Biology 30

Unit V – Mendelian Genetics


Nelson Biology chapters 20, 21

Biology Directions chapters 23, 24

Genes & Heredity

Genetics – the study of the transmission of characteristics from parents to offspring

Heredity – the passing of traits from parents to offspring

Genes – units of heredity, located on chromosomes found in every cell of the body – ½ from mom, ½ from dad (more than 8 million combinations using the simplified method of calculating the combinations of genes)

· But - dark haired people may have light haired children, traits may skip generations, two people with blood type A could have a type O child

In the past, although it was noticed that traits were passed along, the “how’s” were mixed up

· Aristotle – passed through the blood (“bloodline”)

· Early naturalists – believed in “hybrids” (X –files chimeras) where species result from breeding between other species

· Georges Buffon (1700s) – head and limbs from (, rest of body from (
· 1800s – common belief was a blending of the traits from both parents

· very late 1800s, microscopes had developed to the point where meiosis was observed and scientists started speculating about the possibility of chromosomes being involved in heredity but before that….

Mendelian Genetics (1800s) (see p.470 for traits)
· Mendel, a monk, performed experiments with garden peas, explaining the mechanism of gene inheritance for plants

· Pea plants were ideal for genetic experiments

· Could be bred “true” – would self-fertilize and establish a set of continuing traits that were constant generation to generation

· Could be cross-fertilized – the pollen of one true-breeding plant could be placed in the pistil of another true-breeding plant, and when the stamen of the recipient plant is removed, it was guaranteed that the donor had fertilized the plant

· The time required for breeding plants is less than with more complex organisms

· Ethical issues are not much of a concern when breeding plants

Experiment One (Monohybrid Cross)

Mendel took true- breeding different parent plants, and crossed them (mated them), recording the results of how ONE TRAIT is passed to the offspring

P generation
Round seed plants x Wrinkled seed plants


(

F1 generation
Round seed plants

Yellow seed x green seed ( yellow seed F1
Inflated pod x constricted pod ( inflated pod F1
Green pod x yellow pod ( green pod F1
Purple flower x white flower ( purple flower F1
Side flower x top flower ( side flower F1
Tall plant x short plant ( short plant F1

P – parent generation- true breeding plants

F1 – filial generation 1– daughters/sons of the cross of the true breeding parents

Part 2:

Mendel took the plants from the F1 generation (the hybrid – made from the cross between two true-breeding parents), and crossed them (mated them) with each other. 

P generation
Round seed plants x Wrinkled seed plants


(

F1 generation
Round seed plants x Round seed plants 
(self-fertilization)


(

F2 generation
Round 
self-fertilized
Round
self-fertilized
Round
self-fertilized
Wrinkled
self-fertilized


(
(
(
(

F3 generation
All round
R
R
R
W
R
R
R
W
All wrinkled

What did he expect in the F2?

Maybe all still round

Maybe half round, half wrinkled

What did he expect in the F3?

He repeated his experiments with all of the different traits and with large numbers of plants – but  always obtained the same results – 

· The F1 generation always displayed the traits of the “dominant” factor

· The F2 generation always redisplayed the recessive trait in ¼ of the offspring

· The F3 generation always restored some of the plants to true breeding, some plants maintained the ¾ dominant factor displayed, ¼ recessive factor displayed

Results:

· Regardless of the parentage (( or ( portion of the plant) round always masked wrinkled in offspring of the true-breeding heritage.  Same with tall, yellow peas, green pods,… (see chart p.470)

· Concluded – traits are controlled by “factors” passed on from generation to generation, some are dominant, some are recessive – the dominant trait will always mask the recessive trait when two true-breeding parents produce offspring (contradicts the ideas of the time that parents’ traits blended to form the offspring’s traits)

Mendel’s Laws of Heredity

· Inherited characters are controlled by factors (genes) which occur in pairs.  During fertilization, offspring receive a contribution for each characteristic from each parent.

· One factor (the dominant) will mask the effect of the recessive factor (Principle of Dominance).  

1. A pair of factors separate during the formation of the sex cells (meiosis) -The Law of Segregation. Sex cells contain only one of the factors (genes) given by the parents (even though meiosis wasn’t understood, Mendel came to the correct conclusion)

Terminology

Phenotype – A description of the appearance of an organism.  The phenotype of an organism is dependent on its genotype and its interaction with the environment.  An example of a phenotype would be a pea plant which, in appearance, is tall and has white flowers.  A pea 

plant growing in a shady environment might be quite short, despite having a gene for tallness.  Freckles lighten hair and darken freckles.

