cell. 

proteins   any of a large number of organic molecules that are composed of one or more chains of amino acids.  These chains are twisted and folded back on themselves in complex patterns.  Proteins can serve a wide variety of functions through their ability to bind to other molecules.  Proteins may be enzymes, hormones, antibodies, structural components, or gas transporting molecules. 

proteome   the full complement of proteins produced by an individual (or a species).  It is estimated that each human produces approximately 90,000 types of proteins.  See Human Genome Project. 

puberty   the stage of maturation of an individual when secondary sexual characteristics begin to develop and sexual reproduction first becomes possible.   These changes are genetically controlled and triggered by hormones. 

recessive allele an allele that is masked in the phenotype by the presence of a dominant allele.  Recessive alleles are expressed in the phenotype when the genotype is homozygous recessive (aa). 

recombination The creation of a new combination of genes on a chromosome that results from crossing-over. 

red-green color blindness an X-linked genetically inherited color vision deficiency in which an individual cannot perceive red and green in the same way as people with normal vision.  This condition most often afflicts males. 

replication (of DNA) the process at the beginning of mitosis and meiosis by which a DNA molecule is duplicated or copied.  One DNA molecule becomes two identical ones.  This is accomplished by the DNA molecule unwinding and unzipping along its base pairs so that both sides can be copied by free nucleotides.   Replication is triggered by an enzyme. 
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ribosomal RNA    (rRNA)  the RNA molecules that are located in the ribosomes. 

ribosomes   small roughly spherical structures on the surface of endoplasmic reticula in the cytoplasm of cells.  Ribosomes are the sites where proteins are assembled.  Each ribosome is composed of 3 RNA strands and 54 proteins woven into 2 separate, but entangled lumps. 
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RNA     (ribonucleic acid) a type of nucleic acid that is found in both the nucleus and the cytoplasm of cells.  Unlike DNA, RNA is single stranded.  Messenger RNA (mRNA) carries the genetic code from the DNA in the chromosomes and translates it with the help of transfer RNA (tRNA) at the site of the ribosomes in the cytoplasm in order to assemble, or synthesize, proteins. 

secondary oöcyte see oöcyte. 

sex cell a gamete, either a sperm or an ovum.  Sex cells are produced by the meiosis process.  See somatic cell. 

sex chromosome the X and Y chromosomes which are responsible for determining whether an individual is a male or a female.  Normal males inherit an X from their mother and a Y from their father.  Normal females get an X chromosome from both parents.  See SRY gene. 

sex-linked referring to a gene that is part of a sex chromosome.  Since all of the genes on a chromosome are inherited as a package, they are essentially linked together. 

somatic cell  basically, all the cells in the body except those directly involved with reproduction.  Most cells in multicellular plants and animals are somatic cells.  They reproduce by mitosis and have a diploid number of chromosomes.  See sex cell. 

sperm  a male sex cell or gamete. 

spermatogenesis  the meiosis process of male sex cells that produces sperm.  It takes place in the testes of humans and other animals. 

SRY gene  sex-determining region Y gene.   A gene on the Y chromosome which, if present and functioning, causes the undifferentiated sex organs of an animal embryo to become testes.   These then produce the hormone testosterone which, in turn, causes the development of masculine physical traits. 

testosterone   a class of masculinizing hormones.   Both men and women produce them, but males normally produce much more.   Testosterone is mainly produced in the testes of males.  Smaller amounts are produced by the cortex of the adrenal glands in both males and females. 

transfer RNA       (tRNA) a form of RNA that binds to specific amino acid molecules and transports them to the ribosomes for the assembly of proteins.   Transfer RNA molecules temporarily bond with corresponding messenger RNA codons at the ribosomes in this process of protein synthesis.  

X-linked  referring to a gene that is carried by an X chromosome.  See sex-linked gene. 

Y-linked  referring to a gene that is carried by a Y chromosome.  See sex-linked gene. 

zygote  a "fertilized" ovum.  More precisely, this is a cell that is formed when a sperm and an ovum combine their chromosomes at conception.  A zygote contains the full complement of chromosomes (in humans 46) and has the potential of developing into an entire organism. 
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