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7c - Introduction to Genetics: The Work of Mendel
 Mendel’s Pea Plants(





Word Bank: investigation, heredity, statistics, traits, garden. 
· Heredity – The passing of 1) _ _ _ _ _ _ from parents to offspring.

A Breif Look at Gregor Mendel (1822 –1884)

· Entered a monastery in Brno at 21 (1843);
· Sent to the University of Vienna in 1851;  Where he studied 2) _ _ _ _ _ _ _ _ _ _, botany, etc.
· Returned to the monastery in 1853 – teaching and tending to the monastery 3) _ _ _ _ _ _;
· His studies in Vienna inspired him to investigate the nature of 4) _ _ _ _ _ _ _ _.

· He would perform his 5) _ _ _ _ _ _ _ _ _ _ _ _ _ on the pea plants that had been growing in the garden for many decades.
7d – Mendel’s Experiment
Word Bank: strains, manipulate, characteristic, cross-pollination, self-pollination, traits, heredity. 
The basis for his experiment:

· Mendel suspected 1) _ _ _ _ _ _ _ _ depends on contributions from both parents – a “factor”.

What Mendel knew:







· Pea flowers have both male and female parts (anther & stigma); 

· His pea plants were True Breeding – meaning they produced seeds by                                 2) _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _:
· Each offspring inherits all 3) _ _ _ _ _ _ from a single parent – like a clone.

· The Monastery had been “true-breeding” the plants for decades – They were pure 
       4) _ _ _ _ _ _ .

· Self-pollination could be prevented – and he could 5) _ _ _ _ _ _ _ _ _ _ pollination (Selective Breeding).
Genes and Dominance:

· He performed 6) _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ of the pea plants: 

· Mendel focused on seven traits – each with two distinct forms.
· Trait – a specific 7) _ _ _ _ _ _ _ _ _ _ _ _ _ _.
7e - Mendel’s experiment
Word Bank 1: genes, purple, Parents, mask, inheritance, white, offspring, allele, trait.

· He crossed true-breeding plants, focusing on a single 1) _ _ _ _ _ at a time:

· True-bred for Purple flowers   P Generation = Parental
· True-bred for White flowers

· He then cross-pollinated the 2) _ _ _ _ _ _ _ (the P generation);

· He called the (hybrid) 3) _ _ _ _ _ _ _ _ _ the F1 generation:

· 100% of the offspring had 4) _ _ _ _ _ _ flowers.
· What happened to 5) _ _ _ _ _???

Mendel’s 3 Conclusions:

1) Biological 6) _ _ _ _ _ _ _ _ _ _ _ is controlled by “factors” passed from one generation to the next.

· We know these factors are called 7) _ _ _ _ _ (Ex. Flower color).

· A different form of a gene is called an 8) _ _ _ _ _ _ (Ex. white and purple flowers, or blue and brown eyes).

2) THE PRINCIPLE OF DOMINANCE –

· Some factors (alleles) are dominant and so will 9) _ _ _ _ factors that are recessive.

7e (continued) - Mendel’s Experiment (page 2)

Word Bank 2: ratios, recessive, meiosis, white, separated, allele, generation. 
He continued his investigation by self-pollinating the offspring generation (F1) to see if the 1) _ _ _ _ _ factor was still present…

· Q - What characteristic in humans might have inspired Mendel’s notion about the white factor?

· A – _ _ _ _   _ _ _ _ (not in the word bank – sorry). 

· He called the second 2) _ _ _ _ _ _ _ _ _ _ the F2 generation.

· He ended up with close to a 3:1 ratio of purple to white flowered plants.

· He had the same 3) _ _ _ _ _ _ in all of his trait crosses (pea color, plant height, etc.).

From these results, Mendel devised:

3) THE PRINCIPLE OF SEGREGATION – 

· Traits can be 4) _ _ _ _ _ _ _ _ _ before being passed on to offspring.

· That is the only way a 5) _ _ _ _ _ _ _ _ _ trait would “reappear” in a successive generation

· We now know that animal sex cells carry only one 6) _ _ _ _ _ _ – The two alleles for each gene are segregated during gamete formation.