Gene – the basic unit of heredity.  It is made up of a piece of DNA which is responsible for coding for a certain trait/phenotype.

Allele – Alternate forms of a gene controlling a given characteristic such as height or colour.  They are found at the same positions (loci) on corresponding chromosomes. (ex. shape – round or wrinkled seed)

Dominant allele – the allele which is expressed when combined with the recessive allele.  Represented with a capital letter – tallness = T, round = R, yellow pod = Y, purple flower = P.  The gene for tallness, T is expressed even if the gene for shortness is present.

Recessive allele.  The allele which is masked by the presence of the dominant allele.  In order to be expressed, two recessive alleles must be present.  Represent with the lower-case form of the letter for the dominant allele – shortness = t, wrinkled = r, green pod = y, white flower = p

Homozygous – an individual which results from the union of two gametes with identical alleles for that one trait.  Ex:  if an egg with the gene for tallness (T) is fertilized by a pollen grain with the allele for tallness (T), the offspring will be homozygous for tallness, TT (two identical alleles for that trait)

Heterozygous – an individual which results from the union of two gametes with dissimilar alleles for that trait.  Ex: if the egg with a tallness (T) gene is fertilized by a pollen grain with the allele for shortness (t), the offspring will be heterozygous for height, Tt.

Genotype – A description of the genetic makeup of an individual.  If a pea plant is tall (Tt) and produced white flowers (pp) then the genotype would be described as heterozygous for tallness and homozygous recessive for flower colour.

Cross – mating of two organisms

Monohybrid Cross – mating of two organisms, following the inheritance of one trait

Dihybrid Cross – mating of two organisms, following the inheritance of two traits

Test Cross - A test cross is used to determine the genotype of a dominant phenotype. i.e.  If a plant is tall with round seeds, all you know about the genotype is that the plant must carry the dominant allele for round and tall. – you don’t know if it is heterozygous or homozygous dominant.  By crossing the unknown plant with a homozygous recessive plant, you can determine its genotype

Punnett Squares

· an easy way to follow the inheritance of single traits (the result of monohybrid crosses) or two traits (dihybrid crosses)

** the use of the Punnett square assumes there is an equal chance of passing on either of the two alleles that you carry in  your cells as a result of meiosis – is this true?

Laws of probability (as applied to genetics)

· The chance of passing on any one allele = ½ (50%) – just like a coin toss, there are two possibilities (heads/tails or mom’s/dad’s)

Drawing & Using Punnett’s Squares

May be used to:

· Determine genotypes of offspring

· Determine phenotypes of offspring

· Determine the phenotypic or genotypic ratios of offspring

PS for monohybrid cross (Mendel’s first experiment – P cross)

Round x Wrinkled seeds – true breeding

Mom’s gametes 
from her genotype - Round


R
R

r
Rr
Rr

r
Rr
Rr



Genotype summary : 100% heterozygous for seed type

Phenotype summary: 100% round seeds

PS for monohybrid cross (Mendel’s first experiment – F1 cross)

Heterozygous self-fertilization

Mom’s gametes 
from her genotype - heterozygous


R
r

R
RR
Rr

r
Rr
rr



Genotype summary : 25% homozygous dominant (RR), 50% heterozygous (Rr), 25% homozygous recessive

Phenotype summary: 75% round seeds (RR, Rr), 25% wrinkled seeds (rr)

Examples with Monohybrid Crosses

To use a Punnett square:

1) identify the possible gametes produced by each parent

2) show the possible gamete combinations at fertilization

3) what are the possible genotypes and their probabilities

4) what are the possible phenotypes and their probabilities

ex.  A plant grown from heterozygous smooth seeds is crossed with a plant grown from wrinkled seeds.  Determine the phenotype and genotype of the offspring.


S
s

s
Ss
ss

s
Ss
ss

ex.  Phenylketonuria (PKU) is a genetic disease that results in mental retardation unless diagnosed at (or before) birth and treated with a special diet.  PKU is an autosomal recessive disease (meaning that it is carried on one of the autosomes, and to cause the disease, two copies of the recessive bad gene must be inherited).  If both parents are carriers of the disease (are heterozygous for the disease, but don’t express the symptoms because the disease is recessive), what chance to they have of having a baby with PKU?


P
p

P
PP
Pp

p
Pp
pp

ex: A woman is homozygous for brown eyes (which is dominant over blue).  Will she have any blue eyed children?

