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(CLF200)  Core area:  ANIMAL SCIENCE

  (CLF250)  Unit title:  GENETICS AND BREEDING

____________________________________________________________________________

  (CLF254)   Topic:  DOMINANT AND RECESSIVE        time      taught in years

                          GENES                  2.5 hours          2

____________________________________________________________________________

         Topic Objectives:  Upon completion of this lesson the student will

         be able to:

         Learning

          Outcome #:

           (D-4)  -  Define the terms phenotype, genotype, haploid,

                     diploid, homozygous, heterozygous, segregation, and

                     homologous and use them correctly in discussing

                     gametogenesis and the genetic makeup of an animal.

           (D-5)  -  Demonstrate an understanding of probability by

                     charting the possible results of a mating involving

                     dominant/recessive gene pairs.  (e.g., polled trait

                     in cattle).

         Special Materials and Equipment: Coins for tossing and Supplemental

                     Worksheet #1

         References: Please see the unit directory.

         Evaluation: Quiz by instructor and Supplemental Worksheet #1

TOPIC PRESENTATION:  DOMINANT AND RECESSIVE GENES  (Note:  Refer also to

                     CLF231 "Natural Selection.")

I.  Characteristics of Genes:

    A.  Traits are controlled by genes.

        1.  Genes have different forms which are known as alleles.

            a.  For example, the gene for coat color could have two

                alternatives - a white ALLELE and a black ALLELE.

            b.  In diploid organisms, like man and the higher animals, there

                are TWO alleles - one on each chromosome of the homologous

                pair.

                1)  One of each of the above example alleles (black/white)

                    could be found on a pair of homologous chromosomes.

                    a)  When those chromosomes undergo segregation during

                        gametogenesis, one gamete would obtain the allele

                        for white and the other the allele for black.
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                        - thus the resulting germ cells could pass on

                          either the allele for black or the allele for

                          white, but not both because of segregation of the

                          homologous chromosomes.  (Teacher note:  a diagram

                          on the board may be necessary to reinforce this

                          important concept.)

    B.  Dominant Genes:

        1.  A dominant gene covers (masks) the presence of other genes.

        2.  Capital letters are used to designate dominant genes.

        3.  Using the black/white coat color example - black could be

            "dominant" over black.

    C.  Recessive Genes:

        1.  A recessive gene is the one over-ridden by the dominant gene.

        2.  For a recessive trait to appear (phenotypically) the animal must

            be homozygous (have two of the same gene - one on each

            homologous chromosome) for that characteristic to appear.

        3.  Recessive genes are designated by small letters.

        4.  In the example in "B" above, white is "recessive" to black.

    D.  Incomplete dominance:

        1.  Sometime traits do not have one clear dominant gene or one

            clear recessive gene.

        2.  In  incomplete dominance, traits appear to blend together.

        3.  When crossing a red snapdragon with a white snapdragon,

            the offspring is pink if incomplete dominance occurs.

        4.  The heterozygous genotype in incomplete dominance appears

            different than either of the homozygous alternatives.  (In

            this example: red - pink - white.)

II. One pair of genes.

    A.  Review CLF253 part II.

        1.  Punnett square, phenotype, genotype, phenotypic ratio,

            genotypic ratio.

    B.  Example:

          __________________________________________________________

          ACTIVITY:

          Using the following discussion provide further experience

          with the Punnett square.
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          The square is used to demonstrate how the alleles can

          segregate during gametogenesis (when the homologous pairs

          of chromosomes separate) and how they can recombine at

          conception from a  specific pair of parents of a known

          genetic make-up  -  at  least for specific traits.

          Emphasize to the student that it is entirely a matter of

          chance which adult chromosomes are incorporated in a

          specific gamete.

          __________________________________________________________

        1.  Angus cattle; coat color.

            a.  Black (B) is dominant.

            b.  Red (b) is recessive.

        2.  Cross a homozygous black cow to a homozygous red bull.

            a.  BB x bb.

            b.  The cow can only give "B" alleles (for black coat color)

                to the offspring and bull can only give "b" alleles (for

                red coat color) to the offspring.

            c.  Set up Punnett square.

                                     Cow BB:

                                    B    B

                                  ____________

                     bull bb:  b  | Bb | Bb  |

                                  |____|_____|

                               b  | Bb | Bb  |

                                  |____|_____|

            d.  All offsprings' genotype is Bb with a black phenotype only.