· That process is called 7) _ _ _ _ _ _ _.

7f - Genetics and Probability
Word Bank: independent, results, average, crosses, predict, likelihood

Probability – The 1) _ _ _ _ _ _ _ _ _ _ that an event will happen.

· Mendel obtained similar results from all of his pea plant 2) _ _ _ _ _ _ _:
· He realized that the principles of probability could be used to explain his 3) _ _ _ _ _ _ _,

· And they could be used to help 4) _ _ _ _ _ _ _ the outcomes of genetic crosses.

Question: 

What is the probability that a tossed coin will come up tails?

How about coming up tails twice in a row?  Or tails Three times in a row?

Answer:   

In Genetics, like every coin flip, each event is 5) _ _ _ _ _ _ _ _ _ _ _.  You can’t predict the outcome of an individual event, but…

Probabilities predict the 6) _ _ _ _ _ _ _ outcome of an event that is repeated many times!

Word Bank (2): gene, outcomes, alleles, one, probability

· A Method for determining 1) _ _ _ _ _ _ _ _ _ _ _ in genetic crosses is the Punnett square:

· The Principles of Probability can be used to predict the 2) _ _ _ _ _ _ _ _ of genetic crosses:

Monohybrid cross – A cross between parents with     3)_ _ _ contrasting trait.

Example:
· Homozygous Dominant x Homozygous Recessive = 1st Punnett square example
	
	

	
	


· Homozygous Dominant x Heterozygous 
· Homozygous Recessive x Heterozygous (hybrid)
            

· Heterozygous (hybrid) x Heterozygous (hybrid)
Genotype - The 2 4) _ _ _ _ _ _ _ that an organism inherits for a single gene (homozygous or heterozygous).  There are 3 genotype options/possibilities for every gene.
Phenotype - The expression of the 5) _ _ _ _ – what we see.  

ex. Only purple flowers appear on the hybrid pea plants; PURPLE is the Phenotype of the gene.
7h - Mendel’s Last Contribution…

Word Bank: true-bred, phenotype, gamete, independently, heterozygous, segregated

Independent Assortment

· Mendel’s F2 generation allowed him to conclude that 2 alleles for a gene are 1) _ _ _ _ _ _ _ _ _ _ during 

     2) _ _ _ _ _ _ formation,

· He then wondered how they were passed on to gametes – if they did so 3) _ _ _ _ _ _ _ _ _ _ _ _ _, or if they were linked.

Q – How would Mendel answer this question?

A –

The Two-Factor Cross: F1
· Mendel first crossed 4) _ _ _ _ - _ _ _ _ plants that produced round yellow seeds with true-bred plants that produced wrinkled green seeds.

· Round yellow seeds:
RRYY
· Wrinkled green seed:
 rryy
· The resulting F1 generation was 5) _ _ _ _ _ _ _ _ _ _ _ _ for both traits (RrYy).

· So they all displayed the dominant 6) _ _ _ _ _ _ _ _ _ – round yellow seeds.

· This cross does not indicate if genes assort independently, so Mendel’s next move…

The Two-Factor Cross: F2 
Word Bank 2: alleles, meiosis, independently, assort, heterozygous, genes, predict
· Mendel then crossed his 7) _ _ _ _ _ _ _ _ _ _ _ _ F1 plants with each other, expecting to get conclusive results…

Q – How many combinations of traits are possible if traits are independent?

      What if they are linked – R with Y and r with y, how many combinations now???
A – see: Punnett squares (Sperm/Egg will have ONE allele for each gene; zygotes will have 4 alleles)
	Sperm(
Eggs(
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


· Mendel’s F2 generation followed the 9:3:3:1 ratio we 8) _ _ _ _ _ _ _ with a Punnett square.

· It showed that genes can assort 9) _ _ _ _ _ _ _ _ _ _ _ _ _ in gamete formation

Mendel’s work summary:

· There are factors controlling heredity that are inherited from each parent – 10) _ _ _ _ _.