If she is homozygous, she has the genotype BB – she will produce only B gametes, which will always be dominant over b, so she will never have any blue eyed children.

ex:  A blue eyed child has two brown eyed parents.  What is the genotype of all of the people involved?



phenotype
genotype

child
blue eyes
bb only

mom
brown eyes
Bb or BB

dad
brown eyes
Bb or BB

Second Experiments (Dihybrid Crosses)

Mendel repeated his experiments, but followed TWO traits in the pea plants instead of one.

P generation
Round Green seed plants x wrinkled yellow seed plants


(

F1 generation
Round yellow seed plants x Round yellow plants 
(self-fertilization)


(

F2 generation
Round Yellow
Round Green
Wrinkled

Yellow
Wrinkled

Green


9/16
3/16
3/16
1/16

Summary: 
round 12/16 (3/4), wrinkled 4/16 (1/4) (same ratio as monohybrid!)


Yellow 12/16 (3/4), green 4/16 (1/4) (same ratio as monohybrid!)

Mendel’s Laws of Heredity (cont’d)

5) Law of Independent Assortment (Mendel’s second law) – members of different pairs of factors behave independently and sort independently during gamete formation

· The chance of passing on any two alleles = ½* ½ = ¼ (or .5 x .5 = .25 = 25%) (the product rule- the probability of two or more independent events is the product of the individual probabilities of the events occurring separately)

* both monohybrid and dihybrid problems may be solved using either Punnett Squares or math (probability calculations)

ex: p.483 #9

a) BBSs x bbss 


BS
Bs
BS
Bs

bs
BbSs
Bbss
BbSs
Bbss

bs
BbSs
Bbss
BbSs
Bbss

bs
BbSs
Bbss
BbSs
Bbss

bs
BbSs
Bbss
BbSs
Bbss

or, using math – 
100% gametes B * 100% gametes b = 100% offspring Bb


50% gametes S * 100% gametes s = 50% offspring Ss


50% gametes s * 100% gametes s = 50% offspring ss

BbSs = 100%*50% = 50%

Bbss = 100% * 50% = 50%

b) BbSs x bbss



BS
Bs
bS
bS

bs
BbSs
Bbss
bbSs
bbSs

bs
BbSs
Bbss
bbSs
bbSs

bs
BbSs
Bbss
bbSs
bbSs

bs
BbSs
Bbss
bbSs
bbSs

25% black, short-haired

25% black, long-haired

25% white, short-haired

25% white, long-haired

ex: #8, Two-trait inheritance problems

mom = ddCc

dad = DdCc


dC
dC
dc
dc

DC
DdCC
DdCC
DdCc
DdCc

Dc
DdCc
DdCc
Ddcc
Ddcc

dC
ddCC
ddCC
ddCc
ddCc

dc
ddCc
ddCc
ddcc
ddcc

so, 12.5% (or 2/16) of their children will have straight, blond hair.

Mendel was lucky!  He chose traits that just happened to follow his rules – but there are other genes that follow different rules…

Multiple Alleles

Mendel followed traits that only had two alleles – so it was appropriate to use capital letters for the dominant allele, and lower-case letters for the recessive allele.  With multiple alleles, another system is used.

· use a capital letter to indicate the type of trait being followed – E for eye colour, H for hair colour, I for blood groups????

· use a superscript indicating the allele – sometimes numbers are used, sometimes letters are used

*** be careful to get the dominance in the right order

Incomplete dominance

The lack of a dominant gene, where the offspring show a blending of the two traits (red & white flowers produce pink flowers) – interact to produce a new phenotype (also known as intermediate dominance)

Codominance, another type of incomplete dominance, involves the expression of both alleles at the same time – ex.  hair on shorthorn cattle – red (Hr) is codominant to white (Hw).  When mixed, a roan calf – with both white and red hair, genotype HrHw is produced.

ABO & Rh blood grouping

· mixture of codominance and dominance.  In humans, there are three alleles in basic blood grouping – A, B, O, and two alleles for the rhesus factor (Rh + or -)

· A and B are both dominant to O

· A and B are codominant

· the Rh + is dominant to the Rh – gene


Phenotype
Genotype(s)


A
IAIA, IAIO

B
IBIB, IBIO

AB
IAIB

O
IOIO
Lethal Alleles

Alleles that have such a detrimental effect on an organism that the organism cannot survive

3 types

· lethal dominant – if an organism has a lethal dominant gene, it will kill them immediately (so won’t stay in the gene pool)

· lethal recessive – if the organism obtains two copies of the allele, they will die