        3.  Cross a Bb cow to a Bb bull. In this case each parent

            provides gametes with "b" OR "B".  There are two alternatives.

            a.  Determine what alleles each parent can donate and in

                what ratio.

            b.  Set up Punnett square.The gametes being haploid (1n), around

                the outside of the square and the resulting combinations,

                the zygotes, being diploid (2n), in the cells in the P.

                square.

                                       mother Bb

                                  (1\2) B   (1\2) b

                               ______________________

                               |          |          |

                       (1\2 B) | (1\4) BB | (1\4) Bb |

            father Bb          |__________|__________|

                               |          |          |

                       (1\2) b | (1\4) B  | (1\4) bb |

                               |__________|__________|
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254. Determine genotypic ratio

                1/4 BB: 2/4 Bb: 1/4 bb     1:2:1 ratio

                (25%) : (50%)   (25%)

254. Determine phenotypic ratio

                1/4 Bb + 1/4 Bb + 1/4 BB = 3/4 black + 1/4 bb= red

                                  3:1 ratio

III.Two pairs of genes:  Example

          __________________________________________________________

          ACTIVITY:

          Using the following example, demonstrate the fundamentals

          of using the Punnett Square with more than one pair of

          traits.

          __________________________________________________________

A. Angus Cattle:  coat color and polled/horned.

1. Coat color:  B= black; b= red

2. Horns:  P= polled; p= horned

B. Cross BbPp to BBpp

1. Set up the Punnett square.  In this case the cow can contribute only

          one alternative allele for each trait, a "B" (black) and a "p"

          (horned) allele.  However, the bull can contribute any of four

          different combinations as listed below.  The square is a four by

          two combination.

                                   Bull - BbPp

                     (1/4) BP  (1/4) Bp  (1/4) bP (1/4) bp

                    _______________________________________

                 Bp | BBPp    |   BBpp  |  BbPp  |  Bbpp  |

       BBpp         |_________|_________|________|________|

                 BP | BBPp    |   BBpp  |  BbPp  |  Bbpp  |

                          1.       2.        3.       4.

                         1.  black polled  -  BBPp

                         2.  black horned  -  BBpp

                         3.  black polled  -  BbPp

                         4.  black horned  -  Bbpp
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          __________________________________________________________

          ACTIVITY:

          1.  Discuss supplemental handout #1.

          2.  Have students complete supplemental worksheet #1.

          __________________________________________________________
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SUPPLEMENTAL HANDOUT #1

             COMMON KNOWN DOMINANT AND RECESSIVE TRAITS IN LIVESTOCK

             Dominant                       Recessive

          Polled Cattle                   Horned Cattle

          Black Color Holstein            Red Color Holstein

          White Wooled Sheep              Black Wooled Sheep

          Mulefoot Swine                  Normal Foot

          Black Color Angus               Red Color Angus

          Dutch Belted Pattern            Non-Belted Pattern

          Trotting Gait                   Pacing Gait

          Black Color Horse               Chestnut Color Horse

          White Color Swine               Non-White Color in Swine

          Normal Nose Horse               Bleeding Nose Horse
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SUPPLEMENTAL WORKSHEET #1                   NAME ___________________________

                                            DATE ___________________________

                 Punnett Square and Dominant and Recessive Traits

1.  In sheep black wool is recessive to white wool.  What happens when

    you mate a black ram to a heterozygous ewe for the black white combo?

    a.  What is the genotype of the ram?

    b.  What is the genotype of the ewe?

    c.  What are the genotypes of the offspring?

        (Use a Punnett square to determine this and show your work.)

    d.  What is the genotypic ratio of the offspring?

    e.  What are the phenotypes of the offspring?

2.  Cross a heterozygous black female angus to heterozygous bull (B = black;

    b = red). Determine genotypes, phenotypes, and genotypic ratio of the

    offspring.  (Show your work.)

3.  In cattle, the polled gene (P) is dominant over the horned gene (p).  A

    polled cow with genotype (Pp) is mated to a polled bull.  1/2 of the

    offspring were polled and 1/2 were horned.

    a.  What is the genotype of the bull?

    b.  What are the genotypes of the offspring (using a 2 X 2 square).

4.  Cross a heterozygous horned black angus bull (BbPp) to a heterozygous

    horned black angus cow (BbPp).

    a.  Use a Punnett square to determine genotype and phenotype of

        offspring.  (Show your work and list the outcomes below.)
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