· Some forms of a gene (alleles) are dominant, or recessive.

· The 2 inherited 11) _ _ _ _ _ _ _ are segregated during the formation of reproductive cells = gametes.
· The genes for different traits may 12) _ _ _ _ _ _ independently during gamete formation(. 
· Genes on different chromosomes are assorted independently during 13) _ _ _ _ _ _ _.
7i - Exploring Mendelian Genetics – Gene Interactions
Word Bank (#1 – 9): genes, dominant, gene, expressed, allele, enzymes, recessive, DNA, polypeptide.
Dominance – A Plain and simple explanation…

· Genes are sections of 1) _ _ _; 

· DNA codes for a 2) _ _ _ _ _ _ _ _ _ _ _; In the Case of Eye Color: 

· The dominant 3) _ _ _ _ _ _ codes for a polypeptide that works,

· The 4) _ _ _ _ _ _ _ _ _ allele codes for a polypeptide that doesn’t,

· A single copy of a 5) _ _ _ _ can code for thousands of mRNA molecules… 

· Each mRNA can code for thousands of 6) _ _ _ _ _ _ _ (that make pigment).

That’s why B for Brown eyes is dominant over b for blue eyes, BUT DOMINANCE ISNT ALWAYS SO SIMPLE, this is Biology… and life is anything but simple!

Incomplete Dominance 

· The 7) _ _ _ _ _ _ _ _ allele does not compensate for the inactive, recessive allele. 

· Red (RR) x white (rr) = Pink (Rr)

Codominance

· Both alleles of a trait are active and therefore 8) _ _ _ _ _ _ _ _ _:

Ex: Hair color in some Roan Cattle: 

· Red Hair (HR)

· White Hair (HW) 

· HRHW results in cattle that have both red and white hairs (both alleles are expressed).

Polygenic Traits

· Traits controlled by two or more 9) _ _ _ _ _ Example: Height, Hair color, skin color, the shape of your nose, eyes, lips, etc.

· Eye Color:  may be controlled by only 2 genes( - Front/Back of the Iris with 2 alleles – Brown or Blue, or 2 genes - a Brown/blue gene + a Green/blue gene (2 genes, 3 alleles).  (Supported

Word Bank 2 (#10 - 16): Codominant, principles, fruit flies, expressed, offspring, alleles, genes;

Multiple Alleles

· A single gene that has three or more 10) _ _ _ _ _ _ _ – such as human blood – A B O blood groups
· IA, IB and i are the three alleles (use I because there are 11) _ _ _ _ _ _ _ _ _ _ forms & a recessive form, hence I and i),

· They produce 4 possible blood types:

· A, B, AB, and O (Antigens produced)

	Genotypes
	Phenotypes

	IAIA or IAi
	Blood Type A

	IBIB  or IBi
	B

	IAIB
	AB

	ii
	O


Epistatic Genes:

· An epistatic gene is one that, when 12) _ _ _ _ _ _ _ _ _ – blocks the expression of another gene (the blocked gene is hypostatic).

· We are talking about 2 totally separate 13) _ _ _ _ _, not one gene with special alleles – TWO GENES (OR MORE)!!!

Applying Mendel:

· Mendel’s experiments produced 14) _ _ _ _ _ _ _ _ _ _ that can be applied to all forms of life;

· Thomas Hunt Morgan tested all of Mendel’s principles in the early 1900’s using a much more efficient test subject – 15) _ _ _ _ _ _ _ _ _ _.  

· Fruit flies have contrasting traits controlled by a single gene;

· They can reproduce in about 2 weeks;

· A single breeding pair can produce up to a hundred 16) _ _ _ _ _ _ _ _ _. 

7j - Meiosis (Standard 2a)

Word Bank (#1 – 12): meiosis, segregation, sperm, haploid, egg, gene, gamete, gametes, mitosis, chromosomes, fertilization, copy,

Key Concepts: 

· Body cells have two complete sets of 1) _ _ _ _ _ _ _ _ _ _ _  – diploid (2N).

· 2)_ _ _ _ _ _ _ have one set of chromosomes – haploid (N).