· lethal dominant (delayed onset) – although this lethal allele will result in the organism’s death, they might live long enough to pass it on to their offspring

carriers – are heterozygous for the lethal allele – they may be normal, but will pass along that allele to their offspring (ex. Tay-Sach’s disease)

Gene Interactions

Not all traits are determined by one gene and its multiple alleles

Polygenic traits – traits that are determined by more than one gene (height, skin colour, eye colour)

Epistatic genes – Genes that interfere with the expression of other genes (coat colour on dogs)

Complementary interaction – when genes interact to produce a phenotype that is unlike either of the gene’s products (comb shape in roosters)

Pleiotropic Genes

When one gene affects many different characteristics 

We now know that although Mendel’s theory held many truths, how does present day chromosomal theory refute Mendel’s laws?

Chromosomal Theory

· chromosomes carry genes – the units of hereditary structure

· paired chromosomes separate independently of each other during meiosis

· each chromosome contains many different genes – so, unlike what Mendel suggests, not all genes can segregate independently

Sex-Linked Inheritance

Most of the ground-breaking research was done by Morgan (US scientist ) in the late 1800s, early 1900s – instead of pea plants, he worked with Drosophila melanogaster (fruit fly)

· mate quickly & produce many offspring

· short life cycle

Morgan’s experiments yielded different results than Mendel’s – support chromosomal theory, whereas Mendel’s ideas of independent assortment didn’t – because all of his traits were independent of each other.  Morgan discovered that some traits were linked together

· sex-linked traits – some traits occur more often in ( than ( - from this, he discovered the sex-chromosomes in the fruit fly (2n=8, but in the (, only 3 homologous pairs, the last pair, like our 23rd pair, wasn’t homologous – sex chromosomes) - (: 2X chromosomes, (: X and Y chromosomes

Sex-linked traits are observed more often in one sex than the other because the allele responsible for that trait is only carried on the X chromosome.  There are more than 120 known sex-linked traits in humans, including premature baldning, hemophilia, juvenile glaucoma,…

To follow sex-linked traits in Punnett squares, use X to represent the X chromosome and a letter to represent the allele.  Use a Y for the Y chromosome, but since the allele is only carried on the X chromosome, there will be no allele attached to it.  Unlike other Punnett squares, to follow sex-linked traits, both the allele and the chromosome it’s on must be followed.

ex:  Red-Green colour-blindness is a sex-linked recessive disease, carried only on the X chromosome.  If a female carrier has children with a normal male, what is the genotype and phenotype of their offspring?



XC
Xc

XC
XC XC
XC Xc

Y
XCY
XcY

** x-linked traits are found more often in males – they have only one copy of the X chromosome, so traits won’t be masked

** only females can be carriers of x-linked traits

** In females, x-linked dominant traits will not be completely expressed!  To maintain “homeostasis” in the body’s cells, only one of the Xs is actually functional in each of the cells – the other X appears as a dark spot called a “Barr body” 

Pedigree analysis

Involves looking back at your ancestors to determine whether or not you might be a “carrier” for a genetic disease.

The significance of pedigree analysis is decreasing due to the development of tests that will determine the presence of genes responsible for certain genetic diseases.  Now (and even more often in the future) people may be tested for the presence or absence of a faulty gene rather than taking their chances with probabilities.  Until all genes may be accounted for using genetic testing, pedigree analysis provides parents with some insight as to their chances of passing on certain genes to their children.

· used to study recessive, dominant and sex-linked alleles

· use squares to identify males, circles for females

· use roman numerals to indicate the generation, arabic numerals to identify individuals in each generation

· colour in people expressing the trait, use question marks if you don’t know their status, colour in half-way if they are carriers of the recessive disorder

(see Huntington’s Disease – a genetic disease of mid-life)

Mapping Genes

Gene Linkage & Crossing Over

· since we have only 23 pairs of chromosomes and thousands of genes, some genes must coexist on each chromosome

· Mendel was just lucky during his studies that of the 7 traits he chose to follow, they existed on 7 different chromosomes of the pea plant

When crosses involving two or more traits don’t yield the expected phenotypic results – due to the linkage effect of genes on the same chromosome 

ex: wing shape and body colour don’t seem to sort independently in fruit flies.  When curved wings/black body colour flies are crossed with straight wings/normal body colour, instead of 9:3:3:1 phenotypic ratio, there is the 3:1 ratio found when only a monohybrid cross is done

** genes on the same chromosome tend to segregate together – Linked genes

BUT!  Crossing-over will sometimes cause linked genes to be split up

· The closer two genes are on the same chromosome, the more likely that they will stick together

· The farther apart two genes are on the same chromosome, the more likely they will segregate separately due to crossing over.

The position of the genes on the chromosome can be mapped using the crossover % 

· the higher the % of crossing over, the farther apart the genes are on the chromosome

· 1% in crossover = 1 map unit away from each other

· using many crossover frequencies, genes can be mapped on each of the chromosomes – all map distances are additive, so many genes can be mapped

· ex: if crossover between A & C is 3%, A and B is 8% and B and C is 5%, locate the genes along the chromosome



Jumping Genes (Transposons)

· Some genes don’t follow either Mendel’s or Morgan’s view of segregation.

· Jumping genes, discovered by McClintock in corn,move around the chromosomes of the cells, inactivating genes that they jump into 

· other than corn

· in bacteria, some genes exist as plasmids – separate rings of DNA that can be exchanged between bacteria during conjugation (a form of sexual reproduction) – these plasmids often contain genes that provide antibiotic resistance – the plasmids may become incorporated into the usable DNA of the bacteria

Splicing Techniques & The latest in mapping

· DNA isolated from people suffering from a certain genetic disease is compared to the DNA from people without that disease – using many samples from many different people, similarities and differences can be used to detect the gene that is actually causing the disease

·  “marker” genes, those not directly associated with a genetic disease but existing near and found with the disease-causing gene, have been found that can predict the likelihood of developing Hunting’s chorea and breast cancer

· by splicing human genes into mouse genes, the function of those genes that are spliced in can be determined when the mouse cell turns on the spliced gene and the product is isolated

Gene Therapy

· once the gene that causes a specific disease is known, gene therapy would be the most effective way to cure the disease

· insert a good gene into the chromosomes of the cells that require the good gene (in sickle cell anemia, only the blood cells are affected, so the gene would have to be inserted into the bone marrow cells) (gene insertion)

· repair the gene (gene modification)

· replace the gene (gene surgery) by extracting the bad gene and replacing it with the good gene

Applications of Mendel & Morgan’s work

Selective Breeding

Using intuitive knowledge of Mendel’s laws has led to selective breeding of crops and animals.   

inbreeding – to carry on desirable traits, cross close relatives 

hybridization – creating new varieties by crossing distant relatives in an attempt to produce a hardier plant or one with better characteristics

Genetic Testing

· Pedigree analysis can be used to determine the chance of being a carrier of a genetic disease that may be passed on

· With the advent of genetic markers and the finding of specific genes, people can choose to be tested for the presence of a marker or specific gene ( chance of developing a genetic disease or passing it on to offspring

** would you want to know?

WORKSHEETS & QUESTIONS

· Punnett square practice

· monohybrid worksheet

· dihybrid crosses

· multiple alleles practice – p.478 #5-8

· Sex-linked trait practice

· pedigree analysis

· p.483 #10, 11

· p.474 #1-4

· p.514 #9,19

LABS/ACTIVITIES

· Case study, ABO blood grouping, p.479

· Case study – chromosome mapping p.506-507

· Discussion of genetic testing

QUIZ
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Mom = XCXc


Dad = XCY





Their children – 	50% of the boys will be colour-blind


		none of their girls will be colour-blind (50% of their girls will be carriers)











since the child is bb, that means both parents MUST have provided a b gamete, so they must be Bb (heterozygous)








straight blond baby? (dd,cc)





dd = 1 * .5 = .50


cc = .5 * .5 = .25





ddcc = .5 * .25 = .125





B = .5 * b = 1 = 0.50 Bb


b = .5 * b = 1 = 0.50 bb


S = .5 * s = 1 = 0.50 Ss


s = .5 * s = 1 = 0.50 ss





BbSs = .5 * .5 = 0.25


Bbss = .5 * .5 = 0.25


bbSs = .5 * .5 = 0.25


bbss = .5 * .5 = 0.25








Let p = allele for PKU (a recessive disease)





There is a 25% chance (0.25) of having a baby with PKU





Dad’s gametes �from his genotype - heterozygous





Offspring genotype





Mom’s gametes





Dad’s gametes





50% black, short hair


50% black, long hair





50% BbSs


50% Bbss





Summary:  	50% Ss (heterozygous): phenotype smooth


	50% ss (homozygous recessive ): phenotype wrinkled








Dad’s gametes





Offspring genotype





Mom’s gametes





Dad’s gametes �from his genotype - Wrinkled
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