· 3)_ _ _ _ _ _ _ results in the formation of two genetically identical diploid cells;

· Meiosis produces four genetically unique 4) _ _ _ _ _ _ _ cells. 
Back to Mendel – His conclusions about genes & alleles:

1. Since a 5) _ _ _ _ _ and 6) _ _ _ unite during 7) _ _ _ _ _ _ _ _ _ _ _ _ _ to produce a complete organism, each must have only half the number of genes that other body cells have (N). 

2. Organisms inherit a single copy of every 8) _ _ _ _ from both parents, giving all organisms 2 complete sets of genes (2N = 2 copies of each gene).

3. When an organism produces its own 9)_ _ _ _ _ _ cells, those 2 sets of genes must be separated from each other – 10) _ _ _ _ _ _ _ _ _ _ _.  

This means that when gametes form, there must be a process that separates the two sets of genes so each cell receives only one 11) _ _ _ _… 

· That Process is called 12) _ _ _ _ _ _ _.

Word Bank (#13 - 24): divided, interphase, meiosis, gamete, homologous, genes, dad, diploid, chromosomes, mom, 46, haploid.

Human Chromosomes:

· Humans have 13) _ _ chromosomes in each of their cells, 23 came from 14) _ _ _ and 23 came from 15) _ _ _.

· The two sets of 16) _ _ _ _ _ _ _ _ _ _ _ are 17) _ _ _ _ _ _ _ _ _ _ – Each one of mom’s chromosomes has a matching chromosome that come from dad – they contain the same 18) _ _ _ _ _ in the same order (hopefully!).

· A cell that contains both sets of homologous chromosomes is said to be 19) _ _ _ _ _ _ _ (two sets).

· The cells that form with only a single set of chromosomes – gametes, are 20) _ _ _ _ _ _ _ (one set).

Meiosis is the process by which a diploid (2N) cell is 21) _ _ _ _ _ _ _ into four haploid (N) 
     22) _ _ _ _ _ _ cells.

· The Phases of 23) _ _ _ _ _ _ _ demonstrated with a make-believe organism (Sasquatch – one of my favorites): 

(Copy and insert diagrams as we go…)

An adult Sasquatch has 4 chromosomes in its body cells.

Q: What are its diploid and haploid numbers?

A: 2N = 4; N = 2

Before any type of cell division occurs… 

All cells, including male and female germ cells go through S phase in 24)_ _ _ _ _ _ _ _ _.

Word Bank (#25 - 35): parent, chromosomes, Spindle unique, cell, DNA, Mitosis, simultaneously, chromatids, combinations, homologous, tetrads.

Meiosis I 

1. Prophase I – each chromosome pairs with its corresponding 25) _ _ _ _ _ _ _ _ _ _ chromosome – forming a tetrad (which means four).
Q: How many tetrad’s in Sasquatch Meiosis?

A: 2

· In each tetrad, 26) _ _ _ _ _ _ _ _ _ _ _ often undergo crossing over, an important process in which genes are exchanged between homologous chromosomes;

· This results in new gene 27)_ _ _ _ _ _ _ _ _ _ _ _.

2. Metaphase I – 28) _ _ _ _ _ _ _ fibers attach to homologous chromosomes;

3. Anaphase I – The spindle fibers separate 29)_ _ _ _ _ _ _ - pulling homologous chromosomes to opposite ends of the 30) _ _ _ _.

4. At the end of meiosis I, each of the two cells formed has two chromosomes (Four 31) _ _ _ _ _ _ _ _ _ _), but…

· Neither cell has the set of chromosomes that the 32) _ _ _ _ _ _ diploid cell has.

· The 2 cells have sets of chromosomes that are different from each other – and the parent cell.

Meiosis II…  It looks just like 33) _ _ _ _ _ _ _, except:

· NO 34) _ _ _ REPLICATION!!!  It is happening with two genetically unique cells 35) _ _ _ _ _ _ _ _ _ _ _ _ _ _; it results in 4 genetically 36) _ _ _ _ _ _ cells; and of course the “II” after each phase